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THE STORAGE OF WATER IN EARTHEN RESERVOIRS.

By Samvel Fortier, Ma.E., M.Can. Soo. C.E.

The large number of earthen reservoir embankments in use, the 
widely differing opinions held by engineers in regard to the best method 
of constructing them, and the fact that the subject has not heretofore 
been considered by the Canadian Society of Civil Engineers, must plead 
as an excuse for this paper.

Very many earthen embankments, chiefly known as tanks, have been 
built in India to store water for irrigation purposes. The high prices 
of structural materials, the inability to procure and operate modern 
machinery and the low wages paid to workmen have favored this kind 
of construction.

* It costs but little to build an earthen embankment of even largo 
dimensions where the materials are abundant and convenient, and where 
laborers can be procured for eight cents a day for each man, four cents 
for each woman, six cents for a donkey and fifteen cents for a pair of 
bullocks. A structure requiring skilled labor and modern machinery, 
with coal at 820 per ton, timber scarce and iron and steel from $8 to 
$15 perewt., would be much more expensive. These peculiar conditions 
may, in a measure, account for the 37,000 tanks to be found in Mysore, 
and the 53,000 in Madras, besides smaller numbers in the other presi
dencies. The past history, however, of these tanks, many of which 
were built centuries ago, seems to prove the suitability of this material 
to retain water, and where failures have occurred, they were in nearly 
every case traceable to imperfect outlet conduits or to faulty design.)-

Not only in India, but in all regions where the rainfall is insufficient 
to mature crops, and where water has to be artificially applied to make 
up for the natural deficiency, it is only a question of time when thestor-

* H. M. Wilson in 12th Animal Report U.S. Geol. Survey, p. 533.
t Proc. Inst. C. E. Vol.XXXIlI. Gordon on the value of water in India.

K



146 The Storage of Water in Earthen Reservoirs.

age of water becomes a necessity. In the Western States of the Union, 
for example, the average annual run-off from the drainage areas, not to 
speak of the flood discharges, is from five to ten times greater than the 
run-off during the dry period of summer, when it is most nee led 
for the raising oif agricultural products. It ir thus evident that only a 
small percentage of the total water supply c m be utilized without the 
aid of storage reservoirs. For many centuries these reservoir dims 
have been built of earth, and there is good reason to believe that in the 
centuries to cotne the same material will be used. Upon this assump
tion the irrigated countries of Cape Colony, Kgypt, Spun, Italy and 
France, and on this continent those of South America, British Colum
bia, and two-fifths of the United States are, and will continue to ba, 
more or less dependent upon earthen dams to conserve and equalize the 
flow of the scanty water supply.

In reference to the use of earthen dams to store water for domestic 
purposes, it may surprise some to learn that the increase in the number 
of water-works pheits in Canada and the United States has been greater 
than that of railways. In 1830 there were in the United States only 
31, and 58 years later there were 1701, while in Canada during the 
same period the number increased from a few insignificant plants in the 
larger cities to 68 in 1888.* Since many water-works sy.-tems have 
each a number of earthen reservoirs, it is probable that the increase in 
the latter has been equally great.

The diversity of opinions among engineers on this subject is return k- 
ahle and difficult to explain. The wide differences in the kind : nd 
quality of the materials used may partially account for it, but apart front 
this, one is forced to conclude that the opinions held by many engineers 
regarding the best way to design and construct earthen embankments to 
impound water are erroneous. For any given case the problem is : to 
store with safety to life and property a certain volume of water, on a 
particular site, within walls of earth. The task seems easy and simple, 
but in its design and execution the plans and specifications from a dozen 
or more competent engineers would show great dissimilarities. The 
general form, content and particular dimensions might differ 100 per 
cent. One engineer would be willing to incur considerable expense in 
procuring clay for the entire embankment ; another would use clay only 
as a centre core ; while a third would reject it as the most treacherous 
material in existence fur that class of work, and would build a homogoa-

Eng. News. Vol. XXI.



The Storage of Water in Earthen Reservoir». 147

cols mill of a mixture of 6nc and coarse materials. Some would specify 
that the materials be packed dry, others that they be dampened, while 
some would call fur an abundance of water. In regard to lining or 
paving, there would likely be as many different kinds recommended as 
there were specifications. Some would be positive that the structure 
would be insecure without a heavy masonry core wall, while the advo
cates of a homogeneous embankment would consider it a waste of money.

The task of reconciling so divergent views is too great for the writer 
of this paper. Tho mo.-t that he can hope for is that the opinions 
herein expressed, the suggestions offered, and the consideration of a few 
practical features relating to reservoir dams and the storage of water 
may aid, in seme measure, our younger brethren.

CHARACTER OK THE MATERIALS.

Earth dams are composed of varying proportions of gravel, sand, silt, 
clay, organic matter and water. The suite ingredients which consi- 
lute the cultivated fields and their underlying strata are in nearly 
rviry case the most convenient and also the most suitable materials to 
use. A consideration, therefore, of the nature of the materials form
ing a reservoir embankment leads us directly to that of soils and sub
soils. For this purpose, the physical and mechanical properties of soils 
aie of much n ore importance than their chemical ingredients. It is 
not essential, for i xauiple, that we know the amount of potash, pho - 
phorus or lime in any given case, but the size and weight of the grains, 
the amount of air-spacc they enclose, the percentages of air and wati r 
contained in these open spaces, aid the effects produced ly moisture, 
heat and frost, as well as the action of such forces as gravity, capillar
ity and evaporation, arc of great importance. To such an extent is ths 
true that one might say without exaggeration that the success of works 
of this character rests mainly upon the fact that they were designed and 
built in accordance with an intimate knowledge gained from a close 
study and carefully made tests of the physical properties of the mater
ials. For twenty years and over men have been testing the physical 
qualities of iron, steel, cements and the various kinds of timbers, and 
this knowledge, when coupled with the correct application of the prin
ciples of mechanics, lias given us our modern structures composed of a 
minimum amount of materials with a maximum of strength and effi
ciency. Reservoir embankments on the other hand have been built in 
most instances without the requisite knowledge, upon mere guess work, 
brawn and not brain predominating.
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The site having been determined upon, samples tf the underlying 
strata cun best be obtained by test pits. '1 hey cost more than sani]lti 
obtained by boring, but the additional information gained much an.re 
than compensates for the extra cost.

To avoid danger to workmen and shoring, the writer makes these 
pits elliptical. By having the major axis, say 18 feet, and the minor 
about 6 feet, it is possible to dig with picks and sho 'cls to a depth of 30 
feet by leaving a berm of 6 feet one-third the way down and a second 
berm of the same width two-thirds of the distance from the top. Sam
ples can then be taken from each pit at every change in the formation. 
Sieves graduated from 5 meshes to the linear inch downwards in fine
ness to 10, 15, 20, etc , meshes may be used to grade the materials as 
to texture. When a portion of each of these graded samples is washed 
and afterwards examined by a good lens, the èize and mineral character 
of all the larger particles can be determined, whether lime, quartzite, 
slate, shale, etc. The finer particles of sand, silt and clay, or all less 
than say one-hundredth of an inch in diameter, can be els tied only by 
some mechanical soil separator like those invented by D< ots Hilgard 
and Osborne.

The following classification as to the size of partiel attained in . oils 
and sub-soils is now used by most authors on soil analysis. The 
dimensions arc given in both millimeters and inches :

Table I.

Conventional Names.

Coarse gravel,
Gravel..........
Fine gravel .. 
Coarse sand., 
Medium sand 
Fine sand...,
Silt.................
Fine silt........
Clay..............

Size in M.M. Size in inches.

_ to 6 to t
6 to 2 •o h
2 to 1 Ar to
1 to .5 2 5 to

,5 to .25 -1.5 0 I1..-
.25 to .05 _1loo to jh
.05 to .01 -1_0 0 0

01 to .005 - ,1 _ to 1 -2 .5 0 0 3 0 0 0
_ 1 _ tO 1,-1- - 5 o e e 2s o oi

That the reader may get a clearer idea of the approximate proportions 
of gravel, sand, silt aud clay in the soils commonly cultivated, the follow-
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ing table, compiled chiefly from thi published works of Prof. Whitney, 
is herein given. No. 1 is the red clay tile of the Potomac Valley 
near Baltimore, and No. 2 is a blue clay of the same locality used for 
making stoneware pipe. No. 3 is a 1 clay ’ soil so-called taken frorn'a 
truck field on James Island, S. Carolina. No. 4 is a heavy loam, from 
Hatfield, Ma«s., and No. 5 a close retentive soil. No. 6 is a sample of 
the lightest grade of sandy 1 ind of Southern Maryland. Nos. 7 and 8 
are early truck land from the same State :

Table II.

■ \ Kind of soil
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1 lied clftV.............. 0.24 0.00 o.oo 0.50 2.011 9.02 25.13 13.44 42.34
Ï Blue clay............. 2.01 0.00 0.00 0.29 1.27 8.911 20.10 10.72 50.02
3 Clay land.............. 1.02 0.00 0.54 1.011 811 20 14.22 3.22 14.58 3.59
4 Heavy loam......... :i.45 o.oo 0.00 0.10 0.43 21.88 07.00 3.4! 2.01
5 Meadow land.... 4.75 0.00 0.00 0.05 0.50 112.04 49.32 5.40 0.79
<1 Sandy land.......... 0.24 0.45 10.110 40.29 20.15 8.17 7.11 2.29 4.77
7 Isiglit truck soil.. o.co 0.40 4.00 10.19 27.59 12.10 7.74 2.23 4.40
8 Gravelly loam... 14.18 0.00 22.09 29.87 9.82 0.52 10.71 3.80 1.89

According to Schiiblor, the average weights of one cubic fo:t of 
various soils as they exist in nature arc as follows : —

Dry silicious or calcareous sand............. 110 pounds.
Half sand and half clay........................... 9ti “
Common arable soil .................................  80 to 90 “
Heavy clay............ ..................................... 75 “
Garden mould rich in vegetable matter. 70 “
Peat soil......................................................  30 to 50 *•

The diff rencc in weight between a clay and a sandy soil, for instance, 
is due largely to the greater number of open spaces in the latter and 
n't to any material difference in the specific gravity of the grains.

A cubic foot of a very sandy soil contains about 40 per cent, by volume 
of air space, while a soil derived from limestone contains about til per 
cent, air space.

According to Whitney the percentage of open spaces in the following 
typical soils of Maryland arc : —
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Taule III.

Light truck land.......................... 37 3 per cent.
Pine lutrrens chiefly sand........... 40.0 “
Sandy land .... ..........................  41.8 “
Wheat land................................... 43.7 “
Tobacco land................................. 00.0 “
(lummy land................................ 68.5 “

Outside of the laboratory it is impossible to find soils completely 
saturated, 11. with all the spaces filled with water. These open spaces 
contain air and water in varying amounts. In dry soils there is a large 
proportion of air and a correspondingly small proportion of water, while 
in wet soils three proportions are reversed.

In irrigated regions where it is possible to control the soil moisture, 
long experience has shown that the b st crops can be raised when the 
open spaces contain nearly equal volumes of air and water. Thus the 
water-holding captyity of heavy clay soils is about 44 lbs. of water in 
every 100 lbs. of saturated soil, and the most favorable condition for 
plant growth in such soils is when they contain from 1C to 24 lbs. of 
water in 100 lbs. of moist soil.

The following table gives the approximate number of grains in each 
classification of similar weights :

Table IV.

Fine gravel... 
Coarse sand.., 
Medium sand. 
Fine sand .... 
Very Hue sand
Silt.................
Hue silt..........
Clay................

1.4 grains. 
17.0 “

139.0 ••
1370.0 “

17360.0 «•
274000.0 “

17280000.0 «
449280000.0 “

FORMING A COMPACT EMBANKMENT.

The belief is prevalent among laymen and engineers, inexperienced 
in this kind of work, that any country road foreman, who is familiar with 
the handling of earth, is qualified to superintend the building of earthen 
dims. They fail t) understand the difference Detween an embank- 
m rot capable of withst inding a loa 1, and one compact and stable enough 
to retain water. In highways, or railroad fills, little, if any, attention 
is given to packing the materials. The fill, when completed, is nearly as
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pnr us as the foils and sub-soils of which it is composed. When a cubic 
yard of earth is removed from the pit to the fill, its bulk is increased by 
about one and one-half in sandy soil to six per cent, in hard clay soil, 
anil the subsequent shrinkage of from 5 to 15 per cent, finally reduces 
it from 90 to 95 ]>er cent, of its original volume. But soils and sub
soils in their natural state contain from 35 per cent, to 60 per cent, by 
volume open space, and the ordinary highway, or railroad fills, arc thus 
shown to be porous masses wholly unfit to impound water.

In the building of earthen dams something more is needed than the 
piling up of a mass of porous materials. The hydraulic engineer who 
desires to build a safe dam with a minim im amount of earth, must 
attend closely to the following features :—

1. The relative sizes of the grains.
2. The percentage by volume of open space.
3. The proportions of air and water contained in these open spaces.
4. The best mode of filling the interstices between the larger grains 

with the smaller grains.
5. The best mode of expelling the greater part of the air contained 

in the open spaces.
6. Making the embankment proof against the action of extreme 

drouth, or excessive saturation.
As the hydraulic engineer of the Experiment Station of Utah, the 

writer recently began to make some experiments ou the best mode of 
compacting soils and sub soils. On account of cold weather these 
experiments have not been completed, but enough has been done to 
show the general trend of the investigations.

Sand suitable for cement concrete was carted from a bank, placed 
under cover and allowed to remain for about two months until quite 
dry when it was separated by graduated sieves into four grades—coarse 
sand, medium sand, fine sand, and very fine sind. In the same way 
bank gravel was obtained in two sizes. Grains that would pass through 
round holes one quarter of an inch in diameter and be retained by holes 
one-sixth of an inch were classed as gravel, and the grains left between 
sieves one-sixth to one twelfth of an inch were classed as fine gravel.

The silt was a mixture of vegetable matter and extremely fine sand. 
The clay was a brick fire clay and was air-dried, ground and passed 
through graduated sieves.

Boxes were made containing some even part of a cubic yard and 
graduated from bottom to top. The smallest box used was one foot in
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height and contained .01 cubic yard. The materials were poured into 
the boxes through a funnel five-eighths inch in diameter from a 
heieht of 0.85 ft., and the weight of eacli determined.

To determine the percentage of open space in each, a given volume 
was poured from a height of 0 "15 ft. into a known volume of water, 
and the volume of water thus contained in the interstices gave the 
percentage by volume of open space.

In the following table the percentage by volume of open space in the 
clay is not given on account of its tendency to “ swell ” when immersed 
in water. Assuming the specific gravity of the solid particles of the 
clay to be 2.40, the percentage of open space would be about 0.65.

Table V.

Material.
Size

inches.

\

Weight pet 
cult yard 

lbs.

Percentage 
by volume 
open space.

Tempera
ture of 

materials.

Temper
ature of 
water.

Gravel................ i to i 2550 45.0 48° Fahr. 35° Fahr.
Fine gravel.. ... i to -,‘f ms 45.7 48° “ 35° «•
Coarse sand........ Vt to V- 2200 47.7 46° “ 44° '*
Medium sand... t'a to yin 2150 50.8 46° 44° ••
Fine sand........... lltr to ï.'.j 2150 48.3 46° “ 44° «
Very fine sand... 3<jir to -«Vo 2025 47.7 46° •« 44° *•
Silt....................... r.'ffv t0 zi’ut 1925 51.7 46° 44° “
Clay..................... ■n'.e to-ialaii 1390 ....

CLAY CONCRETE.

