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A soil-cement base is sometimes used in an attempt to improve
the load spreading ability of the base and therefore reduce the
stress level on the subgrade. However, one of the problems as-
sociated with the use of soil-cement stabilized bases is that in
some instances hydration of the cement paste results in the for-
mation of transverse and longitudinal shrinkage cracks in the
base. If these shrinkage cracks in the base become sufficiently
wide, reflection cracking will appear on the surfacing. In addi-
tion, a base course that has cracked does not have the load
spreading ability of an intact base since the cracked blocks of
the base act to some degree independently of each other.

The use of expansive cements instead of regular portland ce-
ment is a new approach to the problem of controlling shrinkage
cracks in soil-cement stabilized bases. The purpose of this
paper is to present some of the results of a laboratory study
performed to determine if any benefits from the standpoint of
cracking result from using an expansive cement as compared to
using Type I portland cement. The soil investigated was a
clayey, micaceous silty sand typical of many of the residual
soils found in the upper soil horizon of the Piedmont area of
Georgia.

°A BASE course should be constructed to have sufficient rigidity or depth to spread
the load out in order to reduce to an acceptable level the magnitude of rutting in the
subgrade and eliminate the possibility of a bearing capacity failure. The base should
also be compacted to a sufficient density so that it will not undergo serious permanent
deformation. As wheel loads move past a point on the pavement surface, the bitumi-
nous surfacing is repeatedly flexed back and forth so that points in the top and bottom
of the surface layer are alternately subjected to tensile and compressive radial strains.
If the strain level is sufficiently high the pavement surfacing will crack due to fatigue,
sometimes forming a chicken-wire pattern of cracks on the surface after a certain
number of wheel repetitions. Recent research (1) indicates that in some instances in-
creasing the thickness of the base course while keeping the stiffness constant reduces
the vertical strese on the subgrade sufficiently to reduce the amount of rutting, In-
creasing the thickness, however, may have practically no effect on the tensile strain
in the surfacing and therefore does not reduce the possibility of a surface failure. In
at least some instances, increasing the stiffness of the base by means of effective sta-
bilization while keeping the thickness constant reduces the chances for a fatigue-type
failure by reducing the tensile strain in the surfacing. The stress on the subgrade is
also apparently reduced.

Soil-cement base stabilization is one method that can be used to increase the stiff-
ness of the base and hence reduce both the possibility of rutting in the subgrade and a
fatigue-type failure of the surface course. One of the problems associated with the
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use of soil-cement stabilized bases is that when used with some soils hydration of the
cement paste results in the formation of transverse and longitudinal shrinkage cracks
in the base. If these shrinkage cracks become sufficiently wide, reflection cracking
will appear on the surfacing. In addition, a base course that has cracked does not have
the load-spreading ability of an intact base since the cracked blocks of the base act to
some degree independently of each other, The most important factors affecting the
amount of shrinkage cracking in portland cement-stabilized bases appear to be (a) phys-
ical-chemical soil characteristics, (b) amount of cement used in stabilization, (c) com-
paction moisture content, (d) degree of compaction, and (e) method and time of curing.

The use of expansive cements instead of regular portland cement is a new approach
to the problem of controlling shrinkage cracks in soil-cement stabilized bases. The
purpose of this paper is to present some of the results of a laboratory study performed
to determine if any benefits from the standpoint of cracking result from using an ex-
pansive cement as compared to Type I portland cement. The soil investigated is a re-
sidual, micaceous, clayey silty sand found in the upper soil horizon of the Piedmont
area of Georgia.

EXPANSIVE CEMENTS

Some practical applications of shrinkage-compensated and self-stressing expansive
cements have been investigated during the last twenty years in France, the USSR, and
the United States (2, 3, 4). Expansive cements and expansive cement concretes have
been used on an experimental basis for pressure pipes, one- and two-way slabs, high-
way pavement test sections, grouts, and as structural members in buildings. However,
the use of expansive cements as an engineering material is still in the developmental
stage.

