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INVESTIGATION OF THE UNCONFINED COMPRESSIVE STRENGTH OF
SOIL-CEMENT MIXTURES

L S B

SYLLABUS

General

1. This memorandum is a report on the investigation of the unconfined
compressive strength of mixtures of various soils and Portland cement, and
the effect of the water-cement ratioc and of wetting and drying and freezing
and thawing upon these strengths. The results of tests conducted to study
the effect of a dispersing agent (TDA) on the durability and strength of
the soil-cement mixtures are also included. The study was made for the
Office, Chief of Engineers, primarily for use in pavement design of airports

being constructed under the National Defense Frogram.

Principal findings

2. The results of this investigation indicate that the water-cement
ratio is not a suitable control for soil-cement mixtures. In the group of.
soils used: namely, sandy loam, sandy clay loam and clay loam, it was found
that the physical characteristics of the individual soils have more effect
upon the compressive strength of the soil-cement mixtures than any other
factor. Increasing the percentage of cement in a given soil produces a
greater increase in strength than any other factor for the mixture. All
soil-cement specimens gained in compressive strength at a greater rate than

the rate of cement increase.



3. 1t was found that cycles of wetting and drying produced an in-
crease in the strength in all mixtures of the sandy loam and some increase
in the higher percentages of cement in the sandy clay loam and clay loan.
Cycles of freeczing and thawing generally produced some decrease in the com—
pressive strength of all specimens. The investigation also showed that no
appreciable improvement was found in the durability and strength of the

soil-cement specimens containing TDA.



I. INTRODUCTION

Purpose of investigation

4. It was the general purpose of this investigation to determine the
effect of certain factors on the unconfined compressive strength of soil-
cement mixtures. oOpecifically it was desired to determine:

a. The effect of the water-cement ratio on the compres-
sive strength of soil-cement mixtures.

E: The effects of wetting and drying, and freezing and

thawing on the compressive strength of soil-cement

mixtures.,
To accomplish ‘these objectives, unconfined compression tests were performed
using three differcnt types of soils; sandy loam, sandy clay loam, and clay
loam. By preparing specimens of soil-cement with varying contents of mois-
ture and cement and curing them similarly, it was possible by compression
tests, to determine the effect of the water-cement ratio on the unconfined
compressive strength of the soils. After determining the moisture content
which would produce a specimen of maximum strength for any given soil and
cement admixture, specimens were prepared at this predetermined molsture
content, cured for 28 days in an atmospherc of approximately 95 percent
relative humidity, and then subjected to various cycles of wetting and dry-
ing, and freezing and thawing. ©OSome specimens were tested in unconfined
compression to failure at the end of U4 cycles of wetting and drying, and
freezing and thawing, while other specimens were continued through & an@

12 cycles. In this manner the effect of wetting and drying, and freezing

and thawing upon the compressive strength of the specimens was determined.



Authorization

5. This study was authorized in the second indorsement to a letter
from the U, S. Waterways Experiment Station to the Chief of Engineers, dated

February 6, 1941, subject: "Proposed design tests for airport construction."

Personnel

6. This study was conducted by the Soil Mechanics Laboratory of the
U. S. Waterways Experiment Station under the supervision of Cleveland R.
Horne, dr,, Assistant Engineer, Chief of the Laboratory. This report was
prepared by James B. Watkins, Sr. Engr. Aide, under the direction of John D.
Watson, Associate Engineer. The entire study was accomplished under the
direction of Captain K. E., Fields, C.E., Director of the Experiment Station.
Assistance in locating materials for this study was rendered by the person-

nel of the Vicksburg Engineer District Soils Laboratory.



I1I. SELECTION OF SOILS

§Pecifications

7. It was specifically requested that a sandy loam, sandy clay loam
and clay loam be used in this investigation. IIn addition it was specified
that these general types of soils should have a liquid limit below 50, a
plasticity index below 25, a clay content below 35, and have at least 6C
percent solids at maximum density. (Sec requirements in manual prepared
by the Office, Chief of Engineers, entitled "Design of Airport Runways"
dated January 1941.) Because of the above-mentioned specifications, it was
difficult to locate the soils in natural deposits in or near Vicksburg be-
cause the soil in the Vicksburg areca is almost entirely loess deposits.
However, with the cooperation of the Vicksburg District Soils Laboratory
personnel, it was found from a log of borings for a section of Mississippi
River levees that the clay loam could be located in a natural state in the
vicinity of Bolivar Lake near Greenville, Mississippi. The sandy clay loam
was found in parts of the borrow area of the Meridian Airport, Meridian,
Mississippi, then under construction by the Vicksburg District. The sandy
loam was produced by mixing a sand and a silt found in deposits along the

Mississippl River near Vicksburg, Mississippi.



III. TESTING PROGRAM AND TEST RESULTS

Procedures

g  Reference is made to the Harvard University manual, "Notes on
Soil Testing for Engineering Purposes," by A. Casagrande and R. E. Fadum
for descriptions of, and procedures for tests that are not described or

otherwise referred to in this report.

Classification tests

9. Grain size and specific gravity analyses together with Atterberg
limits tests were performed on typical samples of the three soils and the

results are presented in table 1 and figure 1.

Compaction tests

10, The compaction tests for this study were performed in a cylindri-
cal mold 2 in., in diameter by U4 in. in height. The hammer used had a strik-
ing surface 1-1/2 in. in diameter, and a sliding weight of 2.2 1b which fell
12 in., to the top of the hammer base (see figure 2). Tests made in this in-
vestigation showed that using 3 layers of 20 blows each with this type ham-
mer and mold produced a density with negligible variation from that obtained
with 25 blows per layer using the standard hammer and mold specified by
Proctor. Oompaction characteristics (optimum moisture and maximum density)
using this equipment were determined for each of the three raw soils and
for each soil when mixed with 5 and 11 percent cement (based on the dry
weight of soil). (See table 2 and figures 4, 5 and 6.) The optimum mois-
ture and maximum density for 7 and 9 percent cement mixes were determined

by interpolation.



TABLE 1

Results of Classification Tests

Atterberg Limits Mechanical Analysis
A Percent Percent Specific
Soil Tw _ P
B S NE Y. PI. B, Sand Silt Olay Gravity
Sandy loam 14.3 TNone None 14.9 71.0  £31.0 g.0 2.67
Saiiimclay 2 E  de2 I7.6 190 - 756 o 7.6 - 19.% 2167

Clay loam 38.3 17.6 20.6 16.5 3L,

\J1

38.0 30.5 2.70

TABLE 2

Results of Compaction Tests of
Raw S50il and Soil-Cement Specimens

Cement
Content Maximam Solids
by Dry Optimum Dry at
Wt. of Water Density Masximum
Soil S0il Content lbs per Specific Density
Type % % cu £t Gravity %
6) 10L2 122.0 2.67 73%.2
5 10.8 119.8 2.69 T1.3
Sendy loam T 11.0 139 .. T 2, 70 71.0
9 11.2 119.7 2. 71 70.8
1 i) 11.3 119.6 2. 72 70.4
0 15.4 111.4% 2.67 66.8
Sandy clay 7 15.6 110.9 2. 69 66.1
Leas 7 15.9 130 .0 2.70 65.3
g 16.2 109.1 2. L ol . 5
1.3 16.5 108 .2 2.72 63.7
0 18.0 107.0 2,70 6%.5
5 18.0 103.8 2.72 61.1
Clay loam 7 18.2 103.6 2.73 60.8
g 18.4 103 .4 2. T4 60.5
11 18.5 10%.3 2.75 60.2




11. There were two reasons for not using the size of mold and the
type of hammer which were originally specified by Proctor and which are now
standard for the American Society for Testing Materials. DHFirst, in making
compressive strength tests on a brittle material, it is essential that the
height of the specimen be at least twice its diameter in order that shear
planes will more nearly develop within the body of the specimen. Since
these shear planes ordinarily develop on an angle with the horizontal of
more than 60 degrees, a height diameter ratio of at least 2 is required.
Proctor's equipment does not provide a specimen satisfying this require-
ment. Secondly, the Experiment Station did not have a loading machine of
sufficient capacity to preduce failure in specimens with a diameter of U4 in.

the dimension of the Proctor specimen.

Preparation of compression test specimens

12. All specimens were compacted into the 2 by 4-in. mold, in 3 layers,
using 20 hammer blows per layer. Before placing the second or third layer
into the mold the top of the previous layer was thoroughly scarified to pre-
vent the formation of a plane of weakness occurring between the layers. The
specimens were removed from the mold by means of the screw jack shown in
figure 2.

15. ZEvery specimen was compacted by the same amount of energy. Dif-
ferent densities were developed by varying the moisture contents. Because
of these different densities, it was preferable to base the cement content
on the dry weight of soil rather than the volume. Hence, the cement con-
tents of 6, 8, 10, and 12 percent by volume, as specified in the instruc-

tions of the basic letter, were changed to 5, 7, 9, and 11 percent by dry

= H =



weight, respectively. These values by dry weight are approximately equal

to the specified values by volume.

Unconfined compression tests

14. Each specimen was loaded to faillure in a constant strain type of
loading machine (see figure 3). The load was applied by means of a screw
which was propelled by a small electric motor. The maznitude of the load
was determined by means of a calibrated proving ring, and observations for

load and deformation were taken at 30-second intervals until rupture occcurred.

Water—cement ratio tests

15. In order to determine the effect of water—cement ratio on the
compresgsive strength of soil-cement mixes, the following testing schedule
was followed for each of the three soil types:

a. Duplicate specimens of each of the three raw soils

~ were molded at moisture contents of 2 and 4 percent
below optimum, optimum, and 2 percent asbove the opti-
mum, according to the procedures described in para-
graphs 10 and 12. These specimens were then tested
to failure in unconfined compression. These results
are not reported herein because the maximum strengths
were rarely more than 10 1b per sq in.

