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The following teats on cement were made during the year of 
1900, at Chaudlere Fails. Que., where a water power of 6,000 H. P. 
was being developed under the direction and supervlslon-ef T. 
Pringle & Son. Hydraulic Engineets, In accordance with tht^phna 
and specifications, by the Engineering Contract Company.

The work. In geneial. consisted of the construction of a timber 
crib ISO feet long on concrete piers, with a concrete abutment.on 
the west end. the spaces between the piers lielng designed to altoV 
the water to enter the head race under the crib, which was firmly 
bolted to these supports.

The head race Is enclosed on the west side by an earthen em­
bankment auout 251) feet long, with a concrete core wall, which em­
bankment also runs Into the west bank of river at an angle of 
about 97 degrees to the side of head race, a distance of some 300 
feet. It is bounded on the north and northwest by a concrete 
bulkhead with steel framing to carry the water racks, etc., built In 
tne concrete^ together with three steel plate cones, tapering from 9 
feet to 8' 3" Inside dlamtter In 29 feet length, and one cone tap­
ering from 3 feit to 2' Ü" Inside diameter In the same length. 
To these cones are connected penstocks to carry the water down 
to tne turbines, direct connected to generators, situated In a power 
house some eighty feet below, the small pipe be|Ag used to operate 
Independent turbines which drive the exciters. ^

On the east side of head race D a concrete weir dam about 
140 feet long, and at an angle of about 103 degrees to the weir 
dam 1% a waste weir provided with stop logs for closing same In 
time of low water; and then In the same line with this Is the main 
dam 824 feet In length of the overflow type running across the river,
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•bout KO feet from the edge of the falls an^ermlnatlng In a. eub- 
•tantial concrete abutment on the east side of the stream. ''

The power house foundations and wheel pit are built of rub­
ble masonry laid In cement mortar and arched with 1-2-5 Concrete 
over the tail-race.

It Is not the' object In this paper to give more than an outline 
of the style of works being carried oat where the following exper­
iments were made, and a full detail description of this undertaking 
will be presented In a subsequent article.

The bulk of the cement which was used In these works was 
Imported Portland cement, known as "Hemmoor brand,” and was 
made In Hanover, Oermany.

These teats on cement were carried out under the supervision 
of Mr. C. H. Hollingsworth, C.E-, who was at that time the En­
gineer In charge; also the moulding of the concrete rubes referred 
to In the following pages.

The specifications under which all the ceipent was furnished for 
these works were as follows:—

Cement:—All cement used throughout the work shall be Port­
land cement ground to such a degree of fineness, that not more than 
10 per cent residue shall remain oa a standard 100 x 100 sieve (10,- 
U00 meshes to the square Inch.)

Specific Gravity:—Specific gravity of cement shall not be leey 
than 1.10.

Soundness:—To be determined by Falja's method. A thin pat 
of neat cement will he carefully made on a sheet of ground glass. 
4" x 4". The pat will be bevelled from centre to edges, where it 
shall not be more than thick. Immediately after making, pat» 
are to be supported above the surface of water at a temperature of 
116° Fab. In a closed vessel for six hours. Ai the expiration of 
this time they will be Immersed In the water, which will be kept at 
the same temperature, for an additional twenty-four hours. Sepa­
ration of pats from the glass, cracking or presence of blow holes, 
etc., will be taken as indications of unsoundness.

Tensile Strength : —Samples taken Indiscriminately from the 
centre of cement barrels or bags, shall be mixed with 20 per cent, 
of water and rammed Into briquette moulds, with a pressure of 20 
lba. to the square Inch. After being remove*/from the moulds the 
briquettes must have a tensile breaking strength of not less than 
the following:—

At the end of 7 days (1 day In air. 6 days In water). 400 lbs,
*• Î........... 28 ” Cl ..............  27................ ), BOO lbs. 1

Mortar mixtures of three parts of sand Standard f.r.. of such 
coarseness as to all pass the meshes of a 20 mesh sieve; 100 meshes 
per square Inch, and all be retained on the meshes of a 20 mesh 
sieve, 900 meshes per square inch, to one part of cement with suf-
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fltlent water to make a good plastic paate, and rammed Into moulds 
with a pressure of 30 pounds per square Inch, must show a tensile 
strength ol not lees than

146 Ibe. at the end of 7 days (1 In air and 6 In water.)
M6 “ “ “ US “ (1 - " "27 ”v " )

All briquettes In neat cement and mortar tests will be cov­
ered with a moist cloth while settlpg. to exclude drafts of air.

At least one barrel In every 100 will be tested, and should the 
sample from the barrel prove defective, the whole 100 barrels shall 
be rejected.

If the cement used Is packed In bags, at least one bag In every 
600 will be teeted, and. If sample prove defective, the whole a6u bags 
will be rejected.

The contractor Is to keep all cement on hand at least 30 days 
before using, so as to allow of testing. He may be required to slack 
cement In weatherproof sheds, If so thought necessary by the En­
gineers. , > ' 1

In case of any dispute arising as to the Interpretation of this 
specification, or the manner of testing cement, the matter shall be 
referred to the Faculty of Applied Science of McGill University, 
Montreal, a decision from whom shall be Anal and conclusive. The 
coal of making tests at the University shall be borne by the pasty 
In fault

The details of careful chemical analysis made of three samples 
of cement taken from 100 barrel lots, on the works, were as fol­
lows:— ' 1

No. 1. No. 2. No. 3
Silica....................................... 21.93 21.81 21.63
Oxide of Iron and Alumlnia. 12.84 11.84 12.36
Lime........................................ 64.17 66.36 64.41
Magnesia.................................. 1.11 1.14 0.96
Carbon Dioxide.. .. .. .. 0.22 Tra e 0.17

100.27 100.18 99.62 '
There was also 'minute quantities of sulphate present but It Is 

of no special Import
miRST TKHTM.

The briquette moulds used were made by the Fairbanks Com­
pany. having pn area of 4 square Inches by 1" thickness, the sec­
tional area In the centre being exactly one square Inch.

The Fairbanks' patent automatic cement testing machine was 
need to obtain the tensile strength of the briquettes.

The Portland cement used In all theee tests was Hemmoor 
brand Imported from Hanover, Germany, and the fineness test 
showed a residue of « per cent, on a 100 mesh eleve (i. r. 10.000 per 
square Inch), and a specific gravity of 3.18. The volume and sound- 
neae tests, were satisfactory.
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Thç following special tests were made besides the regular ones 
rallied for by specifications, but had no bearing 9s regards the ac­
ceptance of the cements: —

LOT 1.
Four briquettes were made by tilling moulds with water, and 

then shovelling in dry cement with a small spatula, without ram­
ming. The briquettes were placed In water when 24 hours old. and 
were taken from the water when test was due and broken Imme­
diately—2 at 7 days old and 2 at 28 days old; the results were;— 
7 days old. 222 and 214 lbs. per sq. Inch; 2S days old, 445 and 337 
lbs. per sq. inch, tensile strength.

LOT II.
Four briquettes were made by tilling moulds with water and 

sifting In cement without ramming. They were placed In water 
when 24 hours old. One of the briquettes Scaled off slightly after 
being In the water for 24 hours. Two briquettes were broken when 
taken from water after 7 days, and two at 28 days, and showed a 
tensile strength per square Inch, as follows: 7 days old, 132 and 
232, 212 lbs., and at 28 days old 267, 264 lbs. per sq. Inch, tensile 
strength.

LOT III-
Four briquettes were made by tilling moulds with dry cement 

and pouring In all the water they would absorb but Without tamp­
ing. When treated similar to lot II, the results at 7 days old were 
232, 212 lbs., and at 28 days old 267#. 254 lbs. per sq. Inch tensile 
strength.

LOT IV.
Four briquettes were made by mixing cement with 20 per cent, 

of water and tamping Into moulds with a 1 lb. nail hammer. When 
24 hours old they were placed In water until ready for testing Two 
were tested when 7 days old and showed a tensile strength of 722 
and 738 lbs., and two at 26 days old showed 707 and 747 lbs per sq. 
Inch.

, LOT V.
Four briquettes were made by mixing cement with 20 per cent, 

of water and placing in moulds without any tamping 'whatever. 
When 24 hours old, the/were placed In water until ready for testing. 
The results of this test were very poor; at 7 days old they broke at 
28 and 32 lbs. per sq. in., and at 28 days old at 41 and 47 lbs. per 
square Inch. • •

LOT VL
Four briquettes were made by mixing the cement very wet 

(about 30 per cent, water), and placing In moulds.jrlthout ram­
ming, then letting them stand with a pressure, of about 3 lbs. per 
sq. Inch for 24 hours. They were then submerged in water until
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tested. The results at 7 days old were 393 and 365, and at 28 days
old, 618 and 688 lbs. per sq. Inch tensile strength.

