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The lack of these important features is in a great 
urç accountable for the attitude of construction men to
wards any methods of concrete proportioning other than 
“rule of thumb.”

The field engineer is a man with a practical turn of 
mind who has to do mainly with men of a type impatient 
with involved methods and hampering restrictions. A 
method, to gain his respect, must give him an unequivocal 
answer to the question, “How much cement must I use under

meas-

Z 7000

<j
aX 6000 n 600 CT-tf ,+u rl u

Ifl" L
dPO 5000 10 500-1 <r <DL -t0J

<2?X / +r
+

u4?H X0 4000 ? ^ 400
4?Z 0yÜJ zt ut) 3000

300h
(DUi

> ui

200V) 2000
V)
111 zu
0. h
Z iooo
o w « . 4
CEMENT - LBS. PER |QO 56). FT. 

OF SURFACE AREA

Fig. 2—Relation of Compres
sive Strength of Mortars 

to Weight of Cement 
(Edwards, 1918)

*w#o
CEMENT-LBS. PER 100 SO. FT. 

OF SURFACE AREA.

Fig. 3—Relation of Ten
sile Strength of Mor

tars to Weight of 
Cement (Edwards)

the conditions existing on this work to get the results which 
are required of me?”

When a method is proposed which will not give him a 
direct answer to this, he loses faith in it, which is quite 
natural when you appreciate his point of view. He is in
terested in ways of getting certain desired results and he 
expects your method, the tool with which he is expected to 
work, to do this or else he is a little contemptuous of it. 
If its theory and application is at all involved, 'he is apt to 
become skeptical and to consider it only a tool to be used by 
experts and scientists.

Any method of proportioning which does not take 
cognizance of this attitude will never gain his support, no 
matter how meritorious it may be, and without his 
qualified support it is very difficult to get results.

Contemplation of the above conditions led naturally to 
the consideration of experimental proof of the applicability 
of the surface-area method of proportioning concrete, but

un-

1TI7HEN the writer first seriously studied the paper 
“Proportioning the Materials of Mortars vnd Con

cretes by Surface Area of Aggregates” (see The Canadian 
Engineer for July 4th and 18th, 1918), he was impressed 
with both its simplicity and its adaptability, 
to him to contain certain salient points found lacking to 
large extent in any other method with which he was then 
acquainted, and it was the lack of these points which had 
caused the greatest difficulty in the field, 
could be applied to proportioning concrete it would provide :—

1. —A means of accurately estimating the strengths of 
concretes produced from any combination of cement and 
aggregate ; and

2. —A means of maintaining a constant strength with 
the fluctuations in grading inevitable with natural materials, 
and a foundation upon which to build a simple and inex
pensive system of laboratory and field tests for determining 
the relative concrete-making values of materials, and the

It seemed
a

If this method
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Fig. 1—Relation Between Fineness Modulus and 
Surface Area of Fine Aggregates

proportions in which they must be combined to give desired 
results.

This method of proportioning possesses the further ad
vantage that the underlying theory is so simple that it can be 
explained to and is appreciated by even the laborers 
crete work.

on con-
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Studies in Surface Area Proportioning Method
Hydro-Electric Power Commission of Ontario Satisfied That Surface Area Method of Pro
portioning Materials of Mortars and Concretes Is Correct in Principle—Fineness Modulus 
Varies as Surface Area —Not Necessary to Obtain Actual Surface Area of Aggregate

By R. B. YOUNG
Assistant Laboratory Engineer, Hydro-Electric Power Commission of Ontario
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Table 1.
Mechanical

Analysis,
Remaining % Retained on 

Between Sieves. Each Sieve.

Sieve Nos. 
Pass Ret’d %

1—2 a
a+b2—3
a+b+c 
a 4" b -{- c ~t" d 
ci~\-b-\-c -\'d-\-e

3—4
4—5
5—6

Total — 100

Surface Area 
Per Unit of 

Volume. 
ax 1

2b x 
4 cx
8 dx
16«

Abrams has also shown that the strength of a concrete 
or mortar mixture depends upon the ratio of the volume 
of water to the volume of cement in that mixture. Strength 
is, therefore, a function of the water content of the mix.

Upon what does 
the quantity of 
water depend, 
assuming that 
we use only suf
ficient to give a 
workable con
sistency?

On considera
tion, we find that 
it is upon the 
quantity requir
ed to reduce the 
cement to a 
paste, plus the 
quantity neces
sary to wet the 
surfaces of the 
particles of ag
gregate.

The quantity 
required to wet 
the cement de- 
pends entirely 
upon the quantity 
of cement used, 
while the quantity 

required to wet the aggregate depends upon the total surface 
of the particles forming the aggregate, and the latter 

is, in turn, dependent upon the sizes of the particles rrd the 
number of each size present in any given aggregate ; or in 
other words, upon its grading or mechanical analysis.

If we assume the cement contetit and consiste.!, r/ to he 
the same, the conclusion then follows that the concrete which 
is made from the aggregate having the least surface area 
will require the least water in excess of that required to wet 
the cement, and will, consequently, be the strongest.

Strength depends upon the “water-cement” ratio and 
yet increases in strength may be obtained by increasing the 
cement content of a concrete. This can be explained by the 
fact that an additional. quantity of cement in a concrete re
quires an additional quantity of water only sufficient to prop
erly moisten the additional cement used, and therefore the 
total water does not increase in the same ratio as the total
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Fig. 6—Results Recently Obtained 
in, the “Hydro” Laboratory

area

Let us consider a set of six sieves, Nos. 1, 2, 3, 4, 5 and 
6, the diameters of the openings of which decrease by one- 
half with each succeeding sieve in the set. It was found 
by actual experiment with a set of sieves having this ratio 
that the surface area per gram of material passing a certain 
sieve and retained on the next finer, was double that re
tained on that sieve but passing the next coarser. If, there
fore, we take x as being the surface area per gram of the 
material lying between Nos. 1 and 2, 2x will be the sur
face area per gram of that between Nos. 2 and 3, 4x between 
that of Nos. 3 and 4, etc. Let a, b, c, d, and e be the per
centages remaining between the different sieves as in Table 
I., then the fineness modulus is (5a+4b + 3c+2d + e)/100, 
and the surface area per unit volume is 16ex+8dx+4cx + 2bx 
-fax. In other words the two have no mathematical re
lation, one to the other, 
this, as but few of the points fall exactly on the line drawn.

Fig. 1 would lead one to suspect

realizing the time and expense involved in such tests if 
properly carried out, it was decided to make some further 
studies of this method before recommending any action 
along this line.

The work of D. A. Abrams in his researches on con
crete at the Lewis Institute, in Chicago, have established 
many important facts concerning concrete, and it was felt 
that the surface-area method, to be worthy of consideration, 
had to be in agreement with these facts. Consequently, the 
first study undertaken was to connect the work of Abrams

with that of Ed
wards. The results 
obtained from this 
study show the work 
of these two investi
gators to be in en
tire agreement, 
Abrams’ work throw
ing much light on 
Edwards’ results and

2000

1600

1200 vice versa.
The first step taken 

was to determine if 
r e 1 a t i o nship 

between 
fineness

any 
existed 
A b r a m s’ 
modulus and the sur
face area of a sand. 
This was done by cal
culating the fineness 
modulus and surface 

of fifty representative sands, the mechanical analyses

800
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PERCENT—CEMENT BY WEIGHT 
Fig. 4—Relation of Compressive 
Strength of Concrete to Weight 
of Cement ( Fuller & Thompson )

id <o

area
of which were assumed.

The fineness modulus obtained in this case was not 
exactly that of Abrams, since other sizes of sieves were in 

but the openings of these bore the same relationship 
another as did his and it was derived in a similar

use, 
to one 
manner.

The analyses chosen gave a range of values exceeding 
When these were plotted in the form of a graph

with surface
_________area as ordinate

and fine ness 
modulus 
abscissa, as in 
Fig. 1, it was 
found that the 
relation between 
these two are 
appro ximately 
that of a straight 
line.

400%.

a s
5000

This was con
sidered a very 
important point, 
for might it not 
be possible that 
the success which 
had been obtain
ed with the fine- 

modulus in

3000

2000

ness
estimating the 
strength of and 
in proportioning 
c o n c r e te mix
tures was due to

jooo

this? It seems 
extremely likely, 
for so far as is 

to the

« »
POUNDS OF CEMENT PER IOO SQ. FT. OF 

SURFACE AREA OF AGGREGATE

Fig. 5—Values of S Plotted in Rela
tion to Cement per Unit of 

Surface Area

known
writer, no ex
planation of the 
reason for the 

of the fineness modulus has ever been advanced ac-success
counting satisfactorily for its remarkable properties.

As a proof that the fineness modulus was not the same 
as the surface area of a material, but only a happy approxi
mation of it, a formula for each was worked out as fol
lows:—
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Cement, Lbs. 
per 100 Sq. Ft. 
Surface Area.

Table II.
Compressive 
Strength, S, 

Lbs. per Sq. In. 
1,074 
2,770 
3,900 
4,605 
5,100

Cement, C, in Water-Cement 
Ratio, R. 

1.358 
0.833 
0.658 
0.571 
0.518

Cu. Ft.
0.274
0.548
0.822
1.096
1.370

Fig. 6 shows results recently obtained in the laboratories 
of the Hydro-Electric Power Commission of Ontario, from a 
test covering the same range of proportions assumed in the 
calculated set of Table II.

In the case just discussed, the grading of the aggre
gate and the consistency of the mix were constant, and the 
relationship between the compressive strength of 
crete and its cement content was found. If instead, the 
aggregate varied but the consistency and compressive 
strength were to be maintained constant, how should the 
cement content be proportioned to bring this about?

For each strength there is a constant ratio of volume 
of water to volume of cement, hence the first requisite for 
constant strength is that this ratio be maintained constant. 
Secondly, with a change in grading there is a change in 
surface area and a corresponding change in the amount of 
water needed to wet the aggregate.

Let us now consider the formula C=L/ (R—x). For 
any given strength R is constant, and as long as the nature 
of the cement does not change, x is constant. Therefore C 
varies directly with L, but since L=n« where « is a constant 
for any particular aggregate, L varies directly with a, and 
therefore C also varies directly with a, or with the surface 
area of a unit volume of aggregate.

Hence to maintain a constant strength and therefore a 
constant R, it is necessary to proportion the cement, C, on 
the basis of the surface area of the aggregate.

Table III. shows in detail a number of aggregates hav
ing different mechanical analyses with their corresponding 
surface areas. These are shown proportioned to maintain 
a constant water-cement ratio, R, of 0.728, and the quantity 
of cement is given which is required to do this. The rela
tion of volume or weight of cement to each 100 sq. ft. of 
the surface area of the aggregate used is constant, as is 
shown in the last column of Table III.

a con-

Table III.
Surface Area 
of Aggregate, 

Sq. Ft. 
1,600 
2,000 
2,400 
2,800 
3,200

Cement Cement, Lbs. 
Cement, C, Total Weight, per 100 Sq. Ft. 

Cu. Ft. Lbs. Surface Area.
0.457 
0.571 
0.686 
0.800 
0.914

40 2.5
50 2.5
60 2.5
70 2.5
80 2.5

Some criticism of the surface area method of propor
tioning has been offered because the value of the surface 
area obtained by Edwards’ calculations was not the true 
surface area of the material. It was held that the aggre
gate particles are neither true spheres nor have they smooth 
surfaces, and since it is thus impossible to obtain their 
actual surface areas, the value for the surface area obtained 
is of no use.

This was given consideration, and after some experi
mental studies upon the uniformity of sand particles, the 
conclusion was reached that it is not essential that 
know the exact surface area, for if we can determine a value 
for each case which has a constant relation to the actual

we

5 than by the straight lines actually shown in his 
Figs. 2 and 3 show these.

The results of other investigators were likewise 
suited and the same relation was found to hold. Among 
these were the results obtained by Messrs. Fuller and 
Thompson, some of which are shown in Fig. 4.

paper.

con-

That is to say, the ' water-cement ratio decreases,cement.
with a consequent increase in the strength of the concrete.

