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REPORT ON A STUDY OF CALCIUM CHLORIDE AS A STRENGTH ACCELERATOR
IN PORTLAND CEMENT CONCRETE -~ CALIFORNIA CEMENTS

Thos, E., Stanton, Materials and Research Engineer
California Divisicn of Highways

SYNOPSIS

The role of calcium chloride in accelerating the hardening
of Portland Cement Concrete has been a subject of considerable
interest and study throughout at least the last thifty years,
and a number of revorts on extensive work in this field have
been published in the Proceedings of the Highway Research Board,
The American Society for Testing Materials, and elsewhere,

The necessity for further tests on the effects of this
agent, might, therefore, appear superflucus,

However, none of the published renorts on the subject
include certain information which may on cccasion be of
considerable importance,

For instance, none of the revorts start with comparative
compressive strengths at earlier than 2l hours; test data
relating to effect on volume change is meager and conflicting
and‘excebt for the paper by Leroy C. Stewart of the Dow
Chemical Co. (ASTM Vol., 26, 1926), there is very little pub-
1ished data relating to the effects of calcium chloride on
flexural strength,

Although all tests reported disclosed the effectiveness of
caleium chloride as a strength accelerator, there is a paucliy
of published data regarding the long time effects of different
percentages of this agent, not only on strength, but likewise on

volume change and durabllity under various weathering conditions.
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A desire for an answer to these questions with relation to
all of the cements manufactured in California was the occasion
Tor the several series of tests described.

Because 1t is bellieved that the data develoved may be of
reneral Interest, this revcrt has been complled.

The report covers tests conducted throughout a periocd of
over 25 years involving hundreds of specimens, over 20 dif-
ferent brands and types of cements, variable test conditions
and repeat Lests to check previous tests,

The results of the most recent tests may be summarized
as follows:

1. There was a very definite acceleration in

comoressive strength for all Callifornia
cements,

2. Except as hereinafter noted the comoressive
strength of the concrete at all ages and condil-
tions of cure was greater with than without
CaClp,

3, Under mecist rocom initlal curing at 70° F,
the calecium chloride increased the Initial
shrinkaze as well as the subsequent velume
change under wetting and drying cycles; the
increase being relatively slight with 2% but
somebimes excessive with %, particularly

in the case of some of the Tyne IIT cements.

www fastio.com
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When stored at 100° F, and 30% R.H. immediately

after fabrication, the setting shrinkage was less
with the CaClps than without, but the subgequent
total shrinkage and wet-dry volume changes substan-
tially paralleled the anecimens in which no CaClp
had been used,

The compressive strengths were not materially af-
fected by the initial and subsequent curing and
wetting and drying procedure regardless of the

type of cement or percentage of CaClp except in one
case where the volume change of one of the Typve IIIL
cements with L% CaClp was the greatest.

When initially cured in the moist room for seven
days the modulus of rupture and modulus of elas-
ticity during the subsegquent wet-dry cycles was

as a rule lowered by the caleium Chloride but the
differentisl was not material except In the case of
the Tyve IIL cements,

When initially cured under what may be consldered
adverse conditions, the calcium chloride was apparently
beneficial with relation to the modulus of

rupture as well as compresslve strengths.

The fact that under initial thorough water curing
conditions calcium chloride apparently increases
the initial shrinkage and Induces subseguent greater
wet-dry volume chenges, indicates the sparing use
of this additive when high tensile strength is im-

portant or rusting of reinforcing steel may be



http://www.fastio.com/

i

-l -

facilitated by the infiltration of moisture through
surface cracks,

Farly Studles

"Concrete™ magazine in September 1919 reported on an investiga-
tion on the use of caicium chloride started at least as early as
1918 by the U,S. Bureau of Standerds for the U.S. Engineers 0ffice
at Memphis, Tennessee,

In the fall of 1920 a cooperative series of tests to study
and report on accelerators for concrete was undertaken by ASTM
Committee €-9, the Structural Materials Research Laboratory of
the Lewis Institute in Chicago (Forerunner of the Portland Cement
Association) and a number of other cooperating federal, state,
city and producer laboratories.

The first reports on this cooperative series were a com-
paratively brief report by Committee C-9 in 1923(1), and a more
lengthy report by Duff A, Abrams in 192y on the work done at
the Lewis Institute. Abrams was at that time Professor in charge
of the Structurals Materials Research Laboratory of the Institute,
Hig excellent report was published in the 192l Proceedings of
asTt @),

The report contained a bibliography of previous publications
reporting studies on the effect of calecium chloride, starting

with an article on "Tnfluence of Calcium Chloride on Portland

(1) Report of Cooperative Series of Tests on Accelerators, Pro-
ceedings, Amer, Soc. for Test. Matls., V. 23, Part 1,
p. 223 (1923). .

(2) Calecium Chloride as an Agmixture in Concrete, Proceedings,
American Society for Testing Materials, V., 24, Part 1ii,

p. 781 (1924).
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Cement" by E. Candlot in 1889, Obviously cement technicians had
been aware of the attributes of calcium chloride as an acceler-~
ator prior to 1889,

About the same time {1923) H. F, Clemmer and Fred Burggrafl
at that time respectively Engineer and Assigtant Engineer of
Materials for the Illinols Highway Division, reported on an
extensive Investigation begun in Illinois in 1921 on the use
of Calcium Chloride ag a curing agent and as an accelerator
in the setting of conorete.(3)

H. S. Mattimore, at that time Engineer of Tests for the
Pennsylvania State Highway Commission, in discussing the report
by Messrs, Clemmer and Burggraf recited his observations cover-
ing a period of ten years,

In 1926, Mr. Leroy C. Stewart, Chemical Engineer for the
Dow Chemical Company reported on tests to determine the effect
of Calcium Chloride on transverse strength of concrete cured
at various temneratureso(h)

Later the Calcium Chloride Association established a
fellowship at the U,S. Bureau of Standards to study the reactions
of Calecium Chloride with cements. Progress reports on these
studies were presented at the Thirteenth Annual Meeting of the
Highway Research Board, December 1933, and at the Fourteenth
Meeti;g of the following year by the late Paul Rapp, Research

Agsociate of the Netional Bureau of Standards for the Calclum

(3) An Investigation on the UTse of Calecium Chlorid§ as a Cur-
ing Agent and Accelerator of Concrete, Proceedings, Am.
Soc., Testing Materials, V. 23, Part Il, p. 296 (1923)

(L) Effect of Calecium Chloride on Transverse Strength of Conc?ete
Cured at Various Temperatures; Proceedings, Am, Soc. Tssting
Materials, Vol, 26, Part II, p. 151 (1926).
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A final report by Rapp was published in the Journal of
Research of the National Bureau of Standards in 1935.(6)

Rapp's work dealt primarily with the effect of calecium
chloride on the compressive strength of concrete cured at
several temperatures within the range LC° to 90° F,

In order to study strengths of similar concrete, stored at
temperatures within the range 20° to L0° F. and likewise
volume change resulting from wetting and drying, the Calcium
Chloride Association Fellowghliv was re-established in 1939
with Jason . Yates in charge.