Duplicate specimens for each of the three soils that
contained cement contents of b, 7, 9, and 11 percent
by dry weight were molded at moisture contents of 2
and 4 percent below optimum, optimum, 2nd 2 percent
above optimum according to procedures described in
paragraphs 10 and 12. After 28 days curing in a
humid room (temperature 10 degrees F, relative hu-
midity plus 95 Pereent) these specimens were tested
to fallure in unconfined compression. The average
results of these tests are shown on figures 7, 8,
and 9. The conditions of the specimens after fail-
ure are shown on figures 10, 11, and 12. The com-
plete results of each individual specimen are shown
in tables 3, M, and b,

| o’
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16. On figure 13 is shown for comparison a stress—-strain curve for
each of the three soils which contained 11 percent cement. These curves
represent the maximum strength which was developed by each soil, and serve
"to show that the strength which a given mixture of soil and cement will de-
velop depends more upon the characteristics of the soil than upon the per-
centage of cement in the mixture.

17. The results shown on figures 1%, 15, and 16 make it possible to
study the effect of the density on the strength which a specimen will de-
velop. In every case but two (sandy clay loam with 5 and 7 percent cement)
the specimen with the greatest density developed the highest maximum
strength (see tables 3 to 23, inclusive, for details). In general, a small
increasc in density produces a large increase in maximum strength. However,
there is no uniformity in this relationship, so that this advantage would
be of little use for design purposes. Take, for example, the case of sandy
loam (figure 14 and table %). With H percent cement the density of the
specimen is increased from 116.7 1b per cu ft to 120.3 1b per cu £t by in-
creasing the moisture content from 4 percent below optimum up to optimum.
At the same time the strength of the specimen increased from 275 1b per sgq
in, to 290 1b per sq in. This 3 percent increase in density caused a b
percent increase in maximum strength. But, with a sandy loam, 7 percent
cement, a 3 percent increase in density caused a 50 percent increase in
maximum strength. Thus, in general, it can be said that for any given
mixture of soill and cement the densest specimen will be the strongest, and
a small increase in density will produce a large increase in strength.

18. The results plotted on figures lh, 15, and 16 have been made a

part of a composite diagram shown on figure 17. This diagram serves to

-



show that the water—cement ratioc is not a suitable method of control for
soil-cement mixtures. This results from the fact that every soil and cvery
mixture of soil and cement have different compaction characteristics requir-
ing different quantities of water in order to sccure maximum density from
the same compaction, and maximum density is generally requisite for maximum
strength. (For details of the water—cement ratio tests see tables 2 to 5,

inclusive. )

Further increase in cement content

19. As a supplement to the above tests, it was decided to mold at ap-
proximate optimum moisture two specimens of each soil containing 15 percent
cement. The purpose of these tests was tc determine if the unconfined com-
pressive strength of a soil-cement mixture will increase in direct proportion
to increases in cement content. The answer to this question is that some
soils will show a greater proportionate increase 1n strength than the rate
of cement increase, while other soils will not gain in strength as rapidly
as the rate of cement increase (see figure 18). Using the lowest cement
content (5 percent) as a base, the sandy loam gained in strength at a far
more rapid rate than the rate of cement increase up to a total of 15 per-
cent. The sandy clay lcam and clay loam increased in strength in direct
propertion to the increase in cement content from 5 to 10 percent. But
when the cement content in sandy clay loam and clay locam was increased from
10 to 15 percent, the strength increase in these mixtures did not keep pace
with the increase in cement content. These results serve to emphasize the
point previously made that some soils are more suitable for stabilization

with cement than other soils are.
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Wetting and drying, freezing and thawing tests

20, Xach cycle of wetting and drying, or freezing and thawing, re-
quired 48 hours, The distribution of time for a wetting and drying cycle
was as follows: the specimen was completely submerged in water for 5 hours,
oven—dried for 42 hours, and air cocled for 1 hour. ZFor a frecezing and
thawing cycle the distribution of time was 22 hours in the freezing cabinet
(temperature minus 15 degrees F) and 26 hours in the humid room (temPera—
ture 70 degrees ¥, relative humidity plus 95 percent) resting on a satu-
rated sand covered by a flannel material. The ends of the specimens placed
on the saturated sand were alternated at the end of each period in the
freezing cabinet. ZFurther details of the testing procedure can be cobtained
from A.S5.T.M. Standards No. 559 and 560D-40T. The principal departure from
these standards was that none of the specimens were brushed at any time with
a wire brush. This step in the procedure was omitted because it was not
desirable to brush away any of the specimens before testing in unconfined

compression,

Durability tests

2l. BSixteen specimens of sandy loam were molded at optimum moisture
content with no cement. Four of these specimens were tested immediately in
unconfined compression. Of the other 12, six were to undergo cycles of wet—
ting and drying (2 specimens through 4 cycles, 2 through 8 cycles, and 2
through 12 cycles), and the other 6 were to be given similar cycles of freesz-

ing and thawing. However, all specimens disintegrated during the first wet-

ting or first thawing, so this part of the testing program was abandoned.

S



22, Sixteen specimens of sandy loam with 5 percent cement were molded
at the water content which had given the maximum strength in the previous
phase of this study. All of these specimens were cured in a humid room for
28 days. After this curing period, Y4 of the specimens were tested to fail-
ure in the unconfined compression machine. The results of these tests
agreed reasonably well with the results secured on the 5 percent mixes
molded at optimum moisture content in step b of paragraph 15. Of the
remaining 12 specimens, b6 were put through wetting and drying cycles
(2 through U4 cycles, 2 through 8 cycles, and 2 through 12 cycles) and the
other 6 specimens were put through a like series of freezing and thawing
cycles. All specimens were tested in compression after completing their
respective cycles. ©Seven of the stress—strain curves from these 16 tests
are shown on figure 19. Of the 4 specimens which were tested after curing,
the results of the specimen having the highest maximum strength is plotted.
Similarly, of those specimens tested in pairs, the results of the specimen
obtainine the higher maximum strength is the stress-strain curve plotted.
The above testing procedure was repeated for sandy loam with 7, 9, and 1l
percent cement content, and also for sandy clay loam and clay loam with
the same Y percentages of cement. The stress-strain curves shown on figures
20 to 30, inclusive, show the results of some of these tests. The results
of the specimens having the highest maximum strength are plotted. The
detailed results of the individual specimens for all of these tests are

shown in tables 6 to 23, inclusive.
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Discussion of test results

25. Those stress-strain curves which are not presented on figures 19
to 30, inclusive, were generally quite similar to the curves for the same
soil with the same cement content. However, it can be noted from tables b
to 23 that slight discrepancies in results existed in some cases. Since
none of the specimens were capped, it is believed the principal source of
error was caused by nonparallel end faces, or damaged ends. With greatest
care being exerted in removing the specimens from the mold, slight warping
in the soft ones would still occur. Surface disintegration on a specimen
would invariably occur on the edges at the ends of the specimen. Such con-
ditions are believed to be responsible for many of the discrepancies in the

results from the tests on duplicate specimens.
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1V. SUPPLEMENTAL TESTS

Admixtures

24, Various admixtures have been used in concrete mixes in an cffort
to increase the durability and the compressive strength of the concretc
under weathering conditions, Reference is particularly made to an article
appearing in the June 19, 1941 issue of Engineering News-Record, "Increasc
in Durability of Concrete by Use of Admixtures," by Mr. R. A. Swayze of the
Lone Star Cement Corporation, in which Vinsol resin cement was used as a
stabilizing agent, and to an investigation on the "Durability of Concrete
containing Portland Cement and Certain Admixtures, Series 'C'," made by the
Bastport, Maine. XEngineer District (see reference file F.C. IAD 3/9U for
details)., The Dewey and Almy Chemical Company, of Cambridge, Massachusetts,
has also made an extensive study on the durability and compressive strength
of conerete, using their own admixture (trade name TDA). This material is a
mixture of certain salts and lignin sulphonic acid, and serves as a catalyst
and aids materially in the dispersion of the cement in the concrete mixing
process. It is claimed that slight admixtures of this material in the cement
reduced considerably the permeability of concrete, with marked increase in

both its durability and compressive strength.

Need for a more durable soil-cement

25. In the course of this investigation it was noted that the speci-
mens containing the lower percentages of cement (5 and 7 percent) were dras-
tically affected by the freeze-thaw tests, and in some cases by the wet-dry

test, some specimens deteriorating after 2 or 3 cycles. <Since no investige-

tion, to the knowledge of the Experiment Station, had been conducted on

- A



soil-cement with the use of an admixture in an effort to improve the dura-
bility, it was decided that the freeze-thaw and wet-dry tests should be sup-
plemented by following the same procedure previously outlined but with the
use of =dmixtures for at least the lower percentagzes of cement for the three
soils. TDA solution and Vinsol resin were the two materials selected Tor

use as admixtures in the soil-cement specimens.

Tests with Vinsoel resin

26. At the time of writing this report the Station has been unable tTo
secure a cement oretreated with Vinsol resin. It is claimed that the best
results are obtained when the cement is treated with the Vinsol during the
grinding process at the mill. For this reason, and the fact that great dif-
ficulty is always experienced when attempting to disverse such minute quan-
tities of dry material into & soil in the laboratory (0.02 to 0.0% percent
by volume) these tests have not been performed. However, if the Vinsol resin
cement can be procured at a later date it is planmned to conduct these tests

Ld

and. to present the results as & suoplement to this renort.

Wet—dry and freeze—thaw tests on soil-cement specimens
treated with TDA solution

27. DXourteen specimens of each of the soils were prepared for these
tests in the same manner s that described in parasgraph 12 excewnt that to
the water used for mixing the soil and cement, was added the TDA solution.
The amount of the solution added was equivalent to 190 cc of 15 percent TDA
solution per 100 1b of cement.

28. The sandy loam-cement specimens molded withh the TDA solution were

cured in the humid room for 28 days, and at the end of the curing period two
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were tested to failure in unconfined compression. Of the 12 remaining speci-
mens, b were to undergo cycles of wetting and drying, and the other 6, cycles
of freezing and thawing. These specimens underwent the same procedure as
liéted in paragraphs 20 and 22. The same testing schedule was repeated for

sandy clay loam-cement and clay loam-cement.