With these facts in mind, we can derive a formula for 
the amount of water required to give a desired consiste icy:— 

Let IF=the total quantity of water required (cu. ft.) ; 
(7=the amount of cement required (cu. ft.) ;
*=the “water factor” of the cement, or the volume 

of water (cu. ft.) required to reduce 1 cu. ft. of cement 
to a paste;

a=the surface area of the aggregate used (sq. ft.)
divided by 100;

w=the “water factor” of the aggregate, or the 
volume (cu. ft.) of water required to wet each 100 sq. ft. 
of its surface area.

Then, W=xC+na 
This may be simplified if na is taken to equal L, L being, 

therefore, the water required to wet the aggregate in any 
given case. The equation then becomes

W=tcC+L ....................................................................
which is the most convenient form for general use.

From Abrams’ experiments we have found that the re
lation of compressive strength to the water and cement is 
given by the equation S=A/BK, in which S' = compressive 
strength in pounds per square inch; A and B are constants 
depending on age, materials and other conditions affecting 
the cement; and R—W/C, or “water-cement” ratio. 

Substituting for W in equation 2, we have 
R = (xC+L)/C=x+L/C 

which gives by transposition,
L=C(R-x) ....................

(1.)

(2.)

(3.)

(4.)
and

C=L/(R-x)
By means of these formulas we are able to deduce sev

eral interesting conclusions which, if the premises are sound 
on which the formulas are based, should be capable of ex
perimental proof. With the consistency or plasticity of a 
mix maintained constant, let us first determine the relation
ship between the compressive strength of a concrete and its 
cement content. In this case, since the plasticity is main
tained uniform, the quantity of water required to wet the 
surfaces remains the same, and the only change in the 
quantity of water occurs in that part necessary to properly 
moisten the cement. Let us consider a numerical example 
in which the following conditions govern :—

The amount of water required to wet the cement=22% 
by weight; the surface area of combined aggregate is 2,400 
sq. ft.; the amount of water required to wet the aggregate 
is 0.75 lbs. per 100 sq. ft. of surface area of aggregate • 
cement proportioned on the basis of 1, 2, 3, 4 and 5 lbs. per 
100 sq. ft. of surface area of aggregate ; and S=14,000/7“ 
Our constants then become «=24.00, n=0.75, and therefore 
L=0.75x24/62.5=0.288 cu. ft.

(5.)

*=weight of 1 cu. ft. of cement, multiplied by the 
amount of water required to wet the cement for normal 
sistency, divided by the weight of 1 cu. ft. of water. There
fore,

con-

*=87.5x0.22/62.5=0.308 cu. ft.
(The standard Canadian bag of cement weighs only 87.5 

lbs., but is assumed in these calculations to contain 1 cu. ft. 
of cement.)

C for the first case, in which the cement is proportioned 
1 lb. per 100 sq. ft. of surface area, is equal to 1x24/87.5 = 
0.274, and the water-cement ratio becomes

72 = 0.308 + 0.288/0.274 = 1.358 (from Equ. 3), and
S = 14,000/7I-8“=1,074 lbs. per sq. in.
Similarly R and S can be calculated for each of the 

other ratios of cement to surface area given, 
of such calculation is given in Table II.

The result

Plotting the values of S, we obtain the curve given in 
Fig. 5, although this relation is not that reported by Ed
wards in his paper last year; but when Edwards’ charts 

examined after Fig. 5 was obtained, it was found that 
he had been misled into believing this a straight line rela
tion by the limited range covered by his tests, and that 
actually four of the six sets of points shown on his charts 
could be better expressed by curves similar to that of Fig.

were
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the number of cement particles in contact with any particle 
of aggregate is a function of the area of its surface, and 
hence this criticism offers no serious objection to the method.

The studies described above appear to offer conclusive 
evidence that the surface area method of proportioning is 
correct in principle, 
that its application to concrete be studied experimentally, 
and this work is now under way in the "laboratories of the 
Hydro-Electric Power Commission of Ontario, under the

It is not possible to give any ac
count of these experiments at the present time except to 
say that the results so far obtained bear out these theoretical 
deductions fully, and although the experiments are not yet 
completed, the results have been so encouraging that the 
method is being tried out in a practical way on a consider
able scale upon several of the construction jobs of the Com
mission.

surface area, the amounts of cement used in proportioning 
be stated in terms of this value equally as well as in 

terms of the actual surface area.
It seems reasonable to assume that the actual surface 

area in a cubic foot of particles of any particular size com
ing from a certain source, is the same as another cubic foot 
of" similar sized particles from the same source ; it being 
very probable that there would be equal numbers of each of 
the many possible shapes of particles present in both cases, 
and the studies referred to herein have confirmed this as-

can

However, it was considered essential

direction of the writer.
sumption.

Another source of criticism has been the fact that the 
cement is itself made up of minute particles which do not 
form a continuous unbroken covering for the aggregate but, 
like the aggregate, simply make contact with these particles 

Consideration of this point led toand with one another, 
the conclusion that with a uniform distribution of cement

Tests Do Not Bear Out Surface Area Method ?
Six Criticisms of Capt. Edwards’ Theories—Areas of Finest Particles Cannot be 
Satisfactorily Dealt With—Separate Treatment for Each Aggregate—Laborious Com
putations Necessary—Not Clear How Method Can be Applied to Simplest Problems

By PROF. DUFF A. ABRAMS
Structural Materials Research Laboratory, Lewis Institute, Chicago

He states in his original paper thatstrength of concrete.
“the surface-area method of proportioning concrete assumes 
as its basic principle that the physical properties 
primarily dependent upon the relation of volume of cement
ing material to the surface areas of the aggregates.” It 
seems to me that the tests reported fail to bear out this 
assumption.
tests made in this laboratory have shown that the quantity 
of cement is not a criterion of the strength of the concrete 
unless at the same time we take into account the quantity 
of water used. A 1: 9 mix may be as strong as a 1: 2 mix. 
In other words, it is the ratio of water to cement that deter
mines the strength of the concrete. Table III. shows one 
way in which the quantity of cement may be varied 400 to 
600% without producing any appreciable effect on strength 
so long as the water-ratio is constant. Much greater varia
tions in cement content could have been made had it seemed

T N designing concrete mixtures, three elements must be 
li kept in mind: (1) Workability; (2) strength, or other

In usual circumstances, aredesirable property; and (3) cost. ...
each of these three factors is an absolute limitation on the

If cost were no item, concrete ofmakeup of the concrete.
desired strength and workability could be secured by 

In order to reduce the cost to a
any
using rich mixtures, 
minimum, we use as much aggregate as feasible. The de
gree of workability required depends on the nature of the 
work and the methods used in handling and placing. The 
workability of concrete is one of its prime advantages and 
a certain degree of workability is absolutely essential. In 
order to reduce to a minimum the cost of handling and 
placing, a satisfactory degree of workability may be secured 
by using a little more water than is necessary, and an aggre
gate of somewhat greater fineness than that known to 
produce maximum strength of concrete. In designing con
crete mixtures, the engineer must work out a nice balance 
between the strength, cost and workability in order to secure 

economical building material.

On the other hand, many different series of

desirable.
The “water formula” for concrete cannot be reduced 

to the simple form given by Captain Edwards, if it is to
The water formula given inan be of general application.

Bulletin No. 1 takes account of the following six factors:
(1) Relative consistency of concrete (workability factor);
(2) normal consistency of cement ; (3) the mix (volume of 
cement) ; (4) size and grading of aggregate (measured by 
the fineness modulus) ; (5) absorption of aggregate; (6) 
moisture contained in aggregate.

Another term is necessary when an admixture is used. 
The items, with the exception of (1) and (4) can be readily 
determined for given materials. The amount of water re
quired under (1) will depend on the nature of the work, 
the method of placing the concrete, etc. Any method 
which will give a proper distribution of the water due to the 
size and grading of the aggregate should give satisfactory 
results. This Captain Edwards has endeavored to accom
plish by means of the. surface-area factor, while we have 
used the fineness modulus of the aggregate.

Twofold Function of Water
It has been pointed out that the function of water in 

(1) To hydrate the cement ; (2) toconcrete is twofold : 
form a plastic mass.

The quantity of water required to hydrate the cement 
has not been definitely determined; it is probable that not 

than 25 to 40% of the water in ordinary concrete ismore
necessary for this purpose.

made in this laboratory1 have shown that with
given materials and conditions of test the quantity of mix
ing water used determines the strength of the concrete so 
long as the following conditions are observed: (1) Concrete 
is plastic with the method of placing used; (2) aggregate 
not too coarse for quantity of cement used ; (3) mixture 
not so wet that all water cannot be held by the concrete.

Regardless of the size or grading of the aggregate, the 
amount of cement or the consistency of the concrete, the 
“water-ratio” may be used as a measure of the strength 
of the concrete. In other words, it makes no difference why 
the water-ratio is changed ; the fact that it is changed within 
the limits stated above produces a definite result. Other 
properties of concrete, such as wearing resistance, modulus 
of elasticity, etc., have been found to follow similar laws.

Captain Edwards has not given sufficient weight to the 
fundamental relation between the water content and the

Where the Methods Differ
The fineness modulus is the sum of the percentages in 

the sieve analysis of the aggregate, divided by 100. 
from the Tyler standard screen scale are used, 
centages are expressed in terms of the quantity of aggregate 
by weight or volume coarser than each of the sieves, 
a particle of a given size the surface area and the fineness 
modulus bear a direct relation to each other, since they are

Sieves
The per-

For



Volume of 
Cement Paste.

Water Added to
One Volume of Dry Cement. 
Water- 
Ratio.

In Terms of
Normal Consistency. 

1.00 
1.14 
1.43
1.71
2.14
2.90
4.3
5.7
8.6

That the volume of paste is an important factor m 
producing plasticity of mix can readily be seen from the 
fact that plasticity -can be increased by increasing the 
quantity of cement and using relatively less water ; in other

Table I.—Volume of Cement Paste

words, a given degree of plasticity is produced by a low 
water-ratio or a rich mix and a high water-ratio with a lean 
mix. Just what effect the actual quantities of paste have on 
workability under the extreme conditions of mix, etc., has 
not been determined.

Current Theories Declared Wrong
Current theories of concrete are generally based on the 

idea that the quantity of paste is dictated by the voids in 
the aggregate, with a certain surplus. Four weaknesses 
in this theory may be mentioned : (1) The voids in the ag
gregate can be varied widely without producing any change 
in the quality of concrete ; (2) the grading of aggregate 
which gives greatest strength in concrete gives higher voids 
than are found in other gradings of lower strengths ; (3) 
concrete of highest strength may contain visible voids ; (4) 
the strength and other desirable properties of the concrete 
depend on the quality of the paste and is little affected by 
the quantity, so long as we have sufficient to produce a work
able mix.

The influence of the cement-water mixture on the 
plasticity of concrete is, then, a function jointly of the 
plasticity and volume of the paste. We have seen that the 
strength is a function of the water-ratio (volume of water 
to volume of cement) and that the strength of concrete de
creases as the water-ratio increases ; hence,- in order to 
secure the highest grade of concrete at the lowest cost it is 
necessary to secure a given condition of plasticity with a 
minimum water-ratio. What condition with reference to 
the size and grading of the aggregate will give the desired 
result? It is obvious that this is a most complex relation if 
we consider the almost infinite variety of sizes and gradings 
which may be made from a single aggregate. Captain Ed
wards has used the surface areas as a satisfactory meas
ure. It seems to the writer that the radius of curvature 
of the particles and the number of points of contact (or 
near contact) between adjacent particles are the factors 
which are primarily responsible for the additional water 
which is necessary, due to the presence of the aggregate. 
Both of these factors are functions of the diameter; the 
radius of curvature is one-half the diameter if we assume 
that aggregate of spherical form is being used. Since 
particles of all sizes are mixed at random, and there is no 
systematic arrangement, it is impossible to analyze the 
problem in a way that will enable us to compute the num
ber of points of contact. The only practical method, then, 
is to determine the relation by trial. The fineness-modulus 
method was arrived at in this way. It was discovered from 
a study of mortar strength tests of about 1,000 different 
sands mixed to a uniform plasticity, and stored and tested 
under uniform conditions.