An expansive cement may be produced by adding a small percent of free lime, mag-
nesium oxide, or calcium sulfate to portland cement (3). If certain forms of these
compounds are used (or excessive amounts) expansion of the cement may not occur un-
til after the paste has hardened, resulting in serious cracking and disintegration of the
concrete. To help control the reaction, gypsum is often used as a stabilizing agent in
the mixture. The most commonly used expansive compound is calcium sulfoaluminate
(C1AsSOs). When this compound comes in contact with water, hydration occurs, re-
sulting in an increase in absolute volume of the hydrate. If enough of the expansive
compound is used a net expansion of the entire mass results.

Expansive cements having desirable properties increase in volume during the initial
stages of curing and then shrink as the hardening of the paste continues. The amount
of expansion during curing can be controlled by varying the chemical composition of
the expansive cement. If during curing a specimen of expansive cement is prevented
from expanding, either by internal or external restraint, compressive stresses are
set up in the specimen. These stresses are later partially relieved during shrinkage.
When the composition of the cement is such that expansion just offsets shrinkage, the
cement is often referred to as ''shrinkage compensated."”

"Self-stressing' expansive cements are of such a chemical composition that, after
curing, expansion of the paste exceeds shrinkage. If restraint is provided (such as
that given by a reinforcing bar placed in a concrete beam) as the expansive cement
cures, expansion is resisted by the reinforcing steel. As a result, a tensile stress
is induced in the reinforcing steel and a compressive stress in the concrete., As cur-
ing continues, shrinkage cracks do not open up in the concrete member since the chem-
ically prestressed concrete remains in compression. Theoretically, the same con-
cepts can be applied in stabilizing soil bases with expansive cements.

SAMPLE PREPARATION AND TESTING PROCEDURE

Soil specimens were stabilized using both Type I portland cement and an expansive
cement sold under the trade name, ChemComp. A comparison was then made between
the difference in the amount of cracking, strength, and general appearance during and
after curing of specimens.
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The soil was classified using the Unified Soil Classification system as a residual,
rusty-brown, well-graded, micaceous silty sand. The liquid limit of the soil was 52
percent and the plasticity index was 16 percent. The Standard Proctor optimum mois-
ture content was 29 percent and the corresponding maximum dry density was 89.5 pef.
A summary of the soil properties is given in Table 1.

The soil, cement, and water were carefully proportioned and then mixed in a Read
Standard Grant mixer. Specimens were prepared using 3, 6, 9, and 12 percent cement
contents by weight at moisture contents of 3 percent below, 3 percent above, and at
Standard Proctor optimum for the unstabilized soil.

Beam specimens 6 by 6 by 18 in. were prepared in a steel mold by compacting the
soil-cement mixture in 2-in. layers using a modified Rainhart mechanical compactor.
The same compaction energy level was used as in the Standard Proctor compaction test
(12,400 ft-1b/cu ft). After compaction, the specimens having moisture contents of 3
percent below and 3 percent above optimum moisture content were wrapped in Saran
and cured for 6 days. The Saran wrap was then removed and the specimens cured for
an additional day. The beam specimens prepared at optimum moisture content were
cured for 7 days with no provision for moisture retention in the specimen. Since the
moisture in the specimens was allowed to evaporate freely, this condition of curing
should simulate very poor field curing.

The T-day curing period consisted of subjecting the upper surface of each beam
specimen to a temperature of 105 F and a negative temperature differential between
the top and bottom of 40 F for approximately 8 hr each day during the 7-day curing
period; no attempt was made to control the humidity of the air surrounding the speci-
mens. During the remaining portion of the day the specimens were kept at room tem-
perature that varied between approximately 70 F and 80 F. The 40 F temperature dif-
ferential was used to simulate a thermal gradient during curing similar to that which
might exist in the base course of a pavement system during the warm summer months
in Georgia. No moisture was added to the specimens during curing. After curing, the
specimens were then fully exposed to the weather to determine the durability of the

TABLE 1
PROPERTIES OF THE MICACEOQOUS SILTY SAND

Liquid limit, % 52
Plastic limit, % 36
Plasticity index, % 16
Optimum moisture content, Standard Proctor, % 29
Specific gravity 2,71

Grain size, percent passing U.S. standard sieve no.
4 100.0
10 97.0
40 70.0
G0 55.0
100 41.0
200 27,0

Approximate mineral analysis of fines

Kaolinite (%) 60
Biotite mica (%) 40

Note: An undetermined percentage of biotite mica
had weathered to form vermiculite.