» In the following lots VU., VIII., IX., X., XI . XII., two briquet­
tes were made of each by mixing cement with 20 per cent, of water, 
and placing in moulds under pressure of 20 lbs. per sq. In. When 
24 hours old they were all placed In water and allowed to remain 
there until they were seven days old, with the exception of 24 hours 
during this period (as noted 'opposite each lot), when they were 
exposed to the action of frost for the length of time denoted. They 
were all taut-d In tension at the end of seven days, as toiidws:—

LOT Vll.
Frozen ,for 24 hours after they were 24 hours old, then thawed 

out aud put In water until 7 days old, when they broke In tension 
under 476 and 590 lbs. per sq. In. respectively.

LOT Vlll.V
Frozen for 48 hours after they were 48 hours old and then thaw­

ed out and put back In water until 7 dnys old, theu tested with 
these results 606 and 490 lbs. per sq. In- In tension.

LOT IX.
Frozen foMÉtlhours after they were 3 days old, and then thaw­

ed out and placer-In water until 7 days old; results of tension test 
380 and 460 lbs. per sq. In.

LOT X.
Frozen for 24 hours after they were four days old, and then 

thawed out and placed In water until seven days old, ults being 
486 and 487 lbs. per sq. In.

LOT XI.
Frozen for 24 hours after they were 6 days old. then thawed 

out and placed In water for the remaining day, then broken under 
load of 630 and 410 lbs. per sq. In.

LOT XII.
Frozen for 24 hours after they were 6 days old, aud then thaw­

ed out and tested; these broke at 466 and 476 lbs. per sq. In.
In lots XIII., XIV., XV., XVI., XVII., two briquettes were made 

of each by mixing cement with 20 per cent of water, and placing 
In moulds under pressure of 20 lbs. per sq. In. When 24 hours old 
they were all placed In water. The subsequent treatment of each 
lot was as follows:—

LOT XIII. |
Was frozen In water when 48 hours old. and thawed out 

when 7 days old by exposing to a temperature of 120° Fah . and 
then broken In the machine, showing a tensile strength of 464 and 
416 lbs. per sq. In.
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. LOT XIV.
Wii froien In water when 48 hours old. and thawed out when 7 

days old by exposing to a temperature of 110' Pah., and then tested, 
the results being 448 and 417 lbs. .per su. In.

, yor xv.
Wa* frozen In water when 8 days old. and thawed out when 7 

day* old, by exposing to 120- Kah and tested, tne tensile strength 
being 460 and 406 lbs. per sq. In.

LOT XVI.
Was frosen In water* when 4 days old and thawed out when 7 

days old by exposing to a temperature of 120 ’ Pah., and then tested, 
the results- being 474 and 486 lbs. per sq. In.

LOT XVII.
Was kept In the water at a temperature of 60 Pah. until seven 

days old, and then tested, and showed a tensile Htrength of 6»0 and 
488 lbs. per sq. In.

When the briquettes In Lota XIII., XIV., XV., XVL. were fros­
en, the temperature ranged between 82° to —14 degrees Pah.

LOT XVIII.
Six briquettes were made with 20 per cent, of water moulded 

under a pressure of 20 lbs. per sq. Inch. When 24 hours old they 
were exposed to the weather and allowed to freese. and kept fros­
en until 7 days old- They were not Immersed In water at all. but 
were thawed out by exposing to heat for about 46 minutes. No 
flaking or chipping of briquettes whatever occurred. The results, 
when tested at seven days old were, 342, 316, 341, 340. 363. 376 lbs 
per sq. Inch. \

LOT XIX. \
Was made similar to Lot XVIII., and was Immersed In water 

when 24 hours old. and taken therefrom when 3 days old, exposed 
to weather until 28 days old. The results of 28 days test being 287, 
366, 268. Ail. 286. 406 lbs. per sq. Inch. v

LOT XX.
Five briquettes made same as Lot XVIII., and exposed to the 

weather when 6 hours old, not placed In water at all, thawed out 
before testing when 7 days old. The loads were 212, 260, 236. 283, 
381 lbs. per sq. Inch.

The cement on these briquettes was chipped or flaked off on 
both sides and edges when exposed to heat—about of an Inch 
from each face—this would reduce the sectional a rex somewhat. 
The above are the actual loads under which briquettes were broken.

LOT XXI.
Six briquettes made similar to Lot XV til. and exposed to the
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weather when 12 hours old, and allowed to freete. They were left 
exposed until 28 days old. the range of temperature being from — 10 
to + 36 degrees Fah., as per chart. The briquettes broke under the 
following loads when 28 day* old. 327, 322. 300, 817, 303. 247 lbs. per 
square Inch. *

Aa some quantities of steel framing for racks, stop log checks, 
etc., had to be built Into the concrete of the bulkhead, the concrete 
would act as a protection for the steel embedded In It to a certain 
extent, and as „the expansion of concrete and steel are nearly the 
same. It was reckoned Vhey would stand without cracking when 
once well Joined together\but It was desired to protect the exposed 
portion of the steelwork froth-oxidation Jf possible with some kind 
of paint or composition to which the mortar of the concrete would 
adhere, so a few experiments were made to determine whether red 
oxide or asphaltum paint would be most adhesive In this position 
and also to determine whether the dean dry steel or rusty platee 
Jtould hold to the cement better than the painted surfaces.
" The method adopted was to place a piece of 16" steel plate qne 
Inch square In the centre of the briquette moulds at right angles 
to the flat surface of same, and the cement which was mixed with 
20 per cent, of water In the usual manner (by hand) was tilled Into 
the mould on both sides of the steel plate and rammed against 
same, care being exercised In this operation so aa to keep the platee 
central. •

LOT XXII.
The plates used In this lot were exposed to the weather for a 

period of fourteen days and were thoroughly rusted, but not cor­
roded. before being placed In the moulds.

The briquettes were Immersed In water when 24 hours old. then 
removed after 36 hours, and left In a damp place until eeven days 
old. when they were lirokea In the testing machine.

Only two briquettes were successfully moulded of this lot and 
when tested they broke at 60 and 70 lbs. per qquare Inch respec­
tively, the fracture taking place at the Junction of the steel plate 
and cement.

LOT XXIII. r
The 1" x 1" x %" steel platee In this lot were clean and smooth 

when placed In the moulds, and cement tamped In on both sides ot 
tame. The briquettes were Immersed In water when 26 hours old 
and left for 24 hours, after which they were removed and placed aa 
to be damp until 7 days old when they were tee ted with these re­
mits. 87, 16, 40 lbs. per sq. Inch. All briquettes broke at the plate, 
the same remaining attached to that pert of briquette In the lower 
Jaw of machine. „

»
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LOT XXIV.
The 1" x 1" x %” eteel plates used In this test were thoroughly 

cleaned, then heated and wuile not were painted with asphaltum 
paint. The plates were allowed to stand tor twelve days, then 
placed In briquette moulds and cement mixed In usual manner and 
placed on each side of plate In mould. The briquettes were taken 
from moulds when 10 hours old and placed In water. After 24 
hours In the water they were taken out and placed In a damp place 
until tested, when 7 dayehold. The results were: 30, 35, 22. 60 II*. 
per square Inch.

In the ttrst three tests the asphalt pulled off the plate; In the 
fourth case It adhered to plate In many places.

The average tensile strengths of the briquettes In the tests de­
scribed aliove will be found In the accompanying table I.

Two attempts were made to make briquettes wit# steel plates 
In them, that had been painted with two coats of red oxide, the 
Hist coat being applied 12 days before the second, and they were 
placed In moulds 10 days after the second coat of paint was applied, 
but all brique.tes broke at plate when being removed from the 
moulds, In the usual manner. It was found that the cement would 
not adhere at all to the steel when painted with this pigment.

It Is regretted that more tests were not made In this direction, 
as there are several other paints that might have been experiment­
ed upon, and as steelwork Is being used more and more In connec­
tion with concrete darns, bulkheads and other structures of this 
nature more or less exposed to atmospheric changes. It Is to he 
hoped that In the near future complete data on this subject will be 
forthcoming.

I CONCEKTE TEST*.

Tests on concrete taken from regular batches on works were 
made from time to time, as the work progressed, and account was 
kept of where the batch of each special lot of concrete was being 
placed together with any other notes that had any special bearing 
on the work. At the same time, as the concrete was taken, a sam­
ple of the cement used was obtained and tested neat and In mortar 
test, and the results of tests will be found In the table II.

CEMENT.

The most of the concrete work Was done with Hemmoor brand 
of Portland cement, but some of Heidelberg brand was also used, 
both these were Imported. The Canadian cements used were 
••Star” and “Beaver" brands, and from the results of these tests It 
will be seen that these latter brands compare very favourably with 
the Imported article.

SAND.

. The sand used was obtained from a pit within a mile and a half
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from the Kail», near Chaudlere Station, and la known as siliceous 
■and; It was free .from loam and Of good quality

The voids in the sand when measured loosely were found to 
vary from 37 per went, to 41 per cent., and this was obtained by 
filling a vessel with the sand and then pouring In enough water to 
fill the vessel. The amount of water requited to fill the voids, mul­
tiplied by 100 and divided by the amount of water alone, which the 
vessel would hold when filled to the same height, gave the percent­
age of voids in the sand. A better method would have been to have 
determined the specific gravity of the sand, and from that the 
weight of a unit of volume of the solid, and also weight of a unit 
of volume of the sand. The difference between these weights div­
ided by the former would give the proportion of voids.