The water formula given in our Bulletin No. 1 is of 
rational form and can be applied to any combination of 

Its development was an evolution ex- 
These formulas were numbered

a
concrete materials, 
tending over several years, 
in the order of their derivation as they were modified from

both simple functions of the diameter. The surface area 
varies as the square of the diameter, while the fineness 
modulus is a logarithmic function of the diameter. The re
lation is not so simple when we come to deal with graded 
aggregates. The discrepancy in this case becomes so great 
that both of these methods cannot be correct for a wide 
range of conditions.

The “Slump” Test
A further discussion of the quantity of water required 

on the basis of the grading of aggregate may be of inter
est. The plasticity or workability of the finished concrete is 
the only criterion which can be used in comparing the water 
requirements of different mixes, gradings, etc. We have 
used the “slump” test for this purpose. This consists of 
moulding the 6 by 12-in. cylinder in a smooth steel form by 
puddling the concrete in 4-in. layers with a %-in. steel bar, 
leveling off with a bricklayer’s trowel, then immediately re
moving the form, without opening it, by a steady, upward 
pull. The shortening of fresh concrete from its original 
length, measured in inches, is the “slump.”

The water which must be added, due to the presence of 
the aggregate, aside from that absorbed, may be divided into 
two portions: (1) To form a surface film on aggregate ; 
(2) to make a thin cement paste which will produce a 
plastic mix with the aggregate. The total quantity of 
water required for this purpose can be determined experi
mentally by measuring the additional water necessary to 
produce a given plasticity in a concrete mixture as compared 
with that required for neat cement. By using different 
quantities of aggregate and different sizes and grading we 
arrived at the term, 0.30/1.26m, in our water formula which 
takes account of this factor. (It will be noted that this 
term gives a relation between water and fineness modulus 
similar to the water-strength curve in Fig. 1 of Bulletin No. 
1.) The total quantity of water required for this term in 

ordinary concrete mixture is about 8% by volume of 
concrete, or 40 to 50% of the total. This quantity is known 
to give satisfactory results. There is no reason why the 
water necessary to thin the cement paste should not be 
charged to the cement instead of the aggregate ; however, 
the latter method seems more logical, since it is the pres- 

of the aggregate and its size and grading that neces-

an

ence
sitate the addition of water to produce a mix of the same 
plasticity.

Quantity of Water Required
Let us see how much the quantity of water which must 

be charged to the aggregate (aside from that absorbed) is 
dependent upon surface area. Earl Pettijohn has shown 
(Journ. Am. Chem. Soc., April, 1919) that the thickness of 
the surface film of standard Ottawa sand is 0.00003 in. at 
the point when free water begins to form. This means that 
18 cc. (about 1/20 pint) of water would be required to pro
duce the surface film on a cubic foot of standard sand and 
much smaller quantity for ordinary concrete aggregates. 
The water required for this purpose is negligible. In other 
words, practically the entire quantity of water necessary on 
account of size and grading of aggregates must be charged 
to thinning the cement paste.

Ordinary mixes require water-ratios of 0.75 to 1.00; the 
value for neat cement with a normal consistency of 23% 
by weight is 0.35. In other words, the cement in concrete 
contains two to three times as much water as that required 
for normal consistency. It is the dispersion of the cement 
particles which results from the addition of water that is 
responsible for the rapid reduction in strength found in the 
wetter mixes.

How must the thinness of this paste be varied in order 
to produce a plastic mix with aggregate of different size 
and grading? Upon thinning the paste by adding water, 
we observe the following phenomena : (1) Increased
plasticity; (2) change in volume.

The increased plasticity arising from adding water 
The volume of paste is first reneeds no demonstration, 

duced, then increased as water is added to cement. Table 
I. herewith shows the effect with a standard cement weigh
ing 94 lbs. per cu. ft.
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The surface-area values in our table were calculatedtime to time on the basis of experience. The above formula 
is No. 11. It is based on the experience of many thousand 
tests. I do not mean to be understood as believing that 
this formula is exact and will require no further modifica
tion. On the other hand, subsequent experience may dictate 
certain changes.

The formula has been subjected to many severe tests 
by applying it to aggregates of the most diverse character. 
A recent series of tests using four different coarse aggre
gates (graded No. 4 sieve to lVz in.) and the same sand 
gave the following results (Table II.) for 1: 4 mixes :—

Table II.—Strength of Concrete from Four Aggregates

Compressive Strength 
(Pounds per Square Inch.)
.................. 3,620
.................. 3,830
.................. 3,750
.................. 3,850

Tests were made on 6 by 12-in. cylinders at the age of 
three months. Twenty-one different gradings were used 
for each coarse aggregate. Specimens were stored under 
two conditions. Each value given above is the average of 
105 tests. The water for these concretes was proportioned 
by the formula given above. The fact that with similar 
gradings and water properly controlled we secure uniform 
plasticity and. strength is a severe test of the formula, when 
it is considered that we are comparing spherical and crushed 
materials of widely different characteristics. The absorp
tion of the aggregate was also different in each case. Many 
serious errors have been made by experimenters in com
paring the concrete-making qualities of different aggregates. 
The wide variations reported in the strength of the con
crete made from different materials can almost invariably 
be traced to failure to take account of differences in size 
or grading, ,and to neglect of the absorption of aggregates.

Due to Different Cause

from the diagrams given in Captain Edwards’ paper. It 
was necessary to estimate the areas of the sand particles 
below the 100-mesh sieve, and wide variations may be due 
to this cause.
the aggregate was sand finer than the 100-mesh sieve. The 
surface area of this portion which we must estimate or 
neglect entirely is probably considerably greater than the 
entire surface area of many other gradings in the same 

The quantities of water given by Captain Ed-

In certain of the tests as much as 10% of

group.
wards’ formula are only 60 to 70% of those required for 
the materials used in this laboratory. It was impossible to 
mix concrete using the water given by his formula.

Some Recent Tests
Table III. herewith gives the results from a portion of 

some recent tests in this laboratory. Two leaner and two 
richer groups of mixtures are omitted. The quantity of 
materials required for each specimen, beginning with the 
0-1V2 in. aggregate and a mix of 1: 2% : 5, 1:2:4, 1 : IV2 : 3, 
etc., was calculated. The coarser sizes of aggregate were 
dropped in turn, but we retained exactly the same quantity 
of cement and water. The final mixes in terms of volume 
of cement and total aggregate are given in Col. 2 of the 
table. It is obvious that the richer mixes in each group are 
much more plastic than the leaner ones, and that equal 
workability was not secured. As in all other tests in these 
investigations the concrete for each cylinder was mixed 
separately by hand, 
made on various days.
yet completed ; however, the tests which have been made 
show a greater uniformity in strength than those in Table 
III., due to slight readjustments of certain constants in the 
water formula. These tests confirm the conclusion based 
on many other series : Namely, that the widest variations 
may be made in the mix, consistency, arid size of aggregate 
without any change in strength so long as the water-ratio 
is unchanged and the above limitations are not violated.

Which is Simpler, Sounder?

Coarse Aggregate.
Pebbles ................
Crushed limestone 
Crushed slag 
Crushed granite

Each value is the average of five tests 
The second series of tests is not

The sand-mortar tests in Captain Edwards’ paper, 
which were mixed with 1 volume of cement for each 13 sq. 
ins. of calculated surface area of the sand, gave mortars of 
fairly uniform strengths at three different ages. These 
tests are interpreted as proving that the surface area of the 
aggregate is a proper basis for proportioning mortar and 
concrete mixtures. It is the writer’s view that the uni
formity in strength is due to an entirely different cause. 
Since both the water and cement were proportioned on the 
basis of the surface area of the aggregates, he obtained a 
uniform water-ratio, which is solely responsible for the uni
form strength. This is the result to be expected so long as 
all of the mixtures were plastic and none of the aggre
gate gradings was too coarse for the quantity of cement 
used.

It seems to the writer that any comparison of the sur
face-area and fineness-modulus methods must be reduced 
to the following two factors : (1) Which rests on the more
sound experimental basis? (2) Which is the more simple to 
apply?

As stated above, the whole question of the comparison 
between the two methods resolves itself into that of 
determining which will give the better distribution of water 
in a mix, so far as the size and grading of the aggregates 
are concerned. Both of these methods make use of the sieve

However, it seems to the writeranalysis of the aggregate, 
that there is more variation in the underlying principles 
than is suggested by Captain Edwards.

Tests Do Not Check Surface Area Method’s Disadvantages
It appears to the writer that the following disad

vantages accompany the use of the surface-area method : 
(1) Areas of the finest particles of sand cannot be com
puted ; (2) crushed aggregate requires a greater quantity 
of water for the same grading than pebbles of a spherical 
form; (3) if the surface-area method were strictly inter
preted it would require separate treatment for practically 
each kind of aggregate ; (4) the method requires laborious 
computation, with the resulting chance of error ; (5) it is 
not clear how the method can be applied to the simplest 
problems which arise in the course of designing concrete 
mixtures ; for instance, to determine the best proportions of 
given fine and coarse aggregates for a concrete mixture ; 
(6) it has not been shown that t(iere is any theoretical 
reason why the surface-area method gives fnore nearly cor
rect results than other methods which have been proposed.

Applies to Limited Range
If the surface-area method is correct, it would seem 

to be a serious fault that the areas of the finest particles 
cannot be satisfactorily dealt with. It seems probable that 
in extreme cases the areas of the particles finer than the 
100-mesh sieve would be in excess of the combined areas of

It is unfortunate that it was not feasible to include in 
our Bulletin No. 1 all of the data on which the conclusions 
were based. It is the writer’s belief, however, that the 
tests given in Table 2 of the bulletin bring out a fatal 
limitation of the surface-area method of dealing with pro
portioning of aggregates. Twenty-seven different gradings 
of the same aggregate were used. The gradings were made 
to vary over a wide range, but had one property in common ; 
that is, the fineness modulus was uniform. They were mixed 
with the same proportions of cement and water, 
strengths for two different consistencies showed a mean 
variation from the average of about 3%, and a maximum 
variation from the average of about 10%. The correspond
ing values for surface areas are 43% and 110% respectively. If 
the water proportioning of these tests had been based on 
Captain Edwards’ formula the water-ratios of the concrete 
would range from 0.39 to 0.57, ap extreme variation of 69%, 
and would have made a great difference in the plasticity 
of the concrete.

The

It is true that these tests were made with
a view to determining whether or not a uniform strength of 
concrete was obtained with such wide variations in the sieve 
analysis of the aggregates.
workability of the concrete did not differ materially.

However, the plasticity or

1



Nominal Mix for 0—1%-inch aggregate, 1:1% : 3 
126 0.755
124 0.743
121 0.725
112 0.671
108 0.648
105 0.629
102 0.611

0-1%29 0.69 4,950
4,450
4,930
4,650
4,570
4,540
3,410

1:4.0 
1:3.2 
1:2.2 
1:1.5 
1:1.3 
1:1.1 
1:0.7

1.00 9230-%0.6930 1.04 1,052
1,737
2,601
3,056
3,695
4,494

o-%0.691.1131
0.69 0-4 

• 0-8
1.1632

0.691.2033
0.69 1-141.2234

1.37 0.69 0-2835
Neat1.92 0.691:036

♦Fineness modulus of aggregate.
tYield was calculated on the basis of the original volume of dry aggregate.

