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Abstract—Excessive moisture content in soil due to rain significantly decreases its bearing capacity, for this reason,
stabilizers are used to stabilize the soil, however, the production and use of such chemicals generates large quantities of
carbon dioxide that has negative impact to the environment. Table salt is one sustainable alternative for cement and lime,
as its hygroscopic property helps remove moisture in soil. The study aims to develop a comparative analysis between
cement, lime, and salt as soil stabilizers by determining their strength using free swell index and unconfined compressive
strength. Results from experiments with fat clay soil show that stabilized soils achieved an ultimate strength at stabilizer
amount of 6% of the mass of soil. Salt attained the smallest amount of swelling, while cement gained the highest
compressive strength. In addition, results show that as the percentage amount of stabilizer in clayey soil increases, the
swelling potential decreases while unconfined compressive strength increases.
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. INTRODUCTION

Due to its tropical climate, the Philippines frequently
experiences rainy monsoonal seasons. The excessive
moisture originating from downpours significantly affects
the soil moisture content, especially to areas near bodies of
water. This comes as an issue, especially to vertical and
horizontal structure constructions, as increased moisture
content greatly decreases the soil bearing capacity, thus
producing foundation settlements that are undesirable to
structures and hence must be avoided.

Moreover, certain soils that swell in the presence of water
offer stresses that are often unrecognized in design and
thus might cause damages to foundations. These soils pose
a serious risk as they widely distributed in large areas of
volcanic  depositions  with  tropical climate. The
Philippines, being a tropical country and sitting upon a
volcanic mobile belt, is exactly the place where extensive
occurrence of soils with high expansion potential should
exist.

As a result of this issue, various methods of soil
stabilization are carried out for different constructions and
purposes, each with their own strengths and weaknesses.
One of these methods includes the use of chemical
additives called soil stabilizers.

A study held at Washington, USA used Portland cement to

modify and stabilize the geotechnical properties of soil [1].
The solidification, plasticity  limit,  compaction
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characteristics, unconfined compressive strength, and
undrained triaxial shear behavior of Aberdeen, Everett,
and Palouse Soil mixed with 2.5, 5, 7.5, and 10% of
cement were determined. Results of undrained triaxial test
showed that while cement treatment improved shear
strength significantly, the type of failure behavior varied
greatly. From 0, 5, and 10% soil samples displayed ductile,
planar, and splitting type of failure, respectively. A study
of El Shinawi [2] from Zagazig University in Egypt,
investigated the properties of subgrade soils stabilized with
lime at Borg El-Arab, Egypt. The study focused on the
effects of the addition of lime specifically at an optimum
lime content of 6%. Consistency limits and free swell
decreased by adding lime to the soil. However, the specific
gravity and the optimum moisture content increased due to
high calcium content of lime. Analysts from India studied
the strength and volume change behavior of pore space in
soil with the addition of several lime contents (0, 2, 4, and
6%) and with curing periods (0, 7, 14, and 28 days) [3].
The result shows that the liquid limit, plasticity index, and
the MDD decreases, hence the plastic limit, shrinkage
limit, and the OMC increase, with increase in lime content.
Another study conducted by Dubey and Jain [4] from the
California bearing ratio increased from 1.43% to 3.10%
and the unconfined compressive stress increased from
73.54 kKN/m? to 119.64 kN/m?,

This study focused only on the comparative analysis of the
free swell index and the unconfined compressive strength
of clayey soil. The clayey soil was stabilized with cement,
lime, and salt to determine its correlation as soil stabilizer.
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There are several factors that may affect the stability of
soil but this study focused only on the effects of sail
stabilizers to clayey soil.

Il. RELATED WORK

Soil is one of the primary materials encountered in civil
engineering. It is a combination of natural deposits,
organic particles, liquid, and numerous organisms that
supports life on Earth. Soil is a dynamic matter that
continuously develops by diverse physical, chemical and
biological processes. Stabilization is usually applied to
expansive soils like clay, and loam to attain desirable
engineering properties [5]. Standardization of soil is such
a great initiative to modify the engineering properties of
soil, using additive with various concentration [6].