STONE.

The stone used for the concrete was a mixture of boulders of 
Laurentian rock at)d Feloephatlc sandstone or Arkoee, all broken 
to pass 8" ring, In three crushers, two kinds of which were on the 
works, namely, the Oates gyratory crusher and 'the Jaw crusher. 
From the crusher the stone went over a screen, which allowed 
everything but the dust to pass over same Into the stone pile.

The crusher designated as Eagle crusher was a Jaw crusher, 
with the pitman hinged at top and the bottom of same oscillated 
by means of a toggle plate. The other machine was the reverse of 
this one, as the pitman was hinged at the bottom and worked at the 
top ^rtth a toggle plate.

The voids in the rammed broken stone, found in a similar way 
to those in sand, averaged 48 per cent.

PROPORTIONS. {"

The proportions used in the concrete for the bulkhead and over­
flow dams were 1 of cement, 2 of sand and 4 of broken stone. This 
was adopted after testing a few cubes of 1, 2 and 5, which gave 
considerably lower results as Table II. will show.

It is necessary in order to guard against lack of uniformity In 
the aggregate, imperfect mixing, insufficient tamping, etc., to have 
more mortar than Is sufficient to fill the voids In the stone. 
The usual excess of mortar is from 15 per cent, to 26 per cent. The 
method of determining the proportions so as to have this excess of 
mortar is as follows:—

1st Assume the proportions 1-2-4, and test the sand and stone 
for voids.

Say. voids In loose sand —- 39 per cent 
" “ " rammed stone — 46 per cent.

Cement measured In barrel.
Solid material, cement 1; sand, 1.22; stone 2.16.
Voids, cement. 0; sand, 78; stone, 1.84
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i or 1 cubic foot of cement plus 1.22 cubic feet of sand will give 2.22 
cubic feet of mortar to All 1.84 cubic feet of voids.

Mortar in excess of voids = 20.6 per cent.
In the above it will be seen that there Is 28 per cent, of cement 

In excess of the voids in the sand, and a possible saving might have 
been made by using less cement, but as a very rich concrete was 
desired, this excess of cement was allowed to remain

The percentage of water used in the concrete averaged 20 per 
cent

CONCRETE MIXING.

When the mixing was dbne by hand, the cement and sand were 
mixed dry in the proper proportions of each, and turned over with 
shovels four or five times, and on damp days, even six times, to 
thoroughly mix them. Then water was sprinkled on until suffi­
ciently wet, next the mortar was spread out on the mixing platform, 
and on top of this a bottomless box was placed, which would con­
tain the proper proportion of stone when tilled ^o th= level of the 
top of same. The box was filled with stone, then removed, allowing 
the stone to remain; the whole mixture was then turned over four 
stone to remain; the whole mixture was then turned over four 
times, besides the shovelling Into barrow and dumping out into 
works. The concrete that went in the cube moulds was taken from 
the batch at the same time as they were placing the material in 
the wheelbarrow after being turned over four times.

When mixed with the Cockbum & Barrow mechanical mixer 
for constructing the bulkhead and wing dam, during the spring of 
1900. the cement and sand were first mixed together by turning 
them over two or three times; then welt The stone was then dump­
ed on the mortar and the whole batch shovelled into the mixer, 
through which it ran, dropping out at the lower and Into skips, 
which were dumped where wanted on the work.

Later on, when the Cockburn-Barrow mixer and the Sooysmtth 
mixer were used on the main dam, the broken stone was of a very 
much better size and more easily mixed, the quantity of the sand 
also Improved, so that the method of mixing adopted was as fol­
lows :—

A skip holding the proper quantity of stone was dumped on the 
mixer platform and spread out until about 6 to 8 inches thick. A 
smaller skip containing two barrels of sand was dumped on the 
stone and spread evenly over same, then one barrel of cement was 
spread on the top of the sand. The entire mixture was then shov­
elled into the mixer, all shovelling being done form the bottom of 
the pile; the water was added in the mixer. Under no conditions, 
however, were all the materials mixed together dry on the plat­
form.

A gravity mixer, which consisted of an Inclined iron box, hav­
ing a number of iron pins distributed throughout its length, which 
caught the falling material and turned it over, and provided with a
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water pipe and valve in the upper section tor wetting the mass as 
it was shovelled Into It from a platform—was used down In the 
wheel pit of the power house to mix the 1, 2 and 6 concrete, which 
was used in the arches.

it would have been Interesting to compare the results of the 
strength of the concrete mixed by this mixer and the mechanical 
mixers, but in all, except one lot of cubes which had been mixed 
mechanically, the proportions were 1, 2 and i. However, the writer-' 
is of the opinion that the mechanical mixer will produce the best 
results, as far as strength of the concrete goes—it the same treat­
ment is accordçd the concrete after mixing.

MOULDS.

The moulds-used for making the cubes were 9" x 9" x 9" deep 
inside measure.

They were constructed of clear, dry pine, dressed to a thickness 
of 114", and the sides and bottom of the moulds were lined with 
No. 26B.W.G- tin plate. The sides were pdt®together in the form 
of two angles, and they were held with four bolts, and could be 
readily taken apart by loosening the wing nuts'on the bolts.

The moulds were cleaned and oiled just before using, as it was 
found almost impossible to get the cubes out whole in less than 
three or four days, without the use of oil.

The concrete was placed In the moulds in 4" layers, and ram­
med w|th regulation railroad tie tamper, being 3/M 1" on the face, 
and the Bat portion being four inches long andf slightly offset from 
the 114f' round bar, which formed thohandle at the junction of the 
Oat portion and the round part. f

The moulds were Ailed slightly above the sides and tamped 
with a cast iron tamper 0" square on face and weighing 15 lbs. 
This was. however, used lightly, and in some cases where the con­
crete was wet it was dispensed with entirely.

Alter the mortar had flushed to the surface the mould was 
struck off level with a straight flat iron bar, and the top smoothed 
over with the back of a shovel.

The moulds with the concrete in them were then pjaced in a 
shed and covered with a damp cloth for 24 to 48 hours, when the 
cubes were removed from the moulds and recovered with the cloth 
for six days, then exposed to the air until 21 days old, when they 
were boxed up and shipped by express to the Testing Laboratory of 
McGill University, Montreal, where they were surfaced off true with 
plaster of Paris on two opposite faces, which formed the sides in 
the mould, and stored in the cement laboratory until tested.

The cubes were nearly all tested In the Wicksteed machine 
after being surfaced with plaster of Paris, and scraped to a surface 
plate. The Emery machine, which had an ultimate capacity of 
160.000 lbs., was used for a few of the first cubes made, but thé con-
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crete proved too strong for it, so all succeeding trials were made In 
the large machine which bad an ultimate capacity of 216,000 lbs. 
This was subsequently Increased to 217,60;) lbs. by the addition of 
a slight increment on the length of the beam of machine.

The cube which was to be tested, after having the plaster of 
Paris surfacing previously referred to scraped to a surface plate, 
was placed on a planed cast iron plate 10" square by 1%" thick; 
this plate was then placed In the stirrup of the nlachiue and oh the 
top of the cube was placed a similar planed plate, on this was 
placed another plate with a spherical bearing, which thus Insured 
an even distribution of pressure over the compressed surface. The 
whole was brought carefully Into the centre of the space where the 
pressure was to be applied. Then a finely graduated steel scale, 
divided In lndhes, tenths of Inches and hundreds of Inches, was set 
up beside the cube between the two plates, and resting on the bot­
tom one. A telescope, with cross hajfs In It was then mounted op­
posite the scale, and an Incandescent lamp hung, so as to Illuminate 
the same, and with the aid of this telescope the hundredth of an 
Iuch could be split quite readily on the scale,* The load was applied 
gradually and reading taken at every 5,000 lbs., alter reading the 
scale with 1,000 lbs. on, which was called the initial load, and the 
zero mark on scale being at the reading under this load.

The load was Increased at the rate df 6,000 lbs. every half min­
ute, approximately, and while this was in progress two assistants 
scrutinized the exposed faces of the cube to detect the least crack 
that might develop; as soon as such appeared the person In 
charge of the record (usually the one who read the scale) was ad­
vised of the fact and the tim^ and load noted. In some Instances 
where the specimen appeared'to be yielding appreciably under a 
given load this was not1 Increased as rapidly at the rate just men­
tioned, and several readings of the Increments of compression were 
taken under the same load.

When the cubes were strong enough to require more than 100,- 
000 lbs to cause fracture, the load had to be taken off by running 
the weight on the beam of machine back to zero to put on the 
counter poise which was equivalent to 100,000 lbs. When the load 
was being removed the scale was read at every 20,000 lbs. decrease, 
and the reading compared with the reading under the same load, 
when Increasing the loads. In some instances the reading wrs 
nearly the same, the material returning to Its original state to 
within a small fraction of the first reading. ' j

As soon as the counter weight was put oh, the load was applied 
gradually again by a valve which controlled the hydraulic pressure, 
until 100,030 lbs. were registered on the dial, a reading was then 
taken and the time noted. The load was then Increased 5,000 lbs. 
at a time, until the increments of compression showed signs of ap-



*

proachlng fracture, when the load was Increased more gradually 
and reading taken every half minute until the cube broKg %*tn.

