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Abstract

Soils stabilization can be performed using various chemical additives, in order to improve soil
engineering properties. In many regions of the world where desirable soils for construction do not
exist locally, it is often more economically viable to stabilize poor local soils than to excavate and
replace undesirable soils with imported quality materials. In this study, 7% and 13% of an acidic
based stabilizer in liquid form were used as a means of stabilizing the laterite soil at various water
contents. Laboratory investigation included standard Proctor compaction and unconfined
compressive strength (UCS) tests were carried out. The maximum UCS was found at 7% of the acidic
based stabilizer at the maximum dry density (MDD) value of 1.54 Mg/m® and 25.47% of optimum
moisture content (OMC). Based on the test results, the suggested improvement was 7% of the acidic
based stabilizer at OMC.
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Introduction

T Due to the lack of natural quality materials, the
improvement of locally available soils to meet
engineering properties (soil strength, compressibility
and permeability) requirements for a given project
is a challenging work for geotechnical and
pavement engineers. Two widely used soil
improvement methods are: (1) replacing with
imported quality materials (ATJ 5/85, 2013), which
is generally expensive and causes significant
logistical and sustainability problems, and (2)
stabilizing by traditional and non-traditional

chemical (Latifi et al., 2015, 2016; Phetchuay et al.,
2014, 2016, Hoy et al., 2016 and Jongpradist et al.,
2018).

Lateritic soils are generally found in tropical
and sub- tropical countries such as Africa, India,
Southeast Asia, Australia, Central and South
America (Latifi et al., 2015 and Phummiphan et al.,
2015 and Donrak et al., 2016). More than half of the
area of Peninsular Malaysia is covered with residual
sedimentary rock soil rich in iron and alumina
content which give its lateritic nature (Eisazadeh et
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al., 2011). The lateritic soil is generally recognized
as residually weathered soils created in regions of
recent volcanic activity or continuous wet climates
with an average rainfall generally above 1,500 mm
(Osula, 1993).

The requirement strength of road subgrade is
between 137 kPa to 372 kPa based on the resilient
modulus, Mr at 2% of failure strain (Schaefer et al.,
2008). However, a road which constructed on the
lateritic soil as the base and subgrade is categorized
by high natural moisture content and liquid limit,
low natural density, and are friable and/ or have a
crumbly structure (Omowumi, 2017). Therefore, the
characteristics of lateritic soil are difficult to predict
during construction. This problematic lateritic soil
is not suitable for road construction as it is; thus, if
the techniques of road design and construction are
not in accordance with the soil conditions, then
failure will prevail in the design. To ease the work
on construction surfaces, stabilization works have
been introduced to improve the engineering
behaviour of the soil, such as its compressive
strength, compressibility and permeability (Latifi et
al., 2015, 2016; Raftari et al., 2014; Rashid et al.,
2014) . Chemical stabilization is a widely used
method to improve the physical and engineering
properties of the soil (Phetchuay et al., 2016).

It has been well established that a number of
non-traditional soil additives, which are not
calcium-based, are effective for soil stabilization
(Latifietal., 2015). Additionally, many studies have
been carried out using stabilizer agents to improve
the engineering properties of lateritic soils
(Eberemu, 2011, Eisazadeh et al., 2011; Latifi et al.,
2015; Phummiphan et al., 2015 Phetchuay et al.,
2016 and Donrak et al., 2016), On the other hand,
Eisazaedeh et al. (2011) have used a phosphoric
acid-based stabilizer to improve the engineering
properties of lateritic soil. They found that the acidic
stabilizer is more effective as compared to lime.
However, fewer attempts have been made to study
the effect of the Liquidity Index (LI) on the
stabilized soil strength (Rashid et al., 2014).
Liquidity Index (LI) is a ratio between the different
of soil moisture content with the soil plastic limit
and the different of soil liquid limit with the soil
plastic limit (Liu & Evett, 2014).