Soil stabilization is the process of modifying and
transforming the properties of soil to enhance its
engineering properties specifically improving its shrink-
swell tendency as well as increasing its strength.
Stabilization of soil is necessary when the soil is
inadequate to support structural loads. Chemical
stabilization of soil is the common and effective method to
develop the workability, permeability, and durability of
soil. Lime, cement, fly ash, and rice husks are some of the
additives that have been used in previous studies which are
effective to improve the quality of soil [5].

Cement has been used as a binding agent since 1960s
when soil stabilization technology was invented thus
making it the oldest stabilizer among the additives in
today's era. Cement does not react based on soil minerals
but rather on the possible availability of water in it. It can
be used either alone or combined with other materials to
meet the required stabilizing action [7].

I11. METHODOLOGY

3.1. Materials and Methods

In this study, the soil stabilizers and their percentage
amount mixed in the soil are considered the independent
variables, while the free swell index and unconfined
compressive strength are the dependent variables. The
unconfined compressive strength and swelling potential
with the percentage amount of stabilizer were correlated to
determine the degree of relationship of the variables.

3.2. Material Preparation

The comparative analysis of unconfined compressive
strength and free swell index used a total of 30 soil
samples: three (3) samples each for 2%, 4%, and 6%
mixture, thus nine samples each for cement, lime, and salt,
plus three (3) more samples for the un-stabilized soil. Prior
to testing, the soil samples were initially air dried. The
soil, together with the cement, lime and salt, were kept
sealed to avoid atmospheric absorption of moisture. The
geotechnical properties of the clayey soil, or the un-
stabilized soil sample, were determined. These are the
particle size distribution, consistency limits, specific
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gravity, compaction characteristics, and the free swell
index and the unconfined compressive strength. After the
evaluation of the properties of the clayey soil, it was mixed
with 0%, 2%, 4%, and 6% concentration of cement, lime,
and salt by dry weight of soil. Figure 1 shows the mixing
of the samples.
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Figure 1. Mixing of samples

3.3. Geotechnical Properties

The particle size distribution, moisture content,
consistency limits, specific gravity, and compaction
characteristics of the soil samples were evaluated and
analyzed to determine the significant changes of the un-
stabilized soil from the stabilized soil sample. Table 1
presents the specific standards used in determining the
geotechnical properties.

Table 1: Standards on Geotechnical Tests Used

Geotechnical Property Standard
Particle size distribution ASTM D422
Moisture content ASTM D2216
Consistency limits ASTM D4318 ASTM

4943
Specific gravity ASTM D854
Compaction properties ASTM D698

The free swell index and the unconfined compressive
strength of the soil samples were also tested.

The results gathered from the geotechnical tests
conducted, was used to develop a comparative analysis of
the free swell index and the unconfined compressive
strength of the clayey soil to determine the correlation of
cement, lime, and salt as per the increase in percentages of
the soil stabilizers.

To test the correlation of the effects of use of the different
soil stabilizers, the linear regression was used.

IV. RESULTS AND DISCUSSION

4.1. Geotechnical Properties

Table 2 presents the geotechnical properties of the soil
samples. The table shows the different values of the
properties of the samples that were tested in the laboratory
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which is in conformance to the international standards.
The value of the geotechnical properties of the soail
indicates a low shear strength and high swelling potential
of soil and under the USCS soil classification it is
considered as cohesive and compressible clay of high
plasticity.

Table 2: Geotechnical Properties of the Soil Samples

Geotechnical Property Value
Natural moisture content 15.11 %
Liquid limit 84.22%
Plastic limit 59.92%
Plasticity index 24.30%
Shrinkage limit 19.08%
Specific gravity 1.76
Maximum dry density 11.92 kN/m?

Optimum moisture content 38.90%

Since more than 36% of the grains of the soil passed the
No. 200 sieve, the liquid limit and plasticity index
exceeded 41% and 11%, respectively, and the plasticity
index did not reach 30% less of the liquid limit, the soil is
classified as A-7-5, which falls under clayey soils, or fat
clay.