Nominal Mix for 0—1%-inch aggregate, 1:2:4 
126 0.755
124 0.743
121 0.725
112 0.671
108 0.648
105 0.629
102 0.611

0-1%
0-%

5.67 6,680
5,980
6,480
6,210
5,970
6,180
4,390

0.80 923
5.090.80 1,052

1,737
2,604
3,056
3,695
4,494

4.10o-%0.80
3.000-40.80
2.580-80.80
2.240-140.80
1.810-280.80

1:5.4 
1:4.3 
1:2.9 
1:2.0 
1:1.7 
1:1.5 
1:0.9

22
23
24
25
26
27
28

Nominal Mix for 0-1%-inch aggregate, 1:2%: 5 
125 0.755
124 0.743
121 0.725
112 0.671
108 0.648
105 0.629
102 0.611

0-1%15 5.671:6.7 
1:5.4 
1:3.7 
1:2.5 
1:2.2 
1:1.9 
1:1.2

1.00 0.91 923 8,280
7,500
8,300
7,750
7,730
7,840
5,860

0-%16 0.91 5.091.05 1,052
1,737
2,601
3,056
3,695
4,494

o-%17 4.101.13 0.91
18 2.991.21 0.91 0-4
19 2.581.23 0.91 0-8
20 1.29 0.91 0-14 2.24
21 1.50 0.91 • 0-28 1.81

152 0.846
0.828
0.768
0.696
0.669
0.643
0.603

0.978
1.006
1.115
1.241
1.299
1.377
1.685

1,640
1,800
1,760
1,950
1,630
1,940
2,000

151
145
139
136
134
135

Average 1,820

152 0.842
0.814
0.754
0.690
0.658
0.625
0.594

1.003
1.050
1.183
1.322
1.418
1.522
1.937

2,230
2,130
2,550
2,160
2,280
2,440
2,400

150
144
139
136
132
135

Average 2,310

152 0.832 
0.799 

144 0.743
0.679 
0.651 
0.615 
0.565 
0.467

1.054
1.120
1.273
1.463
1.570
1.740
2.308

3,100
2,970
3,390
3,270
3,220
3,200
2,930
3,230

149

139
136
132
129
132

Average 3,160
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Table III.—Effect of Size and Grading of Aggregate and Consistency of Concrete

Compression tests 
Age at test, 28 days 
Sand and pebble aggregate

Six by 12-in. cylinders, hand-mixed concrete 
Stored in damp sand ; tested damp
Each value is the average of five tests made on various days 
-------------------------------^ ,---------------- ------- Concrete— ------------ -Water -Aggregate-

r-Surface Area—^
Square Square Weight, 

Inches per Inches per Pounds 
Pound of Pound of per Cubic 
Aggregate Cement Foot

Weight, 
Pounds per 

Cubic 
Foot
(7) (8)

Compressive 
Strength, 

Pounds per 
Square Inch

Relative Ratio 

sistency Cement

Mix
Size,
Inches

Ref. by to Den
sity

Den
sityF.M.*No. Volume Yieldf

(3)(2) (4) (5) (6)(1) (11)(10) (12)(9) (13) (14)

the coarser sizes. Our experience indicates that the quantity 
of water required for these fine sands is not in proportion to 
the amount that would be suggested by the surface areas.

The area of a tetrahedron is 25 to 30% greater than 
that of a sphere of the same volume, or one having a dia
meter equal to the height of the tetrahedron. Our experi
ence in testing concrete made of crushed aggregates as com
pared with rounded pebbles does not indicate that there is 
any discrepancy in the quantity of water required, as would 
be suggested by the surface-area method.

The computation of surface-areas begins at practically 
the same point where the determination of the fineness 
modulus ends. There appears to be little room for question 
as to which of the proposed methods is the more simple in 
application.

No doubt, the surface-area method could be worked out 
so that it would apply over a limited range, 
any function of the size of particle could be used in this way. 
This would be equivalent to representing a portion of the 
curve by a line or by an arc of different curvature.

(Note.—The foregoing article by Prof. Abrams is 
abstracted from a letter to the editor of “Engineering News- 
Record,” of New York, and was written in reply to a letter 
by Capt. Edwards defending the surface-area method i f pro
portioning mortars and concretes. It is of special and timely 
interest owing to the announcement by Mr. Young of his 
tests supporting Capt. Edwards’ method. It is to be hoped 
that we will be able to publish in early issues further dis
cussion by Capt. Edwards and Mr. Young of the points 
raised by Prof. Abrams.—Editor).

In fact, almost

ASPHALT ASSOCIATION ENGAGES ENGINEERS stallation of the city asphalt plant at Worcester and the 
construction of the asphalt pavements of that city.

At the Chicago office of the association, J. B. Hittell, 
formerly city engineer of Chicago, and president of the 
Illinois Society of Engineers, will be in charge of the work 
of the association in the middle western states.

A branch office will soon be established in Atlanta, in 
Canada and elsewhere, and announcements will be made of 
the engineers selected for the various posts.

"PROMINENT federal, state and municipal engineers 
± included in the newly-formed staff of the Asphalt As
sociation. whose headquarters have been established at 15 
Maiden Lane, New York City, under the direction of J. E. 
Pennybacker, secretary.

There will be a Research and Technical Department 
managed by Prévost Hubbard, Chief of the Research and 
Testing Division of the United States Bureau of Public 
Roads prior to his affiliation with the _ association. Mr. 
Hubbard is one of the foremost authorities in the United 
States on research work in all classes of bituminous mate
rials and is the author of standard text books on the sub- 
bect.

are

The Supreme Court of Canada has dismissed the appeal 
of the city of Toronto from the decision of the Board of 
Railway Commissioners for Canada, concerning the applica
tion of the Toronto Terminals Railways Co., for authority 
to lay and maintain steam lines across various city streets. 
The new Union'Station will now be heated by the exhaust 
steam from the Toronto Electric Light Co.’s plant.

A. S. Clarson, general secretary of the Association of 
Canadian Building and Construction Industries, is soliciting 
subscriptions of $100 and upwards from prospective direct 
members of the association. These contributions are being 
solicited to meet the expenses of the association until formal 
adoption of constitution and by-laws, after which the officers 
of the association hope to be able to meet expenses out of 
the regular fees to be collected from a definite list of 
members.

Field engineers who will devote their attention to aid
ing state, county, and municipal authorities in the working 
out of their highway problems, include Fred W. Sarr, who 

Deputy State, Highway Commissioner of New York in 
charge of the maintenance, repair and reconstruction of all 
stàte and county highways comprised in New York’s system.

was

A. T. Rhodes, for years street commissioner of Wor
cester, Mass., and later secretary of the Granite Paving 
Block Manufacturers’ Association, and who is vice-president 
of Massachusetts Highway Association, will look after the 
New England territory and other eastern points.
Rhodes’ practical experiences included the design and in

Mr.
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In addition to much mathematical explanation regarding 
methods and formulas, many real problems are considered. 
For example: Long, leaky, direct-current lines; experimental 
measurement of line constants of long alternating-current 
power lines, also telephone circuits; relations between load 
power-factor and maximum efficiency of long lines for speci
fied constant load, for varying loads as illustrated by a daily 
load curve, etc.; voltage regulation and control; propogation 
constants; change of shape of voltage and current wave 
forms along a line; analysis of motion of oscillograph vibrat
ors to evaluate errors in amplitude and phase of wave 
records due to inertia of strips and mirror, damping fluid, 
resonance, etc., at normal and harmonic frequencies; and 
many other problems.

As previously stated, the reader is not left with formu
las alone, but is carried through solutions of practical prob
lems, with curves illustrating the nature of results to be 
expected between assumed limiting conditions.

The book is well worth consideration by those interested 
in its field. From an artistic point of view, the printer’s 
work on formulas, diagrams and general style is beautifully 
done.

................................................................................................... .

The Engineer’s Library =
E= =ïimmmmmMmimmmiiiiimiiimmmmmmmmmmimimiK

COMPRESSED AIR PLANT

Reviewed by Prof. R. W. Angus 
University of Toronto

By Robert Peele, Mining Engineer and Professor of 
Mining in the School of Mines, Columbia University. Pub
lished by John Wiley and Sons, Inc., New York, and Chap
man .and Hall, Ltd., London. Renouf Publishing Co., Mont
real, Canadian sales agents; 485 pages, 6 by 9 ins.; 246 
figures; cloth. Price, $4.25 net.

This very useful book, dealing with compressed air mat
ters, has reached its third edition, and is a deserving book 
on the subject. The use of compressed air by civil, mining, 
mechanical and other classes of engineers makes a good book 
on the subject very desirable, and Professor Peele has sup
plied the need very well The work is divided by the author 
into two parts: I., Production of Compressed Air and IL, 
Transmission and Use of Compressed Air. The first part 
deals with the different styles of compressors and their 
details and also the general theory of the compressor. The 
types of compressors discussed include wet and dry com
pressors, multi-stage compressors, hydraulic compressors, 
along with such details as valves of the several types, re
ceivers, regulators, governors, etc. Several chapters are 
devoted to the performance of compressors, the standards 
of comparison, calculation of the horse-power required, alti
tude compression, explosions in cylinders, etc.

In the second part of the book, dealing with the trans
mission of compressed air, the first chapter treats of the 
methods of computing the losses in the pipe line due to fric
tion. This is followed by chapters dealing with compressed 
air engines, effect of clearance, work done, volume of air 
required, freezing of air, reheating and many kindred mat
ters. Many applications of compressed air are also given 
and discussed, such as drills, coal cutting machines, channel
ling machines, pumps using compressed air, air-lift pumps 
and compressed air haulage.

The book has been written in such a way that it should 
be easily read by practising engineers, and much of it could 
be readily understood by the non-technical man. It is well 
illustrated by 246 figures and has been brought well up- 
to-date. -

PUBLICATIONS RECEIVED

Published byVital Statistics.—By G. C. Whipple.
John Wiley & Sons, Inc., New York City. First edition, 
1919; 517 pages and flexible cover; 4% by 7 ins. Price, $4 
net.

The Chemical Analysis of Rocks.—By Henry S. Wash
ington. Published by John Wiley & Sons, Inc., New York 
City. Third edition, revised and enlarged ; 271 pages and 
cover ; 6 by 9 ins.; cloth.

“Hydro’s” Annual Report.—Eleventh annual report 
(volume 1) of the Hydro-Electric Power Commission of 
Ontario, for the year ended October 31st, 1918; 320 pages, 
6Y2 by 9% ins., numerous illustrations, several charts and 
large map of province, showing generating stations and 

This report comprises five sections, as 
follows : Legal proceedings, transmission systems, opera
tion of systems, construction work and general activities.

Bronze Products of Quality for Engineering Pur
poses.—Well illustrated catalogue published by American 
Manganese Bronze Co., of Holmqsburg, a suburb of Phila
delphia, Pa. Printed in two colors on coated paper, 8 Y2 by 
11 ins., 36 pages and cover; illustrating bronze castings, 
ingots, forgings, sheets, rods, rolls and shapes, both of 
manganese bronze and of other commercial grades of bronze. 
Among the many interesting castings illustrated are 72-in. 
shaft caps for the Catskill aqueduct, centrifugal pump cas
ings, turbine runners, valves and valve stems, worms and 
worm gears, bridge bearings, marine propellers, valve 
zles, etc.

Price, $2.50 net.

transmission lines.

ELECTRICAL PHENOMENA IN PARALLEL 
CONDUCTORS

ilOZ-

Reviewed by Prof. Harold W. Price 
University of Toronto York Township, Ont., has decided to instal its own sys

tems of water works and sewers instead of waiting further 
for connections with Toronto’s systems. The district will be 
drained toward the Don River, where a sewage disposal plant 
will be built. Water will be secured from the Scarboro Town
ship plant which will soon be built.

By Dr. Frederick Eugene Pernot. Published by John 
Wiley and Sons, Inc., New York, and Chapman and Hall, 
Ltd., London. Renouf Publishing Co., Montreal, Canadian 
sales agents; 332 pages, 6 by 9 ins.; 83 figures; cloth. Price, 
$4.00 net.

This book is a plea for rigorous methods of developing 
formulas for the solution of problems on power transmission 
over long lines. The argument is that the rigorous formu
las in suitable form are often more convenient for calcula
tion than supposedly simpler approximate ones; and, further, 
that an understanding of exact methods develops ability to 
devise and use approximate solutions, where necessary be
cause of complexity, with proper judgment as to their limi
tations.

