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THESIS




INTRODUCTORY,

This is a report cf tests made auring the winter

and srring cf 1912 b ¥r, H., L. Pulver, C. Lk.,Research
Assistant in Yechanics at the University cf Wisconsin and
the writer, instructor in I"echanics at the same University

RS “wy e

The object cf thc

t

ests conducted was to determine
1f there were any wvirtue in using salts tc lower the
freezing termperature, and incidentally to increase the
rate cf hardenings c¢f ccnerete, and if so the prcper per-
centage t0 use to pget the nmost desiratle e€lffect.

In perforrminy the tests, ccmmon salt (7aCl) and
calcium chlcride (CaClz) were used dissclved in the mixing
water, the percewiage of the salts beins varied over what
seemed tC be any practicahle ronce. The effert was nmade
to ret tre ccnditicons as clcesc as possitle tc the nest
rigorous cbtainin, crdinarily in the field. 7o this end
the agprerate was taken directly from the outside atmes-
phere cr from a refriceratir in which the temrerature
was maintieined below freezing, the water was token from
the city mains, and tle cnhes when made were placed, as
quickly as convenient in the atmesphere irn which they were
tc be cured, the maximun time betueen ﬁixing andé expeosing
beins about half an hour. The water was usually at a
temperature cf about 55°F., the sand and stone about 20°F.,

Since it seemed desirable to know 1f all the change

in strenpgth obtained were due to the lovwering of the
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freezing temperature, and ulsc to know if the salts

>

detrimental e€ffect on conecrete as crdinarily rmude, tests
were alsc made On cubes mixed with materials at nornal
temreratures and stored in the labcoratcry under normal

conditions.

m

Scope of the Tests.

All cubes were four inches ¢on a side. For the first
set cf specimens the rercentege of “TaCl tc water was
varied be‘ween the limits 55 ond ISf by welsht., For the
seccnd set the percentapge cof Ca012 was varied from Zf
to le. For the next set the water ccntainec hoth TaCl

’
»

and CaClz, TaCl varyirp frem 5. ¢0 l&f and Ca012 varying
from 2 to @f. A1l the above were stired in air
Imiediately after heinyr mixed, at an Initial temperatire
of between 10° and 20° Fahrenheit ond the temperature
kept below 32° thrcughout the curing, except that on two
days before some Of the specimens were placed in the
refrigeratlr the cutsicde terperat-ire rcse tc aout 35°.
For other sets of specimens the same variables
were used as in the first set but materials used were at
normal termperatire, arcund 70°, and @ubkes, after curing
in air for 24 hours were placed under rurnins water a?t
about 68° for thirteen days, then stered in air till
brcken. Specimens, fcur for each point wanted, wEre
brolzen at fourteen andg at sixty darys. ALl 1cow terperature

specimens were stored in the laboratery for one dar” hefore

/
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breaking t¢ permit of thawing. All the nomial temperature
cubes werc tallen from the water of the tans ot Tourteen
days, fcur of each beins breken, the others beins stored

in the air in the laboratcry.

JTaterial Used.
The cerent used was Atlas Portland, tensile tests
¢f whieh follow ¢n Table I. These tests were made in

accordance wit» the rules of

o+

he American Sceietr for

™
4
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&S atericls.e In order

(34

ine 1 hat there misht be no
variaticon in the guality a sufficient quantity for the
entire woris was mixed theroushily at the recriminys and
stored in air tipght cans until used.

IS LT ., R
1.6 sana

was ©f ~ood grulity Tron Janesville,
Wiscensin, and all used was fror the sane bin.
The stone was limestone from quarries near "adison,
Wiscconsin.
The faCl used was cormnon grainer salt o the
Ca012 was frur a barrel obtained for use in the leboratery.
The concrete used was a 1:2:4 mix Uy vCclwie, this
be inpy adcpted @s belns typical of that vhich woula be
used in practice in oot iunsita.cese The welisht o sand
was Tomd tc averame 110 1bs per cite Tt., s54Cne 00 1hs.
per cu. Tt. and cement was assumed as weighing 100 1hs. por
cu. T¢t.
Since the tcotal gquantity cf conerete i any O0ne

batch was less than a half cubic foot 1% was considered



best to weigh quantities used. All materiuls were thorcugh
mixed tcgether by hand, dry, then the ligquid addea in
sufficient quantity to give a just wet nixture that would
flcew and ferm a smocth surface in the mculas. The wet
mixture was turned witm a trowel until it nrrpeared tc be
of uniferm consistency. About IQf v ﬁeight ¢t water was
required tc preduce a mixture ¢ the proper ccnsistency
thecugh this percentysge was varied slignhtly for the
different batches. Specinens were surfaced by trewelling
till fairly smocth.
The Temype:l ng Liquid.

A mixture of water and YaCl was nmade usings 2@5
by weisht of salt. This was stored in a can ond sufficient
used with water tc give the proper rercentqye. I the
sane way a nixture containing 2@5 of CalCl, was used.

Testing.

A set of fcur cubes of each hatch was oroken at
th; end of sixty days. A 100,000 1h Riehle Universal
testing nechine was uced for the loading., The cubes
rested cn a spherical bearirg blcck and care was taken
to insure the cube heing ceuntrally placed ¢n the piccke
Cures were bedded ¢n several thicknesses cf klctiting paper
both above and below.