An embankment formed of grav I would be stable and unaffected by 
the actions of frost, drouth, or moisture, but the 45 per cent, of open 
space in gravel would allow the water to pass through it. Sand would 
be more impervious but less stable, and more affected by drought and 
excessive moisture. Soils containing a high percentage of organic 
matter might make an impervious embankment, but the necessary 
weight and compactness would bo wanting. The same is true of all 
clays. Clayey soils are often styled heavy soils, but, as we have seen, 
such soils arc the most porous and are capable of absorbing large per
centages of water. The tendency of clay to swell whet wet, and shrink 
and crack when dry, renders it a treacherous material for reservoir 
embankments when used alone.
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Since there are serious objections to each class of the materials named 
when used alone, the writer has made a few tests of compacta ‘ss with 
various mixtures of the above which he has termed clag concrete. 
The object sought being to mix sufficient silt or clay with the sand to 
more than fill all the open spaces in the sand, and to mix with the 
gravel a sufficient volume of sand and silt or clay to more than fill all 
the open spaces in the gravel.

The results of the tests arc as follows :

Or.at Concrete No. 1.

Gravel..............
Coarse sand....
Very fine sand 
Clay..................

Total 1.95 cubic yards.

(a) When No. 1 mixture was thoroughly mixed dry mid poured 
from a height of 0.85 feet, its volume was 1.546 cubic yards.

(f>) When thoroughly mixed and tamped dry in one-tenth of a foot 
layers, its volume was 1.240 cubic yards.

(c) When poured slowly into water and mixed, its volume was 
1.26 cubic yards.

(d) When moistened sufficiently to form a stiff paste and tamped in 
one-tenth of a foot layers, its volume was 1.312 cubic yards.

Clay Concrete No. 2.

Fine gravel....................................... 0.90 cubic yards.
Fine sand.......................................... 0.56 “
Silt..................................................... 0.42 “

Total............................ 1.88 cubic yards.

(a) When No. 2 mixture was mixed dry and poured from a
height of 0.85 feet, its volume was 1.526 cubic yards.

(fc) When mixed dry and thoroughly tamped its volume was 1.294 
cubic yards.

(c) When mixed dry and poured from a height of 0.85 feet into 
water, mixed but not lamped, and the excess of water drained through 
holes covered with canvas in the bottom of the box, its volume was 
1.256 cubic yards.

1.00 cubic yards. 
0.25 “
0.27
0.43
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(d) When mixed dry and moistened with 0.277 cubic yards water 
at a temperature of 41 degrees Fahr. into a stiff paste and well 
tamped, its volume was 1.296 cubic yards.

Clay Concrete No. 3.

No. 3 is identical with No. 2, except that 0.58 cubic yards of clay 
is substituted for 0.12 cubic yards silt.

Fine gravel......... ............................ 0.90 cubic yards.
Fine sand........................................ 0.56
Clay.................................................. 0 58

Total 2.04 cubic yards.

(«) When No. 3 mixture was mixed dry and poured from a height 
of 0.85 feet, its volume was 1.604 cub:c yards.

(6) When mixed dry and well tamped, 1.324 cubic yards.
(c) When mixed dry and poured from a height of 0.85 feet into 

water, mixed but not tamped and drained of excess water, its volume 
was:

1.432 cubic yarns alter experiment. 
1.420 “ “ 1 day.
1.360 “ “ 2 days.
1.356 “ “ 4 days.
1.324 “ “15 days.

(til When mixed dry and moistened with 0.307 cubic yards of 
water into a paste and well tamped, its volume was 1.348 cubic yards, 
which shrunk but slightly in four days.

Clay Concrete No. 4.

Fine gravel,... 
Medium sand 
Silt ................

1.00 cubic yards. 
0.51
0.26 «

Total................................ 1.77 cubic yards.

(ti) When No. 4 mixture was mixed dry and tamped its volume 
was 1.26 cubic yards.

(t) When mixed dry and poured from a height of 0.85 feet into 
water, and mixed but not tamped, its volume was 1.204 cubic yards.

(c) When mixed dry and moistened with 0.30 cubic yards water 
into a stiff paste and well tamped, its volume was 1-212 cubic yards
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Water, sewer, and g is mains are laid in trenches excavated in 
materials somewhat similar to those which may be used in earth dams. 
Of trenches for water mains the writer has superintended the tilling in 
of over 100 miles. Formerly, city engineers required the trenches in 
all public streets to be filled in in three inch layers and well lamped. 
In the three systems of water works recently constructed by the writer 
in this State, permission was granted to fill the trenches under water 
instead of tamping the earth in thin layers. The method followed was 
to keep separate, while excavating, the road metal, gravel, or paving, 
and the ordinary earth. After the pipe was lai 1 in the trench and 
caulked, care was taken to tunp sufficient earth beneath, and at the 
sides of the pi|io to give it a continuous and uniform bearing ; then 
ear h bridges were thrown in at intervals to prevent floatation and the 
trench partially filled with water from the hydrants or ftom irrigating 
canals The ordinary earth was then plowed, shovelled, or scraped 
into the water and the road metal or gravel placed on top.

Trenches filled with dry earth and lamped, invariably settled more 
or less after a heavy rainstorm, but trenches filled under water, 
although quite soft lor a few days, behaved much better and seldom 
settled.

The foregoing sta'cment docs not apply to clay soils, since it requires 
too long for the wet mass to become sufficiently dry to bear up the 
weight of a horse.

There is every reason to believe, however, that trenches filled with 
clay placed under water in the manner indicated would, when freed of 
the excess moisture, be more stable and less liable to subsequent 
changes.

In building a distributing reservoir for Ogden City, Utah, the 
writer adopted a mode of compacting the materials somewhat similar 
to that outlined in filling in trenches under water. The location was 
below the old beach line of Lake Bonneville, a name given by geolo
gists to the large fresh water lake of which the present Great Salt Lake 
forms only a small remnant. Tho materials were, for the most pirt, 
fine sand, with an occasional stratum of coarse gravel, cobble-rock, clay 
or silt. The capacity of the reservoir is 7,000,000 U.S. gals., width 
of embankment at flow line 30.5 ft., water slopes one and one-half to 
one, outer slopes two to one, depth of water 20 feet.

After removing the surface soil, a trench from 4 ft. to 6 ft. wide and 
6 ft. deep was dug along the entire centre lino of the proposed embank
ment. The base of the embankment was lien formed and allowed to
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slops slightly towards its editor. Instead of filling in the trench at 
suce, it was allowed to remain nearly full of wat.T, and it became the 
origin of it canal in the center of the entire embankment. The most 
impervious material was deposited on the inner half of the embank
ment, while the cobble-rock and more porous material wore deposited 
near the outer edge. The inner and, to some extent, the outer half of 
the embankment was built up in layers, moistened and packed in the 
usual manner. The central portion was built up by emptying the 
wheelers at each edge of the canal and shovelling the material into tin 
water. Fig. 1 shows a sketch of the p irlially completed reservoir em
bankment.

Fig. 1

The mode of compacting reservoir emban’tm ,-nts, almost univer.-aby 
followed by American engineers, is to specify that the earth shall bo 
spread evenly over the surface in layers of from 4 to 6 inches in depth, 
then moistened and rolled with grooved rollers weighing from 100 to 
300 lbs. per inch of trend. In most instances the number of times 
each layer is rolled is left to the decision of the engineer, but some 
specify a minimum roller travel in miles for each 1000 cubic yards 
excavated.

Opinions differ as to the amount of water to use. In gravel puddle, 
or what the writer has termed clay concrete, in which the percentage 
of clay is small, a large amount of water can be used with good results. 
This mixture unquestionably makes the safest embankment.

To those who persist in using chiefly clay, it m iy be said that the 
addition of water to moisten the layers is of doubtful benefit. The 
effect of water on comparatively dry clay is to increase its bulk, and no 
amount of rolling will make it quite so compact as it would be if rolled 
to the same extent in a dry state.

In reference to compacting materials by depositing them under water, 
as was done on the Ogden reservoir, by means of a canal in the contre.
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tlic reader will note that this method is applicable only to gravel pud
dle or clay concrete containing less than 25 per cent. clay. • A higher 
percentage of clay would render the embankment so soft that it could 
not be traversed by teams, but the method is particularly well adapted 
to earth containing either no clay or very little.

In so far as the author knows, this method has never been tried 
before. If the reader, however, compares tests No. lc, No. 2c, No. 3c 
and No. 4c, with corresponding tests (6) and (a), he will find that, 
wlun the percentage of clay is small, as compact a mass can be made 
by simply pouring the earth into water and mixing as by moistening 
with water and thoroughly ramming.

It is, however, from practical experience rather than fiom the few 
peer ding experimental tests that the writer bates the following con
clusions :

1. Earth deposited under water is freed from the greater part of the 
air confined in the open space.

2. Earth containing grains of different sizes packs bettir under water 
than in air.

3. Embankments built of dry caith, or earth moistened and packed, 
arc more liable to be injuriously affected by capillary action than em
bankments, or portions of embankments, built under water.

4. Making provision during constiucticn for a canal balding water 
in the centre of the embankment, is a practical test, before completion, 
of the safety of the structure.

5. Most of the advantages of a ct nter core arc gained by this mode 
of construction without the disadvantage of having distinct lines of 
separation between an earth and a masonry wall.

ti. Where water is abundant and easily applied, the middle portion 
of earth dams can be more cheaply compacted under water tliau by 
sprinkling and rolling,

THE DIMENSIONS OF RESERVOIR EMBANKMENTS.

The proper widths and slopes to adopt in the building of earthen 
dams cannot as yet be determined by mathematical calculations. Our 
knowledge of soil physics is too meagre to admit of limiting the 
amounts of mate rials used to the same extent as one would in the con
struction, for example, of a railroad bridge, or a roof truss. The 
dimensions in each particular case must be left to the good judgment, 
practical skill and the knowledge gained from experimental teste, of the 
designing engineer.

3
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The character of the materials, the purposes for which water is stored, 
and the natural conditions surrounding each site differ so widely, that 
it is impossible to lay down precise rules. Uenerally speaking, how
ever, the dimensions of each embankment will depend to a greater or 
less extent upon the following conditions : —

1. The danger to life and property in case of failure.
2. The depth of water to be impounded.
3. The height and force of the waves.
4. The angle of repose of the materials.
5. The pressure which the materials can safely withstau 1.
6. The necessity of a roadway on top of the embankment.
7. The .-lope paving.
8. The imperviousness of the materials.
9. The cxUtenoo of a centre core.

10. The manner of construction.

Top Width.—When teams are used to convey the materials, the 
smallest top-width mhst be nt least six feet, since it requires that space 
to prevent horse», and particularly mules, from crowding. It is usually 
desirable to have a roadway paved with rolled gravel and a fence around 
the reservoir, in which case a top width of twelve feet or more would 
be required. Where stability and security alone arc concerned, the top- 
width depends upon the elevation of high water.

High Water Line.—In cold climates like those of Canada and the 
Northern States, it is important that the high water line be kept be
low the frost line in the upper portion of the dam. Failures h ive been 
caused by the earth freezing in the trapezoidal section ABCD Fig. 
2, which elevated the section sufficiently to allow the Water to pa-s 
along the d v sion line C D.

Failure might also be caused in weak embankments by the formation 
of ice at the flow-line. If the force due to the expansion of a stratum 
of ice were to be exerted at D against a frozen mass A B C D, it n iglit 
be sufficient to disturb the upper port of the embankment and endan 
gcr the whole structure.
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In both cold and warm climates there is the danger of waves over
topping the embankment. The maximum height of waves which may 
occur on the surface of any reservoir of known dimensions may be 
roughly estimated by Stephenson’s formula II = 1.5 <J F + (2.5 V l1'.) 
in which II is the height of the waves in feet and F the fetch or dis
tance in nautical miles through which the waves act. According to 
the above formula the heights of waves on ordinary reservoirs would 
vary from two to three feet. On the smallest the waves would bo more 
than 2 feet high and seldom more than 3 feet on the largest. It is 
evident, therefore, that this formula does not apply to small surfaces of 
water, but as the error is on the side of safety, and since the top of even 
small reservoirs should be raised at least two feet above high water, the 
formula can be trusted to give approximate results.

Breadth of Embankment at the Flow-Line.—The practice of 
the writer for years in designing the cross-sections of reservoir embank
ments has been to determine first the breadth at the flow-line. Then 
through the extremities of this distance converging lines can be draw n 
to suit the angle of repose of the material and other necessary condi
tions. Great differences exist as to this dimension. While writing 
this article there lie before the author the descriptions of five reservoirs 
each 30 feet deep, and their respective breadths at the flow-line are 28 
ft., 34 ft., 40 ft , 45 ft., and 53 ft. Alter making ample allowance lor 
a difference in the quality of the materials, there should not be a differ
ence of nearly 100 per cent, in the widths of the embankments, provid
ing the work in each case has been carefully done.

With a view to unifying the results and economizing material, the 
writer obtained by circular letters, private correspondence and other
wise, descriptions of about 100 reservoirs located in nearly every State 
of the Union. Out of the hundred, 75 were chosen as typical of exist
ing conditions, and their depths of water and breadths of embankment 
at the flow-line were plotted on cross-section paper.

The co-ordinates for each of the 75 reservoirs were the abscissa (z) , 
which represented the breadth in feet of the embankment at the flow
line, and the ordinate (y), which represented the depth in feet of the 
water in the reservoir. The curve formed by joining all the points was 
so nearly that of a straight line that the following equation of a straight 
line was adopted.

y = x — 5.

For outer and inner slopes of 2 horizontal to 1 vettioal, and with the
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top of the embankment from 2 to 6 ft. above the flow-line, the above 
empirical formula gives top-widths and flow-line widths for depths of 
water from 10 feet to 45 feet as follows :

i Table VI.

I

Depth of 
water in 

reservoir.
Outer
slope.

Inner
elope.

Top
width.

Distance 
between top 

of embkt.and 
surf.of water.

Breadth
at

flow-line

Ft. Ft. Ft. • Ft.
10 2 to-1 2 to l 7 2 15
15 “ ** a 3 20
20 “ ii 31 2b
25 “ 14 4 30
30 19 4 35
35 22 41 411
40 25 5 45
45 31 6 55

In impounding wbter to a depth greater than 40 or 50 feet, safe con
struction requires the introduction of berms. Thus in a reservoir 60 ft. 
deep, there should bo near the middle of each slope a berm of 5 or 6 ft. 
in width, and when we deduct the width of these two berms, the top 
width is limited to about 30 ft., while the formula still holds approxim
ately true.

Outer and Inner Slopes.—Regarding the 75 typical reservoirs 
referred toon a preceding page, it may be here stated that their inner 
slopes varied from a maximum of 4 to 1 to a minimum of 1 to 1, and 
averaged 2.61 to 1, while their outer slopes averaged 2.1.

Table VII.

Outer slopes. Inner slopes.

2 reservoirs 1 to i 2 reservoirs 1 to l
23 H i 23 n 1

2 U i 2 11 l
41 « 2 " i 31 « 2 It 1

1 «• 21 i 1 . <» 21
2}

■t 1
3 “ 21 “ i 1 “ tt 1
3 3 i 11 “ 3 1

2 4 “ 1

75 Rea’s aver. 2 to 1 75 Res's aver. 2.61 to 1
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It it evident from the foregoing that American practice in adopting 
tlopes to earth embankments does not often vary from 2 horizontal to 1 
vertical.

No unprotected earth slope will long withstand the action of waves, 
even on a 3 to 1 incline, and since some kind of paving is necessary, a 
2 to 1 slope of suitable materials and properly constructed is preferable 
to one flatter. In paving with hydraulic cement concrete, the cost can 
be considerably lessened by adopting a 1J to 1 slope on the water side 
without lessening to any extent the strength or efficiency of the embank
ment.

PROTECTING THE INNER SLOPE.

To prevent the destructive effects of waves, ice and frost, to facili
tate the removal of silt and aquatic vegetation, to prevent animals 
from burrowing into the bank, and ill many cases to prevent percola
tion through the bottom and sides, some kind of paving is usually 
required.

