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INTRODUCTION.

The study of the permeability of oconcrete has
been gquite a common form of research work. The results
80 far have shown that concrete cannot hold water under
pressure. In this thesis a concrete that is theoretically
considered to be the densest ﬁoasibla has been used.
The densest conocrete is the strongest and should be the
most 1mperv;oua. Upon this hypothesis we are testing the
densest conorete possible for its property of holding
water under pressure and if it fails it can be assumed
that a concrete without the aid of a water-proofing

compound is not water-proof.

To get the densest concrete possible, the gravel
was tested by Sieve Analysis and with the help of Taylor
and Thompson's Ideal Curve, & proportion of sand, gravel,
and cement was determined that would give the densest
concrete. It was decided to test four different cements
and a composite cement 80 that average results ocould be

obtained.

The conorete was made into 6" diameter snda 2"
high discs and tested under heads of 10, 20, 30, 40, 50,
and 150 feet.

MATERIALS

Cement. The cements ﬁaod in these tests were
secured from local deslers in Lansing. Four Michigan
102681






cements were used ani a oomposite cement composed of equal
parts of the other four was made. Some 0f the sements used
were rook gements and some were marl oémrﬁ.s. Thi gements

used were denoted as follows:

A Burt Cement (rock)
B Peninsular Cement (rock)
C Michigan Cement | (marl)
D Volverine Cement (marl)
E Composite Cemsnt

Burt oement is a very dark almost black cememt
while Peninsuler cement also a rock cement is very light
colored. The two marl cements were about the same color

being & medium light slate gray.

Sand and gravel. The sand and gravel used in these
tests was secured from a pit in the northeastern part of the
city of Lansing and wes of a very good grade having a good
sharp sand mixed with well graded stone. Ko stone larger

than one half inch was used however.
TESTS OF MATERIALS.

l. Specific Gravity Test.

Sixty five grams of each cement was carefully
weighed and the volumes of these samples were determined
by placing them in bottles containing bemsol and notirg
the change in volume. From the weight and the volume






the speoific gravity of each cement was determined. These
tests were carried on all gt the same time and under the
same ogonditions 80 that a constant tempearature was maintained.

The following results were obtained:

CEMENT WEIGHT QF CEMENT VOL. CHANGE SPECIFIC GRAVITY

65 gnms. 20.76 c.0. 3.138
B 66 gms. 20.80 c.c. 3.126
c 65 gms. 20.88 oc.o. 3.112
D 65 gms. 20.90 c.o. 3.110
B 66 gms. 20.90 c.c. 3.110

The average of ocements A, B, C, and D is 3.120 and
this compares with the ocomposite Cement E. Standard
specifications require that the specific gravity be 3.10.

The results obtained above are sufficiently close to standard
and the cements are therefore up to standerd specifio

gravity.
2. Boiling Test for Soundness.

Neat cement pats useing 25% water was made of each
kind of cement. Two pats of this neat cement were made for
each oement on glass plates. These pats were placed in
moist air for 24 hours and then in & steam beth for & hours

following.

ijhen the pets were removed from the steam bath they
showed no signs of having raised at the edgee or of having

oracked on the surface. These tests showed the cements to







be sound.
3. Fineness Test.

Each ocement was tested for fineness by placing
exactly 60 gms. of the oement on s number 200 screen and
shaking for 10 minutee in an sutomatio shaker. The residue
remaining on the socreen was carefully weighed and fhe per-~
cent caloulated. The following resultes were obtained:

CEMENT WEIGHT OF RESIDUE % OF THE TOTAL WEIGHT

[

A 9.56 16.12
B 10.77 21.6
C 13.83 27.7
D 6.b66 13.1
B 9.61 ' 19.23

Standard specifications for the fineness of cement
require that not more than 22% by weight shall remein om the
Ko. 200 soreen. (See Hool and Johnson's Handbook page 833).
An allowable variation of 1.5% is permitted however but all
cements testing within this limit should be reported as 22%.
All the cemsnts tested met the standard specifications

except cement C and this was very much below itandard.

Cement C was heated at a temperature of 212 degrees
Fahrenheit for one hour and then retested. The results
after heating were no different. Cement C wees not rejected

however but the tests with it were continued.