TDA test results

29, No stress-strain curves are presented to show the results of the
specimens treated with TDA, because of their similarity to previous results.
However, the results that were obtained are presented in tabular form for
cach specimen in tables 6 to 23, inclusive. As can be noted from these
tables, no appreciable improvement is found by using the TDA admixture.
There is a trend, however, for the specimens containing the lower percent-
ages of cement (5 and 7 percent) to endure more cycles of the durability
tests than the straight Portland cement mix, but with considerable reduc-
tion in compressive strength in most cases. However, it is believed that
the slight reduction in density and slight increase in water content is
responsible for the strength losses rather than the addition of the TDA to

the mixture.

Further investigation of the wet-dry test

30. During the course of testing, it was noted that many of the speci-
mens subjected to the wet-dry cycles showed a marked increase in compressive
strength with increased number of cycles (see figures 19 to 30 and tables 6
to 23, inclusive). Additional tests were therefore performed to determine
if this phenomenon was a result of the wet-dry test or the increase in

strength due to additional aging.
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31. Fourteen specimens of each of the three soils were molded at 9
percent cement content and cured in the humid room for 28 days. At the end
of the curing period, 2 specimens of each soil were tested to failure in
the unconfined compression machine. Of the remaining 12 specimens of each
soil, 6 were subjected to the wet-dry tesf (2 through 4 cycles, 2 through 8
cycles, and 2 through 12 cycles). The other 6 specimens of each soil were
left in the humid room to cure in pairs for periods of time equal to that
required for 4, &, and 12 cycles of the wet-dry test, and at the end of each
of these curing periods were tested to failure concurrently with the speci-
mens subjected to the wet-dry test. The results of these tests are shown
in tables 2U4 to 26, inclusive. Stress-strain curves of the specimens de-
veloping the highest maximum- strengths for the curing periods, and for the

cycles of wetting and drying, are presented on figures %1 to 33, inclusive.

Discussion of the wet-dry test

52. It is apparent from the results of this study that the wet-dry
test does in some cases materially increase the compressive strength, this
being true even with the lower percentages of cement (5 and 7 percent) for
some soils, Take, for example, sandy loam (table 6). Using the strength
of the 28-day curing period as a base, the compressive strength is 50 per-
cent stronger after U4 cycles of wetting and drying and at the end of 12 cy-
cles has increased to 100 percent. This trend is not apparent in the sandy
clay loam and clay loam until the higher percentages of cement are reached
(see tables 14 and 1P

533. In the special tests to investigate the strength gain from the

wet-dry test more thoroughly (tables 24 to 26) the sandy loam soil showed
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marked increase in strength with increased cycles of wetting and drying com-
paré& with similar specimens cured only in the humid room for equal periods
of time. From table 24 it can be seen that the compressive strength at the
end of 52 days curing (equivalent to 28 day curing and 12 cycles of wetting
and drving) is only approximately one-third the strength of the specimens
after 12 cycles of wetting and drying, The sandy clay loam is approximately
the same strength, =nd the clay loam is materially reduced. However, as
previously stated, the sandy clay loam and clay loam did not show the in-

crease in strength trend from the wet—-dry test until higher percentages of

cement were encountered.
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V. CONCLUSIONS

General

34, Generally speaking, it is believed that a line of demarcation
prooably exists in respect to the grain size distribution of soils which
can be sufficiently stabilized economically with cement. That is to say,
some soils are more easily stabilized than others. Take, for instance, the
friable soils (those soils that contain a relatively high sand content).
The case of relatively thorough dispersion of the cement in these soils is
easily visualized. From the generally accepted gel theory of concrete, it
apoears that the cementation of the sandy soils when mixed with-a given
amount of cement would always be greater than when the same amount of cement
is mixed with the very fine soils, because in the fine plastic soils the
surface area is probably many times that of the coarser-grained soils.
Therefore, the logical assumption to be made is that in order to obtain
the same strength for all three soils, the more plastic type should require
a higher cement content. The above assumption apnears to be borne out by
Tigure 17.

35. Reference to figure 18 shows that in order to obtain the same
percentage increase in strength for all three soils, a variable increase
of cement to the sandy clay loam and clay loam is required over that added
to the sandy loam. It can be seen that 13 to 15 percent cement (160 to 200
percent increase in cement content above 5 percent) has to be added to the
plastic soils in order for them to have the same percentage increase in
strength as the sandy loam with only & to 9 percent cement content (70 to
80 percent increase in cement content above 5 percent). On the basis of

the above, it is quite evident that it is not economically practical to
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stabilize the more plastic soils with cement when such high contents of
cement are required.

36. The failure of the rich clay soils to gain strength with an in-
crease 1n cement content could be due to the possibility of small balls of"
clay being dispersed in the soil specimen with only their outer surfaces
coated with cement. These small clay balls may be visualized as being in
the form of an egg; the outer surface covered with cement being the shell,
The interior of the egg would be the raw soil entrapved in the shell of the
cement, The ultimate strength then that could be obtained is no more than
the strength of the cemented shells and accompanying friction of the mass.
This theory seems justified when some study is given to the shape of the
gstress—strain curves of the clay loam material., Particular note should be
made of figure 13. The clay loam curve on this diagram reaches its yield
point with very little strain, its maximum strength with slightly more
strain, and then a very slow failure very similar to raw soil occurs, which
may be assumed to be caused by the deformation of the clay portions dis-

persed in the specimen.

Specific

37. The following specific conclusions can be stated as a result of

this investigation:

a. The water—-cement ratio, because of the wide difference
" in the amount of water which is necessary to bring about
maximum density of different soil-cement mixtures, is
not a suitable control for scil-cement mixtures. It
does affect the strength of the mixture, but not as

markedly as other factors.

| o*

In a group of soils the physical characteristics of the
individual soils have more effect upon the compressive
strength of a soil-cement mixture than any other factor.
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Increasing the percentage of cement in a given soil
from 5 percent to 1l percent produces a greater
increase in compressive strength than does any other
factor for the mixture.

The densest mixtures of so0il and cement will develop
the highest compressive strength for a given soil and
percentage of cement. A small percentage increase in
density produces a larger percentage increase in
strength.

As the cement content is increased from 5 to 15 per-
cent by dry weight, the sandy loam soil gains in
compressive strength at a greater rate than the rate
of cement increase. Within this same range the other
two soils do not gain in strength as rapidly as the
cement is increased.

No appreciable improvement was found in the durability
and compressive strength of the soil-cement specimens
containing TDA.

Cycles of wetting and drying produced an increase in
the compressive strength in all mixtures of sandy loam,
and some increase in the higher percentazes of cement
in the sandy clay loam and clay loam specimens.

Cycles of freezing and thawing generally produced some
decrease in the compressive strength of all specimens,
a marked decrease in strength being noted in those
specimens which contained the lower percentages

(5 and T) of cement.

- Bphe






TABLE 3

EFFECT OF WATER-CEMENT RATIO ON COMPRESSIVE STRENGTH OF SANDY LOAM SO|L-CEMENT MI|XTURES

Proctor Test Specimens

Compacted Test Specimens

Actual water

Opt i mum Maximum Dry Actual Dry Actual Cunﬁent Minus Cement water
Sanpie water Density Density water Optimum Water Content Cement Strength Strain

Content Tos. Jeu. Ft. 1bs./cu. ft. content content Per Cent Ratio 1bs./sq. in. Per Cent

Per Cent Per Cent Per Cent Dry Wt. W/ C
1 10.8 119.8 116.5 6.4 4.4 5 2.0 273 0.54
2 10.8 119.8 116.9 6.5 -4.3 5 2.0 273 0.47
3 10.8 119.8 118.5 8.0 -2. 8 5 2.9 2B6 0.82
- 10.8 119.8 118. 1 B.6 -l & 5 2l 259 0.71
5 10.8 119.8 120. 1 10.3 0.5 5 3,2 257 0.65
6 10.8 119, 8 120.5 10. 2 -0.6 5 4.2 329 0. 64
7 10.8 119.8 14743 12.5 +1.7 5 4.0 149 1. 12
8 10.8 119.8 117.5 12.3 +1.5 5 4.0 137 1. 10
1 11.0 119.7 115.5 6.4 -4, 6 7 1.5 288 0. 54
2 11.0 119, 7 115.7 6.3 4.7 7 1.5 353 0.55
3 11.0 119. 7 117.8 8.5 -2:5 7 2.0 382 0. 65
“ 11.0 119, 7 118. 6 8. 4 -2.6 7 1.9 925 0. 28
5 11.0 118, 7 118.0 11.9 +.8 7 2:7 241 0. B6
6 11.0 119. 7 119. 4 10. 4 0.6 7 2.4 482 0.70
7 11.0 119. 7 117.9 12. 1 +1. 4 7 2.8 290 1.35
8 11.0 119, 7 118.5 12. 1 +1. 1 7 2.8 245 1. 21
1 y I 1. 119, 7 117.9 6.7 =45 9 1.2 570 0.90
2 11,2 119, 7 116. 2 754 4. 1 9 1.3 540 0.52
3 11, 2 119, 7 119. 1 3 -1.9 9 1.7 630 0. 62
4 11,2 119. 7 - - - 9 E 697 0.53
5 11. 2 119, 7 119,9 11,6 +0. 4 9 2.1 730 0.86
6 11. 2 119. 7 119. 4 11. 6 +0. 4 9 A 723 0.73
7 11. 2 119. 7 114, 2 13..7 +2.5 9 2.5 446 0. 80
8 112 119. 7 114.5 13. 4 T2 g 2.4 478 0.70
{ 11.3 119. 6 116, 2 7.5 -3. 8 11 1.1 684 0. 70
2 11.3 119. 6 115. 4 7.8 -3.8 11 1. 1 669 0.63
3 11. 3 119. 6 115. 1 9.3 2.0 11 1.3 729 0. 80
4 11.3 119. 6 115. 2 9.3 -2.0 11 1.3 736 0. 58
5 113 119. 6 119. 3 1.6 +0. 3 11 Yo7 863 0. 89
6 11.3 119. 6 119, 2 11.5 +0.2 11 1.7 902 0.92
7 11.3 119.6 114, U 13.5 2.2 11 2.0 548 0.77
B 11.3 119.6 114.0 13.5 +2. 2 11 2.0 503 0. 64