The following brief notes obtained by circular letters describing the 
mode of paving and the materials used in more than thirty reservoirs 
of the Union will give the reader a fairly correct idea of existing con
dition! :

WATER WORKS RESERVOIR, 47 FEET DEIP.

Charlottesville, Va.
“ Inside slope of dam is paved 12 ins. thick with ordinary stone rip rap.”

E. F. Harris, Supt.

LAKE MONTEBELLO RESERVOIR, 31 FT. DEEP.

Baltimore, Md.

“ In-i le slope is rip-rapped with broken stone for a distance of 2 feet 
above and 3 feet below the flow-line.”

Wm. Bexthall, Ass't Engineer.

TATMCCK BROOK RESERVOIR, 30 FT. DEEP.

XV orces ter, Maes.

“.Paved 24 ins. thick at top and 18 ins. thick at bottom of insi le slope 
with field stone of large size, having interstices filled with smaller stones.”

Fred. A. McClcre, Supt.
L
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WATER WORKS RESERVOIR, 16 FT. DEEP.

Grand Rapids, Mich.

“ Bottom of reservoir is paved 12 ins. thick, inside elope from 12 inches 
at bottom to 2 ins. at top with cobble stone laid in cement concrete. Frost 
has loosened some of the cobble stones at the water line.”

H. A. Collar, City Engineer.

INDIAN CREEK RESERVOIR, 60 FT. DEEP.

Boise, Idaho-

“ Inside slope rip-rapped with basalt 18 inches thick.”
Chas. L. Swan, Engineer.

STORAGE RESERVOIR, 65 FT. DEEP.

Amsterdam, N.Y.

“Face of dam is rip-rapped 1) feet deep, hand placed. Frost never 
aflects rip rap. Dori’t believe in paving.”

8. E. Babcock, Engineer.

STORAGE RESERVOIR, 15 FT. DEEP.

Rochester, N.Y.

“ A berm five feet wide at middle of slope ; rip rap below berm ; paved 
with stone above. Paving laid on gravel lining a few inches thick.”

E. Kinchlino. Chief Engineer.

DISTRIBUTING RESERVOIR, 17 FT. DEEP.

Rochester, N.Y.

“On bottom of reservoir 4 inches of gravel spread over surface of clay 
puddle 12 to 18 inches thick hauled from brick yard. Rip rap 21 inches 
thick below berm. Stone paving 18 inches thick above berm.”

E. Kinchlino, Chief Engineer.

SCHCTLKILL RIVER RESERVOIR, 13 FT. DEEP. 

Conshohocken, Pa.

“ 12 inches cement concrete on lottom, 4 inches brick on 12 inches ce 
ment concrete on slopes. Concrete composed of 1 cement, 3 sand, 5 broken 
trap rock."

W. E. Fermer, Supt.
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WATER WORKS RESERVOIR, 30 IT. DEEP.

Sherburne, N.Y.

“ Paved with none 12 ins. thick set at an angle of about 60°. Space filled 
with gravel.”

W. E. Davis, Sup!.

STORING AND RECEIVING RESERVOIRS.

New Bedford, Mass.

“ The inside slope of storing reservoir dam is protected by a paving of 
large sized boulders. The inside slope of the receiving reservoir has a lining 
of granite blocks 1 foot thick.”

R. C. P. CoQQESHAI.Ii, Sup!,

WATER WORKS RESERVOIR, 16 FT. DEEP.

Waltham, Mass.

“ Bottom and water slopes paved with granite slabs 12 inches thick, laid 
dry as closely as possible.”

L. Brown, Supt.

Hartford, Conn.

“ We have six reservoirs from 20 to 41 feet deep, paved with stones about 
what two men can lift, placed close together and filled in with smaller
stones.”

Henry A. Avers, Supt.

LOW SERVICE RESERVOIR NO. 2, 21 FT. DEEP.

Portland, Oregon.

“ Paved with brick coated with J inch California asphalt laid flatwise in 
paving pitch.”

J. Henry Smith.

EASTON LAKE RESERVOIR NO. 2, 61 FT. DEEP.

Bridgeport, Conn.

1 Cobble rip-rap 21 inches thick at bottom of slope and 15 inches at top.”

S. G. Stoddard, Jr., Engineer.
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WATER WORKS RESERVOIR, 47 FT. DEEP.

Covington, Ky.

” The water slopes are riveted with stone blocks 12 inches thick, laid in 
cement on a foundation of broken stone 12 inches deep.”

, W. H. G LORE, Supt.

WATER WO:iKS RESERVOIR, 2fi FT. DEEP.

Erie, Pa.

“ Bottom of reservoir puddled with 18 inches of brick clay put on dry and 
rolled solid every three or four inch course. Paved with brick laid flat on 
bottom (2 inches thick) and laid on edge on sides (4 inches thick) with 
cement after being laid.”

Wm. Hinxkl, Sec.-Treasurer.

BIRMINGHAM RESERVOIR, 42 FT. DEEP.

Birmingham, Ala.

“ Rough sand stone rip-rap 12 inches thick.”
W. J. Milker, Supt-

STORAGE RESERVOIR, 24 FT. DEEP.

Peoria, III.

116 inches of concrete laid on bottom in about 10 foot squares separated by 
two rows of brick placed on edge. Water slopes lined with brick 8 inches 
thick. Frost in winter occasionally cracks the bricks at the water surface.”

Dabxet H. Maury, Supt.

CHERRY VALLEY RESERVOIR, 35 FT. DEEP.

“ The inside slope of the dam is covered with rubble paving from 12 to 24 
inches in thickness, covered with about 6 inches of selected hard pan to til I 
the interstices in its surface. ”

J. C. Hancock, Supt.

CACHE LA FOUDRE RESERVOIR, 30 FT. DEEP.
LARIMER AND WELD “ 22 11 11

Northern Colorado.

“ Inside slope of both reservoirs rip-rapped with maintain sandstone l 
foot thick laid on 2 feel of gravel.”

Ed. Baker, Engineer.
Greely, Colo.
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WATER WORKS RESERVOIR, 14 FT. DEEP.

Ann Arbor, Mich.

“ Slopes protected by rubble or cobble stone.”
Chas. E. Green.

MARLETTE LAKE RESERVOIR, — FT. DEEP,

Virginia City, Nevada.

“ Front of dam paved with rubble. Stone and ice sometimes displace or 
disarrange the rubble but not seriously.”

J. B. Overton.

STORAGE RESERVOIR, 25 FT. DEEP.

Southington, Conn.

“The water slope of the dam was covered 18 inches in depth with small 
broken stone, over which was laid a paving of large stone 15 ins. in depth.”

J. H. McKenzie.

Figures 3, 4, 5, 6 and 7 show typical forms of slope paving and in
clude all the kinds common to modern practice.

Fig. 0, not fhewn, is an illustration of the use of brush or willows 
tied together and anchored by means of galvanized wire. The small 
private irrigating reservoirs of Western America are frequently pro
tected from wave action by wheat straw held down by strands of barbed 
wire. Occasionally brush and stones or slag are used.

rig. 3.
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Figure 3 was designed by the author as a temponry expedient for 
the Ogden Distributing Reservoir until a more permanent paving could 
be put down. It was laid five years ago and has fulfilled all purposes 
so well that the owners have now no intention of substituting it. Red 
pine bonrds extend 3 feet above and C feet below the flow line along 
the slope, and arc nailed to joists 3" x 8" imbedded in the bank and 
anchored at intervals in the manner shown.

fig. 4.

Figure 4 is typical of the most common kind of paving.
The foundation should be, in every instance, a compact, impervious 

and stable bank, on the inner slope of which is spread a layer of gravel 
or broken rock of si. Scient depth to prevent the water from washing 
away the earth beneath. Upon this porous layer is laid the stone pitch
ing or rip-rap, which may vary in depth from 1 to 2J feet, depending 
upon tho height of the waves and the action of ice and frost, the inter
stices of the stone pitching being filled with gravel spalls or broken 
stone.

fig. 6.

'Ihc usual form of cement concrete paving ig shown in Figure 5, con- 
si-ting of a layer of screened gravel or broken rock well rammed, upon 
which is laid the requisite thickness of concrete. For a short distance, 
both above and below the flow-line, stone-pitching laid in cement mortar 
upon a thin layer of cement concrete should be substituted for the 
cement concrete paving.
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Figure 6 shows a portion of a slope paved with asphalt concrete. 
This concrete is composed of clean sand, gravel and liquid asphalt in 
about the following proportions :

Gravel................................. 70 per cent, by weight.
Sand................................... 30 “ “
Liquid asphalt.................  10-15 “ “

The sand and gravel are heated to a temperature of over 30° Fahr‘ 
and mixed with the liquid asphalt at a slightly lower temperature.

It is put on hot in a manner similar to street paving, and varies from 
1 to 4 inches in thickness.

Figure 7 shows a paving formed of brick and asphalt. The brick on 
the bottom may be laid flatwise, on the lower portion of the slope 4 
inches and near the flow line 8 inches in thickness. To prevent the 
brick from absorbing moisture a thin layer of asphalt mortar, composed 
of 90 per cent, by weight of clean sand mixed with 10 per cent, by weight 
of liquid asphalt, is first spread over the rammed gravel ; the brick are 
then dipped in hot asphalt, and after being laid grouted with the same 
material. A thin surface coating of asphalt of about £th of an inch in 
thickness completes the lining.

In discussing the relative merits and demerits of each type of paving 
represented above, little need be said of the first two named, since the 
early decay of both willows and lumber render periodical renewals 
necessary.

Many failures are recorded of stone pitching or rip-rap, but in nearly 
every instance they were caused by the washing away of part of the 
embankment immediately beneath the rip-rap. Under ordinary con
ditions wash can be prevented by placing a sufficient thickness of gravel 
or broken rook back of the pitching, and carefully filling all interstices 
ot the latter with coarse sand and gravel. The general success which 
has attended this kind of paving does not warrant, in the opinion of the
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writer, the following severe censure from the pen of Samuel McElroy, 
C.E., of Brooklyn, N.Y. :

“ The only way to protect an earth reservoir bank, or floor, is to keep it 
dry ; otherwise pressure, storm wash, motion, leakage, frost or animals may 
weaken and destroy it.

“ Dry work, properly laid, requires much more time for selection and fit
ting than cement work,'for the same section and slope ; it requires a better 
class of stone throughout; and the cost of hydraulic cement mortar, in itself, 
does not add more than $1.20 per cubic yard, or about the cost of the cement 
mortar to that of dry work for the same stone. At Ridgewood we paid 
$1-50 for the dry stone lining, and $2.50 for similar wall in cement with full 
joints. The repair accounts of dry walls on various public works has been 
a formidable item.
“Experience also shows that a well puddled and brick covered reservoir 

floor would have prevented some costly bottom leaks and ruptures.
“In a Report on the Hudson River and Champlain Canal Improvement, 

made to the State Engineer of New York in 1867, 1 had occasion to show 
that a solid musonry canal slope wall one-third to one, with 4£ feet concrete 
footing and 30 inch wall, could be built and coped for less than the 1$ to 1 dry 
slope wall, which lias been an endless cause of wash, rupture and repair 
along the entire canal system of the State.

“ If the experience of our reservoirs similarly lined was collected it would 
certainly end their construction, as it would similar constructions for mill 
power races, dams and other faces exposed to wash and frost.

“ For both Brooklyn reservoirs the following specification was adopted :
“ The inside slopes to be carefully puddled for two feet in depth, then 

covered with a substantial layer of cement mortar and gravel (concrete), not 
less than three inches thick, over which a wall of brick masonry shall be 
built eight inches thick to the embankment top, and covered with a flag cop
ing not less than three feet wide, by five inches thick. The bottom of the 
apartments to be similarly puddled and covered with best paving brick laid 
on the'r edges and carefully grouted.

“ In the Ridgewood case this theory was fully confirmed by negative ex
perience. A change in the direction took place in 1856, and some changes 
in plan in 1857. The slope lining was thus specified :

“ The water slopes, unless otherwise directed, to be paved with a well laid 
stone paving one foot thick, the stone used to be sound and of proper shape to 
make neat and compact work ; and openings between said stone to be well 
pini.ed and packed ; to be equal in every respect to the receiving reservoir of 
the Croton work. The paving to be laid on a bed of gravel or small stones.

“ A considerable length of slope was lined under this specification, under 
Mr. Kirkwood’s personal inspection, as a pattern for the rest ; it was as 
cheap for the sub contractors to use 15 to 18 inch stone, and the wall was 
thus laid, with about five inches of small stone backing. When about seven 
feet of water was pumped into the eastern division in 1858, the wave wash 
cut the embankment behind the wall so rapidly that the water was drawn
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duwn, the injured section» repaired, and the entire lining carefully tilled in 
with cement, grout and pointing.

“This involved a change in the dry wall of the new Croton reservoir, then 
under contract, to cement stone masonry. The Mount Prospect reservoir, 
built according to the original specifications, illustrates to day its advan
tages. For convenience of construction, however, it is best to increase the 
concrete thickness and reduce that of the puddling."

In tho case of the Ridgewood reservoir, cited by Mr. McElroy, 5 
inches of broken stone behind rip rap is too thin to prevent wash. 
Again in the paving for the Brooklyn reservoirs, which he recom
mended, it is not good practice to lay cement concrete on clay since tho 
weight of the water which may accumulate back of tho lining, or the 
liability of both clay and water freezing, will loosen and break tho con
crete.

Water slopes lined with cement concrete fail usually in one of two 
ways ; either the foundation is insecure or the bank settles. Quite 
often a layer of clay is first put down with no intermediate porous 
stratum of gravel or small stones, and when the water is rapidly drawn 
down in the reservoir the wet mass of clay is liable to slump and carry 
with it the concrete lining.

Engineers and superintendents frequently build reservoirs in earth 
and line the inner slopes and bottom with cement concrete before tho 
banks have properly settled, and without first thoroughly soaking the 
interior walls. In a properly made bank there will be no subsidence to 
speak of, but to pave a reservoir without first allowing the water to 
remain up to high-water mark for days and even weeks, is to invite 
failures.

The Cemetery Hill reservoir of Colorado, built in 188G 87 by tho 
writer as engineer-in charge, in accordance with plans and specifications 
prepared by chief engineer Allan, was not lined until 1890. In the 
spring of that year it was paved with Portland cement concrete, of 
which the greatest thickness did not exceed four inches. Five years 
later (1895) the writer examined the lining and found no failures, 
not even a crack. Ho attributes the success of this paving to the 
stable condition of the banks and to the water soaked state of the 
interior.

In the vicinity of Beaver Brook, Colorado, the farmers can get no 
water from wells, and they obtain their domestic supply from the 
irrigating canals in summer which is run into cisterns lined with cement 
mortar or concrete. After many failures the writer suggested that 
they soak the bottom and sides of the newly excavated cisterns for
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weeks, then remove the water, ram gravel over the entire interior and 
line with cement concrete. It was found that a much thinner coating 
would suffice when the foundation was prepared in the manner just 
described.

The toughness, .elasticity and imperviousness of asphalt concrete 
render it a suitable material for reservoir lining. It ha«, however, 
one serious defect which engineers have not yet been able successfully 
to overcome. A hot sun, or warm weather, will cause it to slide down 
the slope.

In the kind of paving shown in Fig. 6, the thin coating of asphalt 
mortar which complvtly surrounds the paving brick renders the lining 
impervious and difficult to crack, while the rigidity of thi brick pre
vents the wall from sliding upon its base. Stone rip-rap based on a thin 
coating of asphalt concrete can be substituted for the brick, and the 
entire wall well grouted with asphalt mortar.

COKE WALLS.
I

In the New England Stales perhaps 85 per cent, of all the earthen 
dams now in existence have been built with core walls of puddled clay, 
masonry, or concrete. In California, the Rocky Mountain Region, and 
as far cast as Pennsylvania and New York, masonry core walls are 
seldom introduced.

About a year ago, the writer sent the following questions to a large 
number of hydraulic engineers and waterworks superintendents :

Ques. 1. If the reservoir dam is built with a centre core, state the ma
terials used and mode of construction.