H. E. T. Haultain, professor of mining engineering at 
the University of Toronto, was the recipient of a McLaughlin 
six-cylinder automobile last week upon his retirement as 
vocational officer for Ontario, Department of Soldiers’ Civil 
Re-establishment. Five hundred members of the staff as
sembled at the armories to present Prof. Haultain with the 

tribute to his work. Of the members of the staff,car as a
92% are returned soldiers. D. D. Eppes, head of the “After- 
Care Department” for Ontario, in presenting the car recalled 
the fact that the retiring vocational officer had entered the 
re-establishment movement in its early days, and he paid 
tribute to the part Prof. Haultain had played in the develop
ment of the movement and in the sympathetic handling of

This first volume on the subject is introductory to future 
volumes on complicated line systems, and therefore deals 
with single-line problems. The book is excellently set up 
for convenience of the reader, and is replete with illustra
tive diagrams and sample problems completely solved. the returned men.
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TOWN PLANNING INSTITUTE OF CANADA had seemed necessary that the membership should be largely 
drawn from Ottawa in order to make it possible to conduct 
business. He also explained that the organization 
started in Ottawa and they had no assurance that anyone 
in Montreal would join them. The council, however, was 
merely provisional, and at the end of the first year it would be 
easier to elect a wider representation. Local branches would 
have to be formed in Montreal and Toronto, and proper 
representation given on the council.

Mr. Henderson: There were two members suggested for 
Montreal and there is still a vacancy.

Mr. Adams: We could fill that vacancy. I suggest that 
it be left to the consideration of the council. With regard 
to further nominations the members should send in 
mendations.

The matter was left to the council.

rpHE first general meeting of the Town Planning Institute 
X of Canada was held May 31st, in the Russell Hotel, 
Ottawa.
Council, presided.

The following members were present: Thomas Adams, 
Dr. E. Deville, Dr. C. Klotz, N. Cauchon, J. B. Challies, F. 
D. Henderson, C. P. Meredith, H. L. Seymour, R. H. Millson, 
W. D. Cromarty, D. Ewart, B. B. Parry, F. C. Todd, Thos. 
Fawcett, A. H. Hawkins, S. E. Farley, A. Buckley and E. 
T. B. Gillmore.

The first business of the meeting was the confirmation 
of the provisional membership. The chairman announced 
that the list comprised fifty-two provisional members.

Sir Lomer Gouin and Hon. N. W. Rowell were elected 
as honorary members.

The following were elected as associate members, sub
ject to the execution of certain further formalities in con
nection with forms of application:—

Associate Members

was

Thomas Adams, chairman of the Provisional

recom-

Prospects of the Institute
Mr. Adams addressed the meeting upon “Prospects of 

Town Planning Institutes in Canada.” He referred to the 
progress made in forming institutes in Britain and the 
United States, and to the special difficulties Canada had to 
meet in attempting to create any organization on the basis 
of conditions in these countries.

In Great Britain there was practically no such thing as 
a “town planner” prior to 1909. In that year the Town 
Planning Act was passed by the government and there 
arose a need for men as town planners. In 1913 the Town 
Planning Institute was formed. It consisted of the archi
tects, surveyors and engineers in Great Britain who 
prominently identified with town planning.

“They have this advantage,” said Mr. Adams, “that 
Britain is a small place and meetings can be held frequently 
and they have been very successful. They hold about eight 
meetings yearly, and they have presented papers which are 
published and form very interesting and valuable literature 
on the subject. An annual volume is issued with a subscrip
tion of two guineas for members and one guinea for asso
ciates.

Architects :—Richard H. Millson, James P. Hynes, Wil
liam D. Cromarty, David Ewart, George A. Ross, W. Her
bert George, Charles H. C. Wright, Ramsay Traquair, Percy 
E. Nobbs, Arthur A. Stoughton, Robert H. Macdonald, Ed
ward Maxwell and Colborne F. Meredith.

Engineer-.—R. S. Lea, William M. Tobey, George H. 
Ferguson, Horace L. Seymour, William H. Powell, Charles 
A. Bigger, John L. Rannie, Christopher J. Yorath, Arthur 
G. Dalzell, George Phelps, James A. Walker, William A. Mc
Lean, Percival H. Mitchell, Noulan Cauchon, James White, 
John B. Challies and Lionel C. Charlesworth.

Surveyors:—Francis D. Henderson, Thomas Fawcett, 
Edouard Deville, Wilbert H. Norrish, William A. Begg, Er
nest B. Normon, Thomas A. McElhanney, Albert H. Hawkins, 
Carl Engler, Athos C. Narraway, Sidney N. Farley and Otto 
Klotz.

were

Landscape Architects and Town Planners:—Frederick 
G. Todd, Alfred V. Hall, H. B. Dunnington-Grubb and 
Thomas Adams.

In Britain, when a town wishes to have a scheme pre
pared, if it has not an engineer who is also a town planner, 
then an expert town planner is asked to assist. The city 
engineers of the chief cities are prominent members of the 
institute.

Legal Associate Members 
Thomas B. McQueston and James A. Ellis.

Associates
G. Frank Beer, Dr. W. H. Atherton, A. Buckley and E. 

T. B. Gillmore.
British Institute is Successfulmmm miin its purpose and significance. It had fallen to his lot to Ewart Culpin, secretary of the Garden Cities and Town

present a paper on The Regional Survey as the Basis for Planning Association. None of these men were eligible as
Town Planning. The subject dealt with the district twenty professional members, but were elected as associates. The
miles on either side of the Niagara River, covering an area institute was formally established as a professional organi-
of 1,000 sq. miles, and with the aid of seven or eight dia- zation and has brought into existence a definite scheme of 
grams, the paper set forth the basic conditions that require instruction in town planning. An examination syllabus has 
to be considered with regard to the whole district He been issued, and the aim was that no one cou]d become a
thought that the consideration of t e su jec mig t lead to member without examination. They have also a school of
the formation, on both sides of the river of an International civic design in Liverpool University'and a professorship of 
Town Planning Commission dealing with the whole of that town planning in London. In regard to professional work
region. This would mean a big scheme ana one of world- they have issued a scale of charges for town planning work’
wide value. The scheme should have special interest to pro- Members of the Town Planning Institute were recently
fessional men, as it would enlist the services to a large ex- elected housing commissioners. Raymond Unwin an
tent of surveyors, engineers and architects. ex-president, is now chief architect of the government in

A discussion took place on the question ot the forma- respect of its housing schemes that involve an expenditure
tion of local branches and local representation. Mr. Todd . 0f $600,000,000 to $1,000,000,000. G. L. Pepler, a vice-
suggested that the provisional council seemed to be largely president and first secretary, is town planning inspector to
composed of Ontario men and that Montreal was not very the Local Government Board. Professor Abercrombie li-
well represented. On that ground he foresaw some difficulty brarian of the institute, is editor of the ‘Town Planning Re
in the formation of a Montreal ranch. view,’ and head of the Liverpool School of Civic Design, and

The chairman explained t at t is point had been dis- Professor Adshead, the president, is professor of town plan-
cussed; that the provisional council was appointed to carry ning in London, and adviser on town planning to the Prince

the work of organization for the first year, and that it 0f Wales.on

▲i
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body had applied to him for a job. He had said to him, 
‘Well, I could give you $80 a month.’ The young fellow 
had looked rather glum. ‘Well, if you think that is not 
enough, that is the best I can do. Is there anything else you 
can do?’ ‘I have been accustomed to boring,’ said the ap
plicant. He was referred to the engineer in charge of 
the boring. Later the engineer met him and said: ‘Have 
you got something?’ ‘Yes,’ was the reply. ‘I am boring 
at $130 a month.’ There was a man with a university 
training. He had to take the work of a skilled laborer in 
order to get a decent salary. What encouragement is there 
for a youth to go to the university and learn a profession? 
Railway men are earning up to $3,000 a year. Many of ' 
the engineers have to be content with $2,000. If a man is 
to be a town planner he has to take his four years’ course 
in architecture and engineering, and then a post-graduate 
course of a year in town planning. You get a man to 
take a five years’ course and then you meet this difficulty of 
having his services valued as a skilled laborer who can learn 
his job in a few months.

“But there is no question town planning will come to 
be appreciated.

“In the institute we had, as first librarian, Professor 
Geddes, whose collection of town planning material was sunk 
by one of the German raiders on its way to India. He had 
collected material costing $12,500, which was all lost. The 
institute immediately set to work to collect duplicates as far 
as possible and these were sent out to him in India. Pro
fessor Geddes is not an architect or a surveyor, but has high 
academic qualifications as a regional planner. He has done 
great work in India and has published several large volumes 
on town planning in India through the Indian Government.

United States Town Planners
“The development of the town planner in England has 

proceeded rapidly. The beginning in the United States was 
not so satisfactory from a scientific point of view. It came 
about in a different way. In Britain, we started to promote 
a school of town planning with a view to creating a trained 
class of professional men. 
has been no deliberate objective of that kind, until very 
recently.

In the United States there

“The National Conference on City Planning in the United 
States was first held twelve years ago.
F. L. Olmsted, who is an able landscape architect, and

He has been chair- 
That itself has been a weakness. I

The chairman is
Specialists Needed in Future

“There are some hopeful signs of this fact. First, we 
have the surveyors who almost to a man are now recogniz
ing that they have to take up the question of topographical 
survey in a more extended way. Then we have also, to 
consider that regional planning is a thing that has come to 
stay in England and the United States and that it is one 
of the things that is very much needed in this country. 
Many industries are spreading over areas that have no re
ference to municipal boundaries at all. You cannot town 
plan even Ottawa with 100,000 inhabitants, unless you take 
in about half a dozen municipalities. If you wish to zone 
Ottawa, or to insist upon proper building by-laws, it cannot 
be done unless Westboro and Eastview have the same 
restrictions ; otherwise people would skip the boundaries and 
build as they like. In the regional planning, which I hope 
we may take up as a subject of special study, we require 
a surveyor and an engineer to prepare the regional survey 
as the basis for the regional plan. The surveyor should 
become our chief man in the regional survey. You cannot 
town plan unless you know what the existing conditions 
are. You have to find out what is the basis on which you 
wish to build your town planning. The engineer comes in 
to assist the surveyor with the collection of data concerning 
roads, railway transportation, sewage disposal and water 
supply. For this we need a regional survey in which we 
shall need specialists in the future. We need the regional 
survey to present us with the exact data we require to 
prepare our plan.

a man whose name is widely honored, 
man for twelve years, 
do not think a chairman should hold an office more than one 
year. The organization is weak in its architectural and 
engineering membership. There has been a tendency, prob
ably quite unconscious, rather to confine town planning to 
landscape architects and there is now .a good deal of lee
way to make up in order to interest the engineer and the 

Two years ago I suggested that 'a city plan- 
This year a step has been taken

architect.
ning institute be formed, 
to separate professional functions from propaganda. But 
the council of the institute is the same as the council of the 
conference which is engaged in what may be termed pro
paganda. I do not approve of that combination.

“In Canada, I think we have started out in the right 
way. The chief question I have to deal with to-night is 
what prospect is there for those of us who are interested 
professionally in the subject that there will be sufficient 
scope for using our knowledge of town planning? We have 
the great difficulty of planning for a small population in 
immense area. Great Britain has about 50,000,000, 
America over 100,000,000. We have our 8,000,000 scattered 

larger territory than the United States, 
have to be content to grow slowly as a profession. A small 
population means a smaller number of practitioners, 
will be the difficulty of getting sufficient reward for pro
fessional work in Canada to make it practical for men to 
train for the profession. But while we are a small coun
try, we are a growing country and a town planner has to 
deal with growth, and our government has promoted the 
best housing scheme of all the governments. In Great 
Britain they are spoon-feeding the population with their 
housing schemes. It has dangers and it is not so sound 
economically as ours, 
sustaining this claim.
Town Planning Institute and city engineer of Edinburgh, 
has just written to me, to say that he is satisfied that the 
Canadian scheme is based on sounder economic principles 
than the Scotch scheme which had been made for Scotland 
by the English Government. Mr. Taylor, of the firm of 
Mann and MacNeille, of New York, says in a letter :—

an

We shallover a

There

Survey Made at Niagara
“We had a survey made in the Niagara district. We 

wanted the facts, and there was need to obtain correct 
information, and the surveyor and engineer supplied us with 
such information. We have information collected regarding . 
railways, waterways, highways, sewage disposal, power, etc. 
One municipality may have its sewage disposal on higher 
level than another, and become a watershed sending down 
polluted sewage to the other. When you have finished with 
your survey, you must bring in the landscape architect. 
The engineer and the landscape architect present us with 
the regional plan as the basis for general development. The 
landscape architect will deal with the park system in a 
general way. The Niagara district should have a park
way from Buffalo right down to Lake Ontario. Along the 
Niagara River, it touches five or six municipalities.