Volume change

Swell, % 27.4
Shrinkage, % 3.0
Total volume change, % 30.4

Soil classification
Bureau of Public Roads Classification system (revised) A-2-7
Unified Soil Classification system SM
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specimens. Unless otherwise noted, during curing the specimens were restrained by
steel forms at the ends and also up the sides for about one-half the height of sample.

Soil-cement stabilized specimens 3-in. thick and 18- by 18-in. square were pre-
pared in order to study the effect of surface area on the behavior of the specimens.
Specimens were prepared at a moisture content 3 percent below optimum using both
Type I portland cement and the expansive cement. The specimens were compacted in
1-in. layers using the Standard Proctor energy per unit volume. The compaction energy
was supplied by a 10-1b hammer allowed to fall 18 in. The compacted specimens were
wrapped in Saran and cured as previously described for 7 days.

Unconfined compression tests were performed on 2.8-in. diameter, 5.6-in. high
cylindrical specimens in order to compare the difference in strength between speci-
mens stabilized using Type I portland cement and the expansive cement. The cylindri-
cal samples were prepared from a portion of the batch used in making the beam speci-
mens. The same Standard Proctor compaction energy per unit volume was used in
preparing the cylindrical compression samples as was used in preparing the beam speci-
mens. The cylindrical specimens were extruded from the compaction mold, sealed in
plastic bags, and stored in a moisture room at 72 F and 100 percent humidity. After
7 days of curing the specimens were then tested in unconfined compression using a
loading rate of approximately 0.05 in. per minute.

TEST RESULTS

Stabilization Below Optimum Moisture Content

In the portland cement-stabilized beam specimens compacted at a moisture content
of 3 percent below Standard Proctor optimum with 6, 9, and 12 percent cement con-
tents, horizontal cracks developed on the sides of the specimens. These cracks ap-
peared during curing about 1 in. from the-top, extending horizontally about one~half

Figure 1. Soil stabilized with portland cement using 3, 6, 9, and 12 percent cement at 3 percent be-
low optimum moisture; 7-day curing period.
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the length of the specimen. The specimen having 9 percent cement content was the only
one to develop surface cracks. All of these cracks can be considered to be of minor
severity. The specimen having a 3 percent cement content did not crack at all, although
the surface was rough and irregular due to the low cement content. Figure 1 shows the
appearance and extent of surface cracking after 7 days of curing.

. Yo sk Ao

Expansive cement beam specimens were prepared using 6, 9, and 12 percent ce-
ment at a moisture content 3 percent below optimum. After 7 days of curing the 6 and
12 percent samples showed no cracks. However, the 9 percent specimen developed a
surface crack in the middle one-third of the specimen during the first 24 hr of curing.
When the Saran was removed from this specimen after 6 days, a very small crack was
observed about 1 in. from the surface, extending horizontally from the end for about
one-third the length of the specimen. Because of the apparent discrepancy between
this specimen and the 6 and 12 percent specimens, another beam having 9 percent ex-
pansive cement was prepared and after 7 days of curing was observed to have no cracks.
Figure 2 shows the appearance and extent of surface cracking of the original three
spceimens.

After 7 days of controlled curing and 21 days of exposure to natural atmospheric
conditions, the original crack in the 12 percent portland cement specimen extended
through the entire length of the sample. Furthermore, during exposure the 12 percent
expansive cement specimen developed a crack in the same location but the crack ex-
tended for only one-half the length of the specimen. No other cracking occurred in
either the portland or expansive cement-stabilized specimens. In general, after 28
days there was little difference in the surface appearance and texture among specimens
stabilized with the two types of cements.