EFFECT OF WATER-CEMENT RATIO ON COMPRESSIVE STRENGTH OF SANDY CLAY LOAM SOIL-CEMENT MIXTURES

TABLE 4

Proctor Test Specimens

Compacted Test Specimens

Actual water

Opt i mum Maximum Dry Actual Dry Actual Cnnfent Minus Cement Water
Sample water Density Density Water Optimum Water Content Cement Strength Strain

Content 1bs. Jcy. Tt 1bs. /cu. ft. Content content Per Cent Ratio 1bs./sq. in. Per Cent

Per Cent Per Cent Per Cent Dry Wt, W/ C
1 15. 6 110.9 104, 1 137 =3.9 5 3.7 238 0. 43
2 15.6 110.9 102.5 11. 6 ~4.0 5 3.7 235 0.57
3 15.6 110.9 109. 4 13.3 ~2.3 5 4, 2 360 0. 39
4 15. 6 110.9 109. 1 13.5 ~2.1 5 4,2 331 0.79
5 15.6 110.9 110.5 5.5 -0, 1 5 4.9 308 0.41
6 15. 6 110.9 109. 6 15.5 0.1 5 4.9 273 0.55
7 15. 6 110.9 108. 2 17. 4 +1.8 5 5.5 188 0.82
B 15. 6 110.9 108.0 17. 5 +1.9 5 55 207 0.68
1 15.9 110.0 105. 1 12.1 -3.8 7 2.8 430 0.50
2 15.9 110.0 106. 0 11.9 -4.0 7 2.7 331 0.48
3 15.9 110.0 110, 2 13.8 -2.1 7 3.2 490 0.58
4 15.9 110.0 109. 5 13.9 -2.0 7 3.2 455 0. 39
5 15.9 110.0 110. 4 15.7 -0. 2 7 3.6 312 0.73
6 15.9 110.0 110.0 16. 1 +0. 2 7 3.7 239 0.89
7 15.9 110.0 107. 3 18. 4 +2.5 7 4, 2 251 0.75
8 15.9 110.0 108.5 17.5 +1.6 7 4.0 226 0. 80
1 16. 2 109. 1 107.0 12.0 -U, 2 9 2.2 429 0.50
2 16. 2 109, 1 107.0 12.0 4.2 9 2.2 407 0.51
3 16, 2 109. 1 110. 5 14, 2 2.0 9 2.6 550 0. 69
4 16,2 109. 1 111.9 14, 1 -2 1 9 2.6 579 0. 65
5 16, 2 109. 1 110. 7 15.5 ~0.7 9 2.8 506 0.71
6- 16. 2 109. 1 191,93 15.5 =BT 9 2.8 472 0.84
7 16. 2 109. 1 108.0 17. 6 +1. 4 9 3.2 302 0.85
8 16. 2 109. 1 108. 7 17.5 449 9 3,2 318 0.78
1 16.5 108, 2 105.9 12,4 ~4, 1 11 1.9 513 0. 46
2 16.5 108, 2 105. 6 12, 2 -4.3 11 1.9 586 0.47
3 16.5 108. 2 110.0 14,0 =25 11 2. 1 678 0.62
4 16.5 108. 2 110.9 14, 1 P 11 2. % 723 0.62
5 16.5 108. 2 110.1 16. 1 0.4 11 2.4 605 0.85
6 16.5 108. 2 110.0 17.7 1.2 11 2.7 567 0.84
7 16,5 108. 2 108.9 17. 7 $1.2 11 2.7 407 0.93
8 16.5 108. 2 108. 2 18. 1 +1U6 11 2.7 395 1.06



TABLE 5

EFFECT OF WATER-CEMENT RAT IO ON COMPRESSIVE STRENGTH OF CLAY LOAM SOIL-CEMENT M| XTURES

9L1E

<

Proctor Test Specimens Comparted Test Specimens Actual water
Opt imum Maximum Dry Actual Dry Actual Content Minus Cement water
Sarple wWater Density Density Water Optimum Water Content Cement strength Strain

Content Yos5.lcu. Tt 1bs. /cu. ft. Content Content Per Cent Ratio 1bs./sq. in. Per Cent

Per Cent Per Cent Per Cent Dry Wt. W/C
1 18.0 103.8 101.5 iy, 2 -3.8 5 4.5 154 0.62
2 18.0 103.8 101.5 14, 2 -3.8 5 4.5 137 0.61
3 18.0 103.8 103.7 15.9 P 5 | 5 5.0 143 0. 64
4 1B.0 103.8 102. 8 16.0 -2.0 5 5.0 145 0.61
5 18.0 103.8 104, 0 17. 6 -0.4 5 5.5 159 0.74
6 18.0 103.8 103.9 17. 8 0.2 o) 5.5 165 0.72
7 18.0 103. 8 101.9 20.5 +2.5 5 6.5 122 0.95
8 18.0 103. 8 102, 2 20.3 +2.3 S 6.4 122 0.92
1 18. ¢ 103, 6 101. 1 14. 6 -3.6 7 3.4 22 0.99
2 18. 2 103. 6 101. 1 14, 6 -3, 6 7 3.3 134 0.69
3 18, 2 103. 6 104, 0 16, 1 —~2s 1 7 - 954 203 0.57
! 1B, 2 103. 6 103.0 16. 1 ~2,1 iy sl 202 0.58
5 18. 2 103. 6 103. 4 18. 1 -0, 1 7 4,62 218 0.54
6 18. 2 103. 6 105. 3 17.5 0.7 7 4.0 226 0.73
7 18. 2 103. 6 (£ fo SO 20,2 +2.0 7 4, 6 _ -
B 18. 2 103. 6 102, 3 20,3 +2, 1 7 4.7 181 0.77
1 16,4 103. 4 100. 4 14, 3 4 9 2.6 165 0.81
2 18. 4 103. 4 101. 3 14, 3 -4. 1 9 2.6 252 0.67
3 18.4 103.4 103, 2 16,1 -2.3 9 2.9 296 0.71
4 18,4 103. 4 104, 0 15.9 = 9 2.9 296 0.61
5 18. 4 103. 4 105. 4 17.8 -0.6 9 9:2 305 0. 86
6 18,4 103. 4 104. 8 17,5 -0.9 9 3.2 292 0.65
7 1€. 4 103. 4 104. 2 19. 5 +1.1 9 3.5 2U8 1. 10
8 18. 4 103. 4 104. 2 18.9 +0.5 9 3.5 279 0.93
1 18.5 103.3 102.9 14. 4 =41 11 2. 2 325 0,71
2 18.5 103. 3 100. 9 14. 7 -3.8 11 2.2 260 0.77
, 18.5 103. 3 104. 3 187 -2.8 11 2.4 318 0.55
4 18.5 103. 3 104, 1 15. 6 . 9 11 2.4 350 0.64
5 18.5 103 3 105.0 17. 3 -1.2 11 2.6 356 0.59
6 18.5 103. 3 105.0 17. 2 1.5 11 2.6 353 0.73
7 18. % 103. 3 104, 8 18. 8 +0.3 11 2.9 337 0.90
B 1B8.5 103. 3 104, 3 18. 8 +0. 3 11 2.9 321 0.83



TABLE ©

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOAM SOIL-CEMENT SPECIMENS
Cement Content —— 5% of Dry Wt. of Soil

Specimens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Molded Max i mum Max [um Molded Molded Max i mum S Lnum
ability Test Sample water Dry Compressive Strain Sample water Dry Compressive straln
after 28 NO. Content Density strength per Cent No. Content Density Strength Per Cent
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in
1 10. 1 121, 7 410 0.64
28-Day Curing 2 10. 6 121.5 424 0.61
Period Only 1 i A | 119.7 197 0.70 3 9.8 11,5 uoo 0.59
2 12.0 118, 4 216 0.62 4 9.6 121, 8 382 0.71
Wet-Dry 3 11 1 119.7 U4z 0.52 7 10.8 120.9 643 0.79
4 Cycles 4 11.7 118.7 357 0. 56 = 10. 1 120.9 574 0.64
CheRFET Rl 5 11,5 119.3 197 0.62 5 10. 6 121. 3 331 0.62
4 Cycles 6 11. 5 118. 6 175 0. 37 : 11. 1 121, 4 309 0.93
Wetenry 7 11,6 119.0 267 0.82 13 10. 1 120. 6 446 0.83
8 Cycles 8 11.7 119.0 501 0.95 14 9T 121. 1 462 0.69
Crma Tt - 11.7 118.9 175 0.51 9 10. 3 120. 6 274 0.64
8 Cycles 10 < = 146 0.56 10 10, 6 120. 6 289 0.68
Wet-Dry e 12.0 118.5 4y2 0.76 15 10. 2 120.9 809 0.98
12 Cycles 12 11.3 119, 7 616 0.73 16 10. 6 120.0 696 0.90
12 Cycles 14 11.9 116.8 127 0.47 12 10. 1 121.1 121 0.92



TABLE 7

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOAM SOI|L-CEMENT SPECIMENS
Cement Content —— 7% of Dry Wt. of Soil