“When the regional plan is prepared, then town planning 
commissions have to be appointed for the municipal areas 
within the region. The different towns will each have 
their own local engineer to fit in his plan, with the regional 
plan. He will know where the other plan touches his. Then 
the architect will finish the job commenced by the others, 
fix residential areas, group buildings, arrange the minor 
street system, and bring to a climax a definite scheme, when 
the lawyer also will appear and an Act of Parliament will 
follow.

I have had letters from two sources 
Mr. Campbell, a member of the

Compliments for Housing Scheme
We wish to express our unqualified admiration for the 

completeness, practicability and simplicity of the adminis
tration methods outlined in the data received from you. 
We believe this to be the most practicable step toward the 
provision of good housing by Federal co-operation .which has 
yet been taken in any country.’

“We have opportunities here because we are beginning 
at an early stage in the development of the country. On 
the other hand we have the disadvantage of a smaller 
population and lack of appreciation of professional capacity.

“The other day I was going over the deep cut being laid 
between the Rapids and Queenston by the Hydro-Electric 
Commission and was informed by the engineer that some-
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“All this needs considerable organization and professional 
There is a field big enough for 

We can bring it to bear, if we get the

the situation. On the Winnipeg River, for example, when it 
was suggested ten years ago, that a town planner or archi
tect should be employed, we were almost laughed out of 
court. But the fact that one company in Vancouver did 
employ a town planner was appreciated by those who knew 
about it. If you ask the average engineer whether a town 
planner should be consulted, he would say no. If the en
gineer says that, what can we expect from the public?

Must Educate the Public
Mr. Gillmore : There are eight million people in Canada 

and most of them know nothing about town planning. I 
think that collective propaganda is very much needed, good 
hot propaganda. The big mill men and landlords don’t care 
anything about it. To my mind proganda "is the whole 
question. If local branches are to be organized there must 
be a constitution whereby they can have a regular repre
sentation upon the central committee. I should also like 
to ask why artists are not included. Why should a Royal 
Academy man not have a place?

Mr. Millson: In working on the Renfrew proposition for 
a civic centre, it came to my mind several times that the 
awakening interest in town planning is a very fine thing 
for all of us. If town planning means that different con
structive professions are to be able to come together to 
exchange viewpoints it is going to be a very good thing 
for us. We must not forget the need of education. I think 
the question of local branches is very important, 
central organization cannot do all the educational work.

Mr. Cauchon: There is no doubt of the need for general 
education among the people on the subject of town planning. 
Since 1909, we have been pounding away at the subject. 
Here in Ottawa, the only way was by propaganda. At 
Hamilton and London, I was requested to take the public 
into my confidence and prepare them for the scheme. I 
gave many lectures and talked a great deal. The report was 
presented. The public were better able to judge. The re
sult was that the corporations and even the town council 
passed the scheme unanimously. At London, the same re
quest was made to educate the public. You are in a dual 
position ; you must do the work and educate the public.

Mr. Seymour: Some of the previous speakers have re
ferred to the matter of propaganda. I do not see any rea
son why the subject matter of succeeding meetings and legiti
mate propaganda cannot go hand in hand. What could be 
better than a talk on civic centres by Mr. Millson, who has 
successfully planned a civic centre for Renfrew; what bet
ter propaganda could we have for a civic centre?

Criticizes “Hydro’s” Power Canal
Then, too, a paper by Mr. Cauchon on the relation of 

the steam railway to town planning, with Hamilton and Lon
don for examples; and Mr. Challies could tell us at one of 
our meetings about water power development with com
prehensive planning of the whole project and architectural 
treatment of the power buildings. I believe that these 
concrete examples would be much better material for pro
paganda than anything that could be given of an abstract 
nature. I should like to take the opportunity to congratulate 
Mr. Challies on the stand he has taken with regard to power 
development under the supervision of the Dominion Govern
ment. While Mr. Challies fs a member of the Engineering 
Institute of Canada he has also the advantage of architect
ural training which is probably the reason for his interest 
in proper planning and architectural treatment of power 
development.

The thing that impressed me mosl in the Niagara 
Frontier regional area was the apparent lack of planning 
in connection with the Hydro-Electric Commission’s power 
development. A $25,000,000 scheme is being carried out 
with practically no regard to its effect on the immediate 
locality. Niagara Falls, Ontario, is being made an island 
by the eight and one-half miles of open cut. This wide 
open gash will in some places have a depth fro: vhe ground 
surface to the level of the water in the channt; of 100 ft. 
I understand that more than one engineer of ill1 rnational 
repute has claimed that a tunnel would have b. n more 
economical and as suitable from an engineering standpoint 
as an open cut.

talent of varying degree, 
all the talents.
teaching we require in the universities, and we can also 
show that such money is well spent. If the services we are 
able to give are properly appreciated, we shall be able, as we 
apply courage and vision, to convince the people of Canada 
that we have a big contribution to make in the applica
tion of science to the making of a strong country, and the 
building of a strong race, living in houses not only com
fortable but in right relation to industries, means of re
creation and sources of power. Then proper organization 
and planning will help to give the people the right founda
tion, and build up this country in such a way that there 
will be less to regret in looking back than is the heritage 
of older countries.”

Discussion
Mr. Challies: I would like to say a word or two about 

development of water power in Canada in relation to town 
planning. The Department of the Interior, since the in
ception of the water power branch, has been trying to 
interest these corporations and to get them to consider their 
project from both the standpoints of the town planner 
and the architect.

I think we have secured excellent results so far. We 
find power companies are quite willing to do anything rea
sonable, consistent with the question of construction costs.

We asked them to retain an architect to go over their 
engineering plans, and we find them quite willing. The 
Vancouver Power Company for instance has a chief engineer 
of some vision who retained an architect and had the power 
house designed by him, with the result that to-day it is one 
of the beauty spots of British Columbia. He had also some 
of his intake work designed by the architect, and it has been 
accepted by other architects as a little architectural gem.

Since the town planning movement got started in 
Canada, we have also endeavored to get the power com
panies to lay out the immediate surrounding of their de
velopments.

Only in one case have we received any opposition. 
Winnipeg absolutely refused to consider our suggestion. 
The result has been that in a $4,500,000 power project, 
twenty-five miles from Winnipeg, twelve or fifteen hundred 

of land have been flooded, with the timber standing 
there dying. It is a most lamentable condition of affairs. 
They also refused to consider having the power house and 
incidental work under the supervision of an architect. To
day they have a power house which you could not describe 
better than by the term “barn.” In another case on that 
river a private company have accepted our suggestions and 
the result is, about fifty-five miles from Winnipeg, their plant 
is an oasis in the desert. They have a little park that is 
comparable to a portion of our driveway. They have laid 
out about fifteen acres as a park; fourteen or fifteen cot
tages have been built from special designs by the architect 
and other residences of a more pretentious character. The 
cost of the lay-out of the park was less than $3,000. The 
workmen do not need to go to AVinnipeg to feel that they 
are in civilization.

The

acres

Park Along Winnipeg River
The power situation on the Winnipeg River is that 

have many complete surveys all along the river. The ter
ritory is similar to the territory on the Ottawa River. We 
have come to the conclusion that if the increase in the use 
of power from that river is projected into the future it is 
only a matter of twenty-five or twenty-six years when 
practically all the capacity of the river will be developed. 
We are insisting in all future development that the lay-out 
must be treated on town planning lines, that all of the 
work must be submitted to an architect and if this is done 
consistently the result will be that in twenty-five or twenty- 
six years there will be a continuous park along that river 
comparable to the regional project of the Niagara River.

I was interested in what Mr. Adams said about pro
paganda; I think there is propaganda and impropaganda, 
to use a moving picture term. It seems to me we must 
indirectly educate the public to feel that town planners 
must be employed and try to make the public understand

we
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But the point I wish to make is not whether a tunnel 
in this case would be better ihan an open cut, but that in 
deciding which should have been used, all factors, not 
merely the strictly engineering one, should have been con
sidered, just as Mr. Challies is doing in connection with the 
Dominion power developments.

Summary of Further Discussion

ELECTRIFICATION OF CANADA’S RAILWAYS

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

fflHE question is often asked, “Why are not more of our 
A railways electrified?” It is pointed out that Ontario and 
Quebec, abounding in water-powers from which cheap hydro
electric energy can be made available wherever required, 
are coal-less, and the coal necessary to operate our steam 
roads in these, our largest provinces, has to be hauled long 
distances, and almost all of it has to be imported from the 
United States.

In view of these facts it would seem at first sight hard 
to explain why all our railways, at least within these pro
vinces, have not already been electrified. Although electric 
tramways and interurban electric railways have rapidly de
veloped in our thickly populated districts, yet the electrifi
cation of heavier traffic roads has been confined mainly to 
very short distances in connection with operations imposed 
by special conditions, such as the Montreal terminal and 
Mount Royal tunnel of the Canadian National Railway, the 
St. Clair tunnel of the Grand Trunk, and the Detroit tunnel 
of the Michigan Central.

An explanation is found in the fact that, although elec
tricity fills every requirement of railway service, the problem 
of electrification is not one of mere ability to secure cheap 
power, but is governed rather by the volume of traffic or 
amount of power necessary to operate the line. To use elec
tricity, a large investment in equipment and installation must 
be made, and this is little less for sparse than for dense 
traffic. Electrification has so far proceeded slowly, even in 
the United States, because railroad executives were not con
vinced that the advantages to be gained are always worth 
the cost. From their angle it is purely an economic question, 
with the amount of traffic as the principal factor. But, for 
us, there is also a national aspect in that it means substi
tuting the utilization of our own water-powers for the im
portation of foreign coal.

When a section of railway has become ripe for electrifi
cation, the additional advantages gained by the conversion 
are almost numberless. In a recent paper before the Ameri
can Institute of Electrical Engineers, Calvert Townley 
states : “The service performed on the electrified sections com
prises practically every kind of railroad transportation. The 
Bluefield division of the Norfolk and Western Railroad in 
West Virginia is an example of an important coal road 
operating through the mountains. The Chicago, Milwaukee 
and St. Paul 440-mile main line, through Idaho and Montana, 
demonstrates what can be done by a transcontinental carrier 
on a large scale with through traffic, both freight and pas
senger. The New York, New Haven and Hartford Railroad 
stretch of 73 miles between New York and New Haven shows 
how through freight and a heavy passenger traffic can be 
taken care of on the most congested four-track section of an 
important eastern carrier and what is possible for compli
cated freight-yard operation, while the New York Central 
and the Pennsylvania out of New York city are splendid ex
amples of our greatest modern passenger terminal electrifi
cations.”

Dr. Otto Klotz recalled the story of Lord Kelvin, who, 
on a visit to Niagara Falls, in 1897, in connection with the 
meetings of the British Association for the Advancement of 
Science, said that he hoped to see the time when all the 
waters of Niagara Falls would be used for power and not a 
drop would go over the Falls to waste.

Dr. Deville felt that some form of propaganda, or. at 
least education for the public, was necessary. He gave as 
an example the case of a land sub-division in Ottawa, where 
he had been approached to have the necessary plans made. 
He negotiated with an Ontario land surveyor and found out 
what it would cost to have the proper survey made and plans 
registered. The parties for whom he obtained the informa
tion seemed to be quite amazed and indignant at the price 
charged and seemed to wonder why some of the doctor’s 
assistants could not do this in their spare time in the office.