Yetes revcorted on this later series In two papers published
in the Proceedings of the Highway Research Board in 19&1,(7)

Further studies on the effect of calcium chloride as a
curing medium and on the corrosion of steel were reported in
166 by H, €. Vollmer, Research Associate, Calcium Chloride
Fellowship and published in the Highway Research Board Pro-
ceedings,(g)

The above listed projects cover the principal studies on
the effects of calcium chloride on concrete reported in the
Proceedings of National Socleties engaged in research., Numerous

other articles have appeared in print, particularly in "Concrete",

WL fasiio..com

(5) Proceedings Highway Research Beoard, Thirteenth Annual lMeeting,
p. 291, (1933), and the Fourteenth Meeting, p. 341 (193)),

(6) Resgearch Paper RP 732, Journal of Research, Nat. Bureau of
Standards, V. 1l, April 1935, p. 499, _

(7) Procesdings Twenty-first Annual Meeting Highway Research
Board (19?1) n. 288 and 29, _ .

(8) Proceedings Twenty-seventh Annual Meeting, Highwey Research

Board (1947) ». 189,
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describing the results of studies by state and other agencies.
All agencles were unanimous in reporting the compressive
strength accelerating effects of calcium chloride,

CALIFORNIA STUDIES

In the work of the Californla Division of Highways occasion-
ally a relatively high s trength in a few hours is desired.

Typical cases of this nature are: (a) maintenance patches
or minor replacements of short sectlions of concrete pavements
where it is desired to open to traffic in a few hours; (b) in
winter where low or freezing overnight tempe;atures are anticl-
pated; and (c} sea wall construction along the coastal shores
where it is desired to construct relatively small unlts between
tides,

Mortar tests in 1929 and 1939 on a number of California
cements, using up to 5% calcium chloride, confirmed earlier
tests indicating that, in so far as compressive strengths are
concerned, as high as 5% calcium chloride can be safely used,

However, aé the 1929 and 1939 tests had been to determine
the effects of CaClp in mortars only and no studies had been
made of other‘effects, such as volume change and modulus of
rupture, a more extensive 6 sack concrete series was started
in 19hi including all California brands and types of cement

being manufactured at that time,

The 194l series included ten California brands of Types
I, IT and IIT with a total of 19 cements,
A1l cement manufacturers in california were requested

to submit samples of all of the types manufactured. On the
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basls of the manufacturers ratings the cements were grouped

as Type I, II and III, Subsequent chemical analyses however,
disclosed that the manufacturers classifications were in error
in several cases., Thus of the Type I classified cements one
{cement 3-I) was likewise a true Tyve 11 cement, based on com-
pound analysis, whereas the cement of the same manufacturer
furnished as Type II was found to be high in C33, A1l of the
rated Type II cements contained less than 8% 03A but three con-~
tained over 50% C33. Therefore, 1n tabulating and illustrating
the test data the original segregation has been left but with
the designation "Group" instead of "Type." ({Table 1)

The test specimens in the 19l series consisted of (a)

A" x 12" cylinders of six sack concrete, and 0% to 5% Calcium
Chioride (one set stored in the moist room and another set in
the open on the roof of the laboratory) and (b) 2'x 2"x 6-1/U"
bars (5" between gage points); (Max. 3/L" aggregate and 2% and
h% CaClp} for length change, modulus of rupture and compression
tests. The percent of cement in the bars was the same as in
the minus 3/L" vortion of the six sack concrete mix, or the
equivalent of 6,75 sacks of cement per cublc yard,

To study the effects of calcium chloride under good and
bad initial curing and subsequent atmospheric weathering, one
set of the bars was\cured in the molst rcom for seven days
and then exposed on the roof of the laboratory until start of
the wet-dry length change tests. A second set was placed 1in
an oven at 110° F, and 30% R,H. immediately after fabrication
and kept there for seven days after which exposure was in the

open, similar to the first set,
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Bar specimens were removed from the molds and initlal length
measurements were made at 2lf hours on the moist room initially
cured specimens and at six hours on the oven initially cured
specimens.

Pressure of other work delayed starting the wet-dry cycles
until late summer of 19l 5 at which time the bars averaged 320
days age,

Seventeen alternate wet at 70° F, and dry at 110° F cycles
of variable length (Figs. L to 1) were then started and con-
tinued for a period of approximately 20C days after which the
bars were tested for modulus of rupture and the ends of the
broken bars in compression at an average age of 520 days.

In general all previous tests to determine the effect of
calcium chloride on compressive strength were confirmed; namely
higher compressive strength at all ages, up to 520 days at
least., {(Tables 2, 3, L and 5).

However, with regard to volume change and modulus of rupture
the story was different, as will be most readily noted from a
study of Tables L} to 8 and Figs. i to 16, The calcium chloride
generally induced greater length changes in the initially moist
room cured specimens which with some cements (particularly the
finely ground Type III}, became excesslve under the 17 wet-dry
cycles,

Compressive strengths and moduli of elasticlty (c?mpressive
and dynamic) were determined at lj, 8 and 2l hours; 7 and 28 days;
6 months and one year on the 6" x 12" eylinders in the 194l
geries. Some of the cylinder specimens were cured in the molst
room for the entire period and others exposed to the atmogphere

on the roof of the laboratory after seven days in the moist

ww fastio.com
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room, (Tables 2, and 3,-and Figs, 1 and 2).

Six sack concrete mixssg {1-1/2" maximum size coarse aggre-
gate) were used with an average slump of 1-1/2",

An effort was made to determine the setting as well as
long time shrinkage of the 2" x 2" bars. To accomplish this,
the screws holding the accurately spaced pins at each end of
the specimens were loosened shortly after the specimens were
fabricated. Regardless of precautions, however, the setting
measurements were very erratic, in many cases indicating dis-
turbance and hang up of the pins.

However, by diécarding the cobviously erroneous readings
and averaging the others, it 1s believed that certain trends
are indicated with sufficient accuracy to Justifly recording
as a part of this report, (Table 6 and Fig. 3).

" The subsequent.long time length change measurements (Tables
7 and 8 and Figs. l} to 1) were based on the initial set length
ag zerao,

This series of tests was sandwiched with other routine
tests and research in other flields being carried on at the
same time, Because of the pressure of other work, no fixed
wet-dry schedule was followed: this phase of the operations being
conducted as opportunity afforded,

Al% outdoorexpasureépecimens were stored on the roof of
the laboratory throughout the winter following fabrication
and until late in the following summer, length change measure-
ments being made at infreqguent intervals to determine effect
of moisture from rain and maximum shrinkage from thorough

drying during the hot dry weather of the summer {the humidity

ClibPD WA\ fastilo.com
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on high temperature days usually belng less than 20).

