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In selecting this subject for our theasis we had in
mind the possible results which could be obtained dy perfor-
ming various experiments along some definite outlines as su-
ggested and deseorided in practically all textbooks dealing with
concrete. Every textbook on the market, dealing with this sub-
Jeot, emphasises the importance of a thorough atudy of the
aggregates and their proper proportions. However, when we lookad
for comparative results, or what had been done in this line,
we oould not find any written matter along this particular
subject. The theory haa been well discust dbut practical results
as Jet have not been published.

For references we used various textbooks, the most
noteworthy ones being: "Treatise on Masonry Construotion" by
Baker, "Conorete Plain and Reinforced" by Tailor and Thompson,
Report of Committee on Specifications and Methods of Tests for
Conorete Materials”,"American Civil Engineer's Poocketbook™,and
Trautwine's Civil Zngineer's Pocketdbook™.



The objeot of our thesis is to determine the strength
of oonorete of a given mixture by differemt proportions of aggre-
gate. Conerete under diseusion is plain and not reinforced, for
reinforoced ooncrete an over oemented mixture is some times neces-
sary, partioularly in column eonstruotion.

The experiments in our thesis are based upon the theory
that the atrength of conorete depends entirely on the adhesion of
the cement to the sand and stone. 3ince conorete is always desi-
gned for oompression only, the tensile atrength was not taken
into oonsideration and no tests were made for the tensile stremgth.

The two theories whioch govern the proper proportioning
of oonorete are:

(I) Por the same oement and the same sand the strength inoreases
with the amount of cement in a unit of volume of the mortar.

(28) Por the same proportion of cement, in a given volume of mortar
the strongest mortar is that which has the greatest denaity, 1. e.
contains the largest proportion of solid matter. In other words
the 1deal or theoretically perfect conorete ia that in which the
beat aggregates are proportioned and graded in sise 8o as to re-
duce the per centage 0f voids to a minimum, and giving the greatest
density.

The truth of the first law is odbvious,because a clear
cement mixture is stronger than a cement mixture with some matrix.
The second law,however, is not so easily analyzed. The first con-
dition sntering in deals mainly with the percentages of voids. If
only one or two different grades of aggregates are used the process
of determining the percentageas of voids of each material is very



simple, but it i3 more aifficult where a large mumber of different
aises of aggregates are used, Yet,it is not so diffiocult in prac-
tical work but that it oan bs used, when one i3 familiar with
making aocourate measurements and figuring percentages. Perhaps
the best and ecasieat method of determining the percentages of voids
is by direot measurements. There are a largs mumber of methods
used in different countries and all of them have their faults.

Some of them are tedious and not well adapted for ordinary praoc-
tical work.

Another condition that enters in the second theory is
the density of the stone. If the aggregate variea in phgsical
conditions, suoh a8 apecific gravity, the method of determining
the peroentages of voids, or maximum density, decomes mors oompli-
cated, partioularly where the density ias obtained by specifio
gravity.

Again a third condition to be oconsidered is the size
of the specimen. In small specimens a slight diviation might
lead to erroneous conolusions.

The most valuable use of the method of proportioning
by mechaniocal analysis is in ocases where the character of the
work warrants employing several grades, that is aseveral sizes
of stone anf sand. 3uch mixtures are being increasingly employed
as engineers and contractors more fully aporeciate the necessity
of 80 economically proportioning the materials as to produce a
mixture of the greatest possible density, that i3 with the fewest
possible voids, thersedby reducing the quantity of cement and at
the same time improving the quality of the conorete, in other
words, making both a better and cheaper concrete. |






A second objeot in view was the variation in the strength
of the oonorete by the use of different sands. Good sand oannot
be easily defined, or an inflexihle specification written, as
sands of various proportions and propertiss belonging to it may
make equally good conorete. The usual spscifications for sand
are:"The sand shall bde sharp, clean and coarse”. For the use in
our testa the sand was screcned thru two different soresns. The
largest soreen was one of 1/20 inch mesh and all the sand passing
this gsoreen and remaining on a 1/30 inoh soreen was used thruout
one teat. The sand passing the 1/30 inch scrsen was used for a
oomparative teat.