In a number of Instances the strength of the cubes was beyond 
tne capacity of the machine, and where the opportunity offered, the 
cube was left in the machine under the highest pressure obtainable 
(216,000 to 217,600), and the time effect on the compression readings 
was noted at longer intervals. By examining' the detail report 
sheets therewith, It will be observed how the compression increases 
as time goes on.

In explanation of Table 11., It may be added that where no 
cracks developed under the maximum load the completion given 
is the last reading taken before removing the cube from the mach­
ine. and the time Is also the total length of time the cube was under 
pressure.

A number of cubes were not tested on the da that they should 
have been when 28 days, 3 months and 6 months old, but this was 
unavoldoble on account of other work in connection with the Uni­
versity, which required the attention of the staff of the testing la­
boratory.

The. writer wishes to acknowledge hie Indebtedness t ) Dr. 
Hear/ T Bovey, for suggestions on this subject during his visits to 
the McGill Testing Laboratories, In connection with the tests re­
ferred to above, and his appreciation of the careful manner In 
which Mr. F. H. Whlttycombe, who is in charge of the testing la­
boratories. conducted these tests at McGill University.

The writer is also greatly indebted to his principals, Messrs. 
T. Pringle & Son, for the privilege of using all of their notes and 
data, which were obtained by them at considerable expenie in 
the preparation of the foregoing paper. «

COMPRESSION TEST OF CONCRETE.

25 A. Cube 9%" x 9". Weight 6! lbs.. 13 oz.
Made 8th Sept., 1900. Proportion 1-2-1 Beaver cement.

28 days old.
Tested in Wicksteed machine on 6th Oct., 1900.

Load. Time Reading. Remarks
1,000 9.14.0Ô .000
6.000 9.15.00 .000

10,000 9.16.35 .000
15,000 9.16.10 .0005
20.000 9.16.50 .001
26,000 9.17.30 .0016
30,000 9.18.10 .0(2
36,000 9.18.46 .003
40 000 9.19.20 .0036
45.000 9.19.66 .004
60,000 9.20.46 ‘ .0046
65.000 9.21.15 .005

13



Load. Time Reading.
60.000 9.22.00 .0056
66,000 9.12.16 .006
70,000 9.23.00 .007
76,000 9.24.00 .007
80,000 9.24.40 .0076
86,000 9.25.15 .008
90,000 9.26.00 .0085
95,000 9.26.40 .0085

100,000 9.27.25 .009
80,000 9.28.46 .0076
60 000 9.30.10 .0066
40,000 9.31.10 .0055
20,000 9.32.10 .004
1,000 9.33.10 .0015

100.000 9.36.30 .009
105,000 9.37.06 .009
110,000 9.37.40 .0095
115,000 9.38.10 .0095
120,000 9.39.00 .010
126,000 9.39.30 .011
130,000 9.40.10 .012
136,000 9.40.46 .013
140,000 9.41.30 .016
145,000 9.42.10 .017
160 000 9.42.46 .0196
155,000 8.44.00 .021
160,000 9.46.00 .027
160,000 9.46.30 .031
160,000 9.46.15 .032
160,000 9.47.00 .033
165,000 9.48.00 .034
165,000 9.48.30 .036
170,000 9.49.30 .039
175,000 ( 9.60.36 .046
175,000 ‘ 9.61.00 .059

Remarks.

*\

1st crack.

COMPRESSION TEST OF CONCRETE.

26 B. Cube 9" x 9.1 x 9.3. 
Ma le of

Load. .Time Reading.
1,000 3.10 .000
6,000 3.11 .000

10,000 3.12 .001
16 000 3.12.30 .002
20,000 3.13 .002
25,000 3.13.30 .0025
30,000 3.14 .003
35.000 3.16 .0035
40.000 3.16 .0035
46,000 8.17 .0040
6o,o:o 3.18 .0010
£6.000 3.19 .0045
60.000 3.20 .0046
66,000 3.21 .0060
70,000 3.22 .0060

Weight, 62 lbs., 14 oz. 
Tested December 1st, 1900.

Remarks.

14



Load. Time. Reading. Remarks.
76,000 3.31 .0060
80,000 3.32 .0065
86 000
80,000

3.33
3.34

.01)55

.0066
86,000 3.36 .0067

100,000 3.36 .0060
80,000 3.38 .0065
60,000 3.42 .0060
40,000 3.44 .0046
20,000 3.47 ‘ .0040
60,000 3.48.30 • .0030
10,000 3.60 ".0020

100,000 4.08 .0085
106,000 4.08 .0070
110,000 4.10 .0080
116 000 4.11 .0085
120,'boo 4.12 .0090
126,000 4.13 .0096
130,000 4.14 .0100
136,000 4.16 .0100
140,000 4.16 .0105
146,000 4.17 .0110
150,000 4.18 .0115
166,000 4.19 .0120
160,000 4.20 .0125
166,000 4.21 .0180
170,000 4.22 .0140
176 000 4.23 .0160
180,000 4.24 .0160
186,000 4.26 .0166
180,000 4.26 .0180
186,000 4.28 .0190
200,000 4.30 .0200
206,000 4.31 .0210
210,000 4.32 .0220
216,000 4.33 .0236 Small cracks apparent.
217,500 4.36 .0250
217,500 4.40 .0266
217,500 4.66 .0290
217,500 5.05 .0300 -

Load leaked off 12.0 p.m. .0300
217,000 12.02 p.m. .0360
217,000 1.0 p.m. .0365

Load leaked off 8.30 p.m. .0300
217,000 8.U p.m. .03’O Taken out of machine,

could not crush.

COMPRESSION TEST OF CONCRETE.
Cube 9.16 x 9.0 x 8.0 x 8.9 x 9.2 height Weight, 61 lbs.

Made of 6 months, due Feb. 3, 1901.
Tested Feb 26, 1931.

Load. Time Reading. Remarks
1,000 12.10 ' .0000
5,000 12.11 .0020

10.000 18.1U4 .0026
16 000 12.12 .0030
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Load. Time. Reading. Remarks.
20,000 12.12% .0035
25,000 . 12.13 .0038
30,000 12.13% .0040
35,000 12.14 '. .0043
40.000 12.14% 0047
46,0 JO 12.16 .0050
50,000 12.15% .0052
55,000 12.16 .0053
60,000 12.17 .0064
66,000 12.17% .0056
70.069 12.18% .0067
75,000 12.19% .0060
80 000 12.20% 0062
85,000 12.21 .0062
90,000 12.21% .0066
96,000 12.22% ’ .0068 '

100,000 12.23 .0070 tf
80.000 ■ 12.25 > .0060 K
60,000 12.26% .0035
40,000 12.28 .0050
20,000 12.29% .0040

5,000 12.31% .0040
1,000 12.32 .0030

100.000 12.34 .0070
106,000 12.36 .0072
110,000 12.36 .0078
115,000 12.37 .0080
120,000 12.38 .0086
125.000 • 12.39 .0088isb.ooo 12.40 .0090
135,000 12.41 0093
140,000 12.42 .0096
145,000 ,12.45 .0098
160,000 12.44 .0100
155.000 12.46 .0105
160.000 12.46 .0110
166,000 12.47 .0120
170,000 12.48 .0125
175.000 12.49 .0130
180,000 12.50 .0136
185,000 12.61 .0137
190.00J 12.62 .0140
195,000 12.53 .0145
200,000 12.64 .0147
205,000 12.55 .0151
210,000 12.56 .0155
215,000 12.67 .0168 'j
218,000 12.58 • 0161 No l signs of critcks.
218,000 , 1.0 .0170
218.000 2.0 .0205
218,000 3.0 .0225
218,000 4.0 .0235 Machine wanted loi 

/ set off.
200,000 4.2 />225
180.000 4.3 '0210
160,000 4.4 .0195

Ill



Load. > 
140,000

, Time.
4.6

Reading.
.0180

180,000 4.6 .0168
100,000 4.7 .0160
80,000 4.8 .0165
00,000 4.9 .0150
40,000 4.10 .0145
20,000 4.1- .0130
5.000 4.12 .0095
1,000 4.13 .0080

18 A.
COMPRESSION TEST OF CONCRETE.

Made at Chaudière Falla. P.Q., on the 17th August, 1800, ot
--------   - * 1 __________________ m  - - — -   _ _1-8-6 Hemmoor cement In gravity mixer. Cube 9" x 9" x 9"! 

Tested Sept 14, 1900. in Wicksteed machine at McQlll University. 
Surfaced with plaster of Parte. 28 days old.