Alfred Buckley said he was conscious of a kind of 
distress by any disparagement of what had been called pro
paganda. He had spent some years at Letchworth and 
had been greatly impressed by the sociological significance 
of the town planning movement. In Canada it had seemed 
to him that something more intensive was needed even than 
what was implied in the word education. He was disposed 
to use the word evangelism. As a mere question of policy 
it was notorious that men’s minds were often reached
through their emotions, and psychology and sociology were 
sciences as well as town planning. Mr. Cauchon had argued 
that the basis of the movement was ethical and the speaker 
agreed. He would risk a paradox by suggesting that the 
greatest of all forces was inertia. He was not blind to the 
need for professional organization and the co-relation and 
co-operation of the different sciences involved, which were the 
machinery and executive of the movement, but a convinced 
people was necessary for progress and there was an 
enormous amount of work to be done in Canada in this* direc
tion.

The chairman, in replying to the discussion, said he did 
not object to propaganda of the right kind, 
the public by means of practical demonstrations of town 
planning was not only legitimate, but was the most effective 
means of carrying on propaganda.

Education of

WATER STORAGE ON ST. MAURICE RIVER

fTIHE great benefit derived from water storage is soon to be 
A further demonstrated on the St. Maurice River, where 
a large water-power undertaking will soon be started. The 
increased power made possible at the various sites on this 
river by the La Loutre reservoir, the largest but one in the 
world, is a strong incentive to prospective power users. It 
is estimated that the conserved ^vater thus made available 
represents a total increase of over 500,000 h.p.

The proposed development above referred to is reported 
to be in connection with the operations of the St. Maurice 
Paper Co., the latter having leased two sites in the lower 
portion of the rivêr, known as Les Forges and La Gabelle. 
It is intended to combine these two, giving a total effective 
head of 33 ft., while the regulated flow from the La Loutre 
reservoir increases the power now available at this site, 
namely, 20,000 h.p., to 42,000 h.p.

Another proposition reported in this connection is the 
construction of a hydro-electric plant utilizing the combined 
sites of La Gabelle and Les Grès, the latter site being con
trolled by the Shawinigan Water and Power Co. The latter 
power company would carry out the development and supply 
hydro-electric power to the St. Maurice Paper Co. under a 
special contract.—From “Conservation,” the monthly bulletin 
published by the Commission of Conservation, Ottawa.

-*From “Conservation,” the monthly bulletin published 
by the Commission of Conservation, Ottawa.

William Cross, 262 Garden Ave., Toronto, is now secre
tary of the employment bureau of the Toronto Branch, 
Engineering Institute of Canada.

R. C. Desrochers, secretary, department of public works, 
Ottawa, has called for tenders until July 2nd for nurses’ 
home at the Sir Oliver Mowat Sanitorium, Kingston. Plans 
and specifications are on file at the offices of the chief archi
tect, department of public works, Ottawa ; Power & Son, 
architects, Kingston; the superintendent of Dominion build
ings, Postal Station “F,” Toronto ; and the overseer of Do
minion buildings, central post-office, Montreal, Que.
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Besides the above, there are many other water powers 

of less importance. The total amount developed in the pro
vince, according to an investigation carried out last year 
by the Hydraulic Service of the Province of Quebec, is over 
830,000 h.p. The investigation having covered only the 
plants developing 1,000 h.p. or more, there is good reason 
to believe that the total amount developed in Quebec is close 
to 875,000 h.p.

The undeveloped water powers of Quebec, it is estitnated, 
would total about 6,000,000 h.p. at the low stage of the 
rivers, not including the northern parts of the province.

No doubt, many of the sites lend themselves to com
paratively inexpensive developments while others would be 
so costly as to make it almost impossible at present to de
velop them. Some of the more important rivers, with the 
approximate estimated undeveloped power, are given in the 
list on the next page. ,

To obtain authorization for the utilization of a water 
power in the province of Quebec application must be made 
to the Hon. Minister of Lands and Forests, accompanied by 
a statement setting forth the information mentioned below.

But before indicating the conditions on which water 
powers are leased or granted, it is necessary to briefly ex
plain within what limits the administration is permitted by 
jurisprudence to act, and why it is sometimes necessary to 
obtain two titles, one from the Crown and the other from a 
private individual, for the same property.

Under present legislation, the rivers of this province 
considered as being of two classes:—
1. Those which are navigable and floatable ;
2. Those which are neither navigable nor floatable.
The beds of navigable and floatable rivers are vested, in

the Crown, as represented by the provincial government;

are

WATER POWERS OF QUEBEC

By Arthur Amos
Chief of the Hydraulic Service, Province of Quebec

■\JATURE has proved most generous in the way of hydrau- 
IN lie resources in the province of Quebec. The govern
ment of Canada estimated, after an investigation, that the 
available water power of the country would reach almost 
19,000,000 h.p., at the low stage of the rivers, not including 
the northern part of the country, of which 6,850,000 h.p. 
in the province of Quebec. Of this, about 875,000 h.p. has 
been developed, and, as a result, large towns have sprung up 
on the sites which, but a few years ago, were forests. A 
few examples of this kind are afforded in the following 
towns: Grand ’Mère, with a population of 8,200; Shawinigan, 
10,000; La Tuque, 4,000.

The Quebec Streams Commission of the provincial gov
ernment .is making a detailed examination of the drainage 
basins of a number of rivers of the province in order to 
report to the government on the possibilities and advantages 
of water storage in such watersheds. The field of their 
studies has already covered the following rivers: The St. 
Maurice, the St. François, the Ste. Anne (de Beaupré), the 
Chaudière, the Harricana, the Bell, the Assomption, etc.; 
also the following lakes: Des Commissaires, Jacques-Cartier, 
Kénogami, St. Jean, etc.

Two important storagë dams have already been built. 
The La Loutre dam at the head of the St. Maurice consti
tutes what is probably the largest artificial reservoir in the 
world, its capacity, when full, being 160,000,000,000 cubic 
feet, and the water area 300 square miles. The storage will 
permit a régulated permanent flow of over 12,000 cubic feet 

second at Shawinigan. In round figures, 1,000,000 per-

are

per
manent horse-power are now available on this river. The St. 
François dam, although of less importance—(it is expected 
to store about 12,000,000,000 cubic feet when filled to its 
utmost)—will very materially assist the numerous pulp and 
other mills along this water course.

The report of the commission on Lake St. John is also 
most interesting. If a dam were built at its outlet, the 
water powers on the Grande-Décharge or on the Petite- 
Décharge would nearly be trebled, about 800,000 h.p. becom
ing then available.

To show the progress of water power development, the 
most important works might be enumerated:—

Company.
Ott. & H.P. & M. Co.
E. B. Eddy ................
Hull Elec. Co...............
City of Hull ..............

H.P.Place, 
at Hull

River.
Ottawa 22,600

14,124
2,740
1,000(Brewery

Crk.)
Du Lièvre 
Du Nord

“Buckingham J. McLaren Co. Ltd. . 
“ Mt. Rolland Rolland Paper Co. ... 
“ St. Jerome

8,125
1,500
1,300

J. C. Wilson, Ltd. . 954
“ Lâchute 
“ Table Rock Hawk. El. L. & P. Co. 
“ Bell Falls 
“ Valleyfield Montreal Cotton Co. .

1,200
1,500
4,000
7,860

Rouge

St. Lawrence 
(Beauham. 

Canal)
St. Lawrence

“St.Timothée Can. Light & P. Co. .
“ Lach. Canal Steel Co. of Canada .

Ogilvie FI. Mills Co. .
St. Paul Ld. & Hyd. Co.

“ Soulange C. Civ. Inv. & Ind. Co. ..
“ Les Cèdres 
“ Lachine Rs.
“ Chambly 
“ Farnham 
“ D’Israéli 
“ Weedon
“East Angus Brompton P. & P. Co. 10,400 
“ Bromt’ville “ 10,100
“ Windsor Canada Paper Co. ... 5,025

30,400
1,800
2,627

954
15,000

129,600
12,800

19,200
1,500
4,300
1,000

Richelieu 
Yamaska 
St. François Cie. Hydr. St. Franç. . 

City of Sherbrooke . .

450Ouatapéca
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List of the More Important Rivers in Quebec, with 
Approximate (Estimated) Undeveloped H.P.

1. Batiscan ................................................
2. Chicoutimi
3. Chamouchouane (or Ashuapmuchuan)
4. Eastmain ............................................
5. Gatineau ..............................................
6. Grande-Péribonc^ ...............................
7. Hamilton ..............................................
8. Harricana ............................................
9. L’Assomption .......................................

Lièvre (Riv. du) ...................................
Loup (Riv. du) .....................................
Maskinongé ..........................................
Manicouagan .......................................
Métabetchouane ...................................
Mistassini ............................................
NOttawa y ............................................
Ouareau ................................................
Ottawa ..................................................
Ouiatchouane .......................................
Outarde ................................................
Petite-Cascapédia ...............................
Quinze ..................................................
Rouge ................... .................j...........
Rupert
Saguenay ( Grande-Décharge ) ..........
Sault-au-Cochon .................................
Saint-François .....................................
Sainte-Anne (de Beaupré) .............................
St. Lawrence (Theoretical power between

Lake St. Francis and Montreal Harbor).. 2,500,000
of which less than 200,000 are developed

H.P.
20,000
10,000

100,000
300,000
200,000
300,000
500,000
200,000

10,000
80,000

7,000
7,000

500,000
10,000

200,000
300,000

5,800
300,000

8,000
150,000

5,000
100,000
30,000

200,000
800,000

10,000
30,000

7,500

over

Total (less 200,000) 6,690,300

legislature, reservation in favor of the Crown is always 
made, since that date, of a strip of land three chains wide 
on the banks of non-navigable and non-floatable rivers. 
From this it will be seen that in the case of non-navigable 
and non-floatable rivers, the fact of being a riparian owner 
makes one also in many cases the owner of the bed of the 
river and of the water powers thereon.

Now, the character of a navigable river not being de
fined with strict precision, the consequence is that differences 
of opinion sometimes arise and, in order to avoid litigation, 
it may be to the advantage of the purchaser to obtain the 
government’s rights on the one hand, and those of the rip
arian owner on the other. Such cases evidently occur only 
in the older parts of the province, which have long been 
settled; the title from the Crown is sufficient everywhere 
else.

Therefore, in order to secure a waterfall for any pur
pose whatever, if there be any doubt as to the character of 
the rivers, the applicant should, first of all, send a petition 
to the Department of Lands and Forests, with a statement 
setting forth:—

(a) His name, address and occupation:
(b) A description of the lake or river from which the 

water is to be used, and stating in what range, township 
and county;

(c) The height of the fall or rapid of such lake or 
river, at high and low stages, with corresponding discharges 
of water per second in cubic feet;

and, therefore, the water powers form part of the public 
domain.

The beds of non-navigable and non-floatable rivers are 
either private property or form part of the public domain. 
They are private property when the lands bordering them 
have been granted by the Crown previous to the year 1804; 
on the contrary, they remain part of the Crown domain, as 
in the case of navigable rivers, if the lands bordering them 
have been sold since that date, because, under an act of the

(d; A plan of the lake or rive showing location of 
falls or rapids, and a sketch plan of proposed works.

If the applicant be .an incorporated company, the state
ment, shall, in addition to the foregoing information, set 
forth:—

(a) The name of the company;
(b) The names of the directors and officers of the com

pany, and their places of residence.
On receipt of the foregoing information, and after con

sidering same, the Minister of Lands and Forests will state 
the conditions on which the water power may be leased or 
granted, if he approves of the nature of the work to be 
carried out.

Such conditions usually depend on the importance of 
the water-powers and on their geographical situation.

As a rule, two alternatives are taken into considera
tion: If the water-power cannot develop more than 200 h.p., 
the government sells, for a fixed price, a lot in the river bed 
with the lots of land on the banks, if owning any, including 
the power that can be developed. This transaction may be 
made final by the granting of Letters Patent, and when this 
is done, the grantee becomes entirely independent of the 
government.