In order that we might obaerve the difference in the
atrength of the cement and if possible compare resulta of aimi-
lar tests we decided to use two different kinda of cement. For
this purpose we selected a iiichigan Rock Cement, manufactured
by the ¥olverine Cement Co. for one series of tests and the Uni-
versal Portland Cement, manufacturad by the Universal Portland
Cement Co, This latter cement was chosen hecause it 1s of known
reputation and 13 a slag cemont, made by mixing and grinding
blast furnace slag and hydrated lime.



Method of prooedure:

In order that we should obtain results that correspond
to some standard specifications we adopted the rules laid down
by the Ameriocan Conorete Institute. Theae rules will be briefly
stated below:

(1)} The best shape of a test piece 1s a cylinder.
(2) Cubes, oylinders, or prisms not shorter in length than
their least diameter, oan be used for comparative tests.
(3] The smallest dimension of the teat piece should be at
leaat four times the size of the largest partiocle of atone.
(4) Tests of similar conorete made with different percentages
of water confirm that an fnorease in the gquantity of
water in mixing reduces the atrength of the concrete to
a marked degree, particularly in the early atages.

The aggregate used was obtained from local gravel-banks.
Gravel as found iy this vioinity i1s from a terminal moraine,and
consists of eandstou.trap.1imoatono.gnnito,and some quartz. The
latter being chiaefly present in the sand. This aggregate was then
soreened thru different siszed screens, the largest screen having
a one inoh mesh. The other sizes of soress were as follows:

3/4 inch, 1/2 inch, 1/4 inoh, 1/6 inch, 1/8 inch, 1/20 inch, ana
1/30 inoch mesh.

The sand and gravel was perfectly dry and no moisture
present. This was determined by weighing out 200 gramms of the
sand and heating this amount over a gas burmer for an hour. Fo
difference in the weight was noticed.

The next step was to determine the percent of impurities
in the sand. This was done by measuring out 200 grams of the sand
in a graduated tube and then adding water to it.



By succesive washings the silt, olqy; and other impu-
rities were removed. These were then poured in another graduated
tube and allowed to stand for an hour. When they had settled to
the bottom the nuxber of o.é. were read. The number of c.c. thus
obtained divided by 200 gave us the per cent of impurities. A
congiderable amount of impurities were found in the number 30
sand, This, however waa as expeoted, because it oontained a lot
of fine material. 3and Ho. 30 showed 8.5 per cent of impurities
while sand No. 20 showed but 1 percent of impurities.

| When everything was ready for the actual mixing of the
conorete different methods for obtaining the percentages 0% voids
were considered. After some atudying of all the methods outlined

" 4n various books and treatises we decided to use the method usually

known as the determination of voids by measurements. Thias method
i8 not as acocurate as some others, but where the materials are
carefully mixed and graded, and conaist of a large number of aif-
foerent sizes of aggregate, the orror is quite small. The chief
inacouracy of this method of basing the proportions of the fine
materials of a conerete mixture upon water contents of the voids
in the larger, 13 due to the difference in the compactneas of the
material under varied methods of hamdling. Another factor enter-
ing in ia the fact that the actual volume of voids in a coarse
material may not, and usually ddes not correspond to the quantity
of sand required to fill the voids. The reason for this is :

the grains of gand thrust apart the particles of stone, and because
with most aggregates a portion of the particles of sand or fine
screeninga are to coarse to enter the voids of the coarsest mater-

ials. Keeping in mind that an exess of sand always increases the



voida in the concrete, we decided to use a proportion of 1:2: 7,
This was decided upon after several mixtures of different combi-
nations were tried without the cement and a suitable percentage

of voids obtained. Later, cement in the above stated proportion
was sdded and the percentage of voids correctly determined.