Ques. 2. Give the following dimensions of the centre core, bottom width at 
original surface, top width, depth of base below original surface, width of 
base at bottom, height over all.

Ques. 3. Does the water in your opinion percolate through the inner por
tion of the embankment to the centre core ?

Ques. 4. Speaking generally, do you think the additional-' security 
gained by a concrete or masonry core justifies the extra expense?

The replies received to the above queries were so conflicting that it 
was impossible to harmonise the opinions expressed. If a classifica
tion were attempted it would be something like the folllowing :

(1) Those who consider a masonry core wall essential.
(2) Those who consider any kind of a coro wall an element of weak

ness and a useless expenditure of money.
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(3) Those who would insert a masonry core wall as an additional 
safeguard in all important structures, the failure of which might 
endanger life or property.

(4) Those who would be guided entirely by the quality of the 
materials and the conditions connected with each case.

The chief advantages of a masonary core wall are :
(1) It prevents animals from burrowing holes through the embank

ment.
(2) It may prevent percolation.
The chief disadvantages arc :
(1) The additional cost.
(2) The unequal settling of unlike materials of different density and 

weight.
(3) The liability of the earth in the upper put of the embankment 

becoming saturated and increasing tho pressure on the wall much 
beyond tho designed limit.

(4) The tendency of the wall to crack on account of tho expansion 
and contraction due to changes of temperature, presence of water back 
of the wall, or on account of the unequal settling.

It has always seemed to the writer that the advantages to be gained 
from a masonry core wall are in no measure commensurate with the dis
advantages arising from its use. A 12 inch brick wall laid in asphalt 
mortar will prevent the burrowing of animals as effectively as a concrete 
wall U ft. in thickness. Besides, it is doubtful if thcro is an animal in 
existence which will burrow, for the sake of the pleasure to bo derived 
from the exercise, through a well made gravel puddle. In the Western 
States cement concrete costs per cubic yard in place from $G to 87, 
while earth suitable for earthen dams can be conveyed in wheel 
scrapers, puddled and rolled, for from 12 to 20 cts. per cubic yard. A 
yard of concrete is thus equivalent to nearly 45 yards of puddled earth. 
The most pronounced advocate of concrete core walls will hardly dare 
maintain that the relative utility of equal volumes of a concrete wall 
and tho adjacent earthen embankment is as 45 to 1.

In considering the safety of earth dams with masonry or concrete 
heart walls, tho late James B. Francis assumed that the full hydro
static head would be exerted against the wall, and that as the wall alono 
was wholly inadequate to sustain this pressure, tho earth on the down 
stream side had to be made of sufficient weight to resist the tota- 
pressurv.

Desmond Fitzgerald, in di scribing the high earth dams recently
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constructed under his supervision for the Boston Water Works, makes 
a similar assumption. One embankment is 65 ft. high, has an 
inner slope of 2 to 1, an outer slope of 2 to 1 and 2^ to 1, a berm 6 ft. 
wide on each side, and a concrete core wall 10 ft. thick at the base and 
2 ft. at the top. . “ In considering," he says, “ the stability of this kind 
of an embankment, we must assume that the full head of the reservoir 
is carried to the core wall."

The writer fails to see the benefits to be gained by this process of 
reasoning based on such an assumption. In tho first place, hydraulic 
engineers arc nearly unanimous in the opinion that the inner part of 
the embankment should be the most impervious, and that, if it cannot be 
homogeneous in structure, tho materials should be so placed that the 
imperviousness of the inner part should change gradually to the 
porosity of tho outer. In following this practice it would be impossible 
in aH well executed structures for tho full head, or any head of water, 
to be exerted against a centre wall.

If the intention is to place all the impervious material near the centre 
and next to the core wall, the design is one of the worst that can bj 
conceived. In such an embankment there is a porous mass of earth 
next to the water, through which the latter can readily seep or percolate, 
then a heart wall encased in clay puddle much too weak to sustain the 
hydrostatic pressure, and back of this a second porous mass of earth too 
weak in itself ta retain the impounded water.

This method of retaining water reminds the writer of the city engineer 
of a Western city who built a stand pipe of brick, and, to be doubly 
safe, lined its exterior with thin sheet iron plates. When the water was 
first turned in it never rose to the full head, but burst the brick and 
afterwards the thin sheet iron.

In impounding water one must depend wholly upon one particular 
class of material to sustain the pressure and prevent see page and per
colation.



Thursday, 22nd October, 189G.

Herbert Wallis, President, in the Chair.

An illustrated lecture by Mr. J. A. L. Waddell, Ma.E., Bridge 
Engineer of Kansas City, on bridges built and designed by himself 
occupied the evening.

Thursday, Nov. 5th, 1896,

Herbert Wallis, l’resident, in the Cha!r.

The President announced that the Into Mr. II. G. C. Ketchum, 
member, had bequeathed five hundred dollars to the Society.

A discussion on questions connected with the propose 1 legislation 
on behalf of the Society occupied the evening.



Thursd iy, 19th November, 1896.

Herbert Wallis, President, in the Chair.
Paper 1Vo. 117-

EXPERIMENTS ON CONCRETE MADE AT MoGILL 
UNIVERSITY.

By Messrs. Théo. Denis, G. G. Hare and Carl Reinhardt, 
Students, Can. Soc. C- E.

Of late, monolithic works of great importance have been carried out 
and every day concrete, as building material, is creeping to a foremost 
place.

Although cement testing proper has been subjected to elaborate, scien
tific and practical investigations, very few researches, and especially 
normally conducted researches, have been made on the strength and 
behaviour of concretes and bétons. This probably is due to the fact that 
for such experiments heavy and costly apparatus is needed. Investiga
tions on small specimens would be useless, and conditions approaching 
as nearly as possible to practice have to be followed.

The following are the results obtained from a series of experiments 
made by students of McGill University, 1895-96 :—

The object of this first series of experiments is to determine the effoc 
of different per cents of water on the strength of the concrete. The 
limits were 16 and 30 per cent, of water, by weight of cornent and sand, 
which are beyond the extremes of practice on both sides.

CEMENT.

The cement used was, of course, the same brand throughout the 
series. It was a German Portland of good quality, slow setting, on 
which separate sand tests were made in connection with this scries. 
The results arc tabulitcd below.

SAND.

This was clean, coarse, angular, dry sand of good quality, of slightly 
higher grade than usual practice.
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STONE.

This was broken limestone of such size that the pieces would have 
passed through a ring 1J inches diameter. They were unscreened, and 
just as they came out of the breaker. Consequently a slight amount of 
dust was mixed with them. They had to be broken a little smaller 
than in actual practice. The blocks of concrete being only one cubic 
foot, it was thought that more accurate results would be obtained in 
this way.

MOULDS.

The moulds were made of | inch plank, lined with sheet zinc. They 
were 5 feet long, 1 foot high and 1 foot wide, divided into four com
partments, which would mould four cubes at once, of dimensions lxl 
x 1 feet, forming specimens large enough to investigate seriously upon. 
These were removed by unscrewing one side of the box and sliding them 
out. Care bad to be taken to oil the sides of the moulds slightly before 
ramming the mixture in them, to avoid trouble in getting them out.

CONDITIONS OF MIXTURE AND PROPORTIONS.

The proportions adopted for this scries were one of cement, two of 
sand, and four of stones, by weight, the proportion of water being based 
on the weight of sand and cement.

The cement and the sand were first thoroughly mixed dry, then the 
water added gradually. The stones were then thrown on this mortar, 
spread out, and the whole vigourously and very thoroughly mixed. The 
fresh concrete was then placed into the moulds and rammed in 1J to 2 
inch layers.

RAMMING.

The rammer was a block of hard wood 2 feet long by 2 x 2 inches, 
with a lathe turned handle. It was not very easy with this to ram 
uniformly, even throughout one block, and this is one of the main 
soutces of discrepancies in this series of experiments.

It was thought that a reduction of the breaking loads to a stindard 
weight o‘ the blocks would be only fair, and would slightly improve 
the results.

GROUPING OF TESTS.

The tests were made at one week, four weeks, and two months, and 
the results grouped accordingly, that is to say, the one week tests, with 
different per cent, of water, compare between themselves, four weeks
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and two months likewise. Parallels between the results, at different 
ages, cannot be drawn on account of some specimens having been pre
pared under widely different conditions. For instance, the results at 
two months are exceedingly low as compared with those obtained at one 
and four weeks. This is due to the fact that these two months speci
mens were the first prepared of all, and this before the cemented trough 
in which they were to be immersed was completed. Consequently they 
were kept 8 to 10 days longer than the others in the dry air of the 
laboratory, which seems to have had a disastrous effect on them. But 
in spite of these slight drawbacks, the annexed table shows that up to 
24 per cent., the percentage of water has not a very great effect on the 
strength. This is an important point, for below 20 per cent, the mor
tar obtained is rather dry and very difficult to handle.

But beyond this limit of 24 per cent, a greater proportion of water 
seems to weaken the concrete considerably.

This limit is very sharply defined in the adjoining table, where an 
additional 2 per cent, of water, from 24 to 26 per cent., weakens the 
concrete by almost1 one-half for the one-week tests. It is, however, in
teresting to notice that strength is almost completely recovered with 
time, the four-week tests showing the weakening limitto be between 26 
and 28 per cent,, and the two months’ between 28 and 30 per cent. 
So that if immediate strength be not required of the concrete structure, 
28 per cent, of water will not affect the ultim itc resistance if allowed to 
stand two months.

In the parallel sand and cement tests the weak line is not so sharply 
defined, but yet it is sufficiently so to show that the same statement ap
plies. The tests in this case show a marked weakening between 14 and 
16 per cent, of water for the one week, which strength is ultimately 
recovered, as is shown by the four weeks' and two months’ tests.

The low limit of 14 per cent., as compared with 24 for the concrete, 
is probably due to the fact that the stones of the concrete, on account 
of their porosity, absorb a part of the water.

The table shows that the greatest density is obtained with 16 and 18 
per cent. The weights of the cubes beyond this decrease up to 24 and 
26 per cent., where they tire again nearly equal in density to the 16 and 
18 per cent, of water. Therefore this 24 and 26 per cent, seems to be 
the point where the best practical results arc obtained, b:cause 16 and 
18 per cent, make up too dry a concrete to allow of easy handling.

Another point incidentally comes up. Attention has been drawn to 
the poor results obtained by the same tests and reason of long exposure
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to dry air given. This shows up a very important point, namely, the 
necessity of covering up carefully all concrete and cement works ex
posed for any length of time to dry air and sun. The bad effect of 
these agents is plainly demonstrated, and it is doubtful whether much 
strength would ultimately have been recovered.

It is also interesting to notice the results obtained by the concretes 
made of 1 part of cement, 2 of sand and 5 of stones, and 1 cement, 2 
sand and 6 of stouts. The specimens of these compositions gave results 
equal to concretes, 1, 2, 4, showing that for strength they arc as good 
os the ones containing a less proportion of stones, while being much 
more economical.

These experiments are as yet very incomplete. But it is hoped that 
the researches in this subject will he continued, and that valuable inform
ation for the engineer in practice derived from them.

CONCRETE TESTS—COMPRESSION.

Proportions by weight : 1 part cement, 2 sand, 4 stone. 
Crushing strength per square inch.

Per cent, of water
by weight of ee- 4 weeks. 2 mos. Average weight
meut ami sand. comp, tests. ot sp. per o. f.

16 7M 677 382 141.5
18 653 679 507 143.0
20 746 626 507 139.5
22 620 615 670 139.5
24 679 542 559 .141.5

*26 362 1 545 500 141.2

28 326 340 823 138.0

30 245 331 361 135.5
Proportion by weight 1 cement, 2 sand, 5 stone.
20 703

1 cement, 2 sand, C stone.
20 728

CEMENT AND SAND TESTS

Proportions : 1 cement, 2 sand.
10 825 800 1822
12 800 1311 1666
14 750 1000 1100

*16 475 1389 1777

18 395 1110 1266
20 400 913 1633
22 330 844 1233
24 388 1230
26 — — 1000

• Line of weakness due to excess if water. 
Mcti .ll University, April, 1896.

M



DISCUSSION.

Mr. C. H. F.
Coutlee.

Mr. Coutlee remarked that in tests of concrete classification seemed 
necessary as to whether the material is to be

(1) Of maximum weight, for walls, etc.
(2) Impervious to water under head.
(3) As economic as possible of cement, as for use in filling under 

structures.
No. (1) requires :
Everything to increase density of mass.
The heaviest kind of broken stone is £ inch, and less sandstone of 

this kind weighs 95 lbs. per cubic foot. Of 1 inch and less, only 
70-75 lbs.

No. (2) required :
(а) Plenty of best cement and fine but sharp sand.
(б) Stone to be small and regular in sixe.
(c) Fine, washed gravel.
No. (3) is made with just enough mortar to coat each stone over. 

Where the stones touch they adhere. Coarse stone and quarry waste 
free from clay may be used for this. To know the various combinations 
that will be strong enough of this latter kind is the important thing.

Wet the stone thoroughly before debiting it upon a swimming mor
tar paste, for porous stones, and, for non porous, have paste stiller, use 
freely clean water, provided not to such excess as to make insoluble jelly 
of cement. Better to have enough surplus water to secure complete 
chemical action, then there is a certainty of all molecules of cement being 
acted upon. Strength will come with time. Permanent characteristics 
are generally assumed at end of 30 days.

A cheap concrete is
1 bbl. cement (3.2 c. ft.)
3 sand.
V broken stone 2" to 3" as it comes from crusher 

unscreened.



Thursday, Dec. 3rd, 1890.

Herbert Wallis, President, in the Chair.
A discussion on the general affairs of the Society occupied the 

evening.

Thursday, Deo. 17th, 1896.

Herbert Wallis, President, in the Chair.
The following candidates having been balloted for were dcc’ared 

duly elected :
Members :

II. S. Greenwood, Henry O’Sullivan,
John Bonsall Porter, Wm. F. Tte,
J. W. Tyrrell, G. White-Fraser,

Transferred from the class of Associate Member to the class of 
Member :

H. J. Bowman, H. D. Ellis,
R McCoi.l.

Associate Members :
" Samuel J. Chapi.eau, A. R. Davis,
A. T. Genest, H. T. Hazen,
F. E. Simonds, Herbert W. Umxet,

John Woodman.

Transferred from the class of Student to the class of Associate 
Member :

T. H. Jones, Fredric Nicolls.

Students :
David Bowman, E. F. T. Handy,

W. P. Morrison.

A discussion on the possibility of increased accommodation in the 
rooms of the Society took place.

Thursday, January 7th, 1897.

Prop. H. T. Bovey, Vice-President, in the Chair.

A committee was appointed to make abstracts from Engineering 
I Journals and Transactions, and to present the same at the ordinary 
I meeting of the Society.



TOPICAL DISCUSSION.

“ that engineering works shall be constructed by day's
WORK, INSTEAD OF BEING DONE THROUGH A CONTRACTOR.”

W.,1, Siimuiv. Mr. Sproulc in opening tlie di-cussion said he hud hoped to prepare 
himself for the discussion of the subject, but had not been able to 
do so, and trusted some others had, and that they would be in a posi
tion to deal with the subject better than he could. The subject is 
one that has been much discussed. It may be looked at from three 
aspects,—the professional aspect, the moral aspect and the busimss 
aspect. The standing of the profession is very much affected by the 
system of doing work through a contractor. The idea comes up that 
there may be an analogy drawn between engineering and some other 
professions in Regard to this matter. In doing work by contract the 
civil engineer often has a very small part in the business. He may 
outline a scheme, and then contracts arc let, and he has very little to 
do with the actual carrying out of the work except as an inspector, 
and often not even in that capacity, and this method goes on until it 
is to be feared, there are mauy engineers who could not really take a 
work in band and direct it themselves. Civil engineers are connccled 
with all kinds of work, and arc handicapped if deficient in a knowledge 
of practical details.

