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Abstract Highway pavement design using soft clay
soil as a subgrade is always a great challenge and can cause
problems such as roadbed instability and soil settlement.
To overcome this problem, the knowledge of the subgrade
soil characteristic should be studied first because it needs to
be considered during the design phase of pavement. This
study was conducted to investigate the engineering
properties of soft clay that can be used as potential
subgrade material. Some soil laboratory tests were
performed to establish the engineering properties of the
soft clay. From the standard proctor compaction test, the
results revealed that the maximum dry density and
optimum moisture content are 1.58 Mg/m® and 20.15 %,
respectively. The finding from the soil-water characteristic
curve (SWCC) test indicates that the SWCC did not
present a residual suction. The compression modulus and
pre-consolidation pressure obtained from the compacted
soil sample for the consolidation test are higher than the
undisturbed soil sample. Based on triaxial test results, the
effective cohesion acquired from the compacted soil
sample is greater than the undisturbed sample. This
research provides a reference for the study of soft clay
engineering characteristics.

Keywords Engineering Properties, Laboratory Test,
Soft Clay, Subgrade

1. Introduction

The road or highway area consists of a hard surface

known as a pavement. The pavement is constructed from
strong materials and serves as a surface that distributes
vehicle loads to the subgrade layer. The two types of
pavement design used in road construction are flexible
pavement and rigid pavement. These pavements can differ
based on how the load is distributed to the subgrade [1].
The material design of component layers in the pavement is
made of sub-grade, sub-base, base, and surface layers.
Figure 1 shows a typical pavement structure. The subgrade
plays the role of a layer that resists the load generated by
the traffic on the road. Usually, the subgrade layer consists
of the original soil or filled soil. Subgrade soil can be
defined as compacted or natural soil and typically stay in
unsaturated condition [2].

Among the types of soil used as a subgrade of pavement
is soft clay soil. The pavement design using soft clay soil as
a subgrade is always a great challenge and can cause
problems such as roadbed instability and soil settlement.
Abood et al. [4] found that difficult problems often occur in
civil engineering works when using clay as a subgrade.
This is because when water is mixed with clay, the
condition of the soil will become swelling. While the soil
will shrink when it is too dry. To overcome this problem,
knowledge, and a deep understanding of the engineering
properties of soft clay are very important. The known
properties of soil engineering can be used as a preliminary
guide to engineers on the description of soil engineering
behaviour. Knowledge of soft clay engineering properties
can help reduce engineering problems in soft soil locations.

The engineering properties and behaviour of clay soil
are quite different from silts, sands, and gravels because
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clay soil is soil that results from extensive chemical
weathering processes, which produce new materials that
are quite different from their parent rocks. While silt, sand,
and gravel are soils resulting from rocks that undergo
physical and chemical weathering processes and most of
the chemical structure of the parent rock is permanent [5].

-+—Surfacing

et o % SRR <— ase

o -— Sub-base

f,:; o -<—Subgrade

Source: [3]

Figure 1. Typical pavement structure

Soft clay soils are a type of soil that is composed of very
fine particles, which are plastic or may be moulded with
hands. The soft clay soil is composed of clay and sandy
clay. The soft clay soil has high compressibility and low
shear strength. Soft clay soils are soils that are excessive
settlement. It tends to absorb water slowly and then retains
it for a long time. Clay expands and shrinks significantly
upon wetting and drying [6].

The soft clay soil usually has good bearing strengths
when compacted. However, once the pavement is placed
and the subgrade soil is exposed to moisture, its strength
decreases and affects the pavement’s performance. Soils
with a high content of fine particles and various moisture
contents can cause the stress state to be compromised
because of pore water pressure and pore suction [7]. The
accumulation of moisture content in the subgrade soils
causes excessive pore water pressure under a traffic load,
thus softening the soil and reducing pavement stability due
to shrinkage or swelling.

