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I. INTRODUCTION

Tatertichtness cr rermeability cannot in any sense be
underestirated as to lmrortance in concrete construction. The
ability to retain or rather the flexibility with which water
perreates through scme concrete is indeed a big question. In
such structure as concrete ripes, concrete shipse, drydocks, canals,
ders, swWirming pocols and rany others, this then is an imrortant
item.

Theoretically, and 1t has been rroven practical, it
is possible to get a concrete which will be absolutely water-
tisht and whioch furtherrore #ill hold water under very high
rressures. If an exact design according to the Portlend Cerent
Comrany 18 made and used, a ooncrete with the minimum arount of
volis and maximum amount of strength and watertightness can be
obtained.

ThiP theoretical concrete, howevar, does not, as most
encineers know, holl absolutely on every job, especially those
of a smaller nature. On a job where a good mix i1s not designed
the water can easily seep throuch. For such mixtures various
admixtures have been tried, one of which I have atterrted to
exreriment withe I wi1ll then in ths following consider only a
crude and rough mix, and with this mix, b¥ adding the given
admixture, atterrt to get the desirsd result of watertichtness.

The adr.ixture which I will ccnelder goes under the
comriercial name of Celite. It 18 clzimed that by adding this

to the mix, a denser concrete giving greater strength, work-



ebility, less segregation, and watertightness is obtzined.
I will at this tirie confine ell my attentions to the
rerreabllity and watertightness with & few minor obser-
vations on some other rointse

The rroblem then is to test a concrete with
this admixture as to its wv:tertichtness. I will first
discuss the materials used, then the mixes, then the
apparatus, andi finally the tests and results obtailned.
Finally, I will atterpt to draw suitable conclusionse

from them.



II. MATERIALS

The cement used in all the mixes was Petoskey
Portland Cemert. No tests regurding it were made. Rather,
1t was used just as 1t ocare from the factory where it wus
menufacturese.

The flne acgregate which was used wze obtained
from the bins in the concrete laborztory ani was used
Just as 1t came out of the bin without any teste being
rade upon it.

The coarse agrrerate was also ohbtained from the
bins in the concrete laboratory. It was very roughly
graded as to size and also as to cleanliness, the ex-
trermely large rileces being rejected and the dirty rileces
beinz also thrown out.

The Celite in comrosition is but a very finely
ground eilica 5103. In the mixture it ie inert and 1is
not acted on or does not act on any of the substances in
the mix. It was obtained from the Celite Products Comrany,
New York. It is through their courtesy and willi~-ness
to cooperate that we wers able to obtain this adrmixture so
as to be able to exreriment with it. Yo tests were per-
formed with the Celite other than using it in the varlous
exprerirents as it came from the cormranye

The water used in the mixes wae obtained from

the college mains.






III. MIXES

Three mixes, only one being standard, were
useéde A l=3-4, l=3-5, 1-3-6, mixes were used, %the 1l-0=4
mix beins a rather common one, while the other mixes, the
1-3-6 and 1-2-8, are very rare and in being rare are ex-
tremely high in coarse agsregate. The Celite if ecting
in its prorer capacity is assumed to f1ill the vcids in
the mix and in the case of the 1-2-5 and 1-2-6 mixes an
excellent oprortunity to observe this could be had by
noticing their relative watertightness in the tests.
A mix of this nature could also then show us Just how
coarse a inix could be before it became pervious and also
through the addition of Celite it mirht be made impervious.
I first decided that two slumps, they being a
3* and 4%, would determine the water content but this wzas
not followed out throusghout the work. Discs were made for
both a 2-inch and 4-inch sluwp in the 1l-3-4 mix, but due
to the coarseness of the 1l-2-5 and l1l-23-6 mixes, I decided
to use only the 4-inch slump in them, and etterpt to get
the results with ite. From each mix I made five discs with
varying rercentages of Celite in prorortion to the weight
of cement.
Nurmber 1 with 07 Celite
" 3 " 1;!, ]
" 3 LIS B
" 4 " 5% "
5
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To obtain the required amount of Celite in
the mix I had to welgh the arount of concrete in each
successive dlsc and then find by proportion the weight
of cement in the diso or rather that remaining in the
mix and also the weight of Celite remaining in the
mix., This then gave me a ficure for the weisht of
cement reraining in the mix from whioh I could compute
the amount of Celits necessary to add each tirme.