Specimens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Molded Max i mum Masci mum Molded Molded Max imum Max imtim
ability Test Sample water Dry Compressive strain Sample wWater Dry Compressive Strain
after 28 NO. Content Bensity Streng?h Per Cent NO. Content Density Streng?h Per Cent
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent lbs/cu ft 1bs/sq in
1 11.0 118.0 Su1 0.64
28-Day Curing 2 10.9 121. 1 522 0.79
Period Only 12.0 119. 1 267 0.43 3 10.5 118.7 509 0.81
2 X I 119. 3 216 0.84 4 10. 3 1211 o028 0.80
Wet_Dry 3 11.8 119. 1 490 0.56 7 10. 4 121. 1 1100 0.72
4 Cycles 4 11.6 119.6 471 0.75 8 10. 5 120.8 935 0.96
Freeze-Thaw 5 11,4 120. 3 277 0. 54 5 10. 3 121, 1 554 0.79
4 Cycles 6 1.5 119. 2 256 0.42 6 10. 6 120.6 218 0. 68
TRy 7 11. 4 119.7 694 0. 90 13 10. 5 120. 2 1050 1.04
g5 Cycles B 11. 4 119.9 705 1.00 14 9,2 122, 8 B0 2 0.75
Freeze_Thaw - 11.8 118.7 267 0.56 E 11.5 120. 2 431 0. 66
8 Cycles 10 11. 6 119, 8 277 0.55 10 10. 7 120. 2 477 0.87
Wet—Dry i3 11. 6 119. 6 563 1.01 15 10, 2 120, 2 896 0.90
12 Cycles 12 11.6 119.6 o054 0.91 16 10. 4 120.6 1069 0.78
Freeze-Thaw 13 12.0 118.9 288 0.67 i1 10.5 120.6 480 0.81

12 Cycles 14 11. 2 120. 2 277 0, 54 12 11,0 120. 2 452 0.65



TABLE B8

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOAM SOIL-CEMENT SPECIMENS

Specimens Molded at Approximate Optimum Water Content

Cement Content —— 9% of Dry Wt. of Soil

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Molded Max i mum Max | mum Mo1ded Molded Max i mum MascTmism
ability Test Sample Water Dry* Compressive strain Sample Water Dry‘ Compressive Strain
after 28 NO. Content Density Strength per Cent NO. Content Density Strength Bar Cant
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in

1 10.9 118.9 BO4 0.75

28-Day Curing 2 10. 9 121, 1 674 0.86
P'E‘riﬂd Dn'ly 11.6 119.5 357 0. 59 3 11.0 120.0 593 0. 72
115 120,0 433 0.52 4 11,1 122.2 716 0. 84

Wet-Dry 3 11,3 120, 3 645 0.79 10. 6 120. 2 1446 0. 84

4 Cycles 4 12.5 117. 7 635 0.57 10. 6 121, 1 1170 0.78
Freeze—Thaw 0 11,7 119.5 481 0. 46 S : B D 120.9 713 0.72
4 Cycles 6 11.4 119.6 471 0. 47 6 10. 6 120.9 751 0. 76
Wet-Dry 7 12. 3 [ & 869 0.75 13 10.6 120, 2 1372 0.83

8 Cycles 8 121 118.0 931 0.82 14 11.0 120, 2 1438 0.94
Freeze-Thaw 9 12, 6 117.8 401 0. 67 9 11.0 120, 2 674 0. 64
B8 Cycles 10 12,7 ST N81 0. 49 10 10, 4 121. 4 696 0.71
Wet-Dry 11 12. 1 118.5 922 0.92 15 10. 7 120. 6 1975 R A
12 Cycles 12 12.0 118.9 1011 0.59 16 11.3 119. 4 1680 1.06
Freeze-Thaw 13 11.8 119.3 554 0.“3 11 10, 4 120.9 981 O.?B
12 Cycles 14 12. 6 117.9 512 0.32 12 9.4 121. 1 4u0 0.96



TABLE 9

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOAM SOIL-CEMENT SPECIMENS
Cement Content —-- 11% of Dry wWt. of Soil

Specimens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUT ION UNTREATED
Type of Dur- Molded Molded HaximuT M a5} i Molded Molded MaximuT P e
ability Test Sample Water Dry* Compressive Strain Sample Water Dry Compressive strakn
after 28 No. Content Density Strength Per Cent No. Content Density Strength Per Cent
days curing. Per Cent \bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in
1 10. 7 121.8 870 0.83
28-Day Curing 2 11. 1 121.8 922 0.95
Period Only 1 12. 4 118. 6 616 0.59 3 10.9 122.13 S4ug 0. 68
2 12.6 117.8 490 0. 47 4 11. 4 120.9 957 0.96
Wet-Dry 2 12. 4 118.5 952 0. 46 7 1.1 120.9 1644 0.96
4 Cycles 4 12.3 118, 6 961 0. 64 B 11,4 120.6 1571 0.79
FFaEzB-ThAW 5 12.0 119. 4 654 0. 43 5 11, 3 119.9 7717 0. 64
4 Cycles 6 12.5 118, 1 654 0.54 6 10.8 120.9 975 0.61
Wet-Dry 7 12.0 118.6 1380 0.91 13 10, 7 121, 3 1870 0.99
8 Cycles 8 11,6 119.7 1440 0. 67 14 10.9 121, 3 1705 L 11
Freezeh]'haw 9 12. 1 119, 4 69“ 0. 56 9 10. 6 121.1 363 D, 69
8 Cycles 10 12. 6 117.7 635 0. 61 10 11; 1 120. 6 796 0.76
Wet-Dry 11 12.5 118. 1 1288 0. 68 15 11.0 120. 2 2020 1.04
12 Cycles 12 12. 1 118, 4 1338 0.75 16 11.0 120.9 1985 1. 34
F reeze_'fhaw .1.3 12. 2 118. 1 654 0. 55 11 11. 3 14?—0. 2 ?55 0. ?9

12 Cycles 14 12.0 119.0 675 0. 42 12 10. 8 12311 B66 0.76



TABLE 10

MAX IMUM COMPRESSIVE STRENGTH AND MAXIMUM STRAIN OF SANDY LOAM SOIL-CEMENT SPECIMENS

Spec imens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur-
ability Test 5% 7% 9% 11% 5% 7% 9% 113
after 28 Cement Cement Cement Cement Cement Cement Cement cement
days curing. C.S.* Strain®® C. S. Strain  C. S. Strain  C. S. Strain C. S. Strain C. S. Strain C. 5. Strain C. 5. Strain
410 0.64 541 0.64 804 0.75 970  0.B3
28-Day Curing 424 .61 522 .79 674 . 86 922 .95
Period Only 197 0.70 267 0.43 357 0.59 616 0.59 400 .59 509 .81 693 .72 QUug . 68
216 .62 216 . B4 433 .52 490 47 3Rz 7 528 . B0 716 L BY 957 .96
Wet-Dry 4u2 .52 490 .58 645 « 19 952 .46 643 .79 1100 g 1446 . B4 1644 .96
4 Cycles 357 .56 u71 .75 635 .57 961 .64 574 . 64 935 .96 1170 .78 1571 .79
Freeze-Thaw 197 62 277 .54 481 U6 654 . u3 331 62 554 .79 713 T2 777 . BU
4 Cycles 175 487 256 .42 471 47 654 .54 309 .93 518 . 68 751 .76 975 St
Wet-Dry 267 .B2 694 .90 869 D 1380 .91 446 .B3 1050 1.04 1372 .B3 1870 .99
8 Cycles 501 .95 705  1.00 931 .82 1440 .67 462 .69 802 D 1438 .94 1708 1. 11
Freeze-Thaw 175 b1 267 0.56 401 . 67 694 .56 274 .6l 431 .66 674 . 64 863 0.69
B Cycles 146 .56 277 .55 481 49 635 .61 289 .68 477 ., 87 £96 i 796 .16
wet -Ory 4y2 L 76 563 1.01 922 .92 1288 . 68 809 . 98 596 .90 1975 1,12 2020 1.04
12 Cycles 616 13 554 0.91 1011 .59 1338 e 696 .90 1069 .78 1680 1.06 1985 1. 34
Freeze-Thaw 156 53 288 « 07 554 .43 654 « 55 223 .85 490 .81 581 0.73 755 0.79
12 Cycles 127 47 277 .54 512 - 32 675 .42 121 .92 452 . 65 440 .96 ré6 .76

Compressive strength in pounds per sq. in.;

In per cent,

NOTE: Cement in per cent dry wt. of soil.



EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESS STRENGTH OF SANDY CLAY LOAM SOIL-CEMENT SPECIMENS
Cement Content — 5% of Dry Wt. of Soil

TABLE 11

Specimens Molded at Approximate Minus 2% Optimum Water Content

TREATED WITH TDA SOLUT ION UNTREATED
Type of Dur- Molded Molded Max:muT Mesc ot Molded Molded HaxumuT Max  mum
ability Test Sample water Dry Compressive Sstrain Sample water Dry Compressive strain
after 28 No. Content Density Strengfh Bar OBt NO. Content Density Streng?h Per Cent
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft bs/sq in
13 13.8 109.5 360 0.38
EB_Da}; Curing 14 1“.3 108.0 426 0. 37
Period Only 1 14, 6 106.9 217 0. 40 15 14, 2 108. 2 296 0.54
2 14,5 106. 1 299 0. 38 16 13.5 107.7 376 0.43
wat Oy 2 14.0 105.9 95 0.81 7 13. 1 105. 9 127 0.69
2 4 14,0 106. 2 127 8 1
4 Cycles 0.94 2.8 106. 1 99 0.70
S 137 105.5 137 0.57 13. 4
Freeze-Thaw X i o, 13? = 13 107.8 147 0.58
4 Cycles ' ' - 43 3.2 104, 9 180 0. 60
7 14, 4 107.
Wet-Dry 3 o 10; g ii: 0.92 - 12.7 106. 9 121 1. 20
8 Cycles . . 0.92 10 14.8 109.0 148 1. 19
9 14,5 .
§ Cycles : : A% 0. 44 4 14, 1 107. 7 137 0.82
11 15, 2 107. 17 !
wet-Dry 13 3.6 G5 2 152 ;‘ iu 11 13.8 107. 6 149 %, 12
13 14, 106.
Freeze-Thaw ¢ 3 3 146 0.42 5 13.9 108, 4 89 1. 49
1 13.7 105. 1 127 0. 48 6 13.9 106.9 143 1.58

12 Cycles



TABLE 12

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY CLAY LOAM SOI|L-CEMENT SPECIMENS