Remarks.
Initial load

Load. H Time Reading.
1,000 9.29.Ô0 .000
5,000 9.30.00 .001

10,000 9.30.40 .002
16,000 9.31.05 .003
20.000 9.31.36 .003
26,000 9.32.06 .001
30.000 9.32.46 .0045
36,000 9.33.10 .005
40,000 9.33.40 .0055
46,000 9.34.10 .0065
50,000 9.34.40 .007
55.000 9.35 10 .0075
60.(01 9.86.40 .008
66,010 9.36.10 .009
70,000 9.36.35 .0115
75,000 9.117.05 .012
85.000 9.38 .017
80,000 9.37.46 .0145
90,000 9.39.10 .020
90.000 9.39.20 .021
90.000 9.39.30, .021
90.000 9.39.60 .022
96.000 9.40.40 .027
95.000 9.40.40 .027

100.000 9.41.60 .033
100.000 9.42.00 .036
100.000 9.42.10 .037
100,000 9.42.20 .039
100.000 9.42.50 .042
100.000 9.43.05 .043
100.000 9.43.30 ,045
100,000 9.43.60 .047
100.000 9.44.16 .049
105.000 9.45.20 .087
106.000 9.46.40 .061
106.000 9.46.46 .034
105,000 9.46.60 .069
106.000 9.46.56 .073

✓
First crack.

Cracked on all sides.

Failure.

81
■ — 1296 lbs. per sq. inch. 
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COMPRESSION TEST OF CONCRETE.

l&'R Cube 8.#" x 9.0" x 9.2" high. Weight 61 os.

Made of 1-2-6 Hemmoor in gravity mixer.
, 12 weeks old.

Tested 9th Nov., 1900, in Wlcksteed, at McGill University.

Load. Ttpe. Reading. Remarks. >
1,000 10.10 .000
6,000 10.11 .001 Nr

10,000 10.14 . J .002
16,000 10.16 \ .003
20,000 10.16.30 .0036
26.000 10.16 .0040
30,000 10.16.30 .0040
36,000 10.17 .0046
40,000 10.17.30 ' 06*6
46,000 10.18 .0060
69,000 10.18.30 .0066
66.000 10.19 .00»
60,000 10.19.30 .0070
66 000 10.20 .0090 -
70,000 10.21 .0090
75,000 10.22 .0100
80,000 10.23 .0120 l
86,000 10.24 .0140
90,009 10.26 .0160
95,000 10.26 .0180 Cracks showing bn side 

only.
95,000 10.27 .0200
96,000 10.28 .0220

r 100,000 10.29 .0260
100,000 10.30 .0270 Starting to bulge out 

slightly.
106,000 10.31 .0300
106,000 10.32 .0300 Cracked all over sur- 

. face.
106,000 10.33 . .0315 1

110,000 10.34 .0330
110 000 10.36 .0350
116,000 10.36 .0400
116,000 10.37 .0440
116,000 10.38 .0450
116,000 10.39 .0460
116,000 10.40 .0470
116,000 10.41 .0480
116,000 10.42 .0490
116,000 10.43 .0496
116,000 10.44 .0500
116,000 10.46 .0500
100.000 10.48 .0500 Run back to put on 

extra weights.
80,000 10.49 .0485
60.000 10.60 .0470

18
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Load. 
40,000 
30 000 

6,’üOO 
1,000 

100,000 
106,000 
110.030 
116,000 
116,000 
116,000 
116,000 
116,000 
130,000 
120,000 
120,000 
120,000 
120 000 
120,' 000 
125,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126 000 
126,' 000 
126,000 
126,000 
126,000

Time.
10.61
10.60
10.61
10.62
I, 0.57 
10.68 
10.6»
II. 00 
11.1 
11.2
11.3
11.4 
11.6 
11.6
11.7
11.8 
11.» 
11.11 
11.12
11.13
11.14 
11.16 
11.16
11.17
11.18
11.19
11.20 
11.21 
11.21.30 
11.21.46

Reading.
.0460
.0460
.0420
.0390
.0620
.0630
.0540
.0665
.0580
.0590
.0695
.0000
.0620
.0630
.0610
.0660
.0660
.0670
.0700
.0726
.0760

.0790

.0830

.0890

.0950

.1000

.1050
.1100

Remarks.

\

Breaking down rap: lly

COMPRESSION TEST OF CONCRETE.

1» C. Cube 8.8 x 9.0 x 8.9 x 9.0 x 9.16 high. Weight. 68K lbs. 
Made of 1-2-6 Hemmoor In gravity mixer.

Tested at McGill University, In Wlcksteed machine.
26 weeks and 5 day: old. 

Surfaced with plaster of Paris.

Load. Time Reading. Remarks.
1,000 4.61 .000
6,000 4.52 .000

10,000 4.53 .0016
16,000 4.63.46 .0020
20,000 4.64.30 .0026
26,000 4.66.15 .0036
30,000 4.65.16 .0040
36,000 4.66.30 .0046 .
40,000 4.67 .0050
46,000 4.57.46 .0056 Interruption.
60 000 6.07 .0070
66]000 6.08 .0080
60,000 6.08.30 .0090
65,000 6.09 .010

19
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Load.
70,000

Time.
6.09.30

Reading
.0116

75,000 6.10 .0130
80,000 6.11 .0150
86,000 6.12 .0166
90 000 6.13 .0186
96,000 6.14 .0230

100,000 6.16 .0266
106,000 6.16 .0325 Cl

106.000
106,000
110,000
110,000
110,000
116,000
116,000
116,000

116 000 
115,000 
115,000 
116,000 
116,000 
116,000 
116,000 
116 000 
115,’000

100,000
80.000
60,000
40,000
20,000
1.000
1,000
6,000

20,000
40,000
60,000
80,000

100,000
106,000
110.000
116,000
120,000
120,000
126,000
125,000
125,000
126,000
126.000
130,000
132,700

6.17
6.18 
6.1V 
6.20 
6.22
6.23 '
6.24 
6.26

6.26
6.27
6.28
6.30 
6.32 
6.35 
6.40
6.46
9.25

9.26 
9.28
9.30 
9.44
9.46.30 
9.48
9.46
9.52.30 
9.54 
9.65
9.66.30 
9.68
9.69.30 

10.01 
10.02 
10.03 
10.04 
10.06 
10.07 
10.08 
10.11 
10.14 
10.17
10.19
10.20

Remarks.

sides only, particles 
falling off surface on 
each side.

.0350

.0360

.0390

.0420 Bursting out on all faces.
.0430
.0470
.0600
.0650 Breaking down rapidly, 

(apparently).
.0670
.0690
.0600
.0610
.0626 . ’•
.0340
.0660
.0660
.0790 9.25 next a.m.. return to 

put on additional load
.0786 
.071W 
.0760 
.0760 
.0736 
.0630 
.0630 
.066 
.070 
.0736 
.0756 
.0766 
.0786 
.0790 
.0800 
.0800 
.0800 
.0810 
.0820 
.0830 
.0850 
.0860 
.0870 
.0875

Interruptions.

Particles falling off. 

Badly fractured all over.

Broke down completely.
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COMPRESSION TEST OF CONCRETE.

11 C. Cube 9" x 8.8 x 8.2 ' Weight. 61 lbs., 2 ot.
week» old.

Made of 1-2-4 Hemmoor cement. Mixed with Sooysmith Mechanical
mixer.

Tested January 21, 1901, In the Wlcketeed machine.
26 weeks old.

Remark».Load. Time Reading.
1,00U 3.10* .000
6,000 3.11 .0006

10,000 3.12 . .001
15,000 3.13 .0015
20,000 3.14 .0018
25,000 3.16 .002
30,000 3.16 .002

• 86,0.0 t 3.17 .0026
40.000 3.18 .0025
45 000 3.19 " .002750>00 3,20 .0027
66,000 -, 3.21 .0027
00,000 ! 3.22 .0027
65,000 J 3.23 .0029
70,000 * 3.2# .0031
75,000 3,25 .0031
80,000 3.26 .003»
85,000 3.27 .0033
90,000 3.28 .0036
95 000 3.29 .0036

100,000 3.30 .0037
80,000 3.31.30 .0033
60.000 3.33 .0030
40,000 3.34.30 .0027
20,000 3.36 .0025

5,000 3.37 .6020
1.000 3.38 .0010

100 000 3.44 .0037
105.000 3.45 .0038
110,000 3.46 .0010
116,000 3.47 .0040
120,000 3.48 .0045
125,000 3.49 .0047
130,000 3.50 .0049
136,000 3.61 .0060
140.000 3.62 .0062
145,000 3.63 .0065

050,000 3.54 .0055
155,000' 3.55 .0057
160.000 3.66 .0059
166,000 3.67 .0069
170 000 3.68 .0062
175 000 3.69 .0067
180 000 4.00 .0070
186,000 4.01 .0075
190.000 4.02 .0080

/

No cracks visible.
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1! C.

Load. Time. Reading. Remarks.
195,000 4.03 .0087
100,COO 4.04 .00 6
105,000 4.06 .0100
210,000 4.06 .0109
215 000 4.07 .0120 ’
218,'000 4.08 .0130 No cracks apparent
218,000 4.20 .0140
200,000 4.22 .0136
160,000 4.25 .0127
100,000 4.30 .0117
50,000 4.33 .0100

6 000 4.36 . .0075
l.’OOO 4.36 .0070

COMPRESSION TEST OK CONCRETE.

Cube 9" x 8.8" x 9" x 8.8 x 9.2. Weleht. 61 lbs.. 2 ox.
Of 1-2-4 Hemmoor cement . Mixed with Sooysmith mechan*

leal mixer.
Tested January 21 1901, in the Wlcksted machine.