Before the second winter, and when the specimens were
thoroughly dry, the series of wstling and drying cycles was
started, the time intervals conferming with the demands of
other work, first as 28 days and then at seven days and finally
several cycles of 1 to 17 days (2 total of seventeen cycles)
just prior to the final measurements which included Dynamic E,
modulus of rupture and compresgive sorength at an average age
of 520 days,

As will be nozed from Table 6 and Fig., 3 the initial or
setting shrinkage was “ncreased by the caleium chloride under
100% humidity and novmal bamperature (709 P.) storage; whereas
when the storage conditions are what mey be considered adverse
such as relatively _ow humid>ty (304, and moderately high tempera-
tures (110° F,) the taiiial or seuting shrinkage was materially
retarded by the calzi: chloride,

Subsequent shrinkage on thorough Grying over a long period
(300+ days) and under variable acrioanheric cenditions was about
the same, with or withou? ths celcium chloride, for the speci-
mens initially stored in the moist room for 7 days bubt with =

moderate increase in shrinkage of the specimens initially storec

4

in the oven for 7 days (Pig. L to LhJ.

There were two very intsrosting developments from the
wetting and drying cycles: (1) the specimens initlally cured
for seven days in the molst room gdeveloped substantially greater
subsequent volume change in the wetting and drying cycles, than

the svecimens initially oven cured; (2) the calclum chloridse

OO
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specimens 1nitially cured in the moist room had a greater wet-dry
length change than those without calcium chloride; whereas, the
initially oven cured svecimens developed relatively low sub~
sequent volume change whether with or without calcium chloride,
The calcium chloride specimens, which developed greater wet-dry
length changes when initially molst room cured than those with-
out calcium chloride showed about the same length changes with
calcium chloride as without when initially oven cured, The
Type III cement specimens initially moist room cured for seven
days developed excessive expansion during the wet-dry cycles
ultimately leading to lower strength (particularly lower
modulus of rupture) and even to failure (Fig, 16(a)) with
caleium chloride, particularly with LZ.

It would appear from the results of these tests that the
calcium chloride minimizes the initial (setting) shrinkage under
adverse high temperature-low humidity initial weathering, but
has 1ittle effect on the subseguent shrinkage under normal
atmospheric weathering conditions,

The wet-dry length changes of 2" x 2" x 6-1/L" bars of
concrete (max. 3/L" aggregate. 6.75 sacks of cement per cubie
yard) when subjected to alternate cycles of immersion at 70° F,

and oven drying at 110° F. are shown in Figs. I to 14, Initial

measurement was made of the (a) Specimens on removal from forms

ClihPDE —wnn-fastro-co-m
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after 2ly hours storage in moist room at 70° F, and of the (b)
Specimens on removal from forms after six hours in oven at 110° F,,
relative humidity 30%. After an initial curing period of seven
days in the moist room for the {(a) specimens and 7 days in the
oven for the (b) specimens, all specimens were stored in the

open on thg roof of the Laboratory until the start of the wet~dry
cycles, The first measurement indicates the shrinkage during

this outdoor exposure period, All measurements starting at

average age of 320 days indicate departurse from the initial set
measurements,

Figs, 5 to 1l show length changes for each brand and type
cement of which the averages are shown in Fig, I,

A1l bar specimens were tested for modulus of rupture and
modified cube compressive strength at the conclusion of the
wet-dry cyecles, the average age being as shown on the resvective
figures, The modulus of rupture and compressive test data ars
shown in the two columns to the right of the plotted length
change data,

As will be noted, the length changes in the wet-dry cycles
in the case of the specimens initially cured for seven days in
the moist room were greater with the calclum chloride ad-
ditions than without, the final expansion being substantial with
L% caleium chloride regardless of type of cement, but particularly
in the case of the Type III cements, where, as will be noted, =
material reduction in flexural strength developed,

The initial oven cure at 110° F., however geemed to temper
the concrete with the result that %he wet-dry length changes

were of a low order, even with 4% CaCls, and there was little,

ClibhRPDE —unnifasto-com
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if any, reduction in flexural strength induced by the CaClo.

As will be noted the effect of any high ultimate expansicn of
the initially moist room cured specimens was reflected in lower
modulus of rupture., There was little, 1f any, adverse effect,
however, on the compressive strength; the ultimate compressive
strengths of the L% CaClpy additions almogt invariably being
higher than without CaClp regardless of initial cure.

That these results are not accidental is evident from a
study of the data which show the test results for each brand
and type cement, The same pattern 1ls avparent throughout al-
though some cements are affected to a greater extent than others,

The indicetions from this series are that under normal con-
struction operating conditions where, particularly in hot
weather, the concrete temperature and moisture conditions during
the early curing periods may, on occasion, more nearly conform
with the treatment of the Series (b) Specimens than the ideal
moist room cure illustrated by Serics (a), the aciual concrete
performance will, in all probability, fall somewhere betwsen
the two extremes,

1945 Series

Because the 10ll, series was necessarlly limited in scove
through the large number of cements tested (ninsteen) a new
series was started in 1945 limited to but one standard cement
of the 194l series (Cement 1-I) but with variable cement content
and water cement ratlo.

These later tests were further limited te 2 x 2 X 6-1./4"

bars, 3/4" maximum size aggregate, the proportions of cement

f
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being on the basis of M.SO sacks, 6.75 sacks and 9,00 sacks per
cubic yard of the 3/L" top size aggregate portion of standard
ll, 6, and 8 sack concrete mixes,

Two slumps - 1-1/2" and 3" were used. One set of specimens
was initially cured in the moist room for 2 hours and then in
the oven for an additional six days. The other set In the oven
for seven days from the start, Both sets were then stored in
the laboratory at normal laboratory temperature and relatively
low humidity for 12 weeks (8} days) when opportunity presented
for a long time series of 28 day wet (70° F.) and dry (110%F.)
cycles (nineteen total) after which (age 616 days) all specimens
were tested for modulus of rupture, dynamic modulus and compres-
sive strengths, as well as wet-dry length changes.

Following are a few comments on the results of this 1945
geries of tests on the Type 1 cement tested (Brand 1 - Type I):

(1} No cracking, spalling, or evidences of dis-

integration was seen in any of the specimens.

(2) The effect of calcium chloride npon the initial

drying shrinkage was very apparent, For- all mixes
and storage conditions, the initial drying shrink-
age increased with increasing percentages of the
salt,

(3) Subseguent wet~-dry length changes were less with

the calcium chloride in the h.S sack mixes but
greater in the case of the 6.75 and 9.0 sack mixes,

(4) Compressive strengths at 616 days after the wet-dry

cycles were substantially greater for the calceium

chloride additions.

VARTAVYAR P=X~il o M aXaXa n


http://www.fastio.com/

~16-

(5) The modulus of rupture and dynamic modulus of
elasticity averaged moderately lower for the

calcium chloride additions than wilthout,

1950 Series

As reclted above, the results of the 19Lli and 1945 tests
indicated greater shrinkage and greater wet-dry volume change of
concrete containing calcium chloride when initially cured under
moist room conditions at 70° F. but less differential shrink-
age and less wet-dry volume change when initially exposed to
relatively high temperatures (100-110° F.) and relatively low
humidity conditions (30% R.H.).