Cement Content — 7% of Dry Wt. of Soil

Specimens Molded at Approximate Minus 2% Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Molded HaximwT i Molded Molded Max i mum Max imum
ability Test Sample water Dryl Compressive Strain Sample water Dry Compressive strain
after 28 No. Content Density Strength Per Cent No. Content Density Strength per Cent
days curing Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in
13 14.0 108.7 529 0. 63
28-Day Curing iy 13. 4 106.8 566 0.57
Period Only 1 15.0 108, 5 625 0. 44 15 13. 2 108. 6 596 0. 40
2 14, 3 107. 6 481 0. 36 16 13.3 107. 6 472 0.58
Wet-Dry 3 13.1 106. 7 328 3. 54 7 -_ — 420 1.03
4 Cycles 4 14. 6 109. 3 401 1.18 8 13.7 106.9 248 1. 21
4 Cycles 6 13.7 106.0 318 0.52 2 13.9 107.0 363 0.54
Wet-Dry 7 13.6 106. 7 357 1.08 9 13.8 107. 2 283 1. 29
B Cycles 8 13.8 107. 3 462 0.99 10 3.5 109.5 363 1. 37
i PR o N/ S AR AU S o O ... SO .. 1T
8 Cycles 3. ‘ : 53 108, 395 0.63
11 14, 2 105, 2 337 0.96 11 13.9 107, 6 280 1. 40
NgReity 12 13.6 267 1.02 12 = — 334 1. 22
12 Cycles % 308 &
13 13.3 104. 3 237 0. 48 5 13. 6 107. 6 290 0. 64
Freaze-Thaw 14 13, 1 105. 3 309 0. 49 6 13. 4 108. 3 351 0.77

12 Cycles



TABLE 13

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY CLAY LOAM SO|L-CEMENT SPECIMENS
Cement Content —— 9% of Dry Wt, of Soil

Specimens Molded at Approximate Minus 2% Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Molded Max i mum Max i Molded Molded Max imum AR
ability Test Sample water Dry Compressive St rain Sample wWater Dry Compressive strato
after 28 No. Content Density Strength Per Cent NO. Content Density Strength S aPInsat
days curing. Per Cent 1bs/cu ft 1bs/sqg in Per Cent 1bs/cu ft Jbs/sq in
13 13.9 108.0 224 0. 60
Period Only 1 14.0 106. 3 543 0.u3 15 13.6 108. 5 567 0.54
157 104, 7 543 0.41 16 13, 2 108. 3 516 0.53
Wet-Dry 3 13,5 105.0 390 0.94 7 13.8 109. 6 305 i: 27
4 Cycles 4 12.9 104.8 47 1,06 B 13.6 106, 7 388 1. 17
4 Cycles 6 14. 1 107. 6 522 0, U5 2 13.6 108.0 506 0.52
Wet—Dry 7 13.7 107. 4 433 0.78 9 13.9 110. 1 420 0.87
8 Cycles 8 13. 2 108.0 347 0.72 10 13. 8 109.9 411 1. 15
Freeze-TRaw 9 13. 3 107. 1 357 0. 46 3 14, 2 108.8 558 0.61
8 Cycles 10 14, 2 106. 8 368 0.58 4 13.5 107.9 455 0.64
Wet-Dry 11 14,0 106.5 433 0.76 11 14, 1 111.0 206 1.31
12 Cycles 12 13.6 106. 5 433 1.01 12 14, 3 108.9 538 1. 16
Freeze-Thaw 13 14,0 108. 1 . 043 0.52 5 335 108. 4 462 0.74
0.56

12 cycles 14 13.7 106, 2 390 0.42 6 13.7 110. 1 510



TABLE 1&

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY CLAY LOAM SOIL-CEMENT SPECIMENS
Cement Content —— 11% of Dry wt. of Soi)

Specimens Molded at Approximate Minus 2% Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Molded Max i mum M ax | mum Molded Molded Maximum Max § mum
ability Test Sample Water Dry Compressive & ain Sample water ory Compressive ot rain
after 28 NO. Content Density Strength Par Cent NO. Content Density Strength per Cent
days curing Per Cent 1bs/cu ft 1bs/sg in Per Cent 1bs/cu ft Ibs/sg in
13 13.6 107.7 992 0.61
28-day Curing , 14 13.8 108. 1 657 0.63
Period Only 1 < I 106.9 726 0.54 15 14.0 107.9 612 0.66
2 14, 4 107.8 778 0. 48 16 157 106. 3 507 0.69
Wet-Dry 3 14,0 107.7 586 0.99 13.9 108.0 567 1.09
4 Cycles 4 13:d 105.7 471 0.74 14, 2 107.0 574 1. 24
Freeze-Thaw 5 13.9 107. 3 ;37 g. ;z 1 13. 6 109. 4 563 0. :5
4 Cycles 6 14,0 107.5 25 . 59 2 538 0.62
Wet-Dry 7 15, U 108. 3 6u5 0.95 9 13,7 108, 3 593 1.08
726 0. 13.8 . 5 .
&7 Eociee B 4.5 | 107.9 B2 10 3 107. 4 33 1. 16
635 0. 60 T4
P raase T hay 9 14.8 108. 3 3 3 13.9 108. 5 5;1: 0.7
8 Cycles 10 14,8 108. 2 664 0. 45 - — — 0.76
Wet-Dry 11 14,9 107. 2 563 0.76 11 13.9 108.8 717 1.07
12 Cycles 12 14,6 106. 5 645 0.84 12 13.7 108. 2 694 1. 13
Freeze-Thaw 13 5.3 108.0 684 0. 48 5 14,0 107.9 648 0.75
12 Cycles 14 14. 4 107, 2 616 0. 47 6 14,0 108.8 669 0.71



TABLE 15

MAX|IMUM COMPRESSIVE STRENGTH AND MAXIMUM STRAIN OF SANDY CLAY LOAM SOIL CEMENT SPECIMENS
Specimens Molded at Approximate Minus 2% QOptimum water Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur-
ability Test 5% 7% 9% 11% 5% 7% 9% 11%
after 28 Cement Cement Cement Cement Cement Cement Cement Cement
days curing, C.S." Strain®® C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain
360 0.38 529 0.63 524 0,60 592 0.61
28-Day Curing 426 .37 566 .51 361 . 49 657 .63
Period Only 277 0.%0 625 0.44 543 0.43 726 0.54 296 54 596 40 567 .54 612 . 66
299 . 38 481 . 36 543 LUl 778 , 48 376 L 43 472 .98 516 93 507 .69
Wet—Dry 95  .B1 328 112 390 .94 586 .99 127 .69 420 1.03 305 1.27 567 1.09
4 Cycles 127 .94 401 1,18 347 . T4 99 .70 99 . 70 248 1. 21 3gs 1,17 574 124
Freeze-Thaw 137 .57 422 0.56 501 .58 737 . 12 147 .58 414 0.54 516 0.57 563 (.65
4 Cycles 137 .43 318 = 522 .45 625 .09 180 .60 363 .54 506 .52 538 .62
Wet-Dry 156 .92 357 1.08 433 .18 645 .95 121 1. 20 283 1. 29 420 .87 5913 1.08
B Cycles 146 .92 462 0.99 347 12 726 .82 4 1, 19 363 1.37 411 1.15 8§33 1.16
Freeze-Thaw 186 52 318 .38 357 , 46 635 . 60 147  0.94 366 0.66 558 0.61 573 0.74
8 Cycles 146 .44 379 . 45 368 .58 664 . 45 137 .82 395 .63 455 . 64 648 .76
wet-Dry 175 1.00 337 .96 433 .76 563 .76 148 ) e 5 280 1. 40 506 i. 31 Ti7 1.07
12 Cycles 166 0.78 267 1,02 433  1.01 645 B4 153 1. 24 334 1,22 538 1.16 694 1,13
Freeze-Thaw 146 = 4z 23? 0. 48 5”3 s 648 . UB g9 1. 49 290 0. 64 462 0.74 648 0.75
12 Cycles 127 .48 309 . 49 390 42 616 . U7 143 1. 58 351 5 ol | 510 .56 669 « T4

Compressive strength in pounds per sq. in.;

In per cent,

NOTE: Cement in per cent dry wt. of soil.



TABLE 16

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOI|L-CEMENT SPECIMENS
Cement Content — 5% of Dry Wt. of Soil

Specimens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Type'nf Dur- Molded Molded HaxlmuT Mz S mam Molded Molded Max | mum M imum
ability Test Sample water Dry Compressive strain Sample water Dry Compressive St rain
after 28 No. Content Density Strength Pt Hant No. Content Density Strength Per Cent
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in
13 o — 242 1. 52
28-Day Curing 14 18. 3 104, 2 224 1. 32
Period Only 1 7.7 102.5 137 0. 55 15 b 1 104, 5 153 0.87
2 17.3 102, 5 118 0.54 16 17. 4 103. 1 105 1. 17
Wet-Dry ) 18,7 102, 4 64 0.87 7 17. 4 104.1 i i
4 Cycles 4 18. 7 102. 4 54 0.65 8 17.3 103. 1 R i
Freeze-Thaw 5 20.8 99.8 33 .53 1 — - i i
4 Cycles 6 18. 1 102.9 43 1. 39 2 17.7 103.0 i i
Wet-Dry 7 18.8 103.0 Vi Vi 9 17. 8 104. 5 iii i
B Cycles 8 19. 1 102, 6 Viili viii 10 17.9 103.9 v v
Freeze-Thaw 9 18.5 103. 4 Viii viii 3 18.5 104, 0 i iii
B Cycles 10 19, 2 102, 3 viii viii 4 17.8 103.9 iii i
wet-Dry 11 18. 7 102.3 iv iv | 17.9 103. 3 iii i
12 Cycles 12 18. 5 103.9 iv iv 12 17.8 103. 6 ifl i
Freeze-Thaw 13 18. 5 102.7 33 1, 41 5 18. 2 103. 7 ili iii
12 Cycles 14 18.0 102.9 14 0.94 6 17. 4 103. 4 v v

Roman numerals indicate cycle at which specimens disintegrated.