When the capacity exceeds 200 h.p., the concession gen
erally takes the form of an emphyteutic lease. The con
ditions of such leases are, as much as possible, similar and 
about as follows:—

1. Duration of the lease, from 25 to 99 years, accord
ing to the importance of the water-power and to the amount 
of capital required for its development;

2. Payment of a yearly rental which does not vary dur
ing the term of the lease, for the land granted counting 
from the date when the contract was signed;

3. An additional yearly charge of from 10 to 35 cents 
per h.p. developed according to the geographical situation of 
the site of the water-power; such charge being payable from 
the time the power is produced;

4. The above charge is subject to revision every 21 
years counting from the signing of the contract;

5. Delay of two years for beginning works and two 
further years for producing power;

6. The lessee to make a deposit in money or in securi
ties as a guarantee of good faith of the carrying out of the 
contract. ' Such deposit may be forfeited if the conditions 
are not fulfilled; but it may be repaid after a certain time, 
in the contrary case;

7. Lastly, the grantee must submit plans of his works, 
mills, etc., to the department previous to their installation, 
and when such installation is completed, he must keep the 
department informed of the quantity of power produced.

Of course, the government retains the right to verify 
the fulfilment of these conditions and should they not be 
fulfilled, the lease may be cancelled.

When authorization is obtained by a lease from the 
provincial government, the grantee may proceed with his 
works on the condition that he shall not interfere with navi
gation, if any is really carried on; for, in that case, the plans 
must be approved by the federal government, whose duty is 
to specially protect such navigation and, consequently, to 
prevent the erection of anything that may impede it.

Machinery caused about 32% of all the accidents in the 
Province of Ontario last year, according to the annual re
port just issued by the Workmen’s Compensation Commis
sion.
the accidents, and falls of workmen, 10%. The most pro
lific individual causes were saws, which caused 892 accidents ; 
lathes, 891 ; presses, 813; hoisting apparatus, 785; abrasive 
wheels, 781 ; belts, pulleys, chains and sprockets, 390, of 
which 7 were fatal; planers, jointers, and edgers, 260; shap
ers, moulders, and headers, 121 ; shafting, couplings, and set 
screws, 75, of which 6 were fatal, 
caused 260; collapse of support, 276; hot and inflammable 
substances, 1,018; falling objects, 1,256; and runaway 
animals, 98.

The handling or moving of objects caused 28% of

Falls from vehicles
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I
T a-A Institute, a full report of which 

page of this issue, H. L, Seymour, of Ottawa, spoke very 
deprecatingly about the “apparent lack of planning in con
nection with the Hydro-Electric Commission’s power develop
ment” at Niagara Falls. He said that a $25,000,000 scheme 
is being carried out apparently without any regard to its 
effect on the immediate locality, and he deplored the fact 
that Niagara Falls, Ont., is being made an island by 8% 
miles of “wide open gash.”

“I understand that more than one engineer of inter
national repute,” said Mr. Seymour, “has claimed that a 
tunnel would have been more economical and as suitable 
from an engineering standpoint as an open cut. 
point I wish to make is not whether a tunnel in this case 
would have been better than an open cut, but that in decid
ing which should have been used, all factors, not merely the 
strictly engineering one, should have been considered.”

Why has Mr. Seymour assumed that all factors were 
not considered? The Canadian Engineer is informed 
authoritatively that regional and town-planning considera
tions were given very careful thought in the plan for the 
whole scheme.

on another

But the

As to the tunnel, this alternative was most fully con- 
It was a subject of study, discussion and debatesidered.

among the “Hydro” engineers and their consulting engineers 
for many months, 
good faith when he voiced his belief that more than one 
engineer of international repute had claimed that a tunnel 
would have been more economical and just as suitable from 

engineering standpoint, but it is possible that he spoke 
from hearsay. It is not likely that any engineer of true 
international repute would make an assertion of that kind 
without having devoted months to the study of surveys and 
alternative designs for the two schemes, and to the best of 

knowledge and belief, at least, no engineer has made

Mr. Seymour undoubtedly spoke in

an

our
such a study excepting those connected with the “Hydro.”

Some day the Town Planning Institute may be able to 
persuade the men who designed and are building the 
Chippawa-Queenston power canal, to present papers to the 
institute explaining the scenic features of the design and 
possibly outlining some of the reasons why the tunnel 
alternative was abandoned.

promised the Institution that they would at once be so ad
justed, and the officers of the Institution have consequently 
agreed that “Toronto” will be added to the list of 
“recognized” universities just as soon as certain formalities 
are arranged.

REGIONAL PLANNING AT NIAGARA

REDUCTION OF WATER WASTE

T AST week The Canadian Engineer published an article 
I J by the water commissioner of Buffalo, N.Y., who told 
about the marked reduction in water consumption that was 
effected by means of pitometer surveys. That article should 
be a lesson in economy for all water works superintendents 
and municipal engineers.
Buffalo had once reached 339 gallons daily per capita,— 
truly a shocking figure. The city desired to build a filtra
tion plant, but recognized the necessity of first reducing the 
waste. The pitometer surveys, combined with house-to- 
house inspection, were very effective, reducing the pumpage 
to less than 125,000,000 gallons a day. The good work will 
undoubtedly be kept up by periodical surveys to avoid re- 

of underground leaks, and metering to prevent
Water works depart-

Consumption and waste in

currence
sheer carelessness by consumers, 
ments have at their disposal the means to stop practically 
all waste of water, and every department should have enough 
initiative and interest in economy to make prompt use of 
all those means, including inspection, surveys and metering.
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BRITISH INSTITUTION OF CIVIL ENGINEERS WILL 
RECOGNIZE “TORONTO” DEGREES

TTNLESS he be a graduate of a recognized university, any 
U applicant for membership in the Institution of Civil 
Engineers of Great Britain must pass an examination. Mc
Gill and many other universities throughout the world are 
on the list of educational plants so recognized by the Insti
tution. For some reason which was never clearly understood, 
the University of Toronto was unable to secure the addition 
of its name to this “recognized” list. Graduates of the Uni
versity of Toronto have long felt aggrieved in regard to this 
discrimination, but correspondence could not accomplish the 
desired result. Some months ago it was again urged edi
torially in The Canadian Engineer that the Institution lend a 
sympathie' ear to Toronto’s claims, and the suggestion was 
made that Colonel (now General) C. H. Mitchell be asked to 
interview the Council of the Institution and ascertain the 
nature of the stumbling-block that was in Toronto s way. 
Col. Mitchell was in England at the time. It was known 
that he had been asked to head Toronto’s engineering faculty 
upon his return home. It seemed that he was the right man 
in the right place to get the matter nicely adjusted.

Sir Robert Falconer, president of the University of Tor
onto, noticed the suggestion and wrote a letter of thanks to 
The Canadian Engineer, saying that he would get into immedi
ate communication with Col. Mitchell, and would ask him to 
spare the necessary time if at all possible.

In an interview last week, Sir Robert Falconer and Gen. 
Mitchell told The Canadian Engineer that the whole difficulty 
is in connection with the matriculation requirements of the 
University of Toronto, which in certain very minor points do 
not meet the Institution’s standards. These points can be 
very readily adjusted, said Sir Robert, and Gen. Mitchell had
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counts.” In the evening the convention dinner was held at 
the Clifton, and was addressed by A. Monro Grier, K.C., of 
Toronto, president of the Canadian Electrical Association, 
who spoke on unity and co-operation, urging all employees 
of public utility corporations to do their own work well and 
faithfully.

PERSONALS

Col. H. J. Lamb, of Windsor, Ont., has been appointed 
superintending engineer for the Province of 0nt£rio, De
partment of Public Works of Canada. Col. Lamb s head
quarters will be in Toronto. He is a graduate of the 
Royal Military College, Kingston, Ont., ^sident^of^hy

C o 11 ege Club, 
and a member of 
the Engineering 
Institute of

Col.

Movement to Effect Standardization
W. L. Goodwin, of the General Electric Co., New York, 

and Samuel A. Chase, of the Westinghouse Electric & Manu
facturing Co., East Pittsburg, Pa., spoke Friday morning, 
June 20th, on “The Goodwin Plan.” These two addresses, 
together with the enthusiastic discussion on them, occupied 
the whole morning. As a result of the discussion on Mr. 
Chase’s paper, which made a strong plea for standardization, 
a committee was appointed to secure the standardization of 

receptacles for all electrical appliances sold m

Canada.
Lamb just re
cently returned 
home after four 
years and eight 
months of ser-

plugs and 
Canada.

The president was elected as a representative of the 
association to confer with other associations and with manu
facturers and dealers to effect some scheme of practical co
operation in the standardization of all appliances, and also 
of voltages, periodicity, etc., of distribution systems, so that 
appliances bought in one town can be used m another.

C. E. Schmenger, engineer of distribution, Toront 
Hydro-Electric System, read a paper Friday afternoon on 
“Overhead Distribution Systems.”

vice
Before enlisting 
he was district 
engineer at 
Windsor, 
for the Depart
ment of Public 
Works.
listed August 
10th, 1914, and 
went overseas in 
September as a 
general staff 
officer with the 
first Can adian 
division. He 
served in France

general staff of the first and third divisions until 
invalided to England in March, 1917. From April, 1917 
to April, 1919, he was Deputy Assistant Director of Field 
Works at the war office, London, and had charge of much 
of the work in connection with the construction of aero
dromes throughout Great Britain and Ireland He was 
twice mentioned in despatches and received the D.b.U.

r. F. A. Dallyn, sanitary engineer of the Board of 
Health of the Province of Ontario, who has been in Siberia 
for several months in charge of sanitation and bousing 
for the Canadian expeditionary force, has landed at Van
couver on his way home. Upon his return to Toronto, 
Capt. Dallyn will resume his duties with the provincial de
partment.

overseas.

Ont.,

He en-

Motored Along Power Canal
Saturday morning the delegates assembled at the Clifton 

Hotel at 9.30 o’clock, and as guests of the Hydro-Electric 
Power Commission were taken in automobiles and motor 
trucks on a tour of inspection of the Chippawa-Queenston
power canal. . .

The work of assembling the plant and organization for 
this great undertaking has been very difficult, and the maxi
mum progress in excavation has not yet been obtained 
Nevertheless, the delegates were all greatly pleased with the 

the work is progressing.
Probably more than 2,000,000 cu. yds. of earth have been 

moved, out of the total of 11,000,000 cu yds. ^t will have 
to be excavated before the job is completed Of the 4,000, 
000 cu. yds. of rock work, upwards of 1,000,000 cu. yds. ha 
been moved.

on the

way

Capt

Rapid Progress at Forebay
speciallyThe huge power-driven shovels, which were

the power-house. Marked changes are being made in th 
landscape at the St. David’s disposal area, where quite 
little trouble is being experienced m track maintenance owi 8 
to the rapid settlement of the dumped material.

At the first convention of the Association of Mumcipa 
Electrical Engineers at Niagara Falls m June of last year, 
the delegates were taken on a tour of inspection of the canal 
on one of the construction trains, but this year they 
able to see all the work from automobiles, as the Commiss 
has built a road paralleling the canal for its entire leng ^ 
and also leading to the St. David’s disposal area. For this 
purpose rock has been utilized from the giant Traylor cru- - 
ïnj plant which has a daily capacity of 2,000 cu. yds. of

If
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A.M.E.E. CONVENTION AT NIAGARA

Superintendents and Managers of Publicly-Owned Electrical 
Utilities Hold Third Convention and Make Tour of 

the Chippawa-Queenston Power Canal
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A T Niagara Falls, Ont., last week there was held the third 
A annual convention of the Association of Municipal Elec
trical Engineers of Ontario. Thursday morning, June 19th, 
was devoted to registration, the first meeting being called 
to order at 2.30 p.m., when President O. H. Scott, manager 
of the Hydro-Electric System at Belleville, Ont., delivered 
his presidential address.

Secretary Clement reported that there had been an in
crease of 19 members since the last convention. There are 
now 104 publicly-owned utilities in the association. All ex
cepting about 10 of these are “hydro” municipalities. Fifteen 
new commercial members have been secured since the last 
convention, making a total of 33 commercial members lhe 
registration at the convention was about 225, and fully loU 
delegates attended each of the business meetings.

R. C. McCollum, auditor of municipal accounts, Hydro- 
Electric Power Commission of Ontario, read a paper Thurs
day afternoon on “The Routine Handling of Consumers Ac-
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the Edmonton meeting includes a wide range
various matters 

The

set

wa
summer 
program for
of technical subjects and open discussions on
Edmonton members^of'theTnstitÎÏe are now making arrange

ments for the meeting.
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