The method as followed in our experiments will be briefly
described. We took an average sample of the mixture of 200 c.o.
and put it in a graduated tube. In another gradunted tabe 200
c.0. 0f water were poured and into this the 200c.c. of the mix-
ture added. Care wa3z taken to allow all the air to edcape. After
the mixture stood long enough, 30 a3 to settle, the numher of
0.0. 0f sottled matter were read and also the final volume. The
difference between the firat two quantities put together i.e.

400 oc.c. ahd the final, divided by 200 gave ua the percentage of
voida. This method is short and asimple and we used it becausse
we were limited in time.

The next step was the mixing. The proportions of the
various sizes of the aggroegate were taken at random, measured out,
and emptied in & large tin pan. The same was done with the sand
and cement but put in a separate pan. Here the two materials
were mixed by hand until the mixture showed a uniform color through-
out. The coarse material was then mixed and added to the fine
and both mixed dry by shoveling the whole over not less than three
times. Water was then added till a normal consistency was obtained
a8 suggested by the American Concrete Institute.
| The concrete was then placed in the forms in layers of

. n tamper.
about two inches deep and carefully tamped with a woode -

Another layer of the same thiokness was then placed on top of






this and sgain tamped. This was then continued till the form
was full. It waa then leveled off with atrowel and covered
with damp cloths and allowed to remain there for 24 hours. The
forma were thon removed and the blocks atored in a large tank
filled with water. The water in the tank had a temperaturs
from 67 to 70 degrees Farenheit. We made aight aamples, sach
of eight different mixtures of aggregates. In the firat set of
asmples sand No,30 waa used. In the sacond set we used sand No.
20. In the third set 2nd also in the fourth sand No. 30 and No.
20 was used respeotively, but a different cement was substituted.
Due to the short period of time in which we had to per-
form the testing we dscided to break the ocubes at regular inter-
vals. These intervals wero as follows: 4-7-10-14-17-71-24 and 28
days.
The testing was done in a Amsler Hydraulic Testing
Maohine., This machine i3 well suited for thia kind of work. The
preasure can be applied very slowly and uniformly. The machine
has a ocapacity of 150,000} and is operated by hand. The specimens
were allowed to remain in the water till they were reedy for the
testing. When the time was up and the apecimen ready for testing
it was taken out of the water and placed in the machine. Here |
it was imbeded in several layers of ocushioned paper on ths top
and bottom. When it was carefully centered the pressure was
applied and the sample tested to complete faflure. The maximum
pressure obtained was then recorded. It was also noted that
when the total preasurs went up to about 18,000 # all the sand-
atone failed.



Diffioultiesd encounterad.

One difficulty that oconfronted us was the matter of
normal consistsnocy. 3Because of the difforence in the effect of
different sands upon the consistency, it was imposaible to speci-
fy & definite percentage of water. For this rsason we followed
the suggeations of the American Concrets Inatitute. They reco-
mend that in £illing a conicel form with concrete, immediatly
inverting this, and by ropeated trisls a conaistoncy can de found
such that the amount of water willscause the cone juat to bagin
t0 3lump whan the form ia ramoved. A d4ry mixturs is of course
unsatisfactory while it 13 .alm03t 111poasidbls to desoribe a wet mix
that will give uniform resulta, The advantage of thia method 1lies
in the faot that the original amount of moisturs in the sand and
aggregate does not effect the final normal conaiatsnoy.

Another difficulty that we had to snocounter was the
matter of forms. ‘e expooted to use oylindriocal forms but it
was found to be inconvenient to make them for our short tests.

In order not to conflict with the other requirenents of tests

by the American Conorete Institute we had to use cuhes at lemat
five inches in dlameter., There were no forms of that s8izs in
the laboratory so we oonstruocted wooden forms of that size,
each holding eight ocubes, These forms were dbuilt out of one inch
dressed lumber and held tOgefher by olampa and wedgoe3d. These
forma wers thoroughly oiled with a heavy 011 basfore deing used.