TABLE 17

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOI|L-CEMENT SPECIMENS
Cement Content —— 7% of Dry Wt. of Soil

Spec imens Molded at Approximate Optimum wWater Content

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur- Molded Mo1ded Haxnmu? e imun Molded Molded Max i mum Max imum
ability Test Sample Water Dry Compressive S pat Sample Water Dry Compressive Straln
after 28 No. Content Density StFEHQTh Per Cent No. Content Density Strength Per Cent
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in
13 1.3 103.5 274 1.11
za_ﬂa,r {:uri ng 14 17. 4 103. 6 28!5 1. 18
Period Only 1 19. 8 101, 2 175 0.50 15 1.3 104.0 153 0.98
2 18.6 102, 2 166 0.53 16 17.0 104, 6 143 0.88
wet-Dry 3 20.0 102.3 127 0.82 7 17.3 104. 5 il iii
4 Cycles i 19.7 101. 3 127 0.81 8 16, 8 105. 2 ifi i
Freeze-Thaw 5 19. 8 101. 6 64 i, 36 1 17.0 104. 3 121 0.85
4 Cycles 6 20.0 101. 4 64 1. 12 2 17.6 103.3 127 0.93
wet-Dry 7 19. 4 101.9 146 0.83 Q 17.5 104. 3 Vi vi
8 Cycles 8 19.6 102. 2 175 0.90 10 17.0 103.7 i ii
Freeze-Thaw S 20, 1 102. 7 viii Vil 3 17.8 104, 1 162 1.81
B Cycles 10 19.5 103. 2 viii Vil 4 17.6 104.0 130 2.20
Wet-Dry 11 19.6 103, 7 186 0.98 11 16. 7 104, 2 Pii iii
12 Cycles 12 19.5 103. 4 166 1.01 12 17.8 103. 6 i X i x
Freeze-Thaw 13 18. 7 103. 7 X1 X1 5 17.3 104.0 X X
12 Cycles 14 18. 6 103.5 X1 i Xii 6 17.5 104. 3 X X

Roman numerals indicate cycle at which specimens disintegrated.



EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOIL CEMENT SPECIMENS

TABLE 18

Cement Content —- 9% of Dry Wt., of Soil

Specimens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED
Ty?e.uf Dur- Molded Molded Ha11muT Max i mum Molded Mo1lded Maximuw Masximum
ability Test Sample Water Ury- Compressive st rain Sample Water Dry' Compressive Straln
after 28 No. Content Density StrengEh Per Cent No. Content Density strength Per Cent
days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in
13 17. 2 104, 3 188 0.82
28-Day Curing 14 17. 1 104, 5 161 0. 84
Period Only 1 18. 6 104, 1 256 0. 54 15 16.9 103.0 151 0.86
2 18.0 102, 2 216 0. 49 16 16.5 102, 8 175 0.83
wet-0Ory 3 18, 2 103. 2 197 0. 63 7 17. 9 104, 4 236 1.04
4 Cycles 4 18.9 102.8 216 0.97 8 b ) S 103, 2 254 1. 14
Freeze-Thaw 5 18.7 103.8 137 0.82 1 17 1 104, 4 161 0.66
4 Cycles 6 18.5 102.9 137 0.82 2 s Bl 103. 7 151 0.71
Wet-Dry 7 15. 1 105. 6 228 0. 73 9 10 £ - 104.0 Vi Vi
B8 Cycles 8 18.8 103. 1 197 0.87 10 11. 2 104. 1 306 1. 15
F reeze-Thaw 9 18.3 103. 7 viil viii 3 17.8 103. 3 151 2. 44
B Cycles 10 17.8 102. 7 viii viii 4 17.8 104.9 146 1. 74
wet-Dry 11 18. 4 102.0 186 0.87 11 17. 6 103.3 344 1. 43
12 Cycles 12 18. 3 102. 5 245 0.93 12 17. 4 103. 2 318 1.32
Freeze-Thaw 13 19. 1 102.0 54 1, 62 5 17.8 103.5 Xii xii
12 Cycles 14 18. 3 101.8 54 1.62 6 17. 7 103. 4 xii xii

Roman numerals indicate cycle at which specimens disintegrated.



TABLE 19

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOIL CEMENT SPECIMENS
Cement Content —— 11% of Dry Wt. of Soil

Specimens Molded at Approximate Optimum Water Content

TREATED WITH TDA SOLUTION UNTREATED

Type of Dur- Molded Mo1ded HaxhnuT Mac T mum Molded Molded Max imum Mo
ability Test Sample wWater Dry. Compressive Strain Sample Water Dry. Compressive St rain

after 28 NO. Content Density Streng?h Per Cent No. Content Density Streng?h Per Cent

days curing. Per Cent 1bs/cu ft 1bs/sq in Per Cent 1bs/cu ft 1bs/sq in

13 17.8 104, 3 197 0.81
28-Day Curing 14 18.0 105. 6 235 0.86
Period Only 1 20. 4 101. 2 245 0. 44 15 17. 5 104, 6 272 0.97
21. 4 100.6 228 0.62 16 16. 8 104.9 206 0.91
wet—Dry 3 20.8 101. 5 379 1, 20 7 18.0 103.8 280 1. 16
4 Cycles 4 21.2 101. 6 379 1.08 B 1T 7 103.9 308 )
Freeze-Thaw 5 20.8 101.5 166 0. B0 1 177 105.0 197 0.85
4 Cycles 6 21.0 101 7 137 0.57 2 17::2 105.0 207 0.73
Wet-Dry 7 21,3 101. 7 390 0.94 9 17.¢ 105.0 459 1. 29
8 Cycles 8 20.9 102. 2 368 0.84 10 18. 2 104, 3 363 1. 21
Freeze-Thaw 9 18, 1 102.9 Viili Vil 3 177 104, 7 146 1.92
8 Cycles 10 21. 6 100.9 Vil viii 4 17.5 103. 2 235 1.06
Wet—Dry 11 18. 1 103.3 347 0.85 11 17.8 103.8 Xii Xii
12 Cycles 12 17.8 102. 7 228 1.07 12 178 105. 1 X1 i Xii
Freeze-Thaw 13 18. 7 102. 5 Xii X1 5 14, 6 106. 6 xii xi i
12 Cycles i4 20, 1 102. 3 54 1. 84 6 17. & 104,0 X1 Xii

Roman numerals indicate cycle at which specimens disintegrated.



TABLE 20

MAXIMUM COMPRESSIVE STRENGTH AND MAX|IMUM STRAIN OF CLAY LOAM SOI|L-CEMENT SPECIMENS
Specimens Molded at Approximate Optimum Water Content

Type of Dur- TREATED WITH TDA SOLUTION UNTREATED
ability Test 5% 7% 9% 11% 5% 7% 9% 11%
after 28 Cement Cement Cement Cement Cement Cement Cement Cement
days curing. ¢ s.* strain®® C. S. Strain  C. S. Strain  C. S. Strain  C. S. Strain  C. S. Strain  C. S. Strain  C. S. Strain
242 1.52 274 1. 11 188 0.82 197 0.81
28-Day Curing 224 1.32 286 1.18 161 .84 235 .86
Period Only 137 0.55 175 0.50 256 0.54 245 0. u4 153  0.87 153 0.98 151 .86 272 .97
118 .54 166 .53 216 49 228 , 62 105  1.17 143 .88 175 .83 206 91
Wet-Dry 64 .87 127 .82 197 .63 379 1. 20 P iii ifi (N 236 1.04 280 1.16
4 Cycles Sy .65 127 .81 216 .97 379 1.08 i i i i 254 1. 14 308 1.25
Freeze-Thaw 33 1.53 64  1.36 137 B2 166 0,80 i i 121 0,85 161  0.66 197  0.85
4 Cycles 43  1.139 64 1.12 137 .82 137 57 i i 127 .93 . I ¢ 207 .13
Wet-Dry Vi Vi 146 0.83 228,73 390 94 Pii iii Vi vi Vi vi 459 1.29
B8 Cycles viii  wviii 175 .90 197 .87 368 .84 vV vV i ii 306 1.15 363 1. 21
Freeze-Thaw viti  wili viil  wviii viii  wviii viii  wviti i i 162 1.81 151 2. 44 46 1.92
8 Cycles viii  wviii viii  viii vitl  viii viii  wviii iii il 130 2.20 146 1.74 235 1.06
Wet—Dry iv iv 186 0.98 186 0.87 347 0.85 Pii i P N 344 143 il xii
12 Cycles iv v 166 1.01 245 .93 228 1.07 Pid ili i X i X 318 1.32 xii Xil
Freeze-Thaw 33 L4y Xii Xii 54 1.62 Xii Xii i iii X X Xi i Xii Xii xii
12 Cycles 14 0.9y Xii X1 54 1.62 54 1.8% v v X X X1 X1 i xil xii

Compressive strength in pounds per sguare inch.

In per cent.
NOTES: Cement in per cent dry wt. of soil.

Roman numerals indicate cycle at which specimen disintegrated.



TABLE 21

AVERAGE MAXIMUM COMPRESSIVE STRENGTH AND AVERAGE MAX|IMUM STRAIN OF SANDY LOAM SOIL-CEMENT SPECIMENS

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur-
ability Test 5% 7% o% 11% 5% 7% 9% 11%
after 28 Cement Cement Cement Cement Cement Cement Cement Cement
days curing. .S.* Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain
28-Day Curing
Period Only 206 0,66 241 0,64 395 0.56 553 0.53 Y04 0,64 525 0,76 722 0.7 949 0.86
wWet-Dry
4 Cycles 399 54 480 . 67 640 . 68 956 .55 608 72 10 17 N:1 1308 .81 1607 .88
Freeze-Thaw
4 Cycles 186 . 50 266 L 48 476 U7 654 , 49 320 .78 536 74 732 L74 876 .63
wet-Dry
8 Cycles 384 .89 699 .95 900 .79 1w .79 454 76 926 .90 1405 .89 1787  1.05
Freeze-Thaw ’e " B ;
8 Cycles 160 .54 272 .56 4uy 58 B 81 454 77 685 .68 829 0,73
Wet-Dry
12 Cycles 529 75 558 .96 966 .76 1313 S 752 94 982 .84 1827 1.09 2002 1.19
Freeze-Thaw
12 Cycles 141 . 49 282 . 61 533 .38 664 L 49 172 .89 471 .73 510 0,85 810 0.78

L

Compressive strength in 1bs. per sq. in.