Rashid et al. (2014) have proposed a
relationship between soil strength and LI treated by
Ordinary Portland cement (OPC). They found that
the strength was decreased with the increase of LlI.
LI is important because water is an influencing
factor in the stabilization process and, in practice,
the in situ water content keeps changing due to
environmental effects (Ishak et al. 2012). In
addition, the value is considered a dimensionless

value and could be used under different ranges of Pl
and LL and moisture content values.

In this study, an acidic based stabilizer
(phosphoric acid and sulphuric acid) in liquid
chemical form was used as the soil stabilizer. This
stabilizer was mixed with lateritic soil, which
normally used as a subgrade formation for the road
construction. In that sense, the groundwater level is
far below from the subgrade level and the soil is
assumed under partially saturated condition.
However, the changes in suction or in density are
not been investigated in this study.

The main purpose of this research is to
determine the optimum of the acidic based stabilizer
content to be used in the stabilization of lateritic soil
and to investigate the effect of water content on
stabilized soil’s compressive strength. Several basic
tests were carried out to determine the physical
properties and the classification of the lateritic soil
according to BS 1377 including the Atterberg limits
test and the particle size distribution test. Optimum
moisture content (OMC) was determined by
conducting the standard Proctor compaction test
prior to conducting the unconfined compressive
strength (UCS) test. The 0%, 7% and 13% of the
acidic based stabilizer contents were selected for
this study. The soil strength was evaluated at 7, 14
and 28 days of curing. The intention of the study is
to provide strength information under a rapid
subgrade construction. Therefore, the strength was
evaluated within 28 days of curing.

Materials

The material used was a reddish lateritic soil, which
was rich in iron and aluminium oxides. The lateritic
soil was obtained from the hillside located in
Universiti Teknologi Malaysia, Johor, Malaysia.
The sample was air-dried under laboratory
conditions and passed through a 2 mm sieve. Table
1 and Figure 1 show, respectively, the properties and
particle size distribution of the laterite soil sample.
The lateritic soil consists of 60% of fine contents
(silt and clay). The oxides and chemical
composition of lateritic soils contained SiO,, Al,Os,

Table 1.  Physical properties of natural laterite soil.
Engineering & Physical Properties Values
(Laterite)
Specific Gravity 2.70
Liquid Limit, LL (%) 82
Plastic Limit, PL (%) 49
Plasticity Index, PI 33
British Standard Classification MH
Maximum Dry Density (Mg/m?) 1.44
Optimum Moisture Content (%) 334
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Fe,O3 and CO, detected from the X-ray fluorescence
(XRF) test. The X-ray diffraction (XRD) result
indicates that the main minerals in the lateritic soil
were kaolinite, quartz, goethite and gibbsite (Latifi
et al., 2015). To enhance the strength of the lateritic
soil, an acidic chemical liquid was used in this study.
Due to the solution is a corrosive and toxic fume
liquid, a full protective clothing and self-contained
breathing apparatus were used during the sample
preparation. The exact chemical composition of the
stabilizer has not been released since it is a
commercially registered brand. Table 2 shows the
general properties of this stabilizer given by the
manufacturer.

100
90 +
80 + 1 1

Percentage finer (%)

0.010 0.100 1.000

Particle size (mm)

10.000

Figure 1. Particle size distribution of natural laterite
Soil.

Table 2. Description of the acidic based stabilizer.

Acidic based stabilizer
Corrosive liquid, N.O.S. (phosphoric acid,
sulphuric acid) Class 8; UN 1760; PGII

Chemical Name
Chemical Family

Specific Gravity 1.136

pH <2

Appearance Dark brown liquid

Odour Slightly pungent to acidic odour

Sample Preparation

The standard Proctor compaction test was
conducted to determine the maximum dry density
(MDD) and optimum moisture content (OMC) of
the sample according to BS 1377: 1990: Part 4
(Head, 1990). The acidic based stabilizer contents
studied were 0%, 7% and 13% by weight of dry soil.
This cement content range was recommended for
Silty and Clayey soils by Walsh-Healey Public
Contracts Act (PCA) (1936). The air-dried sample
was mixed thoroughly with the stabilizer before
conducting the compaction test. The obtained
results from the MDD and OMC for different
stabilizer contents were used in preparing UCS
samples. The acidic based stabilizer contents
studied are in accordance with those used in the
previous study and practical applications in the field
(Shahminan et al., 2013).