But perhaps tho higgsest odds we had to fight waa tho
ghort period of time. Dus to this frot our reaults are prohahly
low and do not repressnt an average ocondition. Undoubtadly tests
ext ending over a longer period of time would ho more reuabl_e.



Conclusions,

The results a3 obtained show that the proper proporti-
oning of the aggragate, of any concrete, influence greatly the
strength of the conorete. Incidentaslly this is the same thing
as saying that by proper proportioning of aggregates the voids
are reduced to a minimum, and hence the firat law, as stated in
the begining, should be satisfisd. Again the second law was
verified in as far as will ds seen from the curves. An analyasis
of the curves will show that the ideal mixture is the only one

that will asatis fy all the conditions which have been conasidered.
“ Further observations will show that the sand has a
considerable influence on the strength of the conarete. In nearly
all of the cases, where the concrete was made of the fine sand,
8 greater strength was obtained than where the ocoarse sand was
used. The latter oomplied theoretically to all requirsments,
but 414 not show s3 g00d final results as the other concrete,
although the fine sand contained 8.5 per cent impuritiea. This
particular sudbject has received considerable attention of late
by many engineers and &t 13 hoped that results and data will be
available for comparative tests.

It 18 altogether a reasonable proposition to state
that these proportions, made of selected ingredients, nroduce a
conorete which 13 actually stronger than 1f thqy are s3elected at
random.

A method of proper proportioning of aggregates, as
opposed to the usual praoctice of specifying arbitrary proportions
regardleas of the oharactar of the available ingredients, or of
the work to be done, has the advantage of offering an incentive



to good workmanship. While the ingredients may in some ocases
prove more expensive, the resulting oconcrete actually costs less
per ocudbic yard. With oxpensiie aggregatea the engineer will
take leas chances of waste, and therefore exert more care in
mixing and placing. Arbitrary specifications, which aimply atate
good sand and stone 3hall be used together with Fortland Cement,
meeting certain teats, mixed in proportions 1-2-4, or 1-2-6, as
the case may be, may mean a very rich mixture, or again result

in a very lean concrete.

The large number of oconditions, such as normal consais-

t ency, workmanship, care in placing, ocare after the conorete is
placed, temperature at the time of mixing and at the time of
setting, eto. all effecting the final strength of the oconcrete,
oannot be neglected. But if they are kept constant it is a reason-
able proposition that the final strength of the concrete can be
figured within a small margin, provided the character of the ingre-
diqnta'are known and the proportion of such aggregatea definitly
stated which will give a maximum donaity.‘

The thought of maximum density should be kept oconstantly
in mind and the ides of arbitrary proportions eliminated, for the
character of the aggregates will entirely govern the proportions
which will give the strongest concrete.



First Mixture.

11

Porocentage of voids = 19.0

2 parts of 1 inch gravel

1 » n 3o "

1 n " 4} " »

1 n " _} L ”

1 e v

1 " ~1s" "

g " Ho. 20 sand

1 " " Wolverine Cement.

Crushing Strength at different ages.

4 days 22600# or 905f/sq.

7" 29500
1o » 31600
B V- B 28800
7 " 28700
g1 " 28500
24" 30000

2g " 36400

”

"

"

1180
1262
1156
1148
1138
1200
1454

"

"

"

"

"

"

"

inch.
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Second Mixture.
Percontage of voids = 18.5
2 parts of 1 inch gravel

g m I "
1 » 1] %: n "
1 " n i, n "
i~ "1k
1 " n1/8 " "
2 " " No, 30 sand
1" " Wolverine Cament-

Crushing 3trength at different ages.
4 days 20200f# or 808#/sq. inch.

