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Roger John Claus

The objectives of this study were: (1) to deter-
mine the changes in the compressive breakling strength of
standard portland cement concrete due to the addition of
various amounts of flake and pellet form of commercilal
calcium chloride, and (2) to determine whether or not
one form 1s superior to the other form.

Concrete mixes of constant design containing cal-
c¢ium chloride in the amounts of O, 1, 2, 3, and 4 per-
cent by weight of cement were placed in 6x12 inch steel
molds. These five batches were poured consecutively,
and constituted a series. Specimens of each series were
tested at the ages of one day, three, seven, and twenty-
elght days. For each form of calcium chloride, 8ilx se-
ries were poured; in other words, there were six specl-
mens for each variable.

Results of the strength tests indicated the fol-
lowing conclusions:

(1) Additions of either form of calcium chloride
in any percentage (1 to 4) increased the strength of the
concrete at all ages studied.

(2) The optimum amounts of the commercial calcium
chlorides were from 2 to 3 percent.

(3) Peladow was equal to or slightly superior to
Dowflake.
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Roger John Claus

(4) On the basis of content of pure anhydrous
calcium chloride, one form was about as effective as the

other form.
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I. INTRODUCTION
A. Objectives

The objectives of this study were: (1) to deter-
mine the changes in the compressive breaking strength of
standard portland cement concrete due to the addition of
various amounts of flake and pellet form of commercilal
calcium chloride, and (2) to determine whether or not
one form is superior to the other form.

This study was limited to the total effects of
the two forms of calcium chloride upon the strength of
the concrete without regard for the individual strength
contributions of the several chemical compounds of ce-~

ment.
B. History

Calcium chloride 18 a white, very dellquescent
salt; that is, a solid which gradually passes into solu-
tlon by absorbing moisture from the air. It is obtailned
from natural brines, and also is formed as a by-product
in the manufacture of a number of compounds.

For many years, calcium chloride has been used as
a drylng agent. It 1s used to lay the dust on roads,

and occasionally 1s applied to the surface of a newly
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lald concrete road to prevent evaporation of the mixing
water.

Certaln amounts of this salt mixed integrally
with concrete are known to increase cohsiderably the
early strength of concrete. Calclium chloride has been
used in this manner for the past twenty-five years.

As an admixture to portland cement concrete, cal-
cium chloride has been the subject of considerable re-
search. Perhaps the most notable research was that done
by Paul Rapp at the National Bureau of Standards in the
early nineteen thirtles. Among his conclusions are
that: (1) the workability of the concrete was increased
by the addition of calcium chloride up to and including
3 percent of commercial calcium chloride (up to 2 1/4
percent pure anhydrous calcium chloride), (2) in regard
to strength, 2 percent is the optimum amount of commer-
cial calcium chloride (1 1/2 percent pure) for standard
portland cement concrete cured at 70 degrees Fahrenheit.

The American Society for Testing Materials has a
standard specification (D98-48) for calcium chloride
used in concrete. The first tentative specification was
published in 1921. The present one was adopted as
standard in 1948. It requires that the calcium chloride
be in the form of flakes with 100 percent passing a 3/8-

inch sieve, 20 percent maximum being retained on a 1/4-



inch sieve, and 10 percent maximum passing a No. 20
(840-micron) sieve. A micron is one-millionth of a me-
ter.

Since World War II, the Dow Chemical Company has
found it expedient to manufacture calcium chloride in
the form of pellets which they call Peladow. At the
same time this company manufactures the flake form under
the trade name of Dowflake. This latter form is in sub-
stantlal agreement with the specification of the Ameri-
-can Soclety for Testing Materlials. A physical compari-
son of the two forms may be had from the photograph in
Figure 1 and the sleve analyses in Table I. In addition
to Peladow!s not conforming physically to the aforemen—
tioned specification, it also contains more alkali

chlorides than allowed by that specification.
C. Reasons for this Study

Since the work of Rapp, almost two decades have
passed. Therefore i1t was thought desirable to substan-
tiate earlier results using present day cements. Also,
the production of the pellet form of calcium chloride
logically presents this question: What effect does the
form of this salt have as an admixture for portland ce-

ment concrete?
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D. Scope of this Study

This study is a part of a broad calcium chloride
research program initiated and financed by the Dow Chem-
ical Company. It 1s expected that the investigation
will include the effect of the flake and pellet form of
the salt upon most of the physical and chemical proper-
ties of portland cement mortar and concrete. Both
standard and high early strength cements will be used,
with and without an air-entraining agent. Also, the
calcium chloride will be added in both the dry and 1i-
quid form.