Stabilization at Optimum Moisture Content

Beam specimens were prepared using Type I portland cement and the expansive ce-
ment at the Standard Proctor optimum moisture content. The specimens were prepared
at cement contents of 3, 6, 9, and 12 percent.

Figure 2. Soil stabilized with ChemComp cement using 6, 9, and 12 percent cement at 3 percent be-
fow optimum moisture; 7-day curing period.



35

The 3 percent portland cement specimen showed no cracking after 7 days. The 6
percent portland cement specimen showed very serious surface cracking concentrated
near the middle of the specimen. This crack developed within the first 24 hr and be-
came progressively worse. The 9 percent specimen also formed a surface crack with-
in 24 hr, but it was not as wide or as deep as the crack in the 6 percent specimen. In
addition, a small crack formed at one end of this specimen about 3 in, from the top ex-
tending parallel to the surface for about 3 in. The 12 percent portland cement speci-
men developed a crack at one end that extended along the sides parallel to the surface
for a length of about 5 in. All of the specimens had a very dry and flaky surface after
7 days of exposure to the temperature differential (Fig. 3). The poor surface ap-
pearance was probably caused by improper hydration of the cement due to rapid evap-
oration of the water from the surface of the sample.

Similar specimens compacted at the optimum moisture content using the expansive
cement did not develop any cracks after 7 days except for the 9 percent specimen, which
developed a very small crack near one corner during the sixth day. Although the sur-
faces of these specimens appeared dry after 7 days of curing, they did not have the
flaky appearance that the portland cement specimens had, and the samples in general
were in much better condition (Fig. 4). After 21 days of exposure to natural atmos-
pheric conditions the existing cracks in the portland cement specimens had widened,
and some weathering occurred in the vicinity of the cracks in the 6 and 9 percent spec-
imens. The specimens stabilized with the expansive cement had not undergone any ad-
ditional cracking or widening by the end of 21 days of exposure. Outside of the crack-
ing in the portland cement-stabilized specimens, both sets of specimens had about the
same surface texture and appearance at the end of 21 days.

Stabilization Above Optimum Moisture Content

Portland cement beam specimens were compacted at moisture contents 3 percent
above Standard Proctor optimum using cement contents of 3, 6, 9, and 12 percent.

Figure 3. Soil stabilized with portland cement using 3, 6, 9, and 12 percent cement at optimum mois-
ture, after 7-day exposure to temperature gradient; improper curing.
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Figure 4. Soil stabilized with ChemComp cement using 3, 6, 9, and 12 percent cement af optimum
moisture, after 7-day exposure to temperature gradient; improper curing.

Figure 5. Soil stabilized with portland cement using 3, 6, 9, and 12 percent cement at 3 percent above
optimum moisture; 7-day curing period.
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After T days of curing all the specimens had cracked although the location and severity
of the cracking was not always the same (Fig. 5). The beam stabilized with 3 percent
cement developed a very fine surface crack in approximately the center of the speci-
men. These cracks formed during the last days of curing, and the surface of this spec-
imen was very rough and irregular. The 6 percent specimen developed many small
cracks over its entire surface during the last day of curing. There was also a very
fine horizontal crack about 1 in. from the top at one end extending along the sides for
about 3 in. The 9 percent specimen showed a very small crack near its middle, and
the entire surface was very flaky.

The 12 percent cement specimen had a very severe surface crack that appeared ap-
proximately in the middle of the sample within the first 24 hr of curing. This crack
extended about 2%z in. down both sides of the sample and at the end of 7 days it had
lengthened to almost 3% in. Expansive cement-stabilized specimens, compacted at
the same moisture content using 3, 6, 9, and 12 percent cement did not crack within
the first 7 days of curing and the surfaces appeared to be much smoother than the spec-
imens compacted with portland cement (Fig. 6).