7 " 2830 " 131 " "

10 " 32500 " 1300 " "

14 " 38600 " 1542 " "
17 " 40700 " 1624 " "
2l " 38100 " 1523 " "

8 ™ 37000 " 1.478 " "
288 " 39200 " 1670 " "
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Third Mixture.
Percantage of volds = 12.5
part of 1 inch gravel
w2 "
L "

"w " -y " "
3

1

1

2

1

' 7L I
S 1/b7“ "
2 " " no.éo sand
1

" " ¥olverine Cement.

Crushing 3trength at different ages.
4 Bays 11800# 'or.473#/sq. 1meh.

7 » 18200 " 7s8 " "

10 " 19600 ™ 1785 " "

14 ® 22800 ™ 912 " "

17 ™ 18700 " 754 " "

g1 25600 ™ 1024 "

24 " 22400 ™ 896 " "

28 " 25400 " 1015 " #
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Fourth Mixture.
Percentage of voids = 26.0
2 parts of & inoh gravel

g " n * n "

2 " v "

1~ *1fe™ "

e " * sand No. 30.

1" " Wolverine Cemont.

Crushing 3trength at different ages.
4 Qdays 6600 # or 264 #/sq. imoh.

T " 9000 "* 360 " "

o0 " 10400 " 416 " "

14 " 12500 * 600 " "

17 " 11800 " 472 " "

g1 " 14000 " 560 " "

24 " 14400 " 576 " "

28 " 1490 " £96 " "
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Fifth Mixture.
Peroentage of voids = 17.5
4 parts of 1 inch gravel.

1 " n o3 "
1 L] " % " "
1 " *1/8 " "
g * " sand Fo. 30
1 " " Wolverime Cement.

Crushing 3trength at different ages.
4 days 15900# or 636 #/s;. imoh.

7T " 23800 " 95 " "
lo " 30400 " 1217 * e
14 * 283600 " 940 " "
17 " 28000 " 1180 " »
21 ™ 36000 "™ 1438 * "

24 " 43600 " 1702 " "
28 " 39700 " 1538 " "
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Sixth Mixture.
Percentugo of voids = 21.0

4 perts of # inch gravel

1 " LS "

1~ "~if6" v

1 ~1/8 * "

g " " eand No,30

1" " Wolverine Cement.

Crushing 3trength at different ages.
4 dsys 14900} or 596;/sq. inch.
7 " 20600 ™ 832 " "

lo " z?’ 600 " 90 5 " "
14 ™ 27600 " 1llog " "
7 " 22000 " 916 " "

21 " 28100 ™ 1124 ™ "
284 " 26200 ™ 1046 " "
88 " 29200 " 1168 ™ "
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Seventh Mixture.

Perocentage of voids = 23.5

4 Parts of I inch gravoel.
1 v n 3 n "
SRV R

1 o t1fe" v

2 " * sand Ro, 30

1 " " Wolverine Cement.

Crushing Strength at different ages.
4 Days 15100# or 604 #/sq. imch
7 " 230" 8lz ° "

10 " 24400 " 976 " "

14 " 24100 " 9656 " "

17 ° 86600 * 1062 " "

21 " 84600 " 984 " "

24 " 27000 " 1080 " "

88 " 32000 " 1280 " "






Mghth Mixturs,

Parcentago of voids = 16.5

4 parts of 1 inch gravel,

1 " "y "

r nyoom n

o v e

I V. L.

2 " " X0, 30 sand

) " 7olverins Cement,

Crushing Strength at differunt ages.
4 daye 27000# or 1080 #/sq. imoh

7 " 28000 ™ 11g0 * "
lIo" 31200 " 1280 " "
14" 38600 " 1545 " "
17 » 38200 " 1525 " .
21" 38700 " 1548 " "
24 " 85800 " 1432 " "

28 " 4700 " 1710 " "



Einth Mixture.

19

o & 0. § 3 thae 3ums To.
Wxture ¥o. 9 13 ¢ ms a3 mixturs No.l1l except

in place of sand Jo. 0 w: used Jurd Ho. 20,

Crushimg strecngth at aifferent uges.