4. Normal Consistency Test.

The Vicat test for normal consistency was used.
500 gms, of cement was taken in each case with s measured
quantity of water. The oemﬁt and water were mixed for one
half minute with a trowel smd then thoroly mixed and kneaded
by hand into a thick paste. .Tho mass was then passed 6 times
from hand to hand and then pressed into the large end of a
tapered hard }ubbor ring. The ring was placed on a glass
Plate gnd the top of the cement was smeothed off by a single
ocut with a trewel.

.The glass plate and the ring were placed under a
rod having a diameter of 1 om. and weighing 300 gms. The
penetration in 30 sec. was determined by a scale graduated
in millimeters. For normel consistency the penetration
should be 10 mm for 30 seoc. The results of the tests on
each cement are shown in Table I.

5. Tension end Compression Tests.

Standard briquettes 1 inch thiock and with a oross-
sectional area of one square inch at the center were made

for all tension tosts;

Neat Cement. Eight briquettes of neat cerent of
nermal consistency were made for each cement. Three were
tested at the end of 7 days, two were tested at the end
of 14 days and three were tested at the end of 28 days.
The forms containing the test pieces were placed in
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moist air for 24 hours and them the forms were remeved
and the briquettes were placed in water at a tenporat\;re

approximately 70 deg. Fahrenheit until tested.

The results obtained from the tests are tabulated
in Table III and comparative curves are show in Graph I.
All the results of these tests were compared with the
average results obtained by the Technologic Branch of the
United States Geological Survey at the Structural Materials
Laboratory at St. Louis, Mo. These results are shown on
graphs in Hool and Johnson's Concrete Engineers Handbook
rages 217 to 219. The results for neat cement in tension
obtained by the U. S. G. S. are as follows:

7 days 665 lbs per sq. in.
14 days 700 » " " "
28 days 780 " n " "

It will be noticed from the table that, for 7 days,
all cements used tested below these results exoept sement C.
Por 14 days the samples all tested abeve except cement B.
The 28 day test showed that the cements C & D and the
ocomposite cement E were well above the average while the
roock cements A & B were far below the average of the
cementa tested by the U. S. G. S. The general average of

these results is very good however.

Cement mortar 1:3. Eight briquettes of 1:3 cement
mortar were made and these tested on 7, 14 and 28 day

Periods as above with the neat cemeant. The results are



given in Table III and oomparative ocurves show in

Graph 1II. fThese briquettes were seasoned as the neat
ocenent bdriquettes above. The results of these tests were
sompared with the results obtained with 1:3 oement mortar

by the U. S. G. S. which are as follows:

7 days 265 1lbs per Bsq. in.
14 Adays 316 * " " "
28 days 426 " n " "

Cement D is the only cement that comes above these
results for 7 days, the rest fall below. For 14 days
ocement B falle aslightly beloew the U. S. average but the
rest are all well above the standard. The 28 day tests
show that the marl 6emnts C & D and the composite gemsnt E
are above the U.S.G.S. average while the roock cemsnts
A & B are below. These tests bear cut the results
obtained with the neat cement sbove and the general average
is very good.

Compression tests of 1:3 Cement mortar.

Two inch cubes were made of 1:3 cemsnt mortar amd
tested at the end of 28 days. Three cubes were made of
each ocement and the average results taken. The results
are tabulated in Table II. All the ocubes were placed in
moist air for 24 hours and them immersed in water for the
rest of the 28 day period until tested. The results of
these testes were compared with the U. 3. tests at St. Louis.




The cubes tested gave results that showed a unit
compressive stress of a little over 1000 lbs per &q. in.
while the U. S, samples tested over 4000 lbs per 8q. in.
at the emd of 28 days. e were unable to acoount for this
wide variation unless the cubes should have been embeded

in plaster of paris.
5ilt Test.

A 811t test was made of the fine aggregate. A
sample weighing 634.73 gms. was placed on & number 200
screen and a smell stream of water was allowed t6 run on
it while the scoreen was slowly tipped from side to side.
The residue was thoroly dried over a gas flame and then
reweighed. The resulting weight was 519.77 gms. The
difference in weight represented the weight ~f the silt
removed by the water. This was 14.96 gms. and was 2.88%
of the original weight.

The llechanical Analysis of the Aggregate.

In order to obsain the densest concorete possible
the sand and stone had to be carefully anslised. Omly
that aggregate which passed thru a 1/2 inch sereen was

used.