After 21 days of exposure to natural atmospheric conditions the original cracks in
the portland cement-stabilized specimens widened and all of the specimens showed a
rough and flaky surface (Fig. 7). On the other hand, the expansive cement-stabilized
specimens were in much better condition than the corresponding portland cement spec-
imens after 21 days (Fig. 8), although the 3 percent specimen did weather somewhat.

Effect of Restraint and Surface Area

To study the effect of side and end restraint, two sets of soil specimens were pre-
pared at a moisture content 3 percent below optimum using 6, 9, and 12 percent of the
expansive cement. One set of specimens was allowed to expand freely during curing
(except for friction developed on the bottom of the sample), while the other set was

Figure 6. Soil stabilized with ChemComp cement using 3, 6, 9, and 12 percent cement at 3 percent
above optimum moisture; 7-day curing period.
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Figure 7. Soil stabilized with portland cement using 3, 6, 9, and 12 percent cement at 3 percent above
optimum moisture, after 21-day exposure to atmospheric conditions.

Figure 8. Soil stabilized with ChemComp cement using 3, 6, 9, and 12 percent cement at 3 percent
above optimum moisture, after 21-day exposure to atmospheric conditions.
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Figure 9. Comparison of unconfined compressive strength between portland cement and ChemComp
cement-stabilized soil.

fully restrained from expanding on the ends, bottom, and sides by confining the sample
in a steel mold. Both sets of specimens were covered with Saran wrap and cured under
a temperature gradient as previously described.

Only the unrestrained specimen stabilized with 6 percent expansive cement exhibited
any cracking at all. After the Saran wrap had been removed, this specimen developed
two small surface cracks and one small crack 5 in. long parallel to the surface on the
end of the specimen. Both the unrestrained and restrained specimens had about the
same general surface appearance.

The 6- by 6- by 18-in. beam specimens tested during the main part of the experiment
have a very small surface area compared to thickness. On the other hand, an actual
cement-stabilized base would have a very large surface area compared to its thickness.
Therefore, three 18- by 18- by 3-in. soil cement specimens were prepared at a mois-
ture content 3 percent below optimum using a cement content of 6 percent in order to
obtain an indication of the effect of the surface area to thickness ratio. These speci-
mens have a surface area to thickness ratio six times that of the beam specimens. One
specimen stabilized with expansive cement was cured with no restraint against expan-
sion except for friction on the bottom while a second one was cured in a fully restrained
condition on the ends and sides. A third specimen was stabilized with Type I portland
cement and used for comparison. The portland cement specimen developed a series of
fine cracks on the surface after the third day of curing. By the seventh day, the cracks
had noticeably widened to approximately %se in. Neither the restrained nor unrestrained
specimens stabilized using expansive cement showed cracking after the 7T-day curing
period.
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Compressive Strength

The soil stabilized with the expansive cement and prepared at a moisture content 3
percent below optimum using 3, 6, 8, and 12 percent cement had a greater strength
than the corresponding samples stabilized with portland cement (Fig. 9), with the av-
erage increase in strength about 20 percent. At optimum moisture content the strength
of the expansive cement-stabilized soils was on the average about 12 percent less than
that of the portland cement-stabilized samples as shown in Figure 9. The strength of
the expansive cement-stabilized soils at 3 percent above optimum was greater than that
of the portland cement samples with the average increase in strength about 35 percent.

DISCUSSION

In general, for the micaceous, clayey silty sand investigated, the use of an expan-
sive cement reduces and, in some cases, eliminates the shrinkage cracking that occurs
in beam specimens stabilized with Type I portland cement using 6, 9, and 12 percent
cement contents. These test results indicate that as the moisture at compaction is in-
creased the benefit of using the expansive cement over Type I portland cement appears
to become greater. At water contents 3 percent below optimum only a slight amount of
reduction in cracking appears to be gained by using ChemComp expansive cement. At
and above optimum moisture content more benefit in terms of cracking appears to be
derived from using the expansive cement for stabilizing this soil. In fact, at a mois-
ture content 3 percent above optimum all of the soil specimens stabilized with portland
cement cracked while those stabilized with the expansive cement did not develop any
cracks.