At the same time, although the comvpressive strengths, up
to one year at least, were not adversely affected by the ad-
dition of 2% to 4% calcium chloride, regardless of curing con-
diticng, the modulus of rupture was apparently adversely
affected to an extent depending on the volume change under
alternate wet-dry cycles,

It was, therefore, deemed desirable to make a check of
this tendency through a supplementary series of tests. Time
available and the expense involved did not appear to justify
repeating with all of the cements included in the original
series, particularly for the reason that, exceot for the fine
ground Type III cements which are infrequently used, and seldom,
if =t all in combination with calcium chloride, no substantial
differences in performance as between the different brands of
cements had been observed in the tests started in 19hl.

A check series of tests was, therefore, started in 1950

1imited to Brand 1, Type I, five and six sack mixes, 0%, 2% and

_ClihRD. WAL —faSHhe
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L% calcium chloride, but with a modified curing or storage

procedurs,

The

61! x 12!!

test specimens in the 1950 series consisted of

cylinders for standard compression tests and

3 x 3 x 11-1/4" beams for modulus of rupture, compression

(modified cube on beam ends) and length change measurements,

Storage of different sets of specimens prior to and

during the test periods was as follows:

1,

L.

The
18 to 20,

The

6" x 12" cylinders angd 3" x 3" bars continuous
moist room storage at 70° F,

Bars moist room 60 days then alternate wet (70° F,)
Dry (100° F.) cycles,

Cylinders and bars at 100° F, nrotected from
material, if any, molsture loss for seven days

then stored on Laboratory rocf until final test,
Bars same as in (3) until age 60 days then al-
ternate wet {70° F.) - dry (100° F.} cycles,

results of this (1950) series are shown in Figs.

egsential data and conclusions derived from the

194l; Series were confirmed, to wit:

1.

Wet-dry volume changes of the 60 day moist room
cured gspecimens were in provortion to the per-
centage of calcium chloride,

EBarly drying shrinkage and subsequent volume change
of the specimens initially cured at 100° F under

good moisture conditions was likewids increased

_ClihRDE—unnitfastio-co-m


http://www.fastio.com/

w]8-

by the CaClpy but with less range than in the case
of the moist room cured svecimens thereby confirm-
ing the results of the 19lj} Series with regard to
the effect of initial curing conditions on the
gubsequent performance,

Greater wet-dry volume change of the initially
moist room cured specimens than with the specimens
initially cured at 100° F,

Lowered modulus of rupture with calcium chloride
after a succession of wet-dry cycles when initially
cured in molist room at 70° F. but as a rule either
inecrease in modulus or less differential with
CaClpy when initially cured at 100° F.

Increase in compressive strength with CaClp regard-

less of initial cure and subseguent treatment.
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Table 1

COMPOUND ANALYSES AND FINENESS DETERMINATIONS OF ALL
CEMENTS IN THE 19lli CALCIUM CHLORIDE TEST SERIES

GROUP I CEMENTS

Specific Surface
Nombas | 038 | 028 | 034 ﬁigé ** | sutoclave | wagner %iimo
1-1 50 25 11 1,05 .070 18,5 3530
2-T 29 L6 11 0,31 ,0l8 1750 3520
3-1 ar | 30 6 0.51 .010 1865 3390
-1 3l e 13 0.58 ,115 1950 3700
5-I 2 30 1 0.98 ,198 1880 3180
Ave, %e) 3l 11 0.69 .08l 1858 3520
GRQUP II CEMENTS
1-II 4s | 33 6 0.49 .003 1925 3L30
2-1I 37 39 5 6,26 -.031 1755 3300
31T Sk 2l 6 0. 60 . 002 1730 3170
5-IT 36 L2 3 0.43 -.010 1905 3170
6-I1 119 23 6 0,62 .oL8 1865 3320
7-11 51 23 6 0,38 ., 166 1850 3770
Ba-T1I 50 23 7 0,89 . 105 1965 3960
8b-II Wl 32 I 0.48 . 0L6 1915 3900
9-11 67 9 5 0,56 157 1640 3200
Ave, 1,9 27 5 0,52 . 05L 1838 3473
GROUP III CEMENTS (HIGH EARLY STRENGTH)
1-I11 116 26 12 1,09 LOL7 3080 5420
2-TIT 5l 26 6 0,32 -.00l 2035 3830
3-I11I1 62 17 7 0.35 -.018 2895 L1930
6-11T 61 17 6 0.37 -, 029 2l 60 5270
9~III .| 53 25 7 0,50 . 066 2170 4310
Ave, 55 22 8 0.53 ,012 2528 752
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- TABLE 4 AVERAGE OF ALL TESTS FOR DYNAMIC MCDULUS OF
ELASTICITY, MCDULUS OF RUPTURE AND COMPRESSIVE
STRENGTH OF 2" x 2" x 6-1/4" CONCRETE BARS
(3/4" max. size apgregate) CONTAINING 0%, 2%
and 4% CALCIUM CHLORIDE BY WEIGHT OF CEMENT=*

1944 TEST SERIES

Dynamic B x 10-6 I Mod. of Ruypt, ! Compr. Strepgth
Cement | Ave. PERCENT CALCIUM CHLORIDE
Group _| Age o | 2 [ & [ o | =21 & | o [ 2 | &

(a} Bars initially stored in moist room at 70°F. 7 days
then on Lab., Roof and subsequent wet and dry cycles

I 512 [5.34 |5.43 1 5.21 {1170 | 1156 | 1042 5778 6890| 6976
11 536 |5.66 |5.55 | 5.43 {1312 | 1147 | 1017} 6794 | 7658| 7399
IIT 527 15,51 [h.95 | 434k |1120 | 964 7881 6798 | 7164 | 6826

Ave, 525 15,50 |5.31 ] 4.99 [1201 | 1089 9LO | 6456 | 7237| 7067

(b) Bars initially stored in oven at 110°F, 7 days - then
on Lab. Roof and subsequent wet and dry cycles

I 514 |5.07 [5.22 | 5.60 |1028 | 1008 | 1116 | 4974 | 6750 | 6728
1T 537 |5.19 {5.50 | 5.57 | 992 [ 1127 | 1076 | 5406 | 7030| 7083
I1T 530 [5.64 |5.60 | 5.62 [1184 |1154 | 1120| 6630 | 7890 | 7924
Ave, 527 15.30 [5.44 | 5,60 |1068 |1096 | 1104 | 5670 | 7223 | 7245

%0ne set of bars cured in moist room for seven days and the other
set in an oven at 110°F. at an average humidity of 30 for the
same period (7 days). Both sets then stored in the open on the
Laboratory roof for an average of approximately 320 days, then
to 17 alternate cycles of immersion in water at 7Q°Fn and dry-
ing in the oven at 110°F. over a period of approximately 200
days until breaking test at an average age of 526 days.