The soil-water characteristic curve (SWCC) is utilized in
unsaturated soil investigations and mechanical empirical
pavement design [8,9]. It helps anticipate unsaturated soil
parameters like hydraulic conductivity, shear strength, and
volume changes [10-12]. SWCC describes the relationship
between suction and soil moisture. The slope of the SWCC
curve is more gradual if the soil contains more clay content
and a lot of water content. Yusof et al. [13] performed the
study to identify the SWCC of unsaturated clay soil and
noticed that the air entrainment value for clay is between
17 kKN/m? to 24 kN/m?, while the residual matric suction is
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between 145 kN/m® to 225 kN/m’. The compressibility
properties are essential for reliable calculations of the
settlement of soft clay. Compressibility is the degree to
which a soil mass decreases when supporting a load [14].
The content of pore water pressure, moisture, and air in the
soil will be removed when compression occurs. In addition,
the volume of soil will also decrease. An important
parameter needed to calculate the settlement on
fine-grained soil layers is the compression index or
recompression index. The compression index or
recompression index can be found by performing an
oedometer test in a laboratory. Diana et al. [15] have used
soft clay, a type of marine clay, to study the characteristics
of the soft clay in terms of compressibility through a 1-D
consolidation test. The results of the study found that the
compression index value was 0.614 and the recompression
ratio value was 0.169. The pre-consolidation pressure
value obtained is 60kPa. The result from compressibility
parameters shows that soft clay is highly compressible.

Besides that, Roslan et al. [16] conducted a series of
consolidation tests on different types of subgrade soil. The
standard oedometer tests were conducted on the saturated
cylindrical specimen with dimensions of 75 mm diameter
and 20 mm thickness. Soil samples were submerged for 1
day and 3 days before being tested. The sequence loading
uses lkg, 2kg, 4kg, 8kg, 16kg, and 32kg increments. The
results demonstrated that moisture content has a
considerable influence on the consolidation parameter and
caused the settlement of soil.

The investigation of the soft clay shear strength can be
carried out in the laboratory in several ways. Two
important parameters needed to estimate the shear strength
of soil are cohesion (c) and the internal friction angle (o).
For cohesive soil, the shear strength value depends on
friction, cementation, and interlocking of particles.
Suriawati [17] studied the shear strength characteristics of
soft marine clays from the central west coast of Malaysia
and found that the effective friction angle (¢') is in the
range of 15 to 25° and effective cohesion (c') is 2 to 20 kPa.
Many factors affect the soil shear strength, such as water
content, organic content, the degree of decomposition, and
soil origin. Laszlo et al. [18] studied the effect of moisture
content on loam soil cohesion and internal friction. The
shear strength parameters were determined using the
conventional triaxial test. According to the findings, the
angle of internal friction will become greater as the
moisture content raised. Md Noor [19] stated that matric
suction is one of the factors that cause soil strength to vary.

This paper presents the engineering properties of soft
clay that may be used as a subgrade material. The
engineering properties conducted on the soft clay samples
were compaction behaviour, soil-water characteristic curve,
compressibility, and shear strength.
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Figure 2. Location of soil sampling

2. Methods

2.1. Fieldwork and Soil Sampling

The undisturbed soil samples were collected by using a
Shelby tube sampler. The samples were taken from
Kampung Sungai Jaya, Bukit Gambir, located at Sungai
Ekor, connected to Sungai Muar, Johor, Malaysia (Figure
2).

Figure 3. Thin-wall Tube (top view)

The thin-wall tube was used with a diameter of 70 mm
and a length of 1000 mm, as shown in Figure 3. The tubes
are ensured in uniform condition and do not have any
irregularities as well as the tube should be clean and
smooth from the inside. The tube was coated with wax at
the top and the bottom. The tubes were wrapped using a
plastic wrapper to keep the soil moisture content from

drying out. The wrapped tubes then were placed on top of
the sponge inside the box to avoid the sample from being
disturbed during transport back to the laboratory. After the
sample arrives at the laboratory, the tube is placed in a
special room to ensure that the soil sample does not
experience changes in moisture content.