25 weeks old.
Load. Time Reading. Remarks

1,000 3.10 - .000
6,000 3.11 .0005

10,000 3.12 .001 i
15,000 3.13 .0016
20,000 3.14 .0018
26,000 3.16 .002
30,000 3.16 .002
36,000 3.17 .0025
40,000 3.18 .0025
45,000 3.19 .0027
60,000 3.20 .0027
55,000 3.21 .0027
60,000 3.22 .0027
65,000 3.23 .0029
70,000 3.24 .0031
76,000 3.26 .0031
80,000 3.26 .0033
85,000 3.27 .0033
90,000 3.28 .0036
96,000 3.29 .0035

100.000 3.30 .0037
80,000 3.81.30 .0033
60.000 3.33 .0030
40.000 3.84.30 .0027
20,000 3.36 .0026
5,000 3.37 .0020
1,000 3.39 .0010 •

100,000 3.44 .0037
106,000 3.45 .0038
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COMPRESSION TEST OK CONCRETE.

11 B. Cube 9.2 x 9.1 x 9.06 x 9^0 x 9.06. Weight. 6 lbs.. 1 os.

Made ot 1-2-4 Hemmoor cement Mixed with Sooysmlth mechan­
ical mixer/

Tested October 2^ 1900, In the Wlcksteed machine.
12 weeks, 2 days old.

Load. Time Reading. Remarks1,000 4.47.8 .000
6,000 4.48.06 .001

•10,000 4.48.46 .001
16,000 4.49.30 .002
20,000 4.60 .0026
26,000 4.60.30 .003
30,000 4.61.20 .004
36,000 4.61.60 .004
40,000 4.62.60 .0045
46,000 4.63.30 .0045
60,000 4.64.30 .006
66,000 4.64.60 .006
60,000 4.66.20 .006
66,000 4.56.00 .0055
70,000 4.66.26 .006 /

.00676,000 4.67.10
80.000 4.67.66 .0065
86,000 4.68.25 .007
90,000 4.69.00 .007
96,000 6.00.00 .0075

100,000 6.00.30 .008 Run back to put < 
poise.

1.000 .002
106,000 5.06.30 .0085
110,000 5.06.30 .0085
116,000 6.07.26 .009
120,000 6.07.40 .009
126,000 6.08.10 .009
130.000 6.08.60 .009
136.000 6.09.26 __~.009
140.000 6.09.4y ^0095
146.000 5.10.46 .0096 (
160.000 6.11.60 .010 *
166.000 5.11.%0 .010
160.000 6.12.30 .018
166,000 6.12.66 .0106
170,000 5.13.40 .011
176,000 6.14.20 .0116
180.000 5.14.60 .012
186,000 6.16.30 .0125
190.000 6.16.00 .013
196.000 5.16.50 .0135
200.000 6.17.30 .014
206 000 6.17.46 .016
210.000 6.18.16 .0155
215.000 6.19.30 .016 No signs of any cracks.



COMPRESSION TEST OF CONCRETE.

“f, Uu,b: ?" 1 3" 1 9" weight. 61% lbs.
tI'.Ih “e“T°r cement Surfaced with plaster of Pans. 
Tested 29th August, 1900, in Wicksteed machine.

29 days old. 

Remarks.Load. Time Readii
1,000 10.01.30 .000
5,000 10.02.50 .000

10,000 10.03.00 .000
16,000 10.04.00 .000
20,000 10.04.30 .000
26,000 10.05.00 .000
30,000 10.06.30 .000
36,000 10.06.00 .000
40,000 10.06.30 .000
46,000 10.07.00 .000
60 000 10.07.30 .000
65,000 10.08.30 y .002
60,000 10:09.00 .002
65,000 10.09.35 .003
70,000 10.10.20 .003
75,000 10.10.50 .005
80,000 10.11.20 .006
85,010 10.11.45 .006
90,000 10.12.35 .007
95,000 10.13.10 .008

100,000 10.13.40 .008

5,000 10.18.00 .005
100,000 10.26.40 .008
105,000 10.28.15 .009
110,000 10.29.00 .009
115 000 10.29.30 .010
120.000 10.29.45 .010
126,000 10.30.25 -ÜJ0
130.000 10.30.50 Vtno
135,000 10.31.30 .010
140,000 10.32.10 .010
146,000 10.32.40 .011
150 000 10.;-3.15 .011
155,000 10.33.45 .011
160,000 10.34.25 .012
165 000 10.35.00 .013
170 000 10.35.30 .014
175,000 10.36.10 .014
180,000 10.36.35 .015
185 000 10.37.10 .016
190000 10.37.50 .017
195.000 10.38.26 .018
201,0 0 10.39.00 .018
205,000 10.40.15 .019
210.000 10.40.50 .020
216 000 10.41.30 .020

216,000 10.45.00 .020
216 000 11.05.00 .022

Ran weight back to put 
on poise.

All load off to this w’ht.

/

Cube perfectly sound. 
Capacity of machine.
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0

30th.

Slet

Load. Time. 1
216,000 11.46.00

216 000 12.15.00
2151)00 2. p.m.
216,000 4.00.00 p.in.
215,000 9.00.00 p.m.
216 000 9.00.00 a.m.
216,000 11.00.00 a.m.
216,000 12.00.00 a.m.
215,000 3.00.00 p!m.
216,000 6.00.00 p.m.
215,000 9.00.00 a.m.

150,000
126,000
100 000

75,000
1,000

leading. Remarks.
.025 Total load of 215,000 lbs. 

left on cube and read­
ings taken.

.026 
.028 
.030 
.031 
.032 
.033 
.033 
.034 
.035

Load taken off on 31st, 
gradually, and scale 
read.

Cube perfectly 
not break it.

.035

.034
.033

.030
.028

Rate of unloading, 10,- 
000 lbs. per minute.

sound after the whole experiment, and could

COMPRESSION TEST OF CONCRETE.

27 A. Cube 9.3" x 8.7" x 9.1". Weight, 63 lbs., 3 ox.
Made of 1-2-5 Star brand cement, mixed in gravity mixer. 

Tested 25th October, 1900, at McGill University, in Wlcksteed
machine.

/

b

Load.
1,000

Time. Reading.
.000

Remarks.

6,000 3.19 ,u01
10,000 3.19.6 .002
15,000 3.20 .0025
20,000 3.20.5 .003
25,000 3.21 .004
30,000 3.21.5 , .005
35,000 3.22 .0055
40,000 - 3.22.5 .006
45,000 3.23 .0065
60,000 3.23.5 .0070
66 000 3.24 .0085
60,000 3.24.6 .010
65,000 3.to .012 !*—
70,000 3.25.5 .015
75.000 3.26 .020
80,000 3.26.5 .026
80,000 3.27 .034
80.000 3.28 .035
80,000 3.29 .038 Cracks developing.
80.000 3.30 .040
80.000 3.31 .041
80,010 3.32 .042
80,000 3.33 .042
85,000 3.34 .045
86,000 3.35 .016
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Load.
85 000

Time. Read
3.30 . JM8

85,000 3.37 .050
85,000 3.38 .061
85,000 3.38.30 .062
86,000 3.39 .054
85,000 3.40 .065
85,000 3.40.30 .057
85.000 3.41 .058
85,000 3.41.30 06986,000 3.42 .060
85,000 3.43 .061
85,000 3.44 .062586,000 3.45 .06485.000 3.46 .06685,000 3.47 .066
85,000 3.60 .070
85,000 4.6 .073
85,000 4.14 .080
85,000 4.44 .089
85,000 5.0 .092
85,000 6.30 .097
85,000 6.0 .100
85,000
ked

6.30 .103

Next am. 8.30 .118

Remarks.

Badly cracked all over.

partly
off.

Load put *«p to
86,000

Inc. to oo.ooo

.120 Very badly broken on 
all faces, going rapid­
ly, failure.

COMPRESSION TEST pF CONCRETE.

27 B. Cube 8.8" 9.0 and 8.86 x 9.0 x 9.2 high. Weight, 60 lbs. 13 or 
Made of 1-2-5 Star brand cement In gravity mixer 
Tested December 20, 1900, in Wlcksteed machine.

12 weeks old.