A simple prorortion 1a all that 1s necessary to de-
termine this and thers is no need et this tize to
demonstrate 1t. The following table will show the
quantitlies and system of numbering used as the discse

were rade 1n the concrete laboratorye
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IV, APPARATUS

The sucpestion or idea on apraratus was brcucht
to me throuch a series of tests conducted by C. F. Mcanwell
and C. J. McLean on thelr thesis work in 1630, A detailed
drawin:;; and sketch of the apparatus ray be obtalined by
referring to the thesis by these two men. I dccepted
thelir principles and have rade a fex slicht revisions
which I thoucht would better accomrlish the results hoped
for. From the sketch which vou see on the fcllowin~ rare,
the disc three inches thicl and seven inches in dlameter

is placed betwesn two flanres andl then firrmly oclamred
down by thse bolts around the edge of the flin cs. The
arparatus seemed to be very satisfactory excent for one
detall which I think it best to explain; then if further
work 1s to be done alonc this line, a better and rore
efficlent method could rrobably be found.

The bigrest question which I had to conteni with
and which sroiled my results the rmost was the question of
raking the jolnt between the iron flange and the concrete
watertight. The disc was rade with an even surface on top
and with a rather rouch surface on the bottome To make a
watertight connection, 1t was first thoucht that just a
small rubber gasket would do but this failled miserablye.

Lar~er gnskets were then used which worked ruch better but






not to satisfaction. Then the s=me larcer gaskets were
used with a filler beneath them and with a thick layer of
putty around them which geave about the best results dut
whioch 8t1l1ll did not prevent leakinr. It was found also
that the discs oracked because they were not broucht up
even all around so plaster of Parls was rlaced on the under
sides and in this manner an even surface was cbtained all
around the face of the disc. This last combination of
gaskets and leak preventatives worked out the best but
they were far from perfect since even after they had been
put into use the water nevertheless leaked over the edges
between the flangce and dlsce.

It was thought best at first to catch just the
water which care on down throush the discs and then through
the two-inch hole in the bottom flance but since the
pressure of the wzter in the disc would be exerted equally
in all directions it would then be expected to find the
water sceping out of all sides of the disc as well as out
of the bottom. The discs were therefore rlaced horizontal
and all the water wnich permeated out cf the siles as well
as throush “he bottom was caught in the pails rlaced on a
platform beneath the dAiscs.

The water pressure was obtained from the college

and was registered by a gaure shown in the accompanying



rhotograrhe Althourh I at first expeoted to use different
rressures ranring from approximately 10 to 70 rounds rer
equare inch, this was not carriesd ocut, 2nd the maximum
rres3aure of 70 pounds rer square inch was used throughout
every test. I thourht that this rmaximum pressure would
rive the most practical results, it being eimilar to those
in concrete ripe and other etructures needing to bes abso-
lutely waterticht.

No apraratus was available to obtain a reduced
pressure 8o th:ut secpage and other small pressure heads

similar to secpage could not be usede



V. TIFSTS AND RESULTS

Fach disc wes mixed and formed in a metal rculd
coated with oll on the inside to allow it to be easily
disconneoted from the conorete. The discs wers then
rlaced in a damp charber and allowz2d to set for fourteen
dzys,.