In per cent.

NOTE: Cement in per cent dry wt. of soil.



TABLE 22

AVERAGE MAXIMUM COMPRESSIVE STRENGTH AND AVERAGE MAXIMUM STRAIN OF SANDY CLAY LOAM SOIL-CEMENT SPECIMENS
TREATED WITH TDA SOLUT |ON UNTREATED
Type of Dur-
ability Test 5% 7% 9% 11% 5% 7% 9% 11%
ateer ?3 Cement Cement Cement Cement Cement Cement Cement Cement
days curing. C.S.° Strain*®* C. S. Strain C. S. Strain C. S. Strain C. S. Strain C. S. Strain (. S. Strain C. S. Strain
28-Day Curing
Period Only 288 0. 39 553 0.40 S43  0.42 752 0.57 364 0.43 541 0.53 492 0.54 592 0.65
wet-Dry
4 Cycles 111 .88 364 1.15 368 1.00 528 .87 113 . 70 334 1,12 346 1,22 570 1. 17
Freeze-Thaw
4 Cycles 137 .50 370 0.54 511 0.52 681 . 66 163 .59 368 0.54 511 .55 550 0. 64
wWet-Dry
8 Cycles 151 .92 49 1.04 390 « 79 685 .B9 134 1. 20 323 L33 415 1,01 563 1.12
Freeze-Thaw
8 Cycles 166 .48 348 0.42 362 02 649 .53 142 (.88 380 0.65 506 0.63 610 0.75
wet-D
12 Cyc:Zs 170 .89 302 .99 433 .89 604 . B0 151 1.18 307 131 522 1. 24 705 1. 10
Freeze-Thaw
12 Cycles 136 - 45 213 .49 466 .47 650 48 116  1.54 320 0.71 486 0.65 658 0.73

* Compressive strength in pounds per square inch.

NOTE:

In per cent.

Cement in per cent dry wt. of soil.



TABLE 23

AVERAGE MAX|MUM COMPRESSIVE STRENGTH AND AVERAGE MAXIMUM STRAIN OF CLAY LOAM SOIL-CEMENT SPECIMENS

TREATED WITH TDA SOLUTION UNTREATED
Type of Dur-
ability Test 5% 73 9% 11% 5% 7% g% 113
after 28 Cement Cement Cement Cement Cement Cement Cement Cement
days curing. C.S.* Strain®™ C. S. Strain C. S. Strain (.S, Strain C. S. Strain C. 5. Strain C. S. Strain ¢. S. Strain
28-Day Curing
Period Only 127  0.55 170  0.52 236  0.52 236 0.53 181 1,22 214 1.04 169  0.84 227  0.89
wet-Dry e
4 Cycles 59 .16 127 .B2 206 . BO 379 1. 14 R i P i 2U5 1. 09 294 1.21
Freeze-Thaw
4 Cycles 38 1. 46 64 1. 24 137 .B2 151 0. 69 1 i 124 0. 89 156 0. 69 202 0.79
Wet-Dry
8 Cycles vii vii 160 0.87 212,80 379 .89 iv iv iv iv 306 1.15 411  1.25
Freeze-Thaw
8 Cycles viii  wviil viii wili viii  vili viti  wvili iii i 146 2.01 148 2.09 190 1.49
wet-Dry
12 Cycles iv iv 176 1.00 215  0.90 287 0.96 i iii vi Vi 331  1.38 xii Xii
Freeze-Thaw
12 Cycles 23 1.18 Xii Xii 54 1.62 54 1.89 iv iv X X Xii X1 Xii xii

* Compressive strength in pounds per square inch.

In per cent,
NOTE: Cement in per cent dry wt. of soil.

Roman numerals indicate cycle at which specimen disintegrated.



TABLE 24

RELATIVE EFFECTS OF CURING PERIODS AND WET-DRY CYCLES
ON UNCONFINED COMPRESSIVE STRENGTH SANDY LOAM SO|L-CEMENT SPECIMENS

Cement Content — 9% of Dry Wt, of Soil
Proctor's Optimum Water Content = 11.2%

Maximum Dry Density = 119.8 1b. per cu. ft.

Water Content Density, Dry wt. T
Type of Test % Ory Wt. Soil 1bs. per cu, ft. phohl Max i mum
P = Sample L F Compressive gy/az 1
: : No. Diff. in Diff. in Strength
Curing Period Molded Opt i mum Molded Max i mum 1bs. per sg. in. Par- Cent
and Molded and Molded
17 13.28 + 2.08 115.9 - 3.8 288 0.42
28-day curing period
18 13.12 + 1.92 115.8 - 3.8 309 0.51
, , 19 12.95 + 175 116, 8 - 2.9 318 0.50
36-day curing period
20 12.78 + 1.58 116.6 - 3.1 328 0. 39
28-day curing period 21 12,01 + 0.81 117.7 =~ 2D 675 0.90
plus 4 cycles - .
wetting & drying test 2z 12. 15 +0.95 .8 - 684 0.91
‘ 23 12.49 + 1,29 117. 4 - 2.3 348 0.73
4y4-day curing period
24 11.90 T 0..70 118.9 - 0.8 4y2 0.89
28-day curing period 25 11. 67 + 0.47 119.4 - 0.3 1001 1.09
plus 8 cycles 4 0 4 1.0
27 13, 17 - 0.03 119.2 - 0.5 543 0.53
52-day curing period
28 11.34 + 0.14 118.3 - 1.4 201 0.52
28-day curing period 29 11. 16 — 0.04 119. 5 - 0.2 1227 0.97
plus 12 cycles o y
wetting & drying test 20 10. 67 = 0.53 119.5 B L 0.77



TABLE 25

RELATIVE EFFECTS OF CURING PERIODS AND WET-DRY CYCLES
ON UNCONFINED COMPRESSIVE STRENGTH SANDY CLAY LOAM SOIL—-CEMENT SPECIMENS

Cement Content — 9% of Dry Wt. of Soil

Proctor's Opt imum Water Content = 16. 2%

Maximum Dry Density = 109.1 1b. per cu. ft.

Water Content

Density, Dry Wt.

Max imum

Type of Test Samo s % Dry Wt, Soil 1bs. per cu, ft. _ Max i mum
= P Compressive Steain
No. Diff. in Diff. in
Curing Period : : Strength
ng Molded Opt imum Molded Max imum 1bs. per sa. in Per Cent
and Molded and Molded
17 15. 09 = 104, 2 — 89 390 0.30
28-day curing period
18 14, 11 - 2.09 104, 2 - 4.9 471 0.33
: ] 19 14, 26 - 1,94 107. 2 - 1.9 595 0.38
36-day curing period
20 14,98 — 1.22 106. 3 - 2.8 586 0.39
28-day curing period 21 15. 28 -~ 0,92 108. 3 - 0.8 379 1. 18
plus 4 cycles 22 14, 63
of wetting 4 drying - 1.57 106.9 - 2.2 379 0.95
23 14, 74 - 1,46 106.8 - 2.3 605 0.75
44-day curing period
24 14.81 - 1.39 108. 2 - 0.9 532 0.43
28-day curing period 25 15. 47 _ 0.73 105. 9 = 32 412 1,00
plus 8 cycles 1
of wetting & drying 26 16.01 — 0. 19 106. 9 ~ 2.2 390 .30
27 14. 71 - 1. 49 106.8 - e 471 0. 43
52-day curing period
28 15.91 - 0.29 106.8 - 2.3 625 0. 49
28-day curing period 29 15.81 - 0.89 106.9 = 2.4 532 0.98
plus 12 cycles
30 15.80 - 0.40 107.5 - 1.6 401 0.87

of wetting & drying



TABLE 26

RELATIVE EFFECTS OF CURING PERIODS AND WET-DRY CYCLES
ON UNCONFINED COMPRESSIVE STRENGTH CLAY LOAM SO|L—CEMENT SPECIMENS
Cement Content —— 9% of Dry wWt. of Soil
Proctor's Opt imum Water Content = 18.7%

Maximum Dry Density = 103.4 1b. per cu. ft.

water Content Density, Dry Wwt,

Max i mum .
Type of Test sample $ Dry Wt. Soil 1bs. per cu. ft. Careas]ve Max imum
Strain
S No. Diff. in Diff., in St rength
Curing Period Molded  Optimum Molded  Maximum 1bs, per sg. in, Per Cent
and Molded and Molded
‘ 17 20. 60 + 1.90 99.3 - 4.1 146 0.81
28-day curing period
18 20.21 * 1.51 99.7 - 3.7 156 0.77
. ; 19 22. 80 + 4,10 96. 2 - 1.2 137 0.56
36-day curing period
20 20,99 + 2.29 98.0 - 5.4 137 0.70
28-day curing period 21 21,75 + 3,05 95.8 - ¥/ 54 1.39
plus 4% cycles ;
of wetting & drying Ak 20.94 t22 102. 4 - 1 137 1. 4y
_ _ 23 20.96 + 2. 26 101.9 ~ 1,5 228 0.85
4u—day curing period
24 20.72 + 2.02 101.0 - 2.4 186 0.66
28-day curing period 25 20. U8 + 1.78 102. 8 = PG 186 1. 37
plus 8 cycles y
of wetting & drying 26 20,98 2. 28 101.8 - 1.6 118 1. 19
) _ 27 19,99 + 1.29 102. 6 - 0.8 207 0.71
52-day curing period
' 28 19.86 + 1. 16 103.5 i ¢ % | 207 0. 59
28-day curing period 29 20. 29 + 1.59 102.3 - 1.1 127 1. 26
plus 12 cycles
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