A doctor might visit a patient, examine and diagnose his cas,'. 
He might say this man has typhoid fever, get somebody to doctor him. 
The second doctor would act in the capacity of the contractor in engi
neering. But the doctor docs not do this. He does the work and gets 
the credit of it. The lawyer not only says you had better sue the city 
of Montreal for $20,01)0, but ho sues the city and conducts the case, and 
it would be an advantage to the civil engineer, if he conducted the 
case right through, if ho not only made an outline of the scheme but 
also conducted the work. The speaker thought that the limit at 
which the civil engineer stops is too far removed from the actual con
duct of the work. Ho wished to emphasize the fact that in important 
works carried out by a contractor, tho civil engineer often merely indi
cates what is to be done, that the profession would be in a better con
dition if the work were carried out by the civil engineer, and that the 
work would be better done.
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The «hole tendency is for the contractor to slight tho work, in order 
to do it ns cheaply ns he can, and get as much money as possible out of 
it. Contracting makes the work more expensive. The contractor 
must have his profit out of it, and the profit that lie makes out of it is in 
the capacity of tho middle man. It has beco mo the custom for a large 
contractor to take a contract for a whole railway at certain prices, and 
to sublet the work to others who do it at a great deal lower price than 
he receives He stands aside, and takes perhaps 30 per cent., while that 
percentage should he distributed between the company who arc having 
the work done and the men who are doing it.

It is almost impossible to get some classes of work done thoroughly 
by contract. There is an example of contract work in the Montreal 
harbour. A certain portion of wharf was built by contract many years 
ago, and when the water went two feet lower last summer than ever 
before there was visible a good object lesson in contract work.

The business aspect of the ease is of course in connection with the 
cost of the work. It may be argued that contracting gives scope 
for individual energy and enterprise, and for men of ability to come 
forward and undert ike works. A large contractor can keep on hand 
valuable and costly plant that a sin ill work would not be justified 
in investing in, and in that way a large contractor can d > work 
more cheaply than a small concern cm. Bit if it were a general 
thing for work to bo done by day's work under the supervision of 
the engineer, the work could bo done and the plant would bo sale
able, or plant might be hired. In any ease tho work must bear 
its proportion of the cost of plant, and interest on that cost, whe
ther the work be done directly under the engineer or by a contrac- 
tor.

Another aspect is the moral one, that is, the difficulty the engineer 
finds in doing justice to both employer and contractor on account of 
the want of information on which the contractor often tenders. To pro
vide full information on which to tender would often be a very expen
sive work in itself. Hore the difficulties of classification are encountered.

With regard to classification, the speaker considered the Canadian 
Pacific Railway on the north shore of Lake Superior furnished the most 
prominent example that we have ever had in this country. There was 
an attempt to make the classification as comprehensive as possible, and 
nine classifications or a classification of nine different kinds of materials 
was tendered for, and the result was that great difficulty arose between 
the contractors and the railway as to the classification of the different
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materials. The speaker did not think that it was altogether due to the 
specifications, bnt thought there was dishonesty in the matter. On the 
other hand, certain engineers advise that there should be only two classes 
of materials paid for, and that the contractor should put in prices that 
would provide for meeting anything. The difference in cost of dealing 
with different materials is so great that the latter advice seems like 
admitting that engineers cannot cope with the difficulty. If the work 
were done under the direction of the civil engineer without the inter
vention of the contractor, there would not be any need for specifier- 
lions and classifications, and the cost of the work would be lessened. 
Thus, returning to the professional aspect of the que-tion. there would 
be a great deal move employment for civil engineers. Engineers who 
would bo employed in supervising directly would be preparing for 
more difficult work, and this wiuld tend to make abetter class of

H. Irwin.

H. Wallis, 
President.

engineers.
Mr. Irwin said he did not know how engineers were going to bring 

about any change for the belter in the matter. If engineers could 
have charge of bons'.ruetion of works, it would of course be better for 
them, and it would be a great advantage to every one that a large 
number of capable engineer s should exist. There could be no doubt 
that in such works as tlmse alluded to, very large plant would be 
required ; even the very largest railways for instance could not pro
fitably construct the ir on work of their own bridges. The cost of the 
machinery and plant of the kind required for tire construction of the 
substructure of large bridges would be lost altogether if they were 
used only for one bridge or so. Where the plant required is not too 
large or expensive, a piece of work could probably be done much more 
economically by the railroad companies themselves under an experienced 
engineer. No doubt tire original engineers carried out tlrcir own works, 
but men like Stephenson and Iris contemporaries had to acquire the 
experience to carryout their plans, and their pupils learnt under theui. 
Here engineers who have the clianeo to do so go off into contracting, 
because the salary of most engineers is insufficient for their maintenance.

The President.—A railway company as a rule undertakes such new 
work as the plant at its disposal will admit of. A contractor woiking 
upon various railways can employ and keep in use valuable machinery 
whicli it would not pay a railway company with limited requirements 
to purchase. It is quite feasible, and would probably be advantageous, 
for any company to undertake its own new work, or work on its own 
extensions, if there should be enough to make it an object to do so.
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Rolling stock, both locomotives and cars, are built at the Grand Trunk 
Railway woiks, at prices with which contractors either in Canada or the 
United States cannot successfully compete, and it has been customary 
for years for that company to supply from ils own workshops all the 
rolling stock required for use in Canada. It has been usual to purchase 
for use in the United States, because the requirements are limited.

Mr. Sproule said in the matter of steel bridges for small municipalities, W. J. sprouts, 
of coarse it would bo perfectly absurd for the municipalities to attempt 
to make bridges by day’s work ; but there is a class of engineering 
works that do not come under that head, and which might be well done 
by day's work.

The President.—Take railway work as an example. Nearly all work The President, 
of maintenance is undertaken by the various companies’ engineers ; but 
new work requiring expensive machinery is usually let under contract, 
to save the expense of purchasing special plant which would stand idle 
for long periods.

Mr. Sproule.—The plant would be required from time to time. It is w. J. sproule, 
most desirable that an engineer should have experience of this kind.
Mr. Shanly remarked at the Annual Meeting that it would be difficult 
to enforce any kind of conditions of a close corporation because the 
practical man will get the work nine times out of ten. If an engineer 
is not a practical man, what is lie ? And yet it is a common thing to 
hear a distinction drawn between an engineer and a practical man.

The President recollected that upon English railways there arc in The Preiident. 
some cases two engineers. They have one for construction and one for 
maintenance. The engineer of construction lays out new railways, and 
the contractor works to his specifications. It cannot be said that the 
engineering profession is dying out in England, and it is doubtful if any 
extensive engineering work there is carried out other than by a member 
of the Institution of Civil Engineers or by a member of one of the other 
recognised societies.

Mr. Sproule.—Once the construction is done, they have no more use W. -r. Sproule. 
for civil engineers, and the business man takes hold of the thing. If the 
civil engineer is not a business man, he should be. There is no class 
of men that should be better prepared to conduct work than engineers.
He thought there was a want in the training of engineers, that an 
important part of the engineer’s training should be to the business 
part of it.

The President.—Contractors arc useful helps to the engineer, but do The President, 
not supersede him.
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C. B. Smith. Prof. Smith.—The difference lies between constructive work and
maintenance. If the civil engineer only designs the work, lie does not 
get the experience in superintending its construction, and it is a gradual 
process by which we have conducted ourselves out of the knowledge of 
being able to superintend. The tendency on the best American rail
ways is for civil engineers to lake care of the maintenance, and he 
thought that if we looked forward, the value of the civil engineer would 
increase in this respect, while his value as a superintendent of construc
tion would be less. On the Baltimore & Ohio Hailway, for instance, 
engineers arc engaged in supervising, but never in constructing, by day’s 
work. It is thought better to let the contract even at a small loss than 
to buy the plant and have it done by a civil engineer.

D. MacPherson Mr. MacPherson said it would be well to decide first of all from
what point of view the question is to be considered ; but assuming that 
it is to be viewed in the light of being beneficial to the engineering 
profession and the engineer's employer, it appears too general a reso
lution. Circumstances would at times make it almost imperative to do 
work by day’s labour, which under other circumstances might be done 
by contract more advantageously for all concern ;d. If a work is of any 
importance there must be an engineer in charge, and if it is of the 
engineer's own designing, he must h ive a batter conception of it than 
anyone else; and if lie is a man capable of economically directing 
the work by day's labour, he will none the less be the controlling influ
ence if the work is under contract. The contractor will only be a well 
organised machine entirely controlled by the engineer. It is a great 
fallacy to state, as has been stated in this discussion, that the contractor 
is the artist and the engineer only the critic. As well might you call 
the mechanic greater than the inventor when putting in material from 
the ideas of some great invention un 1er the direction of the inventor. A 
capable engineer in charge of work will be the controlling power, 
whether it is being done by day's work or by contract ; in the latter 
case the contractor his the all-powerful incentive to economise time 
and material, and if a reputable man he will also wish to do really 
good work. The engineer, on the other hand, knows that good and 
reliable work must bo done, at the risk of his own reputation, lteally 
good work depends upon many details, some of which appear unim
portant to the unprofessional mind, and therein lies one danger in day’s 
labour. The engineer may carefully instruct a competent foreman how 
some special part of the work should be donc, an 1 then feeling that there 
is no incentive for the man to do otherwise than directed, the engineer
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may not think it imperative to give this special detail the personal 
supervision he would if the work were under contract. The foreman 
may try some ideas of his own which he thinks more practical, and the 
result may bo bad work, though all concerned think they have done 
their duty.

For a young engineer it certainly appears better training to be on 
contract work, ns it not only ensures his careful and accurate personal 
attention, but also allows him to learn by observation the practical 
methods of contractors which lie will find of great assistance to 
bis theoretical training. In special cases, where comparatively small 
undertakings require expensive plant, it is manifestly of advantage to 
do work by contract to avoid excessive cost and delay. In other cases 
where a large amount of work is being done, and there is time to get 
together the necessary men and plant, it might be well to do it by day’s 
labour ; but even then it is well to have the labourers interested in 
doing it quickly, and the men supervising interested in doing it well ; 
in other words, tasks might be assigned to individuals under a competent 
foreman, which is virtually contracting on a small scale, in which the 
labourer gets the full benefit of his own exertions.

It docs notappear possible to lay down any absolute rule as to which 
method shall bo adopted, but each case must be decided by the peculiar 
circumstances surrounding it. The speaker, however, favours contract 
work whenever special circumstances are not against that method, 
which they would not bo in tho majority of cases.

Mr. Marceau.—It is not always practicable to have a piece of work p Maroeau 
done by day's labour, as for instance, in the case of extensive works 
requiring costly plant.

As far as Government works arc concerned, the desire on the part of 
the public to have them let out by contract for the sake, it is alleged, 
of economy, has made this the general practice. A rule in the Depart
ment of Railways and Canals, and for that matter in all the Depart
ments at Ottawa, makes it compulsory to call for tenders whenever the 
estimated cost of the work exceeds $4,000. However, this rule has 
sometimes to be departed from, as was the case when the Carillon Dam 
was repaired under the speaker’s supervision some years ago. This 
being a submerged dam, the extent and even the nature of the work to 
be performed could only be ascertained after the structure had been 
unwatered, so that no specification could be drawn for intending con
tractors. The repairs were therefore done by day’s work, and it may 
be stated at a cheaper cost than would have been the ease with a con-



186 Topical Discussion.

tractor, I lie average rate per cubic yard of the new crib work put in 
living $2.50 as against $3.50 for the original structure, although the 
conditions were very much the same in both cases. This goes to show 
that contract work is not always less costly than work done by the day. 
However, in the opinion of the speaker, it would not he advisable to lay 
down such a broad gener al rule as the one forming the subject of the 
present discussion, as in a great many cams, such a rule could not be 
carried out, and in other easts day labour would obviously be more 
costly tlmn contract woik.

w. Kennedy. Mr. W. Kennedy, said as a rule he agreed with the resolution, but 
there were cases in which it was impossible to carry out the work by 
day’s work. First, lie assumed the engineer capable of properly cariying 
it out, and then lie did not see the necessity for the contractor. Some
times work was done more cheaply by contract than by day's work, but 
if so it either meant that the work was not well done, or if well done that 
the contractor had lost by it. Work was always worth its cost if it was 
properly carried out. Very often corporations want work done by cou- 
tiact, because they say it is cheaper ; but, as a rule, the speaker advised 
work being carried out by day work, because we get better work with 
less trouble if the work is well managed. The speaker had experience 
where the contractor had taken work too low, and before it was started 
he had to advise the corporation that the prices were not sufficiently 
high, and the contractor would not carry it out, or else he would lose 
money. Hence the speaker advised the carrying out of woik by day's 
work just as much as possible. Where there was material to bo pur
chased there was less trouble in carrying out work by day’s work. 
Every person that has had charge of work knows the difficulty of doing 
good work under contract.

The President. The President advocated the principle of piece work. His own 
experience in locomotive and car building and repairing clearly pointed 
in that direction. He did not see why the principle should not hold 
good in railway and other constructive work. Mon who had a pecu
niary interest in doing work generally would of necessity do it econo
mically, and it was for the foremen and engineers in charge to sec that 
it was done well. Such a system encouraged good men to earn good 
wage", and certainly tended to reduce the cost of work,

1). MacPhereon Mr. MacPhcrson took the President's remarks as being in favour of 
the method of contracting.

The President. The President.—He would not lay down a hard and fast rule.
Contracting out a whole undertaking might in many cases be desir-
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able, but he was advocating the sublct'ing under the constructing 
engineer of various parts of the whole to workmen on the basis of 
wages only, tools and plant being provided and material purchased by 
the employer, in the same way as is done in locomotive and car repair 
shops. A great deal of the «oik in the shops of the Grand Trunk 
liailway is done in that way. It is found that better work is done, and 
the men obtain better wages.

Mr. Irwin said that this method of piece work on large jobs would H. Irwin, 
have all the disadvantages of lit.e woik. It was just like contracting for 
labour. The corporation er company would have to rent or buy plant 
and employ contractors to furnish men or hunt round for them.

Mr. Duggan said there was one point that had not been mentioned, that "• l,ua*»n. 
was the organization. The contractor to get good work dune must depend 
a< much upon his organisation as upon his plant ; he must see that he 
has good men and a good foreman. Certainly contractors have better 
facilities fur buying ilinn engineers have. They understand the market 
better, and are generally more fitted to cope with the direction of work.

Mr. W. Kennedy said contractor work such as the President has w. Kennedy, 
spoken of applied more to mechanical work and the repetition of 
the same kind of work. Organization was certainly a very great 
matter. It was one of the great points for an engineer to be able to 
organize well. He had lately been connected with the building of a 
large dam across the Winnipeg Hiver, and the thought had come to 
him as to how that work would have been done if it had been let out by 
contract. In a case such as he had just mentioned, it was one of the 
principal points to get first-class foremen. If this was attended to, all 
would go well. In the p irticular c is a spoken of they had no mishaps, 
they had a splendid foreman, and the work went along smoothly. He had 
talked with contractors aboutthe work, and from the prices which they 
gave he was sure they had saved at least 25 per cent. When he told these 
contractors the cost of the work, they said it was very low. They 
had no mishaps, they paid for no risks. If they had had a con
tractor he would have asked a considerable sum to cover risks. But 
organization is a very great matter, and from some little experience the 
speaker had had, he thought that very often engineers fail in not being 
able to select first class men to carry on the work ; and unless the fore
men arc given full control over their work they have very little oppor
tunity for success. The prime object is to get a first-class foreman, 
and hold him responsible in the same way as an engineer is held 
responsible by the company which employs him.
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The President said he was speaking from his own experience, that if 
men have an interest in the work it is done better and more cheaply, 
His idea was that work should be sublet to more than one contractor, 
the engineer being the head in all cases. Where a man is given a 
whole contract there is always a tendency to endeavour to make up 
for loss by straining the measurements.

l
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OX A NEW AND CHEAP METHOD OF DRESSING C.VR 
WHEELS, AXLES, ETC., ETC.