It was' hored that results of a very accurate
natura could have bzen obtained so that graphs and charts
of the flow throurh the discs misht be made indicating
the time it took for the water to rermezte through; the
amount throuch each dlec¢; and the relative efficiency of
varying percentares of Celite as added to the mixtures in
the discs. Due to leckare in almost every case caused by
a bad ioint, andi crackse, it was founl that accurate quan-
tities of water could not be ohtained. The combination
of bad joints and cracks in the conorete allowed an ex=-
cessive amcunt of water to drip into the pallses so that only
a rough account of quantities was obtained and written up
rather than being rlaced in.tabulated for~ or in graphical
form. Followinc i3 a 1list of the tri=ls as they were
observed:

Disc 1. A 1-3-4 mix with 3 inch slump and 07 of
Celite. Cracked and considerable water re rmecated through
cracks. A considerable amount elso ran outside betneen

flange and diso throush gnsket. From close ohserxvetion



the water waé roticed oozins out the sile and bottom and
rore water came throush from this disc than any of the
other three on at that tirme,

Disc 2« A 1-2-4 mix; 2 inch slump; 17 Celite.
Did not crack but water did et by the casket, Vater
also rerreated throusgh sides and bottom as in all of the
-other diec8 by the h3ads noticeably formins on the sides.

Disc 3. A 1-3-4 mix; 3 inch slump; 137 Celite.
Did not orack but gasket leaked. Considerable amount of
water came throuche

Disc 4. A 1-3-4 mix; 2 inch slump; 6% Celite.
Cracked and no accurate results could be obtained.

Diso 5¢ A 1-3-4 mix; 2 inch elunmp; 8 Celite.
Did not erack hbut cesket lesked. Vater permeated
through dbut 1t was not as outstanding as in the other
testae.

Disc 6. A 1-23-8 nix; 4 inch slump; 9/ Celite.
Did not oracl: but was very porous. It was extremely
more porous than eny other disc rade. Indiications
from the amount of water which onme through the sides
and out of the bottom showel that this disc was very
porous.

Diso 7. A 1-2-6 mix; 4 inch slumr; 17 Celite.
This sample cracked but nevertheless considerable water

&1d ocome throush other than the cracks.



Disc 8. A 1-2=-8 rix; 4 inch slurp; 6 Celite.
This samrle A4id not crack but quantities cof wzater
simllar to that throuch the others czme through this
ons,.

Discs 9-10. 1-2-8 mix; 4 inch elump; 1} end 87

Celite. PRoth theses discs cracked but water perrmeated
throuch them &8s much a8 throuch ary of the others of
this series.

Diso 1l A 1-2-5 rix; 4 inch slump; 07 Celits.
Did not orack but very porous.

Discs 12-14. 1-2-5 mix; 4 inch slurp; 1 and 137

Celite., Number 12 cracked but nevertheless 1t was very
rorous in ths uncracked part, similar to No. 14.

Discs 13-15. 1-2-5 nix; 4 inch slump; 8 ani 8%

Celite. VNelther of thess oracked bhut water did rermeate
through them shortly after the full force was turned one.
After allowing the water to reralin on for four hours,
consiierable water 411 perneate through but not of such
a large quantity as throuch those of a smcller rercentacs
of Celite or in any of those in the 1-2-6 mix.

Disc 16. 1-2-4 mix; 4 inch slump; 07 Celite.
Cracked but very little water permeated through the
cracks. Sore, hovever, did come through the siies and

bottom although in not such larze quantities.



Discs 17-18. 1-2-4 mix; 4 inch slump; 1 and 1!7 Celite.

Nurmber 17 cracked snd water permeated through the cracks.
In Number 19, which did not crack, the water rermeated
very slowly through the fissuree and irrecularities on
the sides of the disc. That which did arpear, however,
seened only to wet the surface, none getting through

due to evaroratione.

Discs 18-20. 1-2-4 mix; 4 inch slump; 6 and 8% Celite.

Neither of these disos cracked. Due to thelr high
content of Celite they were supposedly more watertight,
but 414 not however prove suche The water seemed to
permeate throuch these much faster after the rressure
was turned on than throurh the others of this same

geries.