4 days 21000;] or 840!/s;. inch.

n "
10 "
13"
17"
a1"
24"
28 "

21700
22100
£2900
308C0
32200
36400
34000

"

Tenth M xture.
mxtnrﬁ NO.

867
883
916
1230
1257
1415
13560

”

1"
"
"
L]
"
"

e

10 13 the same as mixture BHo.2 axcept

in place of sand No. %0 we u3sed sand No. 20.
Crushing 3trength at different agss.
or 448}/s3. inch

4 days 11400%

7 "
10 "
14 "
17 "
21"
24 "
28"

17400
168800
175800
£0600
21600
158000
25600

"

"

n

"

n

"

"

669
752
712
824
865
720
oge

n

"

1"

”"

”

"

"

"

”

"



Blaventh idxturs,

in place
Crushing
4 daya

7

10
14
17
21
24
28

"

M xtur

3

of sand

Strength at differant ages.

11100£
14200
15100
22200
20500
22000
£5400
51600

Twelfth Mixture.

place of sand No. 30 we used samd 5o. 20.
Crushing 3trength at different ages.

4

7

10
14
17
21
24
28

0. 11 is the ssmeo as mixture No. 3 except

r
&

or

440#/3q. inoh.

"

¥

"

"

”

0. 30 we used sandi No.

"

"

"

20.

Mixture No.1l2 i3 the same as mixture No. 4 except in

days 69007

n

"

"

8000
12000
14500
16500
18600
20300
20700

or 2767 /8q. inch.

L]

320
480
580
620
744
812
828

"

"

"

"

L

”"

"

"

"

"

"
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Thirteenth kixture.
Mixture Fo. 18 i3 the sume a8 mixture No. 5 except
in place of sand né. 30 we used sand Ho. 20.
Crushing 3trength at di1ffareat ages.
4 days 12600 # or 5047/sq. inch.

7 * 15400 " 616 " "
lo" 17500 " 700 " "
14" 20800 " 831 " "
17 » 2000 " 808 " "
21 19400 " 75 " "
24 » 25400 " 1016 " *
28 ™ 27300 " 1090 " "

Fourteenth idxture.
Aixture llo. 14 13 ths 3amc as mixture 0.6 except in
place of sand No, 30 wo uded sand Jo. 20.
Crushing Strength st different ages.
4 days 8700} or 348#/sq. inch.
?7 " 13300 532 " "
o0 " 15000 " 600 " "
14 ¢ 14100 " 564 " "
7 " 17%00 " 692 " "
21 " 19600 " 784 "
24 " g4700 " 988 " "
28 " 26400 " 1ol " "



Fifteenth ilxture,
Kixture Eo, 15 i3 the same a3 mixture Lo. 7 excapt
in placa of 3and Ko. 30 we uszed sand Xo. 20.
Crushing 3tromgth at different agas.
4 days 105007 or 4207/s;. inch.

7 " 11600 " 464 " "
0 " 17200 " 688 " "
u " 156500 " 620 " "
7 " 21000 " 840 " "
21" 21100 " 844 " "
24 " 22800 " 91z " "
26 " 22600 " 908 " "

3ixteanth dxture.
adxture Zo. 16 13 tha same a3 mixturs Ho.8 excspt
ir plasce of sand ko 30 ws usa:d sand lo. 20,
Crushing strsngth at diffaorent ages,
4 days 106003 or 424 }/s~. inch.

7 " 17400 " 6S6 " "
o " 17400 " €96 ¢ "
1" 18600 " 742 " *
7" 21300 " 852 " "
21" 17300 " 691 " "
g4 " 21800 " 872 " "

e8 " 21000 " 840 " "
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Javarteenth dxtare.

Jdxtur: Jo, 17 413 th: 32my as mixture No. 1 except
in placs of Wolverirn: Czucnt we ussd Universal Cement.
Crushing Jstrenghh at differont ages.