By R. Atkinson, M.Can.Soo. C.E.

The art of dressing the harder kinds of metal, such as iron, in the 
cold state has within historic periods depended upon the grindstone, and 
it is not until comparatively recent years that other means have 
become known which reduce the length of time required by the ex
penditure of more power, or, in other words, since hand labour has been 
replaced by machinery.

The working of iron in the cold state by means of machinery to cut 
or dress it has largely supplemented the art of working hot iron for 
more than a century, and has been until late years the only known 
means except the grindstone for dressing or finishing iron and its 
various alloys. The greatest departure from the work of the grindstone 
was probably made by the introduction of the emery wheel, which 
differs from tho grindstone in being revolved very rapidly, and there 
fore in doing more work in the same time, thereby replacing time be 
l«)wer ; but, on the other hand, it is like the grindstone, in that it 
loses much more of its own substance than it removes from the 
material operated upon. A further advance was made in the art by 
the introduction of the blind saw for cross cutting bars of iron or steel, 
such as rails, etc., in the cold state. In its operation, the most notably 
feature is, that less of the operating material is displaced than is re
moved from the material operated upon, even though the latter is the 
harder substance. This may be looked upon as being, until recently, 
the latest form of the attempt to substitute power for time in the 
manipulation of cold iron or steel.

The author will, however, endeavour to give a description of what 
appears to be a further distinct advance, inasmuch as the effect is not 
only to remove more metal in a given time, but also to leave tho sur
faces so dressed in more perfect state than heretofore for the work
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they nre intended to perform. This is accomplished by the Sibbald 
machine and process which was primarily intended for dressing jour
nals or other forms of finished work. Such a machine has been built 
and operated in actual commercial form in the presence of some mam. 
bers of this Society, but it has boon developed still further in England 
after more experience and with better source of power, under instruc
tions from its present owners. The first occasion on which the 
writer had the pleasure of seeing the first crude machine in operation 
was in May, 1886, at the works of Mr. W. G. Miltimore at Arlington, 
Vt., when it was used to dress cast iron car wheels. A heavier and 
improved machine was afterwards built by Messrs. J. Laurie & Bro. 
of this city, under the direction of Mr. W. C. Farnam, and operated 
in a shed at the old Canadian Pacific Railway works at Hoehclaga. 
In this case the source of power was not at all satisfactory, for when it 
is considered that from 100 H.P. to 200 H.P. are required, there is 
obvious necessity for both reliable and economical motive power.

A description of the machine may be given as follows. A ring about 
33 inches diameter of mild steel (of about .65 per cent, carbon) is fixed 
like the tyre of a locomotive driving wheel on a suitable centre, which is 
mounted on a heavy shaft, and has its periphery turned to produce the 
proper profile on the wheel to be operated upon, and very careful'y 
balanced. The disc thus formed is driven at a speed of about 3,000 
revolutions per minute. The wheel is set in n suitable carrier and is 
revolved slowly, about two or three revolutions per minute, so that the 
surface when brought against the operating disc will move in an 
opposite direction. The wheel and disc are then presse 1 together 
with a force sufficient to cause friction enough to consume a great part 
of the power which is driving the disc, and thus convert the power 
into heat. The disc cuts or rubs off the metal of the wheel operated 
upon, and leaves a smooth finished surface, which by the pressure and 
heat is closed and hardened to a considerable degree and to a depth of 
100th of an inch or more, depending on the grade of the steel worked 
upon.

The principal constructive feature in the machine itself is the manner 
in which the friction on the journals of the disc, which would result 
from the combined great pressure and high speed, is overcome by a 
system of forced lubrication, carried out by pumping oil into the 
b arings at the point of contact, thus causing the shaft to revolve 
upon a film of oil which fl >ws out at the ends where it is collected by 
centrifugal force and returned to the pumps.

i
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In the latest form of this machine as operated at the works of Messrs. 
Easton, Anderson & Goolden, Erith, Kent, it was found that by send
ing an electrical current through the point of contact of the fusing 
disc and wheel, so as to heat the wheel at that point, a very great reduc
tion in the power could bo made, or much more material removed by 
the same power in a given timj. The following extract from a report 
made by that firm will explain this fully :

“ Tim reason why the diso cuts metals harder and tougher than 
itself is apparent when the operation is analyzad. The mechanical 
equivalent of heat, as demonstrated by Dr. Joulo and others, equals 
about 42 units of heat per horse power per minute, thus giving at 
the peripheiy of disc a heating effect directly in proportion to the 
horse power applied, ns all the nut power delivered to disc is converted 
into heat by frictional resistance and disturbance of metal under opera
tion. As the power is consumed and the heat generated w.iere the 
disturbance of metal under operation takes plac- it fellows that a 
greater part of the heat is generated in the metal being removed. The 
disc being kept cool by conduction and radiation into the atmosphere, 
or by application of water, its surface is not disturbed, and consequently 
very little heat is generated within the dise. The high velocity of the 
dise, viz., 33,000 feet per minute, requires only 1 lb. frictional resis
tance to the movement of the disc per horse power applied. Thus in the 
consumption of 100 horsepower, 100 lbs. frictional resistance to the 
movement of the disc is given ; this distributed over the surface of 
contact between the metal under operation and disc, which exceeds one 
square inch at all times, is not sufficient to abrade or injure the sur
face of the disc. With 100 net horse power, we have a total heat
ing capacity of 4,200 calorics or English units of heat per minute, 
equal to raising the temperature of 4,200 lbs. of water one degree 
Fahrenheit, and as the specific heat of steel is 0.12, it follows that 
this horse power will raise the temperature of 35,000 lbs. of steel 
one degree; thiscqualsl4 lbs. heated to 2,500 decrees, the temperature 
to which steel is heated in removal by this process. Thj percentage of 
the total heat equivalent to net power delivered to dise utilized in 
actual work is indicated in last cilunn in accompanying report of 
test made at Erith Iron Works, April 6th, 1892."

“ ELECTRICAL SUPPLEMENT.

“ It is indie ited by experiments at Erith Iron AVorksand elsewhere, 
that a greater heating efficiency c m be got from the electrical current
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applied at points of contact between heating disc and object being 
dressed than fiom the power frictionally consumed, and that con
siderable saving can be made by app'ying a large percentage elec
trically, sufficient power only being applied to the disc to remove the 
metal heated by electrical current. The effect of the current is not 
destructive, owing to the distribution over its whole peripheral suiface; 
and as current is passed through the heated spot in the metal under 
ojicration, where the greatest resistance takes place, owing to high 
temperature and small surface, we consume most of current within the 
body of the metal being removed, consequently the higher percentage 
of efficiency. The current applied in very small quantities appears to 
greatly increase the co efficient of friction, and thus less friction between 
surfaces is required to consume the power and generate its equivalent 
in heat ; consequently a gain is made in reduced frictional resistance 
throughout the journal bearings of machine, in addition to the heating 
effect of current.

“ The gain in milongc life of car wheel tires hardened by this process 
over those in ordinary condition (as indicated by the greatly reduced 
wear of tires dressed by this process and the increased durability of 
chilled iron wheels over those of soft iron) must be great, and if the 
advantages of this process are fully utilized by re-dressing soon after 
the hardened surface is worn off, the mileage life of tires will be at 
least doubled. The cost of dressing when only sufficient metal is 
removed to reproduce the hardened surface will be considerably less 
than is shown in the report of tests made April 6th, 1892, at Erith 
Iron Works.

“ In addition to the dressing of railway wheel tires, the process is 
particularly well suited to the finishing and hardening of journal sur
faces in all classes of machinery where journals are subjected to con
siderable pressure and speed. The journals of tailway axles arc 
rendered very much more durable, and will give proportionately less 
trouble when dressed and hardened by this process. It is only neces. 
sary in dressing journals to remove a small amount of stock, J,, being 
quite sufficient to harden suiface, and this does not distort or spring the 
journal, as is the ease where journals or spindles arc case hardened or 
tempered throughout, although the surface pioduced by this process 
is much harder, more dense, and in every way more perfect than is pos
sible to get from any other method of hardening. Milling rolls of suit
able steel (which may be softly annealed if desired) may be dressed, and 
a surface produced much harder and more durable than that of chilled
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iron ; rolls of chilled iron can also be most economically dressed by this 
process, when electrical current is used to increase friction and heat 
metal being removed. The expense of hardening journals by this 
process is slight, as very little metal is removed. The report of car 
wheel dresser trials, with and without the electrical current, is entirely 
based upon observations and data made by two competent experts, 
acting quite independently of each other in taking observations and 
indicator cards alternately throughout the trial. The reports from 
each expert were made independently, the result showing only a v y 
slight percentage of difference between the two. The conclusions in 
foot note of report are entirely based upon actual results attained dur
ing these trials, and as a trial machine is very imperfect in many essen
tial points, it is expected that a much higher percentage of efficiency 
can be attained with the proposed new machine, although this is not 
assumed or indicated in the report.”

The report alluded to in the above extract was made by Mr. Dic
kinson, C.B., of Messrs. Easton & Anderson, and reads as per 
attached statement marked “ B ”.

It may therefore be assumed, allowing for the difference in cost of 
labour, that 15 cents per wheel would bo ample allowance even for 
removing the large amount of 10 pounds per wheel. This would give 
bt) wheels in a day of 10 hours. The output of an ordinary wheel 
lathe is from 1£ to 4 pairs per day, depending upon the work necessary 
and the build of the machine. The number of cast iron wheels which 
may be dressed per day is so variable that it is almost impossible to 
form an estimate of the average, depending as it does upon the condi
tion of the wheel.

The great importance to railways of some means of dressing car 
wheels, both cast and wrought iron, at less expense than is now incurred, 
has been also shown in the following report by F. R. F. Brown, Esq., 
M.Inst. C.E., W. Laurie, Esq., M. Can. Soc. 0. E., and the writer, 
marked “ A.”

Questions have often been asked as to whether any damage could 
result to the cast iron wheel, but the writer cannot say that there is any 
probability of damage occurring. These questions may be formulated 
ns follows :—

(1) Does the pressure of the dressing disc against the wheel while 
being dressed have any detrimental effect upon the body of ti e
wheel ?

N
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(2) Does the heat generated by dressing cause disintegration of the 
surface metal when cold, or do the chilled portions of c ist iron wheels 
crack, shell out or separate from the grey portion, as a result of the 
operation of this machine ?

(3) In the case of steel tires, will the film of metal which has appa
rently been fused separate from the wheel, i.e., “ peel off”?

The writer had occasion to inspect the pair of second band cast iron 
wheels alluded to on page— which had been dressed to remove flat 
spots about 2 inches diameter, and after being replaced in service had 
been run 14,000 miles until worn through the clear chill, and began to 
show the mottled metal beneath, and were then still in good condition 
as to shape and surface.

From this inspection the writer would say as follows, viz.:—
(1) Since the pressure of the disc is leas than the load when in ser

vice, and all the shocks of service are avoided, it is manifestly impos
sible for the pressure during the operation of dressing to be in any way 
detrimental to the lpody of the wheel.

(2) The wheels in service showed no defect or disintegration of the 
chill whatever, and nrc in no way to be distinguished from other wheels 
(not dressed) in any respect except superior form.

(3) The writer has not seen any steel tired wheels in service which 
had been dressed on this machine, but ho is strongly of the opinion 
that not the slightest cracking or peeling off can possibly take place—in 
fact, ho views it as utterly impossible, since he has had pieces broken 
out of steel tires repeatedly without uny indication of such defect.

The economic value of this machine lies in substituting power for 
time, and the saving depends of course upon the cost of power. What 
this cost should be has been the subject of much discussion, but in the 
writer's opinion a well-designed steal, plant in favourable locality 
should develop one horse power tor a cost of one cent per hour.

APPENDIX A.
WHEEL DRESSING MACHINE. ITS ACTION AND 

ADVANTAGES.
(Being a report 6y Messrs. F. R. F. Brown, R. Atkin sun and 

W. H. Laurie.)
INCREASED DURABILITY OF TIRE,

When an ordinary steel tired wheel is turned in a lathe, the effect 
of the tool is to break or open up the surface to a greater or less depth 
beyond the point of the cutting tool, the depth si disintegrated being
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very variable and depending upon the hardness of tire, shape and con
dition of cutting tool, and so on. The obvious result is that the sur
face of a turned tire is not solid unterial, but is more or less sponey, 
nud must be hammered or rolled down to a sineoth face when put into 
service by the effect of the load carried, consequently the actual useful 
diameter of a turned tire is appreciably less than the app irent diameter. 
On the other hand, the surface of a tiro submitted to the process of 
dressing by fusing or grinding is as perfectly smooth as if it had rolled 
on the track for months, and its hardness is not approached by anything 
so nearly as by the process of case hardening, which is so well Known 
as producing the most perfect surface to withstand friction.

The effect of this is to cause a corresponding increase in the mlaje 
of the wheel before even the slightest signs of wear are to bo detected, 
one pair of the wheels having shewn a record of 10,000 miles without 
perceptible wear, so far as any alteration of form of tread shewed.

The process of turning exaggerates the effect of any difference in hard
ness between two tires of wheels on the same axle, so that the softer 
tire rapidly becomes the smaller wheel, and causes tendency to “ sharp- 
flange.” On the other hand, the process of dressing by fusing puts an 
approximately equally hard and equally durable surface on both tires. 
When in the course of time the hard surface is worn through and the 
softer tire begins to get smaller and shews wear on the flange, the two 
wheels can be dressed and the action stopped. The dressing by fusing 
in this way makes tires of unequal hardness practically as good as those 
of equal hardness. When a steel tire is turned, its apparent diam.-tcr,
as above shewn, is greater than its actual useful diameter by an amount 
varying with the amount of porosity or sponginess produced in turning, 
and which may b: set down at on the thickness of the tire. 
Some kinds of tool finish may produce less depth of porosity, but they 
require a greater thickness of steel to be turned off to produce their 
results. It is necessary also to cut below the lowest spot in order to 
make the tool stand. The depth necessary for this depends much on 
the hardness of the material, but in any case it may bo taken at 
below the lowest spot. When the wheel has mide say 500 miles, and 
regained the hard surface with which it came into the shop, it will have 
lost another ^ " or in all ,* " due to the turning. It may be tiken 
that a tire requires on the average not less than one turning for every 
quarter of an inch of its useful or wearable thickness of which thc 
above loss of ,’j" forms a part, and it therefore loses 25 p. c. of its 
useful thickness in turning ouly.
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The operation of grinding or dressing by fusing avoids all this loss, 
since the fusing disc can be done so perfectly as to cither leave a “wit
ness ” at the lowest spot of a skidded wheel, or to just take it out suffi
ciently to harden the surface at that point and make it to conform to 
the other portions of the wheel.

If we consider the effect of turning oil the mileage, we may take as 
a basis that a 40" tire would be reduced J" per 40,000 miles run, 
which is an ordinary figure ; and that if the tire is 2J" thick when 
new, and rejected at 1J" thick, it would receive five turnings, or its 
life would be 200,000 miles. If these five operations were done by 
fusing there would be a saving of 25 percent, of steel, or an increased 
life of 33 percent., which would make the total mileage 200,000. The 
lowest estimate at which the effect of hardening the tread at these five 
fusings and hardenings could be placed would be to double the mileage 
which would therefore be 532,000 miles. And as the original basis 
of40,000 miles per wear includes all tires taken out for sharp 
Hanging, which woq'.d be also largely obviated, a low estimate of the 
life of 40" steel tire is that it would be raised to upwards of 000,000 
miles.