The soreens used in this amalysis were the 1/2",
1/4", 1/8" and numbers 10, 20, 30, 40, 650, 80, 100, 160,
snd 200. The samples were taken by quartering stook piles




and carefully weighing the entire sample. The soreeming
was done with @ mechanicel agitator. The residue wes
vweighed and these are the results tabulated in the
seoend column in Tebles IV, V and VI. By dividing the
results in the second column by the total weight ef the
sample the percent caught in each screen is obtained amd
these results are tabulated in columm three. The feurth
colunn is & summation of the preceeding percents which
shows that if that specific screen was used that percent
of the total would remain on the screen. The fifth column
gives the results of the fourth oolumn subtracted from
100 or is the amount that pnesas the soreen. The results
of each of these samples could have been plotted but they
would have been o0f no use in oonnection with the Ideal

Curve which was used as soriterion.

Po plot results the samples were divided into
coarse and fine aggregates. The coarse aggregate being
that whioh passed thru a 1/2" goreen end remeined on s
1/8" screen and the fine aggregate was that which passed
the 1/8" soreen. Considering the two aggregates separately,
curves were plotted from the average results worked out in
Table VII and are shown in Graph III.

The ideal curve was plotted from a set of rules
determined by %illiem B. Fuller and Sandford E. Thompson.
The principles by which the aggregates are proportioned
in order to approach the Ideal Curve were developed by
Messrs. Taylor and Thompson.






Experiments have siown that wuere only twu
aggregates are represented by oaurves that are to be
combined the bLest rosulis are obtained whan the combined
ourve intersects the Ideal Curve at the 40% line, at K.
AB is the sand or fine aggregate ocurve, CD is the stone
or coarse aggregate curve and AKD is the Ideal Curve.

Socaling the ordinates at K, LK was found to be
40% and LG is 95.1%. Then LK:LG::40:95.1 and LG is equal
to 42.1%. This means that 42.1% ef the dry meterials by
weight sheuld be sand and cement and 57.9% should be stone

or cearse aggregate.

The ordiinates on the ourve AB were measured at
various points and 42.1% of the values taken and plotted
thus forming a new curve that spproached the Ideal Curve
undexr the fine aggregate ocurve. Then by useing the r ight
hand soale that is the amount retained in perocent and
measuring from the top and teking 57,9% of these values
and plotting as abov\n the rest of the aggregate curve was
obtained. The resulting curve was a very close approxi-
mation of the Ideal Curve. Since thie was the result that
it was desired to obtain these percents used in plotting
the curve were used in the proportioning of the aggregate

for the concrete for the test pieces.

A good average commercial mix of concrete is a

1l:2:4 by volume which i‘a' approximately one part cement to
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five parts sand and gravel by weight or 16.7 of the total
weight of the dry materinls should be cement. This per-
oent was used in the proportioning of the oconorete for

the tests. The sand used was 42.1% minue 16.7% or 26.4%.

The cearse aggrogate used was b57.9%

The laking of the Test rlieces.

The test pleces were made in the form of disocs 6
inches in diameter and 2 inches thick. They wers moulded
in wrought iron r:lix;rs which were tapered te permit drawing.
By experiment the amount of mterial to fill two moulds
was determined. J¥From the percents determined above in
the sieve amlysis the weighs to be used were determined
and they are as follows:

Cement 766 gms. - 16.75
Send 1200 gme. -~ 26.4%
Gravel 2676 gms. =~ b57.9%

100.0;.

The materials were thorely mixed before the water was
added. The dry mixture was then formed into a crater amnd
the water added. The average amount of water used in
each batoh was about 400 oc. which was between 88 and 8Yy.
The materials were gradually worked into the center and
then thoroly mixed with a trowel until the mess was of an

even gonsistency.

e e s

R S




The moulds were well 0iled and oiled papers were
Placed on the glass plates upon which the discs were
moulded. The ooncrete was added in thin layers and
well rammed. When the mould was full it was jJarred until
water appeared on the top. The surface was then smeoothed

off by means of a trewel.

Seasening of Test Pleces.

All discs were placed in vats over water snd
allowed to remain in this meist air for 24 hours. The
wrought iron rings were them removed by jarring the forms.
Eech disc was marked with its letter and the date on whiach
it was mede. They were then placed in damp sand, about
one inch of sand being belew the conorete and the whole
covered by an inch of the damb sand. They were allowed
to remain in this ocondition for the rest of the 28 day
period, the temperature remaining fairly ocenstant at
about 70 degrees F. The object of the damp sand was to
give the discs all the water neceesary for a oomplete harden-
ing and &lso approach as nearly as possible the subsurface
oonditions that would be encountered in practice in con-
orete construction. At the end of the 28 day period

the disos were removed from the sand and tested.