(Fig., L4).
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TABLE 5 DYNAMIC MODULUS, MODULUS OF RUPTURE AND COMPRESSIVE
STRENGTH OF 2" x 2" x 6-1/L" CORCRETE BARS (3/i"
Max, size aggregate, 6,75 Sacks cement per cubilc
vard) containing 0%, 2% and L% CALCIUM CHLORIDE,

TESTS AT AVERAGE AGES INDICATED AFTER WET AND DRY
CYCLES.

Y

(a)

GROUP I CEMENTS

Dynamic E x lO"6 Modulus of Rupt.| Compr, Strength

%ﬁﬁﬁ?ﬁ §§§s - . uPE%CEgTICALgIﬁM ﬁHLﬂRIgE —T T
{(a) Bars stored in moist room at 70° F,, seven days. <Then on

Laboratory Roof and subsequent wet and dry cycles,
1-1 595 |5.431 5.71 | 5.29 | 2340 | 1330 | 970 6000 | 7580 | 7000
2-1 519 5,571 5.48 | 5.58 | 1370 | 12h0 | 1240 6080 | 6640 | 7430
3-1I 505 |5.41 ] 5,391 5.43 {1180 1100 | 1110 | 5890 | 7030 | 6790
L-1 L71 |5.21 ] 5.201 5.05 | 850 1110 | 1080 | 5340 | 6480 | 6650
5-1 169 |5,09| 5,35 | k.69 {1110 | 1000 | 810 | 5580 | 6720 | 7010
Ave, 12 |5.34h | 5.43 | 5,21 1170 | 1186 | 1042 | 5778 | 6890 | 6976
(b) Bars stored in oven at 110° F, first seven days, Then on

Laboratory Roof and subsequent wet-dry cycles.
1-I 590 |L..80]5.20|5.8¢ | 900 1190 {1240 | 720 | 7100 | 7320
2-T 521 {5.53 | 5.8 1 5.50 {12201 1170 | 1032 | 5230 | 7360 | 6710
3-T 507 [5.84 1 5.8 | 5.51 {1080 [ 1110 | 1260 | 5870 | 6350 | 6930
h-T 478 .78 | k.63 | .32 | 850 | 1030 | 920 | 4130 | 6110 | 6680
5T L76 [h.68 | 5.26 | 5.87 11090 | 1040 | 1130 920 | 6830 | 6000
Ave, 51h |5.07 | 5.22 15,60 |1028 | 1008 | 1116 | Lo7h | 6750 | 6728

VW
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- TABLE 5 (CONTINUED)

(b) GROUP II CEMENTS

Dynamic E x 10-6 |Modulus of Rupt. Compr. Strength

Cement | Age PERCENT CALCIUM CHLORIDE
Number | Days| O | 2 | 4 0 [ 2 L | 0 1 2 1 4

(a) Bars stored in moist room at 70°F., 7 days, then on Lab., Roof
and wet and dry cycles.,

I-II 5891{5.83 15.9L | 5.74 |1370 | 1230 | 1100 | 6480 | 7650 | 7450
2.1 518 | 5.66 | 5.71 | 5.76 | 1300 | 1190 | 1220 | 6690 |7950 |7910
3-11 504 | 5.59 | 5.47 | 5.64 [1250 | 1170 | 1150 | 6030 |7710 |7330
5-I1 | 477 |5.68 | 5.67 | 5.52 [1280 | 1080 | 910 | 7140 {7030 74,50
6-11 574 | 5.63 1 5.53 | 5.40 [ 1420 | 1180 | 1137 | 6710 |7820 |7160
7-I1 | 471 | 5.6k | 5.51 | 5,58 |1420 | 1240 | 1070 | 6840 | 7650 |7470
8a-I1 | 575 | 5.63 | 5.43 [ 5.16 |1340 | 1250 | 1000 | 7110 |7700 |6780
8b-IT | 581 | 5.51 | 5.49 | 5.44 |[1300 | 1050 | 830 | 6820 |7460 |7960
9-IT 532 | 5,78 | 5.23 | 4.66 1130 | 930 | 740 | 7330 |7950 |7080

Ave, 536 | 5,66 | 5.55 | 5.43 {1312 | 1147 11017 | 6794 |7658 |7399

(b)- Bars stored in oven at 110°F., 7 days, then on Laboratory
Roof and subsequent wet and dry cycles,

1-II 588 [ 5.18 {5.88 | 5.93 | 880 | 1320 |1020 |5270 [7430 |7860
2-11 520 15.63 15,59 | 5.82 {1150 | 1200 [1210 |5390 [6960 6820
3-11 506 | 5.26 [5.52 |5.54 [1130 | 1400 |1180 |6060 |7710 |7540
5-11 ,75 | L.48 | 5.52 | 5.48 | 840 | 1060 | 990 [L600 |6360 6530
6-1I1 576 | 5.37 |5.42 | 5.56 | 750 | 1130 |1140 [5750 [6950 |7200
7-11 477 | 5.27 |5.47 | 5.54 [1300 |1240 |1060 |5380 [7110 |6230
8a-1T | 577 | 4.46 | 5.10 |5.02 | 700 {1040 | 890 |5210 |6880 |7260
8b-TT | 583 |5.44 |5.47 [5.61 | 990 | 960 [1130 {5210 |6510 |6980

9-11 534 15.66 |5.57 |5.63 [1190 | 1050 |1060 5780 |7360 |7330
Ave, 537 15,19 | 5.50 |5.57 | 992 | 1127 1076 | 5406 (7030 [7083

CElib-PBF—rrrrvrfastroTcon
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TABLE 5 (CONTINUED)

{¢) GROUP III CEMENTS (HIGH EARLY STR.)

Compr. Strength
Cement |Age PERCENT CALCIUM CHLCRIDE
Number |Days]l o | 2 [ & [ o T 2 T 4 T o 2 1 4

Dynamic E x 10-6 | Mod. of Rupt.

(a) Bars stored in M.R.
wet-dry cycles

at 70°F - then on Lab. Roof and subsequenq

1-I11 5821544 | 5,22 | Lo54{ 1170 | 1040{ 750 | 6450 | 7590 | 7770
2-111 51315.70 | 5.49| 5.37| 1140} 960| €90 | 6650 | 6680 7000
3-111 LE8L |5.47 5,38 | 5.,33] 1220 | 1150} 1030 | 6560 | 7340 6970
6-111 53315:43 3.56 | 2,05 930 560 430 | 6970 | 7020} 5890
0-I11 52515.52 5.11 | 4.43 | 1140 | 1110 8,0 | 7320 | 7190} 6500
Ave, 52715.51 | 4.95 | 4.3L4| 1120 | 964 | 788 6798 | 7164 | 6826
(b} Bars stored in oven at 110°F. first 7 days -~ then on Lab.
Roof and subsequent wet-dry cycles