Results cf Yests.

The results ¢f tests Sn low terperature cuhes are

]

given in tables 2 to 7 inclusive. In the cubes ¢f table

MNaCl alcne was used, in these ¢f table 3 Ca012 wlone was
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used, while in those of tables 4, 5, ¢, end 7 both salte
were usea in varying percentages.

Thie resnlts of the tests with cihes cured at ncrmal
tenperatures are civen ir tables 3 £o 13 inclusive, the
variatles ana arrargemcnt ¢f tables bteirng the same as in
the case ¢f the 1low temperatire cubes.

Curve sheets 14 to 1% inclusive shcow graphically
the resilts orntained,

On sheet 14 are the curves chtuincd usinys but one
salt in the tempering water, bet» for low tonreratire and
norul cuhes at 14 andé at 60 davs. On shects 15 and 16

aris arce plotted as crdinates wd rercents. CaCl

3
3
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o
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as abacissac and curves drowvn for varicus rercentages cf
TaCl, sheet 15 beiwr feor fourteen days and sheet 10 for
sixt,; dars.
In tne sww way o sheets 17 and 18 cnirves are
+

plctted for varicus percentages cf laCl laCl rercenteges
& 2’

beinr ordinates.



COITCLUSIOS,

The curves show an almost straicrnt 1line decrease

in the octreapgth ¢f cinerete cured unaer normal cconditions
as the percentere ¢f 7aCl is inereased, up to 12, the

748
rate of atout Zﬁ decrease for wvach Ef salt acded tc the
mixing liguid, after which there is apparently a clipght
increuse (which: @ checx on results would rrohakbly shew,
did not occun)

The effect of TaCl alone added to concrete cnred
at low temreratnres prchably is to redce the freezingz
temperature and s permit ¢f the settirg avi hardening of
the coincrete. The curves shew a stre yth increase of ahcut
2@” for cach Lf salt ur tc twelve tercent, after which
there is a decrease in strensth. It is rrevanle that

v

heycrnd twclve percent the weakenirn ¢f the concrete

cC

due tco the excess cf salt mire thany offsets the polnn in
strensth due 0 the rediietion of the freenins temperature.
The effect of the addition ¢f CaCl_~ alcne tc
2
ccnerete cured either normally or at lcow terperature is
te increase the strength b an almest strairnt line
variaticn up to @f CaCl0 at which point rmaximu strenmth
<~
is c¢btained. The rate Of increase is the micct miriked in
the case cf thwe fcurteen day low terperature cl:crete,
prcebably duc to the acceleration ¢f the setting of Lhe

cerent hr the CaClz. Sericus disintepraticn was ohservalle

’
on the surface in the case cof the 5. and 3 Call_  concrete



cured at low terperature, hut did »net arpcar ¢ any
the cubes cured ncrmnally, cor vwhere aCl vwas 111lso used
in the mixin~ water,

The ncst desirable effect seems to be chiained
when beth TTaCl and CaCl2 are used in the nixins water,
and fron a study cf the curves it sees thiat the use of
Zf Cz:.Cl;_2 and @f aCl will ~ive the most satisfactor:
results. This is prehably due te the fact that the per-
centage of TaCl use¢ is sufficiently high to retard
freezing hut not endurh tC pgreatly redice the strensil,

while the percentape of CaCl2 alsc does its share in
retarding freezing and, further, accelerates the time of
setling very appreciobly. The ncr il strefirth cf the
conerete ic redrced cnl:;s ahcut lQﬁ, and the increase in
strength ¢ 1ow temperatiure cinerete, rarticularly at
14 days, <ver that of cincrete containing ne salt or
containing CaClO or MaCl alone is ver: maivriked. The use
cf hipgher rercenteges than the ancve is not recormended,
becanse the neroil temperatiure curves pecint to the
probability that alfter a 1lony pericd theire may be
sufficient disintegration to cause a cornziderable
recucticn in the strength of the clnerete.

These tests were maae usivyt hut one brand of
cement. It 1s probable that there will he soe variatioin
in results with Ccther hrands. It ic not anticipated that
this will be sufficiently mari-ec te¢ affect the peneral

ccnelusiirse.
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It is pecssible that at times co.m

cn

Cbtained whici. will contein a sufficiently

0f calcium sulphate ¢ affeet the results

It is suppested that a farther fiels
cf this character wculd he in mixiwn: She
frequently done at the present tine, i.e.,

mmiterials

()

-

salt

S will e

himh rercentase

sOmewnat.
Tor resgarcnes

as 135

Tt

‘e

roasine the

aggrezates heated somewhat, anc by usine a mixing water
heated tC a temperatﬁrs of from 125° t£0 175°F. It mav
he that in this case the accelerating effect of the
CaCl2 on the setting would enahle the ccnerete tC harden
3C rapidly tahat the Torms could be rencved mucnh earlier
than is new dene when enerete ic poured in ccld veatier.
It wonld e well t2 cbtain all possible inforuition
regaraing the e€ffectis 0of electrolysis ¢n ccicreten
containing these salts before using thes 1 covercte to
be used in structures where the effect of electri-al
currents icsht ne detrimental.

At the time cf makinst the cubes or the above
tests another set Cf each was :ide tl be cured Ior a
Jear 0r mCre in order tCo Chserve the efiect °F the saltis

Jver an extenaed pericd of time.
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