Pests of the Specimens.

Peroent of water in the disos at the time of

testing.




An extra diso was made of gcomposite cement and
this disc was msde and cured in the same manner as the
other discs. At the end of the 28 days the disc was
broken and three pieces weighing appreximately 100
grams each were secured. These were carefully woighod
to the nearest one hundredth of a gram. The pieces were
then heated over a gas flame for two hours and then re-
weighed. The difference in weight wae the free or un-
combined water in the sample. The percentage was
computed in each case and the averasge 0f the three
samples taken as the percentage of free water in the
test specimens at the time of the beginning of the tests.
The following are the results obtained:

Sample Weight before Weight after Difference % of water

heating heating
1 92.11 86.07 6.04 6.566
2 94.64 689.11 5.49 65.801
3 88.19 83.09 6.10 5.783

Average percent 6.05

Desoription of the Apparatus.

The water pressure used in these tests was obtained
from the pressure tenk in the hydraulic laboratory of the
College. A two inch pipe line was extended from the tank
and P's were placed at intervals of approximaetely 18 inches.
To these were connected the apparatus for holding the test

(See Figs. ¥, L I, I¥ and IT)
discs. The disos were held between cast iron plates

13
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clamped together by means of 6-3/8" belts. Both plates
had twe inch holes at the center 80 that the water
pressure was applied on an area of 3.14 sq. inches. One
plate was threaded and attached to the pipe line. § sets
of plates were used and 5 disos were tested at the same
time. Leaks between the castiron and the concrete were

prevented by rubber gaskets.

Pressure Tests on the Specimens.

The first set of discs were tested under a head of
10 feet which is equivalent to a pressure of 4.33 pounds
per square inch. This pressure was maintained for a
period of four hours. The first diffioulty which was
encountered was the oracking of the discs due to uneven
pressure in clamping the plates together. Those discs
that did not orack allowed no water to pass thru them.

These tests were repeated for heads of 20, 30,
and 40 feet with the same result. New disos were inserted
for each new head. When the 50 ft. head was applied it
was decided to allow this to remain for a longer period
80 the pressure was kept at this head for 4 days or 96
hours. None of the disos allowed any water to pass thru

at this pressure in the 4 days.

Direct pressure from the oellege mains of about

150 ft. head or 64 peunds per sq. in. was next put on the




disocs. The same discs that had withsteod the 50 ft.
head were msed. This pressure was maintained for 12
heurs. All the specimens except the ene msde with
cexment C held back the water at this pressure for the
ent ire time of the test, The disc C ellewed 2 cc. of
water to come thru in the 12 hours. This test was re-

peated on the following day with the same results.

All the discs worerweighed before and after the
test to determine the effect of the free water in the
discs on the permeability of the concrete. No water came
thru the whole discs however and the weight of the disos
were from 1 to 6 grams lighter after the test than they
were before. This shows that if there was any permeation
the evaporation was much faster thus causing the disos to
weigh less instead of more. The floar of the laboratory
was kept flooded to prevent excessive evaporation. The

fellowing are the resulte of the tests for permeability.

10 f£t. head.
Diso VWeight before weight after Lrermeatien in

test test 4 hours
A 2369 gms. Cracked
B 2340 gms. 2336 gms. Cracked-64 co.
c 2294 gms. Cracked
D 2376 gms. Cracked
E 2427 gms. 2423 gus. Cracked-9 co.

1b6



20 ft. head

Permeation in

Disc Weight before Veight after

test test 4 heurs

A 2300 gms. Craocked

B 2381 gms. 2383 gms. Cracked-66 co.

c 2345 gms. 2341 gms. 00 oo.

D 2363 gms. Cracked

E 2330 gnms. 2327 gmns, 00 oo.

30 ft. head
Disc Weight before Vieight after Permeation in

test test 4 hours

A 2374 gns. 2370 gms. 00 ceo.

B 2342 gns. 2334 gms. 00 ococ.

c 2340 gms. 2336 gms. 00 ooc.

D 2386 gms. 3380 gms. 00 oec.

B 2391 gme. 2390 gms. 00 coc.