In this study, only standard (normal) portland
cement was used, and Dowflake and Peladow were added to
the mixer in dry form only. The mix design was the same
for every batch. The intention was that there be only
two variables. They were the amount and form of calcium
chloride used as an admixture.

Both forms of the salt were added to the mixer in
the amounts of 1, 2, 3, and 4 percent by weight of the
cement.

In addition to the study of the effects of the
chlorides upon strength, measurements of consistency

(slump test) and of entrained air were made.
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For each form of calcium chloride, 120 specimens

were tested for strength at the ages of 1, 3, 7, and 28
days.



II. SCHEDULE OF SPECIMENS

Concrete test cylinders were identified according
to serlies, amount and type of calcium chloride, and age.
Each series consisted of five batches of concrete, a
control batch of plaln concrete and batches containing
1, 2, 3, and 4 percent, respectively, of commercilal cal-
cium chloride by weight of cement. From each batch
there were made five 6x12 inch concrete cylinders, four
of which were tested at the ages of 1, 3, 7, and 28
days, respectively. Thils report does not include the
results of the 90 day tests. Each speclmen was identi-
fied by symbols. For instance, I-PD2-4-7 indicated type
one (normal or standard) cement, Peladow added dry in
the amount of 2 percent, series number four, and to be
tested at seven days.

The results in this report are based upon the av-
erage of six serlies using the flake form and six series
using the pellet form of calcium chloride. In other
words, of the 300 specimens which were formed, 240 were

tested.



III. CONDUCT OF THE RESEARCH

A. Concrete Mix

l. Aggregates. The aggregates were donated by

the American Aggregate Corporation of Brighton, Michi-
gan. These were natural aggregates, and were to conform
wilth the Michlgan State Highway Department specifica-
tions 2NS for sand and 6A for gravel. As shown in Table
II, the coarse aggregate was deficient in material pass-
ing the 1/2-inch sleve. This lack of some fine material
in no way affected the validity of the test results.

The mix was a little harsh, but still workable and plas-
tic.

Upon receliving the aggregates in one shipment,
they were stored outside. Loss and contamination were
prevented by a baseboard around the piles and a water-
proof canvas tarpaulin over each plle. The aggregates
were brought to approximately room temperature by trans-
ferring them to inslide bins two or three days before
using.

2. Cement. Speclimens of the twelve series re-
ported 1n this paper were made using type one portland
cement. This 1s the standard cement used for general

concrete construction. Arrangements were made with the
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TABLE II

SIEVE ANALYSES OF AGGREGATES
AND THEIR SPECIFICATIONS

Percent

Aggregate Size Passing ?gigéﬁicizgggi;
Coarse 2 in. 100 100
11/2 in. 100 95-100
1 in. 71 60-90
1/2 in. 14 25-55
No. 4 0 0-8
Fine 3/8 in. 100 100
No. 4 97 95-100
No. 8 86 65-95
No. 16 66 35-75
No. 30 46 20-55
No. 50 21 10-30
No. 100 6 0-10

* Specifications are those of the Michigan State
Highway Department for 2 NS natural sand and 6A gravel.



11
Peerless Cement Company of Detroit to obtain from one
grind all of the cement for the project.

3. Calcium chlorides. The calcium chlorides used

as an admixture were supplied by the Dow Chemical Com-
pany. In addition to the difference in the form of the
two products, there 18 a considerable difference in pu-
rity. Dowflake contained 77.2 percent pure anhydrous
calcium chloride and Peladow 96.1 percent.

4, Proportioning. The concrete mix was propor-

tioned according to the mortar-voids method as practiced
by the Michigan State Highway Department. All mixes
were designed for a cement content of 5.5 bags per cublc
yard of concrete, and a relative water content of 1.30.
This resulted in a water-cement ratio of 6.06 gallons
per sack of cement and dry welght proportions of 1 part
cement to 2.46 parts of sand to 3.77 parts of gravel.
Trial batches indicated that the relative water
content of 1.30 would give the control batches a desired

four inch slump.
B. Mix Procedure

l. Welghing materlals. The aggregates, cement,

and water were welghed on a Toledo platform scale read-
ing directly to two ounces. Another Toledo scale was

used to welgh the calcium chloride to the nearest gram.
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A capacity batch from a one cublec foot mixer provided
concrete for five cylinders and the entralned-air indi-
cator bowl.