1-1IT 584 15.27 5.46 | 5.83 | 1010 | 1180 | 1250 | 6010 7860 | 8270
2-I11 514 15.66 | 5.631 5.57| 1160 | 1070 | 1180 | 6990 | 7810 | 7890
3.III | 485(5.91 | 5.55| 5.54 | 1400 | 1280 | 1070 | 6810 | 7900 | 7870
6-I1T 542 |5.82 5,79 | 5,60 1230 | 1160 { 1020 | 7500 8660 | 7940
9-III 526 15.53 | 5.59 | 5.57 | 1120 | 1080 1080 | 5840 | 7220 | 7650
Ave. 530 {5.64 | 5.60 | 5.6R | 1184 | 1154 | 1120 | 6630 | 7890 | 7924

rfasTroTconT
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TABLE 6

INITIAL (SETTING) LENGTH CHANGES OF 2" x 2" x
6-1/l4" MORTAR BARS CONTAINING 0%, 2% and 6%

CALCIUM CHLORIDE,
19Ll. TEST SERIES

Average setting shrinkage of all bars, Cement
Grouns I, II and III

FPercent CEMENT GROUP
Calcium
Chloride I IT IIT Average

(a) Initially cured in moist room at 70° F,
Bars removed from molds and measured at

0%
2%
L7

2l hours,
-122 ~13hL ~178 -1y
=220 -199 ~22l) -21l
=275 -235 ~260 -257

(b) Initially cured in oven at 110° F.,, 30 R.H.
RBars removed from molds and measured at 6

hours,
0% -554 -527 72l ~602
2% -166 ~320 -216 ~23
A ~-160 ~38 -208 -282
L L% 387 9
NOTE: The pins for measuring length changes

were very accurabely spaced between gage points
and held rigid by set screws vprior tc fabri-

-0,
=1

—FaSTHOTCOM

cating the concrete., As scon as the concrete
had stiffened the set screws were loosened 1n
an effort to free the pins from all restraint,
The effort was only partially successful, but
as there were over 3&0 specimens total in all
groups 1t 1s believed that the average of the
measurements in each grouv and for the whole

indicates the trend of initial or setting shrink-

age as influenced by the calcium chloride and
the initial storage conditions,
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TABLE 7 AVHRAGE FINAL DRY AND WET BAR LENGTHS IN THE 19l). CALCIUM
CELORIDE TEST SERIES JUST PRIOR TO FINAL TEST AT AVERAGE

AGES INDICATED.

Figures Millionths of an inch per inch

1 2 3 5 6 7 8 9 10 11
Oven 17 D, Water 10 D, Final Range
Ave, at 110° P, _ at 70° F, Dry to Sat,
Cement| Age PERCENT CALCIUM CHTLORIDE
Group |Days| O [ 2 0 2 o | 2 |
(a)# Bars initially stored in moist room at 70° F, then on Lab,
Roof and subsequent wet-dry cycles. DBased on initial
measurement at 2h hours,
I 512 | -60h | -493 | -123 | -325 | -148] +307 279 | 346 | 451
II 536 [-530 | =433 | -190 | -273 | -104 | +209 257 | 329 399
ITI 527 |-421 | +187 | +860 | -113 | +736 [+1643 308 | 549 783
Ave, |525 |-518 | -2L6 | +182 | =237 | +161| +720 281 | Lo8 shl

(b)# Bars initially stored in

Lab. Roof and subsequent
measurement at & hours.

oven at 110° F, first 7 days then on
Baged on initial

wet-dry cycles,

I sl | -576 | 641 | -708 | -347 | =376 -L423 229 | 265 285
TI 537 | -L8l | -619 | =708 | 269 | 386 -Li52 216 | 23l 256
III 530 | ~528 | -520 | -839 | -30L | -212| -187 22l | 308 352
Ave. |527 |-529 | -593 | -652 | 307 | -325| -35L | 223 | 269 298

#Length changes shown in Columns
initial measurement on removal

and 6 hours for the (b) group specimens,

_CH Ry A=

3 to 8 are with relation to the
from molds at 2l hours for the (a)

STHO-COM
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TABLE 8 FINAL DRY AND WET LENGTHS OF ALL BARS IN THE 19Ll, SERIES

(a) GROUP I CEMENTS

1 2 3 L 5 6 7 8 g 10 11
Qven 17 D, Water 10 D, Range -
CementlAve, at 110° F, at 70° F, Dry to Sat
Number|Age PERCENT CALCIUM CHLORIDE )
Days| 0 | 2 | 4 c [ 2 b 1 o | 2 | &

(a) Bars initially stored in moist room at 70° F, 7 days, Then on
Lab, Roof and subsequent wet-dry cycles,

1-I  |595 |-600 | -L467 | =460 {~340 | -153 | -113 | 260 | 314 | 3h7
2-I 519 |-633 | =613 | =400 | -360 | =260 | + 13 | 273 | 353 13
3-1 505 |-640 | -660 | -587 |-360 | -313 | -193 | 280 | 347 39l
L-1  |b71 |-627 | -367 | +187 |-353 [~ 20 | +633 | 274 | 347 | 554
5-1  [469 |-520 | -360 | +6h7 [-233 |+ 7 [+1193 | 307 | 367 | 5L6
Ave. |s512 [-60k | -493 |-123 |-325 | -1L8 | +307 | 279 | 3Lh6 51

(b) Bars initially stored in oven at 110° F, first 7 days then on
Lab. Roof and subsequent wet-dry cycles,

1-I 590 |-L60 | -547 | -680 |-213 | -267 | =420 | 247 | 280 | 260
2-1 521 |-580 | =607 | ~680 | -380 | -393 | ~L20 | 200 21l 260
3-T 507 |-580 | -767 | -900 [-367 | -520 | -64C | 213 2L 7 260
L-1 478 |-713 | <673 | =627 | -h73 | -360 | -287 [ 240 | 313 340
5.1 |476 |-sh7 |-613 | -653 {-300 | -3L0 | -3L7 | 247 | 273 | 300
Ave, 51l |-576 | =641 | -708 [-3L47 | -376 | -L423 | 229 265 285
NOTE: Length changes shown in Columns 3 to 8 are with relation to

-CHh-RBA——

the initial set length at 2l hours for specimens initially
cured in the moist room at 7C° F, and at 6 hours for speci-
mens initially cured in the oven at 110° F.