Remarks.Load.
1,000

Time.
11.0

Reading.
.0000

5.000 11.1 .0012 Corner
transit,
cement.10.000 11.2 .0024

15,000 11.3 .0034 Surfaced
Paris.20,000 11.4 .0044

25,000 11.5 .0054
30,000 11.6 .0064
35,000 11.7 .0072
40,000 11.8 .0081
46,000 11.9 .1188
50,000 11.10 .0096
56,000 11.11 .0103
60,000 11.12 .0010

L*G



Load. Time. Reading. Remarks.85 000 11.13 .0114
70,000 11.14 .0123
76,000 11.15 .0129
80,000 11.16 .0135
85,000 11.17 .0143
90,000 11.18 .0152
95,000 11.19 .0163

100,000 11.20 .0176 Cracks showing.80,000 11.81.30 .0174
60,000 11.23 .0170
40 000 11.24.30 .0165
20,000 11.26 .0151

1,000 11.27.30 .0100
100,000 11.36 .0175
105,000 11.37 .0180
110,000 11.38 .0190
110,000 11.36 .0190
115,000 11.39 .0200
120,000 11.40 .0210
125,000 11.41 .0240 started bui sting out
130,000 11.42 .0266
135,000 11.43 .0300
140 000 11.44 .0310
145,000 11.45 .0340
145,000 11.45.30 .0350
145,000 11.46 .0360
145,000 11.46.30 .0375
145,000 11.47 .0386
145,000 11.47.30 .0395
145,000 11.48 .0400
145.000 11.48.30 .0103
145,000 11.49 .0406
145,000 11.49.30 .0407

Load then increased.
160,000 11.60 .0409
150,000 12.33 .0440
160,000 12.34 .0450
150,000 12.35 .0460
160.000 12.37 .0475
150,000 12.41 .0600
i50,o:o 1.0 .0575
160.000 1.16 .0600
150,000 1.30 .0625
150,000 1.45 .0650
150,000 2.00 .0670
160,000 > 2.15 .0700
150,000 2.30 .0710
150,000 2.46 .0720
150,000 3.0 .0740
150,000 ' 3.16 .0750
160,000 4.16 .0790
150,000 5.0 .0800
150,000 6.0 .0830
150,000 8.0 .0850
150,000 9.0 .0860
150,000 10.0 .0875
150,000 10.30 .0880

27



'

Load.
Dec. 21 160,000 

160,000
160,000
150,000
150.0C0

166,000
160,000
166,000
170,000
175,000
160,000

Reading. Remarks,
i.m. .0025 k

.0930

.0910

.0945
.0948 Badly broken up on 

surfaces.
.0960
.0970
.0976
.0978
.0980

Failed suddenly.

COMPRESSION TEST OF CONCRETE.

27 C. Cube 8.9 x 8.9 x 8.95 x 8.6 x 9.2" high. Weight. 584, lbs 
Made of 126 Star Brand Cement in gravity mixer 

Tested March 14. 1901.

Reading. Remarks
.000 
.001 
.0015 
.002 
.0027
.0033 < ‘
.004 
.0046 
.0048 
.0052 
.0065 
.0057 

.006 

.0062 

.0065 

.0070 

.0076 
.0083 
.0090 
.0108
.0116 No cracks visible 
.0110 
.0100 
.009 
.008 
.007 
.005 
.0095 
.0060 
.0075 
.0090 
.0110 
.0120 
.0133 
.0140 
.0146 
.0150

28

Load. Time
1,000 12.7
5,000 12.9

10,000 12.10
15,000 12.10.30
20,000 12.11
25,000 12.11.30
30,000 12.12
35,000 12.13
40,000 12.13.30
45 000 12.14
60.000 12.14.30
65,000 12.15
60,000 12.15.30
65,000 12.16
70,000 12.16.30
75,000 12.17
80,000 12.17.30
86,000 12.18
90,000 12.19
95,000 12.19.30

100,000 12.20.30
80.000 12.23
60,000 12.24
40,000 12.25
20.000 12.26

5,000 12.27
1.000 ■ 12.28
5,000 . 12.31

20,000 12.32
40,000 12.33
60,000 12.34
80,000 12.35

100,000 12.36
105,000 12.37
110,000 12.38
115.000 12.39
120,000 12.40

i



Load. Tnue
125,000 12.41
130 000 12.42
136',000 12.43

140,000 12.44
146,000 12.45
150,000 12.46
155.000 12.47
160,000 12.48
165,000 12.49
170,000 12.50
170,000 12.51
170,000 12.52
175,000 12.53
175,000 12.54
175,000 12.55
180 000 12.66
180 000 12.57
180.000 12.53
180,000 12.59
180.000 1.0
180.000 1.5
180.000 1.45
180,000 2.13
180,000 2.32
180,000 2.34
180,000 2.37
180.000 2.39
180 000 2.40
180,000 2.41

180.000 2.42
180.000 2.45

R*0166g Remarks.

.0160
.0175

.020 

.022 
021 

.026 

.028 

.0310 

.0370 

.0400 

.0418 

.0440 

.0450 

.0460 

.0190 

.0540 

.0660 

.Of 00 

.0610 

.0650 

.0820 
.0860 
.100

Slightjy 
one side.

bursting

/
out

Developing.

Cracked all over. 

Bursting out.

Badly broken down.

.105 Breaking down fast. 

.108 

.115

.117

.120

.125

Going to pieces one 
side.

Completely broken down



TABLE I.

Average Tensile Strengths or Briquettes in Lots I to XXIV. 
I Briquettes I* x 1*.

Lot
N linger.

J
o|
a

! | 

a ?

• §2 
ho©T cr
£15

Average Tensile 
Strength lbs. 

per sq. in.
Remarks.

7 days. 28 «lays.

i. 4 217 391 Not rammed in moulds.
ii. 4 167 340
IIL 4 222 256
IV> 4 2v 730 727 Tamped into moulds with

1 Id. hammer.
V. 4 20 .... 30 44 No tamping whatever.
VI. 4 30 3 374 600
VII. 2 20 20 534 Frozen for 24 hrs. when

24 hrs. old.
VIII. 2 20 20 497 Frozen for 48 hrs. whenr 48 hrs. old.
IX. 2 20 20 420 Frozen for 24 hrs. when

3 days old.
X. 2 20 20 486 Frozen for 24 hrs. when

4 days old.
XL x a 20 20 470 Frozen for 24 lira, when

5 days old.
XII. 2 20 20 4Î0 Frozen for 24 hrs. when

6 days old.
XIII. 2 20 20 4:« Frozen in water when 24

hrs old until 7 days old.
^1V. 2 20 20 432 Frozen in water when 48

hrs. old until 7 days old.
XV. 2 20 20 432 Frozen in water when 3

days old until 7 days old
XVI. 2 20 20 460 Frozen in water when 4

days old until 7 days old
XVII. 2 20 20 541 Kept in water at 60 F.

until 7 days old.
XVIII. 6 20 20 344 Exposed to weather for 7

days when 24 lire. old.
XIX. 6 20 20 327 Exposed to weather for 28

days when 3 days old.
XX. 6 20 20 256 Freezing test after 6 hrs.

old.
XXI. 6 20 20 302 Freezing test after 12 hrs.

old.
XXII. 2 20 67
XX III. 3 20 30
XXIV. 4 20 42

nhaltnm n*int.
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TABl'B II.

Data and Results of PhysicalTèst 
Construction cf the Bulkhead. Main dam, 

Canadian Eleetric Light Company's Wa 
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3 mode Qn lhe neat cement, cement mortar and concrete used in the

Wing dam and arrhes in Potuer House at Ghaudiere Falls.Que. for the 
ter Potuer Deuelopmenh The oorverete specimens more made of part 
g placed in the morte. 'Plana and specifications prepared by,and 

dh and direction cf T Prince fie Son Engineers, Montreal, hQ. '900-

If TeovW Strenyh 
lU-rseuiçt,7,LcSSa^

il
T

‘r
i

T

>
?

VT
l ?

T7
1 ?

•r
i

1

t
JL

1
Leed tocMe
Fire! Greek

0»r>4» »—"^1
3

Wbereuewl

Works

’Remerk»
1àÙ 1 slS

1

JJ2I ha. per t=dl
Wet

6p-
Ü2j

Tet,l ** n
■--*1 F.nsi

tir

« Ui tali * 111 ata <6 9aU«
nüS IB î

4
*

sèiL.r - a1*
isdeya N—L. zzz

9 Aar si 
. a -ar si 

jy.gr ai

SBOOC 
600OC

71e
817

1 — nelklseerl
63800 783 11 nnlLli—H

EMhEndAlrirf
.

•
ZZ S’. 9 81 52900 662 ■ loi

55CSS
2

—
vr

| 1 a - eixaJ ; 4 r BO-JAi 144,25 Aj STajr 81
. 9^3! 81

AOÛOC 51 000 629 _ 2

May 22 3QQQC 8X0 4900CB05 — iû.£
t a. sr, a- 81 1OSOOC JA IO- 6e*AS-e Sam load of ZqflOnih 

AtWtr^hm____—________
Barrou»

n.wd.1 . tf.a-ai LAûOOC t-7500C 216C 8 8i . »-jfa « UnkrxAe ----- 38 JB
1 . 23 ~ ” ” .1

-a ... p»v*w) uehs< 3ul X if A 20 Hand
3

July 24
aÂjht 26

aaidayj

iMMhldl
= • .. <4 tt

46 9'. 3" a, 
iiSpaiai

1 40000 1728 216000 2661 CaalEod EuWl-Smd7-C bore lmdxrf-

| ^ * * boulder ir* * ; ï»Tr
JÉL-Û& gQSonr mai — âîi .n4

rupruna-------------

k*a - -
”

- — -*■-
nkpaft'.

:~*e
» A
M

t| 4
4

* i-)-A
77
5:à

âwr
Vls-.a-Jei
lakaesiftû

180000 
1 SBOOC

MSI 
19 14

1 60000 1975 
1 6 5 0002037

S3

M 62.