Vi. CONCLUSION

It 18 rather a hard proposition to draw con-
clusions from the data and results presented, due to the
great inaccuracy experienced on account of improrer
gaskets to kcep the water from flowing between the disc
and flanre and also due to the oracking of some of the
discse I had hoped to obtain graphs and more accurate
data from which prorer results and conclusions cculd have
beecn easily obtainede If the tire would have allowed
I would have deemed 1t more advisable to have dlsrecarded
ry tests and would have gone ahout making more which I am
sures would have been more accurate and safe to draw con-
clusions froeme

However, fros the results obtained I w!ll attempt
to give my conclusions. It can very easily be seen that
the leaner mixes, as the 1-0-6 and 1=3-5, thrown together
a8 rouchly as these were, are not satisfactory. 1In these
mixes it epreared to be rather an apparent fact, however,
that the more Celite added to the mix, the more impervious
the mix became. It 18 my contention that if the correct
amount of Celite be added to these mixes, they can then
be mads somewhat impervious. I say somewhat impervious
because the leansr mixes would have the greztest amount
of voilds end it is alrost an imrossibility to fill all

these vcidis and do it properly.



My next point in conclusion 1s that to ret an
absolutely watertisht concrete the mix must be accurately
and thorouchly desimmed and worked oute. In the 1l-3-4
mixes, both the 2 inch and 4 inch slurmp, it was found that
the wataear permeated throuch re,=rdless of the varying
amounts of Cellte added, although 1t was noticed thct
"in the mix where only 1 ani 1% of Celite was added, the
water did not aprear to get through as quickly or 1n such
large quantitice.

Celite 28 an adrixture I would say should be
used in very srmall quantities principally as a safety
factor in a well-desirmned mix. It should not be relled
upon to make a mix which lacks thorourh desipn meet the
requirerents of a well-desi;ned mix.

In sumrmarizing I will quote from a chartar in
Hool's "Reinforced Concrete", Volure II, whiﬁh w111 and

does exrlain my two points very thorourhlye.

"The aidition of so-~called 'intecral'! water-
proofing corrounds will not comrenséte for lean
rixtures, nor for roor materials, nor for roor
workmanship in the fabrication of the concrete.
Since in practice the inert Integral cormpounds
(acting simrly s voild filling raterial) are aided

in srall quantities, they have very little or no



effect on the rermeability of the concrete. If
the gure cure ha taken in rmakines the concrete
irperrceble without the eddlition of wroterrrcofing
materials as 1s ordinarily taken when waterrroof-
ing raterials are added, an irrermeable concrete

¢2n be obtained.”



APPEYNIX I

The followin~ 18 a list of books and references
from which valuable inforration on concrete was obtained

in the preparaticn of this thesis:

I. Thzssis of 1930 by C. F. Meanwell and C. J. licLean =
"Study of the Permecability of Concrete"

ITI. Hool - "Reinforced Concrete Cocrstruction®
Volure II, Chapter XXIII

»Taterproofing of Concrete®

III. Hool and Johnson —

Concrete Engincers' Handbook



APPTINIX II

Taterti-htneas or Perraahility of Concrete Tith

An Almixture of Celite

Qutline

Yaterials:
l. Celite obtained from the Celite Companye
Ze Gravels of various grades obtainable from the
collez.
3. A 8lov anl rapid retting ocement to be uscsde.
4. Sandis of various grades.

5 Wuter to be obtained from the college rainse.

Mixtures:
l., Mixes to he graded as to quality by
(a) Kind of materials used.
(v) Torkability,
(c) Cnrefulness in rreparation.
2« Three stanlnrd mixes will be uzed:
(a) 1-2-4
(v) 1-2-5
(c) 1-2-8
3. Percentare of additional Celite willl be varied -
0-1=1}=6-8.
Tzets:
l. All discs to be tested unler water pressures of
varying amountse.

2. Wix to he tested by the elump teste
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