Table 3 further reveals that as per sieve analysis, more
than 50% of the soil sample passed through the No. 200
sieve, which can be considered that the soil is a fine-
grained soil. The soil sample also shows a free swell index
greater than 50% which indicate a very high degree of
expansiveness.

The average liquid limit records a value of 84.22% and a
plasticity index of 24.30%, which is identified as clayey
soil of high plastic limit and has a high-expansion
potential. In summary based on the results of the different
tests on the properties of the soil sample, the sample can
be defined as cohesive and compressible clay of high
plasticity. As per the properties of the soil sample, the
stabilization methods as presented in the study is in
connection of the statement Afrin [5], that stabilisation is
usually applied to expansive soils.

Table 3: Results of the Grain Size Analysis

Sieve Cummulative Cummulative % % Finer

Size Mass Retained Retained
No. 4 0.79 0.21 100
No. 10 9.84 2.66 97
No. 20 17.79 481 95
No. 40 22.87 6.19 94
No. 60 27.41 7.42 93
No. 140 35.98 9.74 90
No. 200 38.62 10.45 90

4.2. Effects of Soil Stabilizers

Figure 2 shows the averages of the Free Swell Index (FSI)
of the three (3) stabilizers. The figure reveals which
among the stabilizers significantly affects the swelling
potential of the soil. It can be gleaned that the highest
point in the graph represents the pure soil with an FSI of
33.33%, wherein when it is subjected to water, there is a
moderate increase in the volume. Further, the figures
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shows that the lowest point that occurs at 6%
concentration of stabilizer, indicates a low degree of
expansion. The results show that the lime has accumulated
14.33%, cement has 13.67%, and salt obtained 11.00%. It
can be implied that the lime is the least stabilizer that
affected the FSI of the soil with percentage difference of
56.960%, followed by the cement with 58.828%, and the
salt with the maximum percentage difference of 66.886%.
This signifies that the salt is the most effective in
improving the FSI of the soil.

FSI OF STABILIZERS
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Figure 2: Average free swell index vs percentage of stabilizer

Figure 3 shows the average unconfined compressive
strength for each stabilizer. The result shows that the
cement gives the highest improvement value in the
unconfined compressive strength at 6% amount of
stabilizer among the three (3) soil stabilizers. The amount
of salt on the soil shows a positive correlation with the
unconfined compressive strength and is second in rank in
terms of stability improvement. The lime gives the lowest
unconfined compressive strength among the three (3)
stabilizers.
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Figure 3: Average unconfined compressive strength vs
percentage of stabilizer

V. CONCLUSION AND FUTURE SCOPE

From the 27 samples of stabilized fat clay that were
analysed, the results have shown that cement, lime, and
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salt indeed have impact to soil improvement. Free swell
index (FSI) and unconfined compressive strength (UCS)
correlatively shows a positive outcome with the increment
of stabilizers added. The soils stabilized with cement, lime,
and salt all reached their ultimate strength at 6%.

The free swell index of stabilized soil with cement, lime,
and salt were 13.67%, 14.33%, and 11.00%, respectively.
Among the three stabilizers, it is concluded that the salt-
stabilized soil had the utmost decreased in swelling
potential at 6%. The swelling potential of the soil sample
was reduced up to 66.89% as compared with 58.83% for
cement and 56.96% for lime. This can be concluded
further that the hygroscopic nature of salt diminishes the
swelling potential of clayey soil. As for the unconfined
compressive strength test, the findings conclude that the
cement- stabilized soil is the highest with an unconfined
compressive strength of 153.33 kPa. On the other hand,
the salt recorded a 124 kPa, thus making lime as the
weakest soil stabilizer which only produced 93 kPa.

Lastly, the unconfined compressive strength of stabilized
soil heightens while the swelling potential declines as the
amount of percentage of stabilizers increases. This
correlation concludes that these stabilizers are effective in
soil improvement.

Finally, in order to simplify the analysis of the research,
several factors are selectively disregarded. As for these
limiting factors of the study, such as the effects of
location, temperature, weather, and the like, a research on
soil stabilization focusing on these factors on the
stabilization of clayey soils is recommended for future
researchers.
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