In order to study the effect of water content on
the soil’s UCS, the soil samples were prepared based
on the dry density under different moisture contents
of 0.9 OMC, OMC and 1.1 OMC (Shahminan et al.,
2013). The air-dried soil was mixed with the
required amount of water and liquid chemical
content until a uniform mixture was achieved.
Finally, the mixtures were compressed in a 38 mm
in diameter and 76 mm in height of cylindrical
special fabricated mould with designed OMC and
MDD obtained from the compaction test for each
stabilizer content. A compression machine was used
to compress the soil inside the fabricated mould in
order to control the specimen quality (Latifi et al.,
2016b). Then the soil samples were extruded from
the mould and put in thin-walled PVC tubes,
wrapped with thin plastic and sealed with tight
rubber lids. The samples were stored for 7, 14 and
28 days in a controlled temperature (25°C). To
ensure the repeatability of the procedure, two
samples for each soil mix under three different
curing periods and three different concentrations of
the stabilizer agent were prepared. Two
concentrations of 7% and 13% of the acidic based
stabilizer dilution were proposed for stabilization of
the laterite soil and 0% of the acidic based stabilizer
soil mixtures were used as the control samples. This
made a total of 54 samples prepared and tested to
determine the standard of the shear strength of the
laterite soil with different curing periods and
amounts of the acidic based stabilizer mixture. The
UCS test procedures were carried out in accordance
with BS 1377: 1990.

Results and Analysis

Standard Proctor Compaction Test

The results of the compaction tests of
stabilized soil at different stabilizer contents are
shown in Figure 2. The OMC and MDD range from
24.4% to 33.4% and 1.44 Mg/m? to 1.54 Mg/md,
respectively. The OMC decreases with the increase
in the stabilizer content, implying that the soil
requires less water content to form soil structure.
The MDD increases with stabilizer content up to the
highest value at an optimum stabilizer content of
7%. The increase in the MDD associated with the
decrease in the OMC is the typical for compacted
stabilised cohesive soil (Latifi et al, 2016a). This is
due to the flocculation and agglomeration effect
caused by the rapid cation exchange in the soil-
stabilised agent solution mixture (Latifi et al.,
2016a). The highest MDD was recorded at around
1.52 Mg/m®, which is 0.10 Mg/m? higher than that
of the unstabilized sample.
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Figure2. MDD and OMC versus percentage of
acidic based stabilizer.

Unconfined Compressive Strength (UCS) Test
Figures 3 to 5 show the stress-strain curves
under the UCS tests for 7, 14 and 28 days of curing
and 0%, 7% and 13% stabilizer contents. Figure 3
shows that the UCS and stiffness of unstabilized soil
decrease with increasing water content. In other
words, the compacted soil on the dry side of OMC
exhibits higher UCS and stiffness that the
compacted soil at the OMC and on the wet side of
OMC. This is the typical characteristics of
compacted fine-grained (Rashid et al., 2014) and
coarse-grained soils (Horpibulsuk et al., 2006). The
range of strain failure is between 1% and 8%.
Generally, the strain failure is related with the
influence of the OMC, stabilised agent amount and
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Figure 3. Compressive stress versus strain for 0% of
the acidic based stabilizer (a) 7-day curing
period, (b) 14-day curing period and (c) 28-
day curing period.