The shape of the tiro after being turned depends to some extent 
upon the care which the turner bestows upon it, and as usual the 
human factor succeeds in frequently introducing errors of greater or 
less extent which are not always found out till too late. In the fusing 
process the shape of the fusing disc itself determines the shape of the 
tread of the wheel, and gives no opportunity for errors. The machine 
also admits of being adjusted to give absolutely equal diameters in 
pairs of wheels on the same axle, and there can therefore be no loss from 
sharp flanges caused by unequal diameters of wheels. Any inclination 
to sharp-flange would at onco shew the necessity of further examin
ation, and would materially assist the supervision of the work.

PREVENTION OF SHARP FLANGES AND CONSEQUENT DANGER.

So long as a pair of wheels can be kept from running to one side, and 
sharp-flanging be prevented, they et n < au e no dei ai'ment ; but if front 
any defect, either in the wheels themselves or in the truck or ft ante in 
which they run, one wheel of a pair commences to sharp flange, there 
is immediate danger of derailment, and, what is much worse, danger 
from the breaking of an axle, an oecutri nee which unfi rtunatcly is only 
too common.
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This is due to the effect of excessive side pressure producing abend
ing moment in the axle, an effect which with due care maybe very 
largely diminished, though not of course entirely overcome. When 
sharp flanging occurs to any extent, it is an imperative reason for wheels 
being taken out and turned afresh. From neglect of this an enormous 
loss in mileage arises, wheels having frequently to ho turned ,V' 
smaller in radius or thickness of tire merely to make it new hut still 
defective flange. Wheels thus taken out and turned because of sharp 
flanges would probably have made a further mileage of 20,000 miles 
before requiring to he turned on account of wear of the treat I as distinct 
from that of the flange.

This loss due to sharp flanging cannot be stopped by turning, because 
the cost for wheel turning plant and the loss of thickness in tires 
would be too great. On the other hand, sharp flanging would be almost 
unknown in wheels dressed by the fusing process. When it did occur 
it would be from defective truck or other cause outside the wheels, 
and any damage sustained from it by the wheels could he remedied at 
the cost of a few cents and almost no loss of steel while they arc out of 
the truck to allow of its being repaired.

REDUCTION OP WEAR AND TEAR OP CARS AND TRUCKS.

The great wear and tear on trucks, boxes, brasses, hangers, etc., due 
to wheels not running freely ou the track, is something not generally 
realized. At least 10 per cent, of the bearings put in axle boxes arc 
spoiled by end wear, which is principally due to wheels running to ono 
side. Nothing will put a truck “ out of square " more quickly than a 
pair of wheels forming a sharp flange, and then it follows that the other 
pair in the same truck will become sharp flanged too. And when one 
track or a car is running badly, the effect of the pull of the other cars 
is to cause it to rebound from the side of track and to increase its side 
motion, and thus they react upon and damage each other,

The wear and tear on rails sideways must be at least equal to the 
Wear on the flange of the tire, the rail being the softer metal, and thus 
the rail deteriorates rapidly. A wheel with a sharp flange is also very 
destructive to frogs and switches, and the other wheel of the pair is 
equally severe up m guard rails, w hile in turn tremendous shocks are 
given to the axle.

DECREASED COST OP HAULAGE.
It follows also that the cost of haulage is great y incieased by the 

friction thus induced. The difference in pull between a free running
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train in good shape and a hard pulling one in bad condition is evident, 
and very easily felt by those in charge. It may bo fairly estimate 1 
that the increase in cost of fuel from such causes is not less and is often 
more than 10 per cent., and that the cost of repairs is increased in like 
proportion.

INCREASED COMFORT TJ PASSENGERS.

The effect of wheels in bad condition is very irritating to some classes 
of passengers, and is more or less trying to all, and the opposite is quickly 
noted by them. With good wheels, windows, sashes and doors do rot 
need to be made nearly tight to prevent rattling, and can be onerated 
with comfort. The coaches lose a great portion of the unpleismt side 
swing with its consequent wear and tear, and faster time can be made 
This is a point of minor importance, but not to be disregarded.

COST OF DRESSING AS COMPARED WITH TURNING.
I

The operation of the machine at Iloohclagi has shewn that with 
proper arrangements for power and handling, only two men will bo 
required to work it. One man—the machine man —will operate the 
machine exactly as a lathe is operated,—that is, lie will put in and take 
out wheels by the aid of a cr.inc, and do the grinding. The other, the 
engineer, will stand by the engine, an l assist in operating the crane 
when required.

The output of wheels would vary with tho condition of the tread. 
From six pairs would be done in a day if the flanges are bad, and there 
is much, say qV" t° be taken off, to probably 20 pairs would be turned 
out if the full benefit of not allowing the wheels to got into b id shape 
is thoroughly appreciated.

A good wheel lathe, such as commonly used in railway shops, will 
turn down an average of 1J pair of steel tired wheels per day of 10 
hours', if not shewing more than wear on the total diameter, that is 
not requiring a cut of over to true them. The cost for wages, 
power, interest and other working expenses is about *2.05 per day, or 
about 81.G4 per pair, two wheels being turned at once.

In dressing by fusing, Mr. Walter 11. Laurie, M.K., calculates the 
cost of operating a wheel grinding machine at 812.00 per day of 10 
hours, covering cost of power, wages of three men, interest and other 
working expenses. Such a machine would have a capacity, as before 
mentioned, of not less than six fairs of steel t:rcd wheels in the worst
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condition that could be found in service, and 20 pairs slightly worn, or 
say 10 pairs of wheels per day of average had wear. The maximum 
power required would not be over 120 H. P., and the average during 
the day not over 80 IF. P. The cost per pair of 10 pairs would there
fore be $1.20, and if 20 pairs, or, in other words, if the full benefit of 
early dressing by fusing were secured, it would be 60c per pair. The 
saving by dressing over turning is therefore about 27 p.e. on average 
wheels, and at least 50 p.e. on those requiring less work.

CAST IRON WHEELS.

The dressing of chilled cast iron wheels is also successfully and 
economically done by the fusing process, the power required being much 
less than for steel tired wheels. The time required is of course as 
variable as for s'ecl tires, but much shorter in all ca .es. The dressing 
of new wheels not on axles could be done almost as fast as they could l>o 
put in the machine, if no more were done than is done by the emery 
grinding processes in use ; that is, to just clean the face of the tread for 
a width of about 3" not more than five minutes actual grinding time 
per pair would be required for two wheels mounted on a double self- 
centering chuck. This grinding of wheels separately, however, docs not 
obviate the trouble of “ mating " them when required for use, nor does 
it ensure that the wheel shall bo true with the axle when put on. The 
greatest benefit of dressing can only be derived when wheels can be put 
on their own axles and turned out in first class condition for service. 
All the arguments in favour of dressing wheels before the defects which 
arise in service, such as sharp flanges, skidded spots, shelling out, etc., 
can do any serious damage, apply to the care of east iron wheels quite as 
forcibly as to steel tired wheels. As an instance, it has been found that 
a pair cf well worn wheels rejected for flat spots actually made 14,000 
miles after grinding, and were still in fair order.

SUMMARY.

The advantages to be gained by the use of the wheel dressing machine 
arc therefore briefly as follows :

1. Steel tires would be increased about 33 per cent.
2. Increased safety to passengers and rolling stock by prevention of 

bad flanges.
3. Reduced wear and tear on rolling stock and on rails by keep

ing of wheels in perfect condition.
4. Locomotive expenses will be reduced by the easier haul of good

wheels.
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6. Increased comfort to passengers.
6. The cost of dressing steel tires is 27 to 50 per cent, less than 

turning them.
7. The benefits in dressing cast iron wheels are nearly as great as 

in steel tired ones.

APPENDIX B.

THE FRICTIONAL AND ELECTRICAL PROCESS FOR 
SHAPING, HARDENING AND FINISHING METALLIC 

SURFACES, AS APPLIED IN THE SIBBALD 
RAILWAY WHEEL DRESSING MACHINE.

In this process a revolving steel disc designed to stand high centri
fugal strains is given a peripheral velocity of say 33,000 feet per min
ute, against which tfte carriage wheel or other object to be dresse! is 
slowly revolved, enough pressure being applied to cause frictional 
resistance sufficient to consume power transmitted to the disc, and 
convert it into heat. The disc cuts or rubs off the heated metal, leav
ing a smooth hard surface. The hardening effect depends upon the 
percentage of carbon in metal being worked, and the manner of hand, 
ling during operation, varying with these conditions from , j0" to 
in depth.

It has long been known that a rapidly revolving disc of soft iron 
would heat and cut its way through iron and stiel without injury to 
itself ; little practical use was made of this principle, however, although 
in use to some extent, for cutting railway rails, tubing, and merchant 
bars, and other special purposes.

The reason why the disc cuts metal harder and tougher than itself 
is apparent when the operation is analysed. The mechanical equiva
lent of heat as demonstrated by Dr. Joule and others equals about 42 
units of heat per horse power per minute, thus giving at the periphery 
of disc a heating effect directly in proportion to the horse power applied, 
as all the net power delivered to disc is converted into heat by fric
tional resistance and disturbance of metal under operation. As the 
power is consumed and the heat generated where the disturbance of 
metal under operation takes place, it follows that a greater part of the 
heat is generated in the metal being removed. The disc being kept
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cool by conduction and radiation into the atmosphere, or by application 
of water, its surface is not disturbed, and consequently very little 
heal is generated within the disc.

The high velocity of the disc, via., 33,000 feet per minute, requires 
only 1 lb. frictional resistance to the movement of the disc per horse 
power applied. Thus in the consumption of 100 horse power, 100 lbs. fric
tional resistance to the movement of the disc is given. This distributed 
over the surface of contact between the metal under operation and 
disc, which exceeds one square inch at all time», is not sufficient to 
abrade or injure the surface of the disc. With 100 net horse power, 
we have a total heating capacity of 4,200 calorics or English units of 
heat per minute, equal to raising the temperature of 4,200 lbs. of water 
one degree Fahrenheit, and as the specific heat of steel is 0.12, it follows 
that this horse power will raise tho temperature of 35,000 lbs. ol'at el 
one degree ; this equals 14 lbs. heated to 2,500 degrees, the tempera
ture to which steel is heated in removal by this process.

The percentage of the total heat, equivalent to net power delivered 
to disc, utilized in actual work, is indicated in last column in accompany
ing report of test made at Erith Iron Works, April 6th, 1892.

ELECTRICAL SUPPLEMENT.

It is indicated by experiments at Erith Iron Works and elsewhere, 
that a great;r heating efficiency can be got from tho electrical current 
applied at points of contact between heating disc and object being 
dressed, than from the power fictionally consumed, and that consider
able saving can be made by applying a large percentage of the power 
electrically, sufficient power only being applied to the disc to remove 
the metal heated by the electrical current. The effect of the current 
upon disc is not destructive owing to the distribution over its whole 
peripheral surface, and as current is passed through tho heated spot in 
the metal under operation, where the greatest resistance takes place 
owing to high temperature and small surface, wo consume most of the 
current within the body of the metal being removed, consequently the 
higher percentage of efficiency. The current applied in very small 
quantities appears to greatly increase the co-efficient of friction, and 
thus less pressure between surfaces is required to consume tho power 
and generate its equivalent in heat ; consequently a gain is made in 
reduced frictional resistance throughout tho journal bearings of 
machine, in addition to the heating effect of current.
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The gain in mileage life of car wheel tires hardened by this process 
over those in ordinary condition (as indicated by the greatly reduced 
wear of tires dressed by this process and the increased durability of 
chilled iron wheels over those of soft iron) must be great, and if the 
advantages of this process are fully utilized by redressing soon after 
the hardened surface is worn off, the mileage life of t'rcs will be at least 
doubled. The cost of dressing when only sufficient metal is removed 
to reproduce the hardened surface will be considerably less than is 
shown in the report of tests made April 6th, 1892, at Erith Iron 
Works.

In addition to the dressing of railway wheel tires, the process is 
peculiarly well suited to the finishing and hardening of journal surfaces 
in all classes of machinery where journals are subjected to consider
able pressure and speed. The journals of railway axles are rendered 
very much more durable, and will giro proportionately less trouble 
when dressed and burdened by this process.

It is only necessary tin dressing journals to remove a small amount 
of stock, al " being quite sufficient to harden surface, and this docs 
not distort or spring the journal, as is the case where journals or 
spindles are case hardened or tempered throughout, although the 
surface produced by this process is much harder, more dense, and in 
every way more perfect than is possible to get from any other method 
of hardening. Milling rolls of suitable steel (which may be softly 
annealed if desired) may be dressed, and a surface produced much 
harder and more durable than that of chilled iron ; rolls of chilled iron 
can also be most economically dressed by this nrocess, when electrical 
current is used to increase friction, and hr at metal being removed. 
The expense of hardening journals by this procets is slight, as very 
little metal is removed.

The report of car wheel dresser trials, with and without the electri
cal current, is entirely based upon observations and data made by 
two competent experts, acting quite independently of each other in 
taking observations, and indicator cards alternately throughout the 
trial. The reports from each expert were made independently, the 
result showing only a very slight percentage of difference between the 
two. The conclusions in foot note of report arc entirely based upon 
actual results attained during these trials ; and as a trial machine is 
very imperfect in many essential points, it is expected that a much 
higher percentage of efficiency can be attained with the proposed new 
machine, although this is not assumed or indicated in the repot t.
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RESULTS OK CAR WHEEL PRESSER TRIALS WITH AND WITH 
OUT THE ELECTRICAL CURRENT AT ERITH IRON WORKS, 
ERITH, KENT, 6th APRIL, 1892.

Condition of 
Triai.

Engine only.. . 
[ngine driving

H'itli current.

Ditto
Without cur 

Ditto*

L H. p. •1*5 Steel remov
ed per HN) s ,

Kgs%st
H*fi.

s«5

nyi
Hr|2VS

minute.

Total.

CS£!° lbs.

27.50 Nil Nil

67 36 
104.W 39 0 21 p.ct.

Nil
10 92

Nil
3 21 4 pc

1 110.66 IS 35 13 p.ct. 9.351 2 61 18 6 p.c
fill» 671 03 21

J» |
8.11 2.27 16.2 p.c

3168 revs, per min.

MM

3141

‘ running light.

n
cut *" deep traverse 3" 

per min.

diameter of wheel, 36". 

,«} same feed as In 3 & 4

Note.- The efficiency of the machine indicates the percentage of work equivalent 
to the heat generated at disc to the net horse power delivered to the disc.

With proposed new machine and engine indicating 166 ll.P. = say 100 I.H.P. net, 6 
wheels per hour could be dressed, removing 16 lbs from each. Allowing 40 per cent, of 
total time for handling wheels, etc., the mean I.H.P. with machine at constant work 
being 125, and the estimated cost per wheel, including 1$ lbs. coal per I.H.P. per hour, 
fireman 25s, machine attendant 3is per week each, and interest and depreciation on 
plant of £90 per annum, b ing 5]d per wheel.



DISCUSSION.
Professor J.

T. Niçois*ni Professor Nicolson considered the method a most interesting one, 
not only from a practical, hut even more so from a theoretical point of 
view. He had been much surprised to find from the experiments 
recorded in the paper, which were no doubt reliable as having been 
made at the Kritli works, that it was found economical to obtain the 
required temperature electrically, rather than by the direct process of 
friction.

It had seemed to him unlikely that the roundabout process of 
obtaining heat by converting the mechanical energy into electric energy 
cn route could be less wasteful than the method of direct friction. 
The laws of friction, so far as they were known, seemed to him, how
ever, to afford a clue to the cxpl ination.

It was known from the experiments of Kirch wegcr, of Bochct. and 
of Gallon on the friction of hiakc-blocks on tires, of tires on rails, and 
of “ sledged tires” on tails, that the co-efficient of friction diminished 
as the velocity of tho rubbing surfaces increased, according to a for
mula somewhat as follows :

v + K

where p is the co-efficient of friction, v is the speed in feet per see., K is 
constant depen ling on the materials. C is another constant depending 
on the pressure between the rubbing surfaces.