2.2. Determination of Engineering Properties of Soft
Clay using Laboratory Tests

2.2.1. Standard Proctor Compaction Test

The studied soil was subjected to standard proctor
compaction tests in accordance with BS: 1377, Part 4,
Clause 3. A total of four samples were compacted to
obtain a good compaction curve. All the soil lumps were
broken down and sieved through a 20 mm aperture. The
soil that passed through the sieve was dried in an oven
(Figure 4). Dry soil is mixed with water at the desired
quantity and mixed evenly. The light compaction test
utilizing a 2.5 kg rammer was used. The soil was prepared
around 3 kg per test. Next, the sample is mixed with water
again in different quantities of water and mixed evenly.
This is to produce an appropriate range of moisture content.
The mould, base plate and extension collar were attached
and weighed. 1/3 of the mould body's height was filled
with moist soil, and 27 blows of rammer were dropped for
each layer. After that, the collar is opened, and the excess
soil is cut using a knife or spatula so that the surface
becomes flat and smooth. Then the mould together with
the base plate and the soil inside is weighed. Finally,
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about a 300 g sample is taken and used to identify the
moisture content.

Figure 4.
compaction

The sample was oven-dried first before conducting the

2.2.2. Soil-water Characteristics Curve (SWCC) Test

Four sets of specimens were conducted on the soil-water
characteristic curve (SWCC) test. The SWCC test was
carried out in accordance with ASTM standard D6836-16.
Method C was chosen because the soil investigated was
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finer, and it was suitable for matric suction in the range of 0
to 1500 kPa. Figure 5 shows the pressure plate extractor
apparatus. Compacted soil specimens were tested in a
15-bar pressure plate apparatus to determine the
soil-moisture characteristic curve. According to standard
Proctor test results, a soil mixture was compacted with the
hammer at the optimum moisture content (OMC) and
maximum dry density (MDD). The diameter and thickness
of the compacted soil specimen are 50 mm and 20 mm. The
specimens were allowed to saturate and shrink in an
oedometer cell for 48 hours under load pressures of 6.25
kPa and 25 kPa. Based on a small shrink-strain rate that has
been observed, a fully saturated condition is achieved. The
saturated specimens were then transferred to the pressure
plate device and subjected to successive matric suction
increments (i.e., 5, 10, 50, 100, 200, 400, 800 and 1400
kPa). The flow of water from soil specimens into a burette
was measured at each suction increment. When no flow
was seen in the burette for a minimum of 24 hours,
equilibrium conditions were assumed. The equilibrium
state at which the specimen weight was measured and the
water content corresponding to the applied suction was
calculated. The SWCC was calculated by plotting the
applied suction values against their corresponding water
content values.

Figure 5. Pressure plate extractor apparatus
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Figure 6. Consolidation machine

2.2.3. Oedometer Test

An Oedometer test using the double oedometer method
was conducted on soft clay samples to study the ability of
the soil to collapse. This test was determined according to
BS EN ISO 17892-5: 2017. A total of 10 samples of soil
were used in this study. For saturated soil, six samples were
used in a saturated condition. The rest of the samples were
unsaturated compacted specimens with different matric
suction such as 0 kPa, 500 kPa, 1000 kPa, and 2000 kPa.
The loading used ranged from 6.25 kPa to 3200 kPa. The

diameter and height of the specimen are 50 mm and 20 mm.

Two similar samples are loaded into an oedometer, one
unsaturated and the other fully saturated before the test
begins and then subjected to identical loading. The weight
and dimension of the consolidation ring were recorded.
The grease was applied to the consolidation ring to prevent
friction on the ring. The specimen was prepared by tapping
the soil into the consolidation ring using a hammer. The
excess soil found on the top and bottom of the ring is cut
using a knife or spatula to ensure that the surface of both
ends is smooth and flat. The weight of the specimen was
recorded. The filter paper Grade 51, which is suitable for
consolidation test, was put on the surfaces of the specimen
on the top and bottom. Next, on soil specimens, both of
bottom and top are covered with porous stone. Place the
soil sample on the consolidation machine and adjust the
loading such that it is in the centre, as shown in Figure 6.
Start the program immediately, and the first load increment
of 6.25 kPa is applied. The specimen for saturated and
in-situ moisture content are run simultaneously. The
reading of the height specimen is taken automatically after
starting the test. The consolidation cell was filled with
water for the saturated specimen. Normally, within 24
hours, the results of the soil primary consolidation, which

is 90% of consolidation, can be obtained. The new load
increment after 24 hours was increased automatically.