At the end of the wet~dry cycles and just prior %o test for
dynamic modulus of elasticity, modulus of rupture and

compressive strength, all specimens were stored iIn the oven
at 110° F, for seventeen days - measured and then stored in

water for sixteen days at 70° F,

AaASTFOCOM
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TABLE &8 (CONTINUED)

(b) GROUP II CEMENTS

Oven 17 D, Water 16 D, Range -
Cement jAve, at _110° F, at 70¢ F, Wet to Dry
Number |Ags PERCENT CALCTIUM CHLORIDE
pays|] 0 | 2 [ ] o | 2] L T o HE

(a) Bars initially stored in
Lab, Roof and subsequent

molst room at 70° F,, 7 days, then on
wet-dry cycles,

1-IT 589 | -607 |[-587 | -593 |-353 [ -313| -313 25l | 274 | 280
2-IT |518 | -533 {-54o | -1L0 |-280 | -2L7 | +220 253 | 293 | 360
3-IT [504 [~567 [-560 | ~547 | -307 [ -233| =153 | 260 | 327 | 394
5-IT |L77 [-507 [-L413 [-187 | -240 | - 80| +253 267 | 333 | Lho
6-I1 |57h | -573 |-480 |- 60 | ~-333 | -160| +287 2o | 320 | 347
7-IT  Jh71 | -h73 | -L27 |- 80 |-193 | - 53| +367 | 280 | 374 | Lh7
8a-II |575 | -553 |=-520 | -380 | =313 | =220 - 20 2o | 300 | 360
8b-II |581 | -487 |[-hi3 | -293 |-2583 | ~113| + 33 23l | 300 | 326
9-IT |532 | -473 |+ Lo | +567 | -187 | +L80 {+1207 286 | ko | 64O
Ave. 536 |-530 |-L33 |~-190 |-273 | -10L| +209 | 257 | 329 | 399
(b) Bars initially stored in oven at 110° F., 7 days, then on Lab,
Roof and subseguent wet and dry cycles,.
1-I11 {588 | 453 | -600 | -773 | -253 | -393| -553 200 | 207 | 220
2-II }521 | -547 |-687 | ~860 | -320 | -L53 | -560 227 { 234 | 300
3-IT |506 | -573 (=827 | -780 | -360 | -567 | -500 213 | 260 | 280
5-IT |L75 | -467 |-573 | -760 | -200 | -3LO{ =493 | 267 | 233 | 267
6-I11 |576 | =473 |-613 | =707 | =307 | -413| ~L493 166 | 200 | 214
7-11  |477 | <453 | -587 | ~687 |-160 | -313| -Lo7 | 293 | 27k | 280
8a-II {577 | ~L27 | -660 | -673 | =260 | -L453 | -433 167 | 207 | 240
8b-IT |583 | -500 |-547 | -653 | -313 | -335{ -=L2o | 187 | 214 | 213
9-11 |53k | -467 | =480 | -500 |-2l7 | =207 | -213 220 | 273 | 287
Ave 537 | =48l | ~619 | -708 | ~269 | -386| -452 216 | 234 | 256

CIThPD
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TABLE 8 (CONTINUED)

{c) GROUP III CEMENTS (HIGH EARLY STR.)

1 2 3 L 5 6 7 8 9 10 11
Qven 17 D. Water 10 D, Range -
Cement |Ave, at 1109 @, at 70° B, Dry to Sat,
Number [Age PERCENT CALCIUM CHLORIDE
Days] O | 21 L4 | ol 2] c | 2 | i

(a) Bars initially stored in moist room at 70° F.,

Roof and subseguent wet-dry cycles.

then on Lab,

1-III |582 [-453| -180| +293 [-193| +227 | +793 260 | Lot 500
2-ITI |[513 | -slo| =253 + 60 |-233| +153| +587 307 | Lo6 527
3-I1T |48Y |-420| -313] -113 |- 87| + 87| -327 | 333 | Loo LhLo
6-ITI [533 | -293 [+1520 [+2880 |+ L7 |+25L0 i+567 340 |1020 1687
9-117 {525 | -LOO| +160|+1180 |-100| +673 (+1940 300 | 513 760
Ave, 519 | -L21 | +187 | +860 |-113| +736 [+1643 308 | 5L9 783
(b) Bars initially stored in oven at 110° F. first 7 days, then on

Lab, Reoof and subseguent

wet-dry cycles.

1-I1T |58L |-533| -héo| -667 |-287| -153 | -327 26 | 307 340
2-IIT |51k |~513| -700| =700 [=~300| -L13| =420 213 | 287 280
3-111 |L85 |-587| -567| -513 [-353| -273 | ~147 23l | 294 366
6-IIT |{5he | =~500| -327| -300 |-300| + 13| + 93 200 { 340 393
9-III |526 |-507| -547| ~513 [~280| -233| -133 | 227 | 31k 380
Ave. |530 |-528| -520| -539 |-304| -212| -187 22h | 308 352 |

S P
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Fig | EFFECT ON COMPRESSIVE STRENGTH OF 0% TOS5% CALCIUM CHLORIDE IN

- A SIX SACK CONCRETE MIX. ALL SPECIMENS &"X12° CYLINDER
IN THE MOIST ROOM AT 70°F FOR ENTIRE PERIOD. 1944 TEST SS;EaFERsED
AVG. OF CEMENTS AVG
[ , 3GR()UI:’ I . IN EAGH GROQUP ALL GROUPS
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Note: % CALCIUM CHLORIDE

Erahe results for individual cemenis probably due 1o the fact thot breoks represent single specimens Three specimens
wore cosi for each mix bul one specimen in each sef was cured 10 doys in the moist room, 353 doys on the roof of
the loborotory ond 4B hours sn woler The third specimen was cured [0 doys in the moist room ond 355 days on
the roof at the loboratory, then broken dry See Toble 3 ond Fig 2 for test dalo
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Fig. 3
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(See Table 6 )

3 (a) Specimens cured in moist room 7 days at 70°F,
'_;:\ removed from molds and initially measured a'r
A ‘..\\ 24 hours. ¢y~ 0% CaClz
A 2% CACI2_ e s
TGl ]
'.\(b) Cured in oven 7 days ot 110°F, 30% R.H,,
~ M\ | removed from molds and initially measured __|

at 6 hours.
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24h. 7d.
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Colcium Cloride Admixture Tests

AVERAGE LENGTH CHANGES
2"x2"x 64 Bars (5" between gauge points)

FIVE TYPE I CEMENTS
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ClibPD

Length Change-Millionths of an Inch per Inch

—1000

=1000

Calcivin Gloride Admixture Tests
Length Changes 2°x2°x 6§ Bovs (5" between gauge points)
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Calcium Cloride Admixture Tests

Length Chonges 2"x2"x si' Bars (5" between gauge points)

CEMENT BRAND 2

TYPE I
500 (014 l"cmg: Cure - 7 Doys in Moist Room af TO°F  cozi, st
a
00 r\ZZ?-?c':} + FALSE ‘ ~ 4 1240
pE N 15 .. |1 2 1240
P [ '-.”45\ b -..“'/‘/
—%00 r'r’ﬁc.am ,T. 22 sﬁ;‘z o 1370
1000 28 l 28 U TTTTITTTT?7 14 14 IT 16
@‘-AGC.DG!S wet Dry Cycles {Days} Aga,nnys
+800 (b) Initial Cure-7 Days in Oven ot |10*F
00 o 1220
2 170
~500 |— w%@f‘:ﬁ?@ 4 0%
e 2
-1000 L
(521
§ TYPE DT
= +500 {a) Initial Cure-7 Days in Maist Room at 70°F
E 00 tes .‘h\ ,"‘\\ \!’4\0 \/‘."‘. f" \'\ ,."‘ 4 |22°
2 AL r Al T L1 ™ ] 2 neo
E _500,,.52':‘-1“,_-‘-.:_“ R “‘\‘/‘\/oiaoo
r
5 -
- '00029 28 Il 7777777777 14 14 17 se
£ 130 wel Dry Cycles (Days)
s (b) Initial Cure-7 Days in Oven at |10°F
3
é. %0 o 1150
[ -500 P e il e’ e [gertn Lot Lot 4&___’ 2 1200
é ;.f’-;:.‘z'-'-:?»';.'::_';.-:.:"iq QVQQ‘{?:?"'«::: ~A4 4 1210
£ 1000 b=
L ho% 1520
§ = TYPE II
{a) Initial Cure-7 Doys in Moist Room af TO*F
+500 - NN 7T 850
/ -"“'-...,._'/\f'f\f' "\ r 3 \.‘ - y ., ) 2 980
00 ,:/ et v VY YT Y \\v,l ‘\\"/ o 1140
500 i NN A TS LA
- 2 -
—1000 TR 28 N TTTTTTITTIT I4 14 IT 16
EJES] Wet Dry Cycies (Days) @
(b} tnitial Cure-7 Days in Oven at 1I0*F
+500
00 o 160
70
] - L o 11 2 1O
=500 | el 4 1180
o ’:\..ﬂ’
—1000 E
Fig. 6