4 days 7400 f or 296 #/s3. inch.

7 " 9500 " 380 " "
10 " 9007 " 360 " "
14 " 11800 " 472 " "
17 " 14000 " 560 " "

21" 12700 % 548 "
24 " 14900 " 596 " "
28 " 16000 " 640 " "

Eighteenth ilixturs.

Mixture No. 18 is the same as mixture No.2 except in
place of ¥Volverine Canent we used Universal Cement.
Crushing Strength at differsnt ages.

4 days 8000% or 320§/sg. inch.
7" 10200 " 408 " "
10 " 12800 " 512 " "
14 " 14000 " 560 " ®
17" 15000 " 600 " "
21" 16800 " 672 " "
24" 17500 ™ 700 " "
28 " 19000 " 760 " "



Dineteanth Jliztare.
Jizturs To. 13 13 the sunms &3 mixture Jo.3 except in
placs of Wolvorine Camaut we used Universsl Cement.
Crushing Strength at aiffoerent ages.
4 days 75007 or 00 £/33. inch.

7 " 3600 " 384 " "
i " 11850 " 476 " »
ig " 13800 " &40 " "
7 v 12260 " 528 "
21 " 15400 " 616 " "
24 " lgsoo " 872 " "
28 " lsoon " 720 " °

Twentieth liixtura.
idxture Lo, £0 13 the same a3 mixture No.4 except 1in
place of “olverine Cament we used Universal Cement.
Crushing Strsngth at diffeorent ages.
4 days 5000f or 200 #/sq. inmch.

7 " 6500 " 270 " "
0 " 7700 " %08 " "
14 " 0800 " 432 " "
7 " 11400 " 456 " "
21 " 10000 " 400 " "
24" 12000 " 488 " "

28 " 12000 " 520 "o
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Twonty-firnt :ixturs.

Mixturs T9. 21 i3 the oswm2 ga mixture Jo.5 exoept
placa of " olvarine Csmant wo usod Universal Cement.
Crusning strangth at difforoent ages,

4 days...110007 or 440 !/33. inch.

7 14600 " 5gd4 " "
10 " 13200 " 527 "
14 " 15800 " 672 " "
7 v 18200 " 727 " "
21 " 18200 " 727 ¢ "
24 12000 " 70 " "
28 z0%00 " slz " "

Twenty-sccond (ixturs.

Mixture Fo.22 13 the sams a3 mixture Ko.6exoept in
place of "olvarine Camsnt wa used Universal Cement.
Crushing Strength =t different sgos.

4 days 4000f or 150 !/sq. inoh.

7 " 5600 " =232 " "
10 6800 " 272 " "
14 9000 " 360 " "
17 ° 11000 " 440 " "
21 13000 " 520 " "
24 " 14000 " 560 " "

2g 15900 " 632 " "

in



fwenty-tnird .dxtura,

o

(2]

cdxturs: L0e 23

2 tny 3anmo 843 mixturs 0,7 except in

placu of V0lvurin, Carznt we usod Unlverssl Cenznt,.

Crushing Strongth at difforsnt apas.

4

7

10
14
17
21
24
28

Twenty- fourth

days b500/

"

"

”

7700

7700
11000
116C0
12000
13100
14000

or 220 {/uy. inch.

"

308
208
440
472
480
524
560

Adlztura,

"

A\l

”

"

Mixture 0.

"

24 43 thae

3ans3 a3 mixture Jin, 8 excopt

in plac2 of Nolvsrines Comant we used Univarael Cenent.

Zrashing itrangth at differsent zeooed,

4 days

7
10
14

"

"

"

8200
15000
16900
12600
17420
18800
19200
20600

or 723 -/s1. inch.