2. Mixing. The most satisfactory mixing was ob-
tained when a certaln procedure was followed. After the
coarse and flne aggregates were added, the mixer was
turned on and the cement added. Then the water was de-
posited in a manner that minimized the clogging of the
blades with cement paste. Finally, the calcium chloride
was added.

A stop watch was used to time the mixing which
was two minutes for every batch. The interval was reck-
oned from the instant all the water was in the drum.

After the batch was discharged into a large mix-
ing pan, the drum was brushed out to insure the correct
amount of cement paste for each batch. The concrete was
then hand-mixed just enough to correct segregation.

3. Measurements of slump and entrained air. Im-

mediately following the remixing by hand, two slump
tests were made for each batch. At the same time, the
alr content of the concrete was determined by means of a

Kleln-type air meter.1

1 See pages 279 and 362 of reference number 2.
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4, Molding specimens. The concrete was scooped

from the large mixing pan into the flve steel molds.
Each of three approximately equal volume layers was
rodded with twenty-flve strokes of a standard tamping
rod. The top layer was struck off with a steel trowel
and finished with a wooden smoothing tool.

The molds were nominally six inches in diameter
and twelve inches long. They were made of one-eighth
inch thick seamless steel tubing cut to provide one lon-
gitudinal joint. This joint was closed by means of two
bolt-clamps. Each cylinder was bolted to a ten inch by
ten inch by one-half inch steel base plate (see Figures
2 and 3). To prevent loss of mixing water, the longitu-
dinal joint was sealed with masking tape and hot paraf-
fin was applied around the circumference of the mold at
the base plate. Before a serles was poured, the as-
sembled mold and base plate was olled with mineral oll.
After each use the parts were cleaned bright by means of
a wire wheel brush driven by a flexible shaft machine.
The above procedure resulted in test specimens of excel-

lent appearance.
C. Curing

Soon after the last batch of concrete was molded,

wet burlap was placed over the twenty-five cylinders.
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Fig. 2. Detail of mold assembly
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Approximately twenty-four hours later the specimens were
removed from the molds. Then each cylinder was marked,
and all but the five for the one day test were placed in
the molst room. The temperature and the relative humid-
ity of this room are controlled at 70 degrees Fahrenhelt
and 98 percent, respectively. Cylinders were stored un-
der these conditions until they were capped before test-

ing.
D. Capping and Testing

Only the top ends of the specimens were capped,
as the bottom ends were plane within the limits specil-
fied by the American Soclety for Testing Materials
specification Cl92-49.

To facilltate capping, a bench was designed to
provide for the accurate capping of ten specimens (see
Figures 4 and 5). After the gypsum plaster caps were
allowed to harden about one hour, the specimens were
tested.

During the hardening time, the cylinders were
measured to determine the cross-sectional area. As all
of the steel molds were slightly out-of-round in varying
amounts, an average dlameter was sought by measuring
each speclimen at the top, middle, and bottom in such a

manner that each diameter made an angle of 120 degrees
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with the preceding one. By means of a dlal-equipped
caliper, dlameters were measured directly to one-
hundredth of an inch (see Figure 6).

Then the cylinders were placed 1n a three hundred
thousand pound capacity Rhlele hydraulic compression
testing machine. Load was applied at the rate of
thirty-five pounds per square inch per second. The max-
imum load carried by the specimen was generally recorded
to the nearest five hundred pounds. (A second dial
reads to one hundred pounds for loads under sixty thou-

sand pounds.)



uswroeds ® JO J938weTp ® Butansesy 9 ‘BT4




IV. RESULTS
A. Slump=--A Measure of Consistency

As may be seen from Flgure 7, the average slump
gradually increased from four to five and one-half
inches as the Dowflake was increased from zero to 4 per-
cent. On the other hand, Figure 8 shows that the aver-
age slump increased with concretes containing 1 and 2
percent of Peladow, and then decreased with those con-
taining 3 and 4 percent. Each point on these graphs
represents the average slump of s8ix batches of concrete.