curing times. A less failure strain was found when
the untreated soil in dry condition and the failure
strain for the treated soil (7% and 13%) show similar
trend when the curing period achieved 28 days. The
higher stiffness is associated with higher strain
failure.
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Figure 4. Compressive stress versus strain for 7%
of the acidic based stabilizer (a) 7-day
curing period, (b) 14-day curing period
and (c) 28-day curing period.
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Unlike the unstabilized soil, the highest UCS
of stabilized soil was found at OMC while the
lowest UCS was found on the dry side of OMC for
both 7% and 13% stabilizer contents (Figures 4 and
5). The higher UCS is associated with higher failure
strain. The UCS at OMC s slightly higher than on
the wet side of OMC but is approximately twice
higher than on the dry side of OMC. With curing
time, the UCS at all water contents increases. At 28
days of curing, the stiffness is more or less the same
for all water contents tested. Similar to the
compaction results, the highest UCS is associated
with the highest MDD, which is at 7% stabilizer. It
was found that, the water content corresponding to
the maximum strength was the OMC of the
compacted stabilises soil. This situation most
probably contributed from the hydration process of
the stabilised soil and the compaction effort from the
compaction test ( Horpibulsuk et al., 2006). In
addition, the stabilised soil strength is greater than
the required strength for the road subgrade
construction.
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Figure 6. Graphs of failure stress versus the acidic
based stabilizer (a) 7-day curing period (b)
14-day curing period (c) 28-day curing
period.

Figure 6 shows the plots of UCS versus
stabilizer content for various curing periods. (Figure
6(a)) shows that by adding 7% and 13% stabilizer
content, the soil strength increases 2.44 and 1.38

times, respectively, compared to that of the
unstabilized soil. (Figure 6(b)) shows that the UCS
for the sample with OMC increases 3.24 times and
2.42 times for the soil mixture with 7% and 13%
stabilizer, respectively. At 28 days of curing (Figure
6(c)) and for OMC, the UCS increases 3.15 times
for 7% stabilizer content and 2.42 times for 13%
stabilizer content, as compared to untreated soil.
This result indicates that the 7% selected stabilizer
is the most suitable in stabilization. For 0.9 OMC,
the stabilizer does not cause much beneficial change
in the soil strength.
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Figure 7. Graph of the undrained shear strength
versus LI (a) 7-day curing period (b) 14-

day curing period (c) 28-day curing period.

Discussion

Figure 7 shows the relationship between the LI and
compressive strength of stabilized lateritic soil. This
relationship determines the percentage of used
stabilizer required to stabilize lateritic soil. For
unstabilized soil, the L1 is in the range of -0.3 to -0.6
for all curing periods. For 7% and 13% selected
stabilizer, the range of the LI is - 0.6 to -0.9. For 0%
stabilizer content, at 7 days and 14 days, the strength
decreases with the increases in the LI value, while
at 28 days, the strength of lateritic soil first increases
with the decrease in the LI to -0.47, and then
decreases with further decrease in the LI. For 7%
and 13% used stabilizer, the strength of the lateritic
soil increases first with an decrease in LI, and then
decreases further with an decrease in LI for all
curing periods except that at 14 days for 7% selected
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stabilizer whose the strength decreases with
decreasing LI values to -0.79.

Conclusion

This study was carried out to investigate the strength
performance on the stabilized lateritic using an
acidic based stabilizer. The effect of the water
content on the strength development of stabilized
lateritic soil was also investigated. Conclusions can
be made from this study as follows:

a) The result from the compaction test
showed that the highest maximum dry density
(MDD) was obtained from 7% of cement content.

b) By adding 7% and 13% of stabilizer to
the soil, the soil strength increased by 2.44 to 3.24
and 1.38 to 2.42 times, respectively, compared to
that of the untreated soil. The 7% stabilizer was
found to be the suitable content exhibiting the
highest strength and maximum dry density.

C) The optimum water content was
suggested for the soil stabilization by the acidic
based stabilizer while the stabilization on the dry
side of OMC should be avoided.
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