"

"

"

"

4]

”

600
626
504
696
752
772

9]
9
3

"

"

"

"

"

"



Twenty-fifth wixturs.

| in plsce
Crushing

4

7

10
14
17
2l
24
28

days

”

"

"

ddxture b50. 25 i3 the suwne as mixture L[o.9 except

of %olverins Cemsent we used Univaersal Cement.

3trength at different ages.

4250} or 170 /8. inch.

sample 1lost.

65004 or

9G00
10750
11750
16000
170c0

1

"

"

”

"

260 #/sq. inch.
60 " "

420 " "
a70 "
640 " N
650 " "

Twenty-3ixth .dxture.

Mxture 50,206 138 ths 3ame as

irn place of "olveriue Cemexnt ws usad

Crushimg >trength at different ageas.

4 days

7

10
14
17
21
24
28

"

"

1

M

56004 or

6850

"

"

4}

"

200 f/53. 1nch,

=74 " »
261 " "
30 " "
208 " "
350 "
410 "
500 "

mixture #0.10 except

Universal Cement.
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Twenty-sevanth Xixtura.

Mixturs EKo. £7 13 thi sam3 a3 nixture Xo. 11 excapt
in placs of %0olverins Cement we used lUniversal Cement.
Crusing 3trength at different sges.

4 deya 4750% or 190 f/sq. inch.

L 6250 " 250 " "
10 " 9000 " 360 " "
14" 8500 " 240 "
17 " 10500 " 420 " "
21" 12700 " 510 " "
24 " 15200 " €10 " "

28 " 19200 " 770 " "

Twenty-eighth lixture.

Mdxture J0. 28 13 tha 3amz a3 mixture lo.l2 axcept
in placo of %olveriny Cament wo used Universal Cament.
Crushing 3trength at difforent ages.

4 days...5750; or 230 i/s3. inmch.

7 7500 " 200 " "
10 " 9500 " 360 "
14 " 11500 " 460 " "
17 " 12500 " 500 " "
21 " 15000 " 600 " "
24 16000 " 640 "

28 " 17300 " 690 " "



Ixenty-ninth idxyure.

Aixtur: Lo. 29 i3 the sume a3 mixturs Lo. 13 except
in placs of "olverinas Cament wse usad Universal Cement.
Crushing 3trergth at different agas.

4 days 9000f or 360 !/3>. inch.
7 " 10800 " 420 " "
lo " 12800 " 510 " "

14 " 2200 " 520 " "
7 " 14502 " 680 " "
21" sarple missing

24 v 17000} or 680 " "
eg8 " 16700 " 670 " "

Thirtieth idxture.

Mixture Eo. 30 15 tho same a3 mixturc Fo.l4 except in
placz of "olverins Jemant we usad Universal Cament.
Crushing Cirength at different agea.

4 days 4500} or 180 ;/sg. inch.

7" 6000 " 240 "
0 " e0CcO0 " 360 " "
14 " 8ooo ™ 320 " "
7" gono " 320 " "
21 » 7700 " 310 ¢ "
24 " 9500 " 380 " "

2g 10500 " 420 " "



Thirty-firast Mixture.
Mixturs Bo. 31 is the same as mixturs No.l5 except in
place of Wolverine Cament wo used Universal Cement.
Crushing 3trength at differant agss.
4 days 2800f# or 110 #/sq. inch.

T " 4300 " 170 " "
lo " 5000 " 200 " "
14 * 7200 " 290 " "
17 * 7600 " 3o " "
21" 10300 " 410 " "
24 " 11000 " 440 " "
28 " 12500 * 500 " "

Thirty- secomd iixturse.
Mixture No. 32 is the 3ame as mixturs Zo. 16 except in
placs of Wolverine Cement we ussi Universal Camcnt,
Crushirng Strength at different aged,
4 days 6000% or 240 7/s4. inch.

7 7200 " 200 " "
10 " 10000 " 400 " "
14 " 10300 " 410 " "
17 * 12500 " 500 " "
21" 1350 " 540 " "
24 " 15300 " 610 " "

28 14000 " 660 e
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