Main dar^ 
___ at____ -------------- 1-------------------------------------

dto tie csr

- M 0 707
Z

IDA
t
; - 70 2tixiays r r-a 81 47*8 2050 OD a«an 30 m E-6h Ü»b« h»d ol roax^ùiltioul n«àjn

t . M 3 -31 IL tm H iptüuayPw ce beepe le burst sut UUM
|é» «<9f Al 1 *4441 2346 44 0 9WmoS«S0 ri 2IBOOOIL..

tRI
3

• * a
hd ar a*. 9- ai 1 — Bai Main dam 1

« « a -4- ... . ■ *-■ 11-B .1 2 A Oct. 24 ZuiaDA2di 62=01 14344 izià^û :-m----- — tis . .ri.____ 2iü^0Q,!^a atyia. wf _

s sac
422Ï751 zee

“ Î&5
256 191

■

£”

—
ZL

12 A
12 B
L2.C

i
2
2

-

•sert
66

ft

Aue_-3J 
OU. 25

23 days E
5ES

14105
a* aaS- ai 
ÏLjïJ, ri

1 2000c 
A2XSÛOC

1481 170000 2098
r- ,30(30

Handan
*1

eu» 12-fiud LZ-c hem leads 
e( î 11000 Ihs-uslheul répara.

I. I

--i

s «22
«M

25i
as*

Z6fl
7a7|

1 258
525

bai
MS

529
♦Afl

— — . o3lJs

MUl, 1ST£L ÿjtlf Ju
1 650OC 228 UKtmuo —

—H Main dan These cubes bare loads of

: Mf
-* jj ... * ““ | * - JJJJJ 014 0g

Station 6»5t
216000 fca..u,,rhûut rupture.

• .
ISA
is-a

2
2
1

â
•

bent 5. y y.ar ai 1 20000 1481 023
SS

Main dom

-j
P et ■= * », * —

3-1*9.a. 8 .021 [asiash
iüi^aiû

22UoIcæ 5toH.tr> CrOC
lr

Mi 1"* a 3 ■to a fc
s •ft-A 2 ri s-ta a* rf.a* Bi 13000a I605| 1A6ÛOÛ CZ9Û| 55 360 |2ûi27 Main daro Cubes 16-B and 16-G bore loads

—a---- & 6B X 2 f *- and
> awMAka «3-01 iuK « 9,aj uoknoiax----- •015 — MO ___ at____

A|Ajm r=oo
cf218-000 lbft-,n>ittHMjt eierHh af 
craelring * ”

-a-O
f

AM S4I ~
- •O? !

w

«
L 2 4 «

t U h!'. BLM “Hf*
a' rfi-ai 8i 
e. 9-9 a

I125000
ifloooa

«fl
1975

LAÛOOC 028 
1 BÜOOO 2222

2;24
.039

41IO
SS

£E

37 (s2i7
Nov. S3 re2 il Sf r 3 81• 11 soon •DÛS

'ff 5 A fA Sept. B 26 days — y a"-9" ai 11*000 1419 1 2 500C 1543 030 -Od2 16.x 25 «an dam
; iftB 2 rtav. a 61 IO 1*2=1 i SI t»91 ni9IA0000 1709 1700002075 .092 23.64

-a. 15 ï IA2 SQL L2 BJ 302 u*y r, ue»T -L tiA
k FUb 8 !5wedq25| 61 OA 141.2b,3759 -9 8 14ÛQQQ 1726 1 90ÛÛÛ 2345 OL4

3L0
MOlalrflO

* a | hW Br s
.

tto r> de Qo*-
! ila *-

3 Sept. 14
143'--

a- EC.ar 8
9'2 8*9.9 BO

_30000 
• 95000

1111
1186

l OSOOC 1296
Lasooaliseo

022
018

073
.110

l0*r 17
22 7tj Wbael pli ----- ' ----------

L
îiî

^Kâ'a-a' m L62XOOÜ6&8 ■ûj2aoe;-
18 S

i Ud*m 1 ! ^ckWr «■ sfs- s 65000 1049 oos .133
5®

Main dam
- .. 1 2 4 end id 60-00 13B>5 ù, a . ai a 3140000 

9 158000
1709

L1832
1650002014 
10? tortZMi

0l6jO29
■oiaio5

Stations
i 2j4 Bi, Fob. 14 ,aAiiv3 ai 1=00 toi»50T—|—1— Î m.tA ad 5(30
1 No rT* * •Hits te —a— 21-a

Z

A- Tw»a4 MOV. J7 61-02 MÛ Cr i «r.st ^8216000 259C 21 50002596 .033..O7S 36(46 itohonskSONS - ---------- -
s# — — üvn— — -—

•

K
V<kbilrr| 53-OS

iati
Etzii.i Aa 80000 019 CoC

64^-72
Il Main dam

i?r
!ü3-

* iw
*n*"i 22B

K
Jj

||e0d S Nov. 26 
Feb. 19

euMkatoi
01-00 KIMG*lSP‘3^8ûj100000 1246

1262
.015 .086

otf

41 H
Stâhens

i5 .09 legQtngeOO|
743Q Ml 7 *

x
zTr •

-
72 B

1 laU
1 2 ,A

;°
‘-ml

7^

3
Sept. 23 
NOV. 22 
Feb. IB

^ueeka 62=01
62-04
fcS-OQ145-i-

3t< 9'- 9' 6
tarai! m 91C.500C

12654
tùtâ UnhfKnuoi —

.023 095
4m
=os

ï8 Main dam

4*SOtOS=QC

rheae cubes bore, loads of 
218X100 lbs. uiitbetit rupture-----

£ f.
— TiaU = Wfcbun, Oct. 2 ?g rial IS, 6009 3.^9*. 3* a C185000 1914 .055 Zubee M B end 34C bore tell

; ■r - - ■ -»- N—« MB 1 £ 5
22

ond r
NOV. 27 
=teb. 20

5^3 5304, isa^
OA2Ô

aizjrfptâiac
iûiàz^Bi

U2IOOOO 
1218000

2(22
Çjriu2

an
as

m3
.-026

m _ Stations 
2=30to3*5C

oj218000 Ibs leilheul raplura

. a 

: ;

1 580 671 700 T Ï?
•
e 25 A<

25 C
jj2 4

â
25

•w*

3

à

act. fi 
Doa. 1 
Kteh. 25

28 days
i2 weeks 
3liucaln2i£

61 -12 
62-14

lAg^n
K2.ll

*155000 
9? J .500C

1314
262-

17SOOQ2I6C 021(058
023,-037

Si Main dam 
Stations Cubes 25 B arxi 250 borek*h9*Nj 3 a9LI fil

i Tt
AH

S
KMI laéèM 6Au 26A 2.4 a <x*burr) a QcL-Jd *0 days 6114 KE.7todflCdt*( Li 1X5000 1436 .35000 ABS 014,067 Main dam

— i ■ • ■ ■
T end 060. A 

Fob. 26
ZNMklldV 61-01 

61-1L,
1423 > 
14628,

9tda»srl8 L* L 05000 i23fc l9S00dMO7 -Stations-. 
3=50 ta A«üCA

jïa'.ilk 2218000
- -2Z

3
a

?
507

uT
(MM Mendeyi 54 QeL-25

28 days1
fa3-03 1420 !b7(J*74afeûe-80000

. a MÉ* 9i *- 2 a *- 235 DOG. 20
««3»

60-13.J44 : . ÿnlÂÈ 28lOOOOC 1253 Sa SS
WbaaTPitT -------------------- —---------------

Sapfcg
DU 9 s a

?
5fi7 r

•r*>he«>
lock

26 a 
k-8»
23 C

i 2
2
Z.

s
6
5

H

.u

Z®
td

NOV.Z 
Feb. 26
iMar-24

SB

ESi

62-02 
62-01 
6 flfl

Kl.l
■Sd7

Él?
4 30000 
l170000 
L îflgaoq

::99
21X1
8EM

.OKfOffi
021 046

I6U5 
55 G* 
52LU

Wkwlpil ......  - - - -

» K> 521 r^y
nd«r

29A
M 1

2
2
:

-a~^
«6 Mcv. 7 £81IUI 31-14 fi 90000 1O67 95000(1148 .034 .110 19 .36 Miradeit.i]

. .
r1 — "z2r ^ m aoioeeks eood 165000 17»C 1 «S.Q-0-°c? .026.090 SM,I» -------- - --------- ----------------

• n] •*-;“ m
uHm

Seles
29C
50 z>
SOB
SO£

; 2
2

*: * a^iiy id NOV. uj

Feb. 77
61-07 
6b00

H 3*.|a'a3‘j SI oakcA
O1Q|û30

SJH Svb*35chifâTâ»î^r7!
Ziapoob», for 02 hoars 
without failure.. Stueeks 

24 iK.1^ Ii«

G!p
»l!«iW

__
“ "

• „Ü_ ■ 1_L __ -e 9. -5 î — LJ_J. * Z- * ubU- —---------------



x

*

k I&iis

■■■■■■■I



1? *18 S * % *e v, % Va -s -a

18

4