For a steel tire on a steel rail under ordinary loading C would be 
about 5 and k about 22, so that /< would vary continuously from about 
} for rest, to about fur a speed of CO miles an hour of the rubbing 
surfaces.

The heat generated in this wheel dressing machine by the agency 
of which it is enabled to do its work of abrasion of the surfaces of 
the tire, is proportional to the work wasted in friction per sec. (if no 
electric current is used). This work is proportional to the mutual 
pressure between the grinder and the tire, to the co-efficient of friction 
of their surfaces (at that pressure, temperature and spejd) and to the
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speed itself. We have, however, seen above, that as the speed increases 
the co efficient of friction diminishes, so that a much larger mutual 
pres'uro must be exerted between the grinder and the tire to produce 
the same waste of work in friction (that is heat) per revolution of the 
grinding disc at high speeds than at low speeds.

As this largo force reacts on all the bearings, it is obvious that the 
loss by increased friction of these bearings will soon become so impor
tant an item of lost work as to permit the application of the electric 
current as an economical alternative, in spite of the loss due to traos* 
formation of energy.

The speaker asked for further information as to the practical 
method of applying the current, and as to the rationale of the harden
ing effect produced on the dressed surface (even when previously of 
chilled cast iron). He suggested that this hardening was due to the 
very rapid cooling of the white hot film of surface metal by the cool 
mass of metal behind it.

He would like to know what colour effects were observed on steel 
tires after the process. Ho considered this method superior from every 
point of view to the old wheel lathe.

Mr. Wallis had on several occasions tested cast car wheels ‘ both Mr. H. Wallis, 
old and new, which had been dressed by the Miltimoro process.
During 1887 trials were made under his direction upon the Grand 
Trunk Railway with the object of determining to what extent the 
lives of worn car wucels could be prolonged by the application to them 
of the dre-sing process described by the author. Ten old wheels from 
various foundries were submitted to trial in passenger train service, 
aud under brake vans of freight trains. Of these wheels, eight, of which 
six were removed from baggage cars and two from brake vans, ran 
till w arn through the chills, the other two being discarded for other 
defects. The average additional mileage obtained from the eight 
wheels was 6,931 each, which would probably be 12 per cent, more 
than the miles obtained before dressing. An examination of wheels 
removed from axles during five days at the Montreal wheel press 
showed that out of 276 wheels 12j per cent, could apparently be 
dressed to advantage.

Assuming the value of a cast wheel, less that of the old material, to 
be $3.50, the prospective gain was therefore only 42 cents, while the 
estimated cost of dressing (which included the inventor's royalty) at the 
time the test was made was $1.00 per wheel. The essential features 
in the manufacture of cast-iron wheels to be subjected to this process
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would necessarily be depth and uniformity of chill, and in such ease 
no doubt better milcnge results might be obtained.

He was quite in accotd with the views expressed by the author, that 
something more expeditious is required for turning tires than the 
ordinary wheel lathe, and that the process of grinding is preferable to 
that of cutting. He was not so clear, although it ought to be the ease 
witli steel tires, that there is any advantage in wear derivable from 
grinding the chill of cast-iron wheels ; indeed his past experience failed 
to show any, but it is apparent that the nearer the approach to circum
ferential accuracy or true circularity, the less will be the wear and 
tear both of road and rolling stock, anl to this extent, at any rate, the 
application of the process would undoubtedly bo beneficial.

Mr. Peterson, Mr. Peterson, Past President, in closing the discussion said :—
The Society is very much indebted to Mr. Atkinson for his paper 

on the “ Sibbald wheel dressing machine,” and for shewing as he has 
in it. and the attached appendices, the great saving that may be made 
by the use of this method of dressing car wheels.

When the machine was being tried in the Canadian Pacific Rail
way shops at Hoohclagn, lie had a great many opportunities of seeing it 
in operation, and of examining the work performed by it, and was very 
much surprised and pleased to find that a machine had been invented 
that would do away with the old crude method of dressing wheels by 
tearing off the old surface and leaving the new surface which had been 
followed by Mechanical Engineers for so many years—a method so 
expensive that in most instances wheels were allowed to become grooved 
to such an extent that they wore out the rails and did a vast amount 
of injury to frogs and crossings.

The study which he had made of the machine and its work at the 
time, led him to the conclusion that the dressing of the wheels could be 
done for very much leas than half the cost at which it could be done by 
the best lathes ; that the life of the wheels would be increased at least 
25 per cent., and that the life of the rails, frogs, etc., would be very much 
lengthened if this machine were brought into general use, inasmuch as 
wheels could be so cheaply and quickly dressed that there would be no 
excuse left for the Mechanical or Car Department to allow wheels to 
run that were not in perfect order.

He believed that, putting aside the economy in the cost of wheel 
dressing and the economy gained in the longer life of the wheel, the 
increased life of the rails, frogs, etc., which would be given to them by 
the wheels being kept in perfect order, would amount to, at least, one
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per cent, a year on their value ; and one per cent, on the value of the 
rails, frogs, etc., now in use on the Canadian Railways at therateol 820 
per ton of rails amounts to 8330,042.00 per annum, or 821.12 per mile 
of railway.

He was aware of the difficulties in the way of getting anything new 
like this introduced upon n railway ; but, judging from what lie kail 
heard exprcsscd>by the leading Mechanical Engineers of the country, 
he felt confident that a commit tec of them would unanimously declare 
in favor of the adoption of this system of dressing whet Is ; and he was 
quite sure that a committee of the Engineers engaged upon the mainte
nance of way would'unanimously report in favor of the adoption of a 
system of wheel-dressing that would enable the Mechanical Department 
to keep its wheels in better order, to as to avoid the wear and tear the 
rails arc subject to from grooves and imperfect wheels. This is u matter 
of so much importance, in connection with the working of railways, that 
he thought the Society should appoint a Committee of Mechanical En
gineers, and of Engineers employed in connection with the maintenance 
of way, to report upon the benefits that would accrue to railways arising 
from wheels being kept in perfect order at a reasonable price such as 
would be easily attainable were this machine generally adopted, llo 
felt confident that such a Committee would report that the benefits 
to be derived from'such u condition of wheels would be so great that it 
would lead to the general adoption of the “ Sibbald” Machine.

In conclusion, he regretted that, while Mr.Wallie had fully discussed 
the dressing of cast iron wheels, he had said nothing whatever 
regarding the dressing of steil wheels. This is very much to be 
regretted, as his opinion 'upon this subject would be a very valuable 
addition to the discus-ion.



OBITUARY.

William IIaskins.—William Haskins, City Engineer and Manager 
of tlio Hamilton Water Works, died at Hamilton, July 5th, 1896. 
He was born at Coolkeno Hall, County Wicklow, Ireland, on May 29th, 
1828, and was educated at Dublin, where he studied the profession of 
Civil Engineering at Trinity College under Sir John MacNiel. Com
ing to Canada in 1852, he obtained a position as Assistant Engineer 
on the survey and construction of the Great Western Railway, and in 
1856 was appointed City Engineerof Hamilton, which position he held 
until his death. In 1860 he was appointed to the charge of the 
Hamilton Water Works. In this capacity he was not only Manager 
of the engineering, construction, and operation of the Works, but for 
many years was also financial agent, having full charge of the collection 
of water rates, etc. 1

Mr. Haskins was a member of the Institution of Civil Engineers, 
an Ontario Land Surveyor. He was elected a member of the Canadian 
Society of Civil Engineers in 1891, and seivcd on the Council in 
1894.

Job Abbott.—Job Abbott was born at Andover, Mass., August 
23rd, 1845. He attended the district schools and Phillips’ Academy 
before enteri ig Harvard University, where he studied engineering in 
the Lawrence Scientific School. After graduating in 1864, he was 
connected for a time with the Manchester Locomotive Works, but bis 
active engineering work began when he was appointed Assistant 
Engineer on the Glen Cove branch of the Long Island Railroad. At 
the termination of this engagement he went to the Pittsburgh, Fort 
Wayne, and Chicago Railway, where he became interested in the city 
of Canton, 0 , a large part of which he laid out. In Canton he had 
an office as Civil and Mining Engineer and patent expert, from 1866 
to 1872, during which time he studied Law and was admitted to the 
Ohio bar.

While practising patent law in Canton he was retained on certain 
matters by the Wrought Iron Bridge Company, and became so inter- 
ested in these affairs that he dropped his legal praitioe to take up
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engineering again. He was Vice President and Chief Engineer of the 
Wrought Iron Bridge Company from 187- to 1880 and remained a 
Director until his death. During this time he built some bridges iu 
Canada, and, believing the Canadian business to have a bright future, 
lie helped to organize the Toronto Bridge Company, of which he was 
President and Chief Engineer from 1880 to 1881. The business in 
Toronto soon outgrew the capaoity of the shops there and Mr. Abbott 
accordingly organized the Dominion Bridge Company of Montreal, of 
which he was President and Chief Engineer from 1884 to 1888, and 
President until 1890. The shops of both these companies wete de
signed, erected and equipped under his direction, and in connection 
with them lie built some of the largest bridges in Canada, notably the 
Lachinc Bridge for the Canadian Pacific Railway over the St. Law
rence River.

In 1889 lie gave up his Montreal office in order to remove to New 
York, where he established an office as consulting engineer, which 
he maintained until April, 1896.

In 1889 and 1890 he designed and had charge of the Ohio 
River Bridge at Wheeling, West Virginia, and was appointed Chief 
Engineer of the Wheeling Bridge and Terminal Railway Company, 
The work done by this Company was very heavy, the bridge alone 
being a double truck stiucture 2,097 ft. long with a 525 ft. channel 
span.

After the completion of the Wheeling Works, Mr. Abbott was re
tained as Consulting Engineer for the Bangor and Aroostook Riilrnad 
in Maine, the longest line built in New England since the Central 
Massachussetts was finished. While engaged in Maine his health 
failed and ho returned to Andover, where ho died on Tuesday, August 
18th, 1896.

Mr. Abbott was a member of the American Society of Civil En
gineers, and was elected a member of the Canadian Society of Civil 
Engineers on January 20lh, 1887.

Henry G. C. Ketchum.—Henry George Clopper Ketchum was 
born at Fredericton, N.B., on February 26th, 1839. He was educated 
at the Collegiate Grammar School under the late Dr. George Roberts, 
M.A. He studied Engineering at the King’s College University, and 
obtained the first diploma issued by that Institution in Civil Engineer
ing. He subsequently passed an el imination as Deputy Land Sur

et
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vcyor for the Government of New Brunswick. After this he 5pent 
ronie time in the study of Telegraph operatic..', which was then in its 
infancy in Canada, and he was one of the first to read messages trans
mitted by sound instead of by the ‘‘ tap)" then in vojiue. In 
1850 he received the appointment of “axe-man ’’ u ider Mr. II. F. 
Pcrtcy, who was at the time Resident Engineer of the European and 
North American Railway. On the purchase of this road by the New 
Brunswick Government, Mr. A. L Light was appointed its Chief 
Engineer, and I10 constituted Mr. Kctchum his Chief Draughtsman 
and afterwards his Chief Assistant Engineer on the road from St. 
John to Shcdiac. When this work was finished Mr. Kctchum was 
offered an appointment in the Empire of Brazil on the celebrated Rail
road of San Palo. During this time lie assisted in the construction of 
the famous Mogy Inclines, the large Mogy Viaduct, and the Cachoeira 
tunnel.

Leaving Brazil in 1805 Mr. Kctchum was offered a lucrative posi
tion in India under Mr. Berkley, afterward President of the Institute 
of Civil Engineers, but he refused it in order to return to Canada to 
conduct Surveys for the Moncton and Truro (afterwards the Intercolo
nial) Railway in New Brunswick. Ho was afterwards appointed the 
agent of the International Contract Company of London, to construct a 
Railway in New Brunswick. This Company failed and liquidators 
were appointed, under whom Mr. Kctchum retained his position and 
subsequently became the Contractor for the completion of the road on 
his own estimate, made as engineer.

Mr. K tell urn’s mm: as an Engineer will, however, bo chiefly asso
ciated with the great project for a Ship Railway over the Isthmus of 
Chigneeto, which, in so far as its engineering fcatu res are concerned, 
ho demonstrated to bo entirely practicable, and financial difficulty only 
intci-vencd to prevent the completion of the work.

lie was associated in the work of the Chigneeto Ship Railway with 
Sir John Fowler ami Sir Benjamin Baker. Mr. Ketchum undertook 
this work only after years of careful investigation and having made 
surveys in connection with it at his own expense. A full description 
of the work will be found in the Transactions of this Society for 1892, 
Vol. V. Part II.

Mr. Kctchum was a member of the Institution of Civil Engineers. 
He was elected a member of the Canadian Society of Civil Engineers 
on Oct. 20th, 1887, and served as a Member of Council in the years 
1890 and 1892.
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lie was awarded the Gzow-ki gold medal for Ins paper on the Chig- 
necto Ship Railway in 1891.

James II. Redder.— Mr. Peddor was a resident of Dome, Ont., 
where he was born on June 5tli, 1808. After having passed through 
the Berlin High Sohoel, he attended the School of Practical Science 
in Toronto and graduated in the course of Civil Engineering in 1891. 
In 1892 he obtained a diploma as Ontario Land Surveyor. During 
his professional life he was chiefly engaged in Sewerage and Water 
Works and in Land and Railronl Surveying. In 1893 he was 
elected Provisional Director of the Grand Valley Riilroad. In the 
autumn of 1895. while engaged on a survey of this road, he contracted 
a severe cold which confined him to the house during the remainder of 
the winter. The following summer his health was simowhat restored, 
but with the return of colder weather ho gradually lost strength and 
died on 17th Jan., 1897.

Mr. Redder was elects! student of this Society in 1889 and asso
ciate member in 18.>4.

M r. N. J. G iroux.—Mr. N. J. Giroux, late of the Geological Survey 
Department, Ottawa, died at his father's residence, River Beaudette, 
on Dec. 1st, 1896, after a short illness. Mr. Giroux was born at 
River Beaudette on Oct. 22nd, 1859, and after a course in L’Eoolo 
Polytechnique, Montreal, graduated from that institution with dis
tinction, taking the gold medal for his year. Ho xvas subsequently 
attached to one of the Dominion Lands and Survey parties in tho 
Northwest Territories, and, on his retira, was employed as assistant 
engineer on the Grenville Canal works.

In 1883 he was attached to Geological Survey St iff as assistant to 
Dr. Ells, and with him spent several years in Gaspd, Nova Scotia, New 
Brunswick and Prince Edward Island, and afterwards, till 1890, was 
assistant in the Survey of the Eastern Townships of Quebec. In 1891 
he took charge of tho work to the north of the St. Lawrence in the 
vicinity of the Upper St. Maurice River, where he spent three years in 
tho preparation of the geological map of that region ; and then began 
the detailed examination of the area between the lower Ottawa and 
the St. Lawrence, in the study of the lower Palæozoio formations, 
which he continued for two years or to the time of his death. In all 
his work Mr. Giroux was exceedingly painstaking, always striving to
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secure the most accurate results possible, and his latest field of 
work was of very great geological interest. It is to be regretted that 
he w;is not spared to give to the public the results of his most recent 
investigations. Mr. Giroux became a fellow of the Geological Society 
of America in 1889. His published works appear principally in the 
isnn.uiary reports of the Geological Survey Department from 1891 to 
1896; but in addition to this he prepared two other interesting papers, 
on 3 of which on “The Serpentines of Canada " was published in the 
Ottawa Naturalist for 1890-91, while the other on the “progress of 
Metallurgy in Canada ” has not yet been published. Mr. Giroux was 
a diligent student and had laid broad and deep the foundations of a 
useful scientific career, and among his comrades in the Geological Sur
vey he was always held in high esteem, both for his many excellent 
personal qualities as also for his scientific attainments. Mr. Giroux 
was elected an associate member of this Society, June 25th, 1887.

i
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