40 ft. head
Disc Weight before Ilieight after Permeation in

test test 4 hours

A 2364 gme. 2360 gms. Cracked -85 cac.

B 2392 gms. 2387 gms. Cracked-3 oco.

c 28390 gms. 2383 gms. Cracked-b coc.

D 2390 gms. 2384 gms. 00 oo.

E 2306 gms. 2301 gms. 00 oco.



60 ft. head
Disa Weight before Weight after Permeation in
test test 4 hours
A 2381 gms. Not weighed 00 oc.
B 2426 gms. " " Cracked
c 2345 gms. " " 00 oco.
D 2399 gms. n " 00 ococ.
E 2502 gms. " " 00 ooc.

At the end of the four hours the disc B was changed
for a new one and the test on the discs at the same pressure
was oentinued for 92 more hours making a totel of 96 heurs
for discs A. C. D. and E. At the end of the 96 heurs there

was no traoce of water coming thru any of the disocs.

In order to determine the compressive strength of
the concrete discs used, a disc was embedded in Plaster of
Paris on the Rishle testing machine in the testing laboratory
and a load of 3000 lbs applied for 30 min. te permit a set.
The pressure was them continued up to the full ocapacity of
the machine or 100,000 lbs. with no signe of failure in the
concrete. This is equivalent to a pressure of 3640 1lbs. per

8q. in. which 18 very high for commerocial oconorete.

17
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CONOLUSIONS

From the tests preformed it 18 to be oonoluded
that water-proof congrete is a practical possibility if
the proper care is exeroised in the seleoction and grading
of the materials and in plaocing the concrete. The |
proportions used in the making of the test pieces were
theoretiocal and were obtained by the use of Taylor amnd
Thompson's rules in connection with the Ideal Curve as
outlined above. However it is entirely possible to ;
enalyse and grade stook gravel in the field and with the
proper supervision and care in the mixing, the laboratory
oonaifionl oan be very oclosely duplicated., With oonorete
made in this way there is every reason to believe that
it wuld be water-proof for any heads under which it wounld
be necessary to use it, even up to 1650 ft.

The Blight permeation thru the oonorete made
with the cement C ocan probably de accounted for by the
coarseness of the cement. It will be observed that this
cement was very far below standard in the test on it for

fineness.

That such a method of proportioning conorete is
entirely possible is clearly proven by the fact that large
construction companies have followed it, not as .a meeans of
making a water-proof conorete, but as an economical measure

~ 1in the making of strong dense conorete.



APPENDIX I

The follewing is a list of the books, articles
and papers covering work en oconorete from which mmch
valuable information was obtained in the preparstion eof
this thesis.

l. Professional Memeirs Vol. 7

Perodvlation and upward pressure of water on
concrete dams.

2. Standard Specifications and Tests for Portland
Cement of the American Society for Testing
Materials.

3. Proportiening of Conorete Mixtures.
Portland Cemsnt Association.

4. Conorete Enginsers Handbeok.
Hool and Johneon.

5. Reenforoed Conorete Vol. I
G. A. Hool.

6. Effect of Vibration, Jigging, and Pressure on
Fresh Conorete.
Duff A. Abrams.

7. Maseny ~ Construction.
I. O. Baker.




APPENDIX II

The following is a ocopy of the outline of the plan
for the work on this théais submitted previous to the

beginning of the work.

Outline of Work.

l. Materials

1. Pour different cements are to be used and a
mixture ef equal parts of the four
oements forming a oomposite cement,
making & test of five cement mixtures.

2. Gravel to be a good grade of sharp bank
gravel .

3. Water to be tap water from the college mains.

II. Mixtures

l. All mixtures of cenorete are to be determined
by a sieve analysis of the gravel used.

2. An analysis is to be made of the sand passing
the ene eighth inch soreen and also of the
stone passing the one half inch scoreen and
remaining on the one eighth inch soreen.

ITI. Tests,

l. Concrete
a. Two disos are to be tested at each head feor
each mixture. Tests te be made at the end
of 28 days. (This part revised).

b. Tension brigquettes for tests at the end of
7, 14 and 28 days are to be made.

c. Compression cubes will be made for tests
of each mixture at the end of 28 days.

2. Heads.
Heads from 10 te 60 ft. in increments of 10
ft. will be used in making the tests.
(Later this was changed to include 150 ft.)
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