The control batches (the zero percent calcium
chloride batch of each series) were designed to have
about a four inch slump. This was realized in the flake
series, while in the pellet series the average slump was
about f;ve and one-half inches. However, in both series
the individual control batch slumps varied widely from
the aforementioned averages. Although precautions were
taken, these variations were probably due to some segre-
gation of coarse aggregate and to non-representative
sampling for moisture determinations. The writer does
not believe that this variation of slump appreciably af-
fected the comparison of the two forms of calcium chlor-
ide. However, in the interest of consistency, series

having elther very high or very low slumps will be re-
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poured. These changes will be made when this study 1s
incorporated as part of the complete calcium chloride

project.
B. Alr Content

Apparent alr content averages for the freshly
mixed concrete batches are shown in Figures 9 and 10.
The results indicate that the addition of elther form
of calcium chloride in the amounts studled slightly in-
creases the entrained air. Because of certaln probable
laboratory errors, and because the change 1s not great,

no more speciflc statement appears to be Justifiled.
C. Compressive Breaking Strength

Results of the tests graphed as shown in Figures
11 and 12 indicate that the addition of either form of
the chloride in any amounts tested increases the
strength at all ages.

An interesting variation of this same data is
presented in Figures 13 and 14. These graphs readily
show that there 1s an increase in strength up to the ad-
dition of 2 or 3 percent calclum chloride, and then
(with the exception of the one day test on Peladow) a

decrease in strength as 4 percent is added.
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The relative effectliveness of the two forms of
commercial calcium chloride can best be seen from Figure
15. Generally speaking, Peladow provided the greater
increase in strength at 1 and 2 percent, while Dowflake
increased the strength more than did Peladow at 3 and 4
percent.

The Dowflake curves of Figure 15 reveal the fol-
lowling information: At ages of three and seven days,
the strength did not increase as the percent chloride
was increased from 2 to 3. However, at one day and
twenty-eight days, concrete containing 3 percent Dow-
flake increased the strength 113 and 11 percent, respec-
tively, while the corresponding increases at 2 percent
salt were 90 and 8 percent.

Peladow in the amount of 2 percent provided the
following average 1increases in concrete strength: At
one day the breaking strength was 96 percent higher than
that of concrete without Peladow; at three days, 60 per-
cent higher; at seven days, 27 percent; and at twenty-
eight days, 11 percent.

Concrete with 2 percent Peladow compares as fol-
lows with that containing 2 percent Dowflake: At the
age of one day, Peladow increases the strength 6 percent

more than does Dowflake; at three days, 4 percent more;
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at seven days, no more; and at twenty-elght days, 3 per-
cent more than Dowflake.

Considering the above results and the fact that
Peladow contains about 19 percent more bure anhydrous
calcium chloride than does Dowflake, apparently the pel-
let form 18 no more efféctive than the flake form. See
Figure 16, which is a plot of the increases in strength
against the amounts of pure calcium chloride contained
in the commercial forms which were added in the percent-
ages of 1, 2, 3, and 4.

Commercial calcium chlorlde in the amount of 2
per cent has been generally recommended for concrete
cured at about 70 degrees Fahrenheit. The strength re-
sults of this investigation using 2 percent of salt are

compared to those of earlier studies in Table III.
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V. CONCLUSIONS

A. Slump--A Measure of Consistency

The addition of certain amounts of either form of
calcium chloride had a beneflcial effect upon the worka-
bility of the concrete.

The maximum average increase in slump for the six
Dowflake series occurred with concrete containing 4 per-
cent of the salt. This increase in slump over concrete
containing no calcium chloride was about 40 percent.

Apparently, the optimum amount of Peladow was 2
percent. This amount increased the average slump prac-

tically 30 percent.
B. Air Content

With the addition of elther form of calcilum
chloride, a small increase in the air content was noted.
For both forms, the maximum change in percent of en-

trained air was about three-tenths.
C. Compressive Breaking Strength

The results seem to Jjustify the following conclu-
sions:
(1) Additions of either form of calcium chloride

in any percentage (1 to 4) increased the strength of the
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concrete at all ages (one day to twenty-elght days).

(2) The effect of calcium chloride was greatest
at one day and least at twenty-eight days.

(3) With one exception, the addition of from 2 to
3 percent of commercial calcium chloride provided the
greatest increase in strength at all ages tested. The
exception was that at the age of one day concrete con-
taining 4 percent of Peladow provided the greatest in-
crease.

(4) The optimum amount of flake calcium chloride
was 3 percent (although 2 percent would be satisfactory).
The average breaking strength at one day was more than
doubled by the use of 3 percent of Dowflake.

(5) The optimum amount of pellet calcium chloride
was definitely 2 percent. This amount increased the
breaking strength at one day by approximately 96 per-
cent.

(6) Peladow was equal to or slightly superior to
Dowflake.

(7) on the basis of pure anhydrous calcium chlo-
ride, one form was about as effective as the other form.

(8) Since the actions of the two forms of calcium
chloride were so similar, the economy of manufacture and
distribution should be considered in the cholce of one

form over the other.
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