ml’
Str

7430
6640
6080

5230
7360
6710

7910

7950
6690

5390
6960
€820

6680
6690

6990
7810
7880



http://www.fastio.com/

Calcium CIorid‘e Admixiure Tests
Length Changes 2°x2"x64 Bars (5° between gauge points)

CEMENT BRAND 3
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Calcium Cloride Admixture Tests
Length Changes 2':2':6* Bars (5" between gauge points}

CEMENT BRAND 4

TYPE 1 %  Med  Gompr
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Calcium Cloride Admixture Tests
Length Chonges 2'x2°x61 Bars (5° between gouge points)

CEMENT BRAND 5
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Golcium Cloride Acmixture Tests
Length Changes 2°x2°x6% Bors (5" betwean gouge points)
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Calcium CIoriq.e Admixture Tests
Length Changes 2"x2"x 64 Bars (5" between gauge points)

CEMENT BRAND 7

TYPED
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Colcium Cloride Admixture Tests
Length Changes 2"x2"x 6% Bars (5" between gauge points)
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Fig. 12
Calcgium Cloride Admixture Tests
Length Changes 2"x2"x 6% Bars {5" between gauge points)
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Fig. I3
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Calcium Cloride Admixture Tests
Length Changes 2°x2"x64 Bars {5" between gouge points)
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(a) Initial Cure-7 Days in Moist Room at 70°F CaClp Aupt  Str
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Fig. 14
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Fig 15 SHOWING CONDITION OF CEMENT
6-I BARS AT
AGE 574 DAYS., AFTER NINE CYCLES OF WATER
IMMERSION AT 70°F AND OVEN DRYING AT II0°F*

tnitial cure 7 days in moist room.
% CaCly 0 2 4

Mod. of Rupt. (p.sj.i.; 1420 1180 1137
Compr. Str.  (ps.. 6710 7820 7160
Final Sat Length** -333 -160 +287

Corresponding strength of specimens initially
cured 7 days in oven at [IO°F

Mod. of Rupt. 750 1130 11 40
Compr. Str 57 50 6950 7200
Final Sat. Length** -307 -413 -493

XCompare with corresponding high early strength cement of the
same Brand - Fig.,/4

*¥Bagsed on zero at 24 hrs.
¥¥%Bgsed on zero at 6 hrs.
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Fig 17 SHOWING CONDITION OF CEMENT 6-11 AND 6-TI BARS IN
THE 1944 TEST SERIES AT AGES AND INITIAL CURING
INDICATED, AND AFTER 17 ALTERNATE WET-DRY CYCLES
AS SHOWN IN FIG. IO.

) GEMENT &-TI (Type II cement)
ndition ot Age 574 Days- Initial Cure 7 Days in Moist Room et 70°F

e rm———

Co

PRy
SR e

0% CaCl 2% GaCi 4% GaCl

CEMENT &-I (Type I cement)
533 Days- Initiol Cure 7 at 70°F

(T.x(‘

Gondition at Age

P

o

Fegl

0% GaCl 2% CaGl 4% GacCl

Lohin
SR

ity sy

CEMENT ©-III (Type II cement.)
Condition at Age 533 Days- Initial Cure 7 Days in Oven

$oalih ST R

[ro.com
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Fig 18 COMPRESSIVE STRENGTH 6°Xi2" CONCRETE CYLINDERS (CEMENT I1~1)1950 CALGIUM CHLORIDE TEST SERIES
SPECIMENS CURED AS INDICATED
5 SACK CONCRETE

Specimens Stored in Moist Room at 70° F Specimens Stored in Original Containers for 7 days ot
7000 I00° F, then in open on Laboratory Roof
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{00° F, then in open on Laboratory Roof
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Fig13  MODULUS OF RUPTURE AND COMPRESSIVE STRENGTH OF 3"X 3"X 1%’ CONCRE TE BEAMS (CEMENT I-1)
f950 CALGIUM CHLORIDE TEST SERIES. SPECIMENS CURED AS INDICATED

5 SACK CONGCRETE

MODULUS OF RUPTURE
Specimens Stared in Moist Room ot 70° F Specimens Stored in Mowst Sand for 7 doys of I00°F
then in open on Loborotery Roof
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Fig 20 WET-DRY LENGTH CHANGES OF 3% 3X 14 CONCRETE BEAMS OF 5 AND 6 SACK CONCRETE (CEMENT -1}
1950 CALGIUM CHLORIDE TEST SERIES

8 SACK GONCRETE
% Mod Comgpr

+200 |-Specimens Stored in Moist Room of 70" F Alterncte Wet (W} Dry(D} Cycles GaClp Rupt  Str
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Note:
All specimens were removed from the molds and initiolly measured ot 24 hours. Qne sel of each mix was then stored in the

mowst room for 60 days af 70° F ond then subjected ta 7 day cycles of alternate sgoking at 70°F ond drying in an oven ot 100°F
unfit test for modulus of rupture and compression of age of approximotely 6 months The second set of eoch mixwas stored at
10Q°F for 7 days in @ moist sand bed and with impervious membrane surface sedl, then in open on jaboratary roof until stert of

wel-dry cycles ol B0 doys.
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Fig 21 WET-DRY LENGTH CHANGES OF 3"X 3"X|1s CONCRETE BEAMS (CEMENT I-I) IN THE 1950 GALCIUM GHLORIDE TEST
SERIES. SPECIMENS ALTERNATELY SOAKED IN WATER AT 70°F AND DRIED AT 100° F-30QRH,
DATA SHOW LENGTH CHANGES FOR EACH 7 DAY WET-DRY ALTERNATION
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Specimens iniliolly stored 1n a moist Specimens mholly stored o 100°F for 7 daysin
room ot 70°F for 60 days at which a moist sond bed and with impervious membrane
3 time wet-dry cycles weré commenced. surface seal, then in open on laboratory roof until
k1 ‘ start of wet-dry cycles at 60 days.
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