An actual stabilized base course is subjected to some indeterminate degree of re-
straint (i.e., resistance to volume change) due to friction on the bottom of the slab and
edge effects on the sides, and it has a much larger surface area to thickness ratio than
do the beam specimens studied. Earlier tests performed on expansive cement speci-
mens (made of cement paste without soil) indicated that the surface area and condition
of restraint has an important effect on the performance of an expansive cement speci-
men (_3_). In order to get a preliminary indication as to whether these factors are also
important in the expansive cement-stabilized soil, restraint and surface area tests
were performed on a limited number of specimens.

Specimens were cured with (a) no side and end restraint, (b) restraint for one-half
the height of the sample, and (c) full edge restraint. These conditions of restraint
should bound the actual condition of base restraint existing in an actual pavement sys-
tem. The results of these tests indicate that, for the soil studied and a moisture con-
tent 3 percent below optimum, the condition of restraint apparently has only a relatively
small effect upon cracking of the cement-stabilized specimens. Furthermore, the re-
sults of the surface area tests tentatively indicate that for the soil investigated the ef-
fect of the surface area to thickness ratio is also small for at least a moisture content
3 percent below optimum and a cement content of 6 percent. Therefore, the surface
area and restraint tests indicate that the results of a laboratory study performed using
small gpecimeng, ChemComp cement and the goil invegtigated should probably give a
reasonable indication of how a similar stabilized base should perform in the field with
regard to cracking. However, before definite conclusions can be made a more exten-
sive investigation using a range in cement and water contents is required. The differ-
ence in performance between these tests and those performed previously using only ex-
pansive cement (3) may be due to the fact that the finer portion of the soil stabilized in
the present study consists of hydrous aluminum silicates that probably reacted with the
expansive cement. If in some soils restraint is found to be necessary, bamboo or some
other type of reinforcing may possibly be used to provide internally the required re-
straint.

The results of this investigation are based on a study of the behavior of a somewhat
limited number of beam specimens. In order to more fully understand the effect of
stabilization using expansive cements, a more extensive testing program should be car-
ried out for the soil investigated. In particular, several specimens at each cement
content, cement type, and water content should be prepared in order to get a statistically
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representative variation of the specimen behavior that will occur, since soils are not
homogeneous. The soil used in this investigation was a plastic, micaceous silty sand.
Other soils may behave differently when stabilized using an expansive cement. Fur-
thermore, only one type of expansive cement was used in the tests, which may not con-
sist of the optimum combination of constituents for use in stabilizing the plastic, mica-
ceous silty sand. Further research may indeed show that the optimum combination of
cement constituents varies with the physical-chemical composition of the soil to be
stabilized.

CONCLUSIONS

The use of ChemComp, an expansive cement, to stabilize a plastic, micaceous clayey
silty sand resulted in a definite general reduction and in some instances elimination of
the shrinkage cracking that occurred using Type I portland cement. The beneficial ef-
fects of the expansive cement were particularly encouraging at a moisture content of 3
percent above Standard Proctor optimum, and also when the moisture content was at
optimum and the specimens were subjected to poor curing conditions. This investiga-
tion, however, was of too limited a scope to make any detailed conclusions.

The results of these preliminary tests are encouraging and indicate that the use of
an expansive cement to stabilize at least some soils under certain conditions may re-
sult in a significant reduction or even elimination of shrinkage cracking without a re-
duction in strength. However, further research in both the laboratory and field is
needed to investigate the effects of using an expansive cement in base stabilization. In
particular, additional work is needed to determine (a) the types of soils that may bene-
fit from stabilization with an expansive cement, (b) the optimum composition and per-
centage of expansive cement to use with each soil, (¢) the effect of different conditions
of curing and temperature gradients, and (d) the effect of surface area and slab re-
straint. Finally, a field test section should be constructed and carefully monitored
after a complete laboratory study has been made for each soil.
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