2.2.4. Triaxial Test

The triaxial test was carried out in accordance with BS
EN ISO 17892-9: 2018 for both Consolidated Undrained
(CU) and Consolidated Drained (CD). A total of six sets of
soil samples were used in this study. For saturated soil, two
sets of undisturbed samples (Sample A and B) were
conducted under CU and CD triaxial tests. Three
specimens were tested under effective pressure of 50 kPa,
100 kPa and 200 kPa for both tests. The specimens were
obtained from the extrusion of samples from Shelby tubes.
For unsaturated soil, four sets of compacted samples
(Sample C, D, E and F) were prepared, and each set
contained three specimen tests with the same initial dry
density with different matric suction (0 kPa, 500 kPa, 1000
kPa, and 2000 kPa) for CD triaxial. The specimens were
prepared to a dry density of 1.58 Mg/m3 with different
degrees of saturation to replicate the suction pressure from
the SWCC. The dimensions were used for preparation
specimens with a height of 105 mm and a diameter of 52
mm. Four specimens were prepared in one set of triaxial
tests. The applied pressure is 50 kPa, 100 kPa, and 200 kPa.
The specimen soil was trimmed to get flat and smooth at
both ends by using the desired mould. The dimension of
the specimens was recorded. Three measurements for
every side on the top, middle and bottom were recorded
and obtained the average. The weight of the specimen was
recorded. At the base pedestal, there are two (2) holes
provided by the manufacturer: the drainage line hole and
the pore water pressure line hole. Both holes are cleaned to
prevent clogging. Then, top up the volume of back pressure
and cell pressure. The back-pressure hole is cleaned in the
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top cap to prevent clogging. The rubber membrane was
used which a thickness of the membrane is 0.20 mm.
Figure 7 shows (a) the specimen soil at the base pedestal
and (b) the specimen soil in the rubber membrane. For the
saturated specimen, three stages were involved: saturation,
consolidation, and shearing, while the unsaturated
specimen, only involved two stages, such as consolidation
and shearing.

3. Result

3.1. Engineering Properties of Soft Clay

3.1.1. Compaction

Four (4) sets of standard proctor compaction were
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performed on the studied soil. The results tabulated in
Table 1 present that the average maximum dry density and
optimum moisture content are 1.58 Mg/m® and 20.15 %,
respectively. Figure 8 shows the compaction curve for four
soil samples. The belly-shaped of graph compaction
coincides with the theory, according to Das [20]. Figure 9
shows that the trend of moisture content increasing thus
reduces the void ratio and porosity, but when it exceeds the
optimum moisture content, the void ratio is increasing as
well as the porosity. The addition of soil moisture content
causes water to fill the void ratio, and when water is added
beyond the optimum moisture content, the water occupies
extra space since there is no air volume which results in a
reduction of dry density. In Figure 10, it is shown that
increasing the moisture content increases the degree of
saturation and increases the plasticity of the soil.

Figure 7. (a) Specimen soil at the base pedestal and (b) specimen soil in the rubber membrane
Table 1. Results of standard proctor compaction test
. Maximum Dry Density Optimum Moisture e . .
Soil Sample (Mg/m’) Content, % Degree Saturation, % Void Ratio, e
A 1.59 19.5 84.39 0.58
B 1.57 20.5 85.76 0.60
C 1.56 20.2 83.12 0.61
D 1.58 20.4 86.79 0.59
Average 1.58 20.15 85.02 0.60
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Figure 11. The SWCC in terms of volumetric water content
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Figure 13. The SWCC in terms of gravimetric water content

3.1.2. Soil-water Characteristic Curve (SWCC)

Three types of SWCC clay soil behaviour in terms of
volumetric water content, the degree of saturation and
gravimetric water content are shown in Figure 11, Figure
12, and Figure 13, respectively. Soil air-entry value (AEV)
suction and residual suction are determined as reference
points of the SWCC. However, the result shows the curve
of SWCC in all figures did not present a well-defined
residual suction. This is due to the incapability of
equipment which limits the matric suction up only to 1500
kPa. Tripathy et al. [21] and Muniz [22], who studied the
expansive soil, also reported that they did not find residual
suction in their research. Therefore, the studied soil
presented an SWCC to have similar characteristics to
other expansive soils.

3.1.3. Consolidation

The outcomes of consolidation tests for the undisturbed
soil sample and compacted soil sample are shown in Table

2. The average compression index obtained is 0.496, while
the recompression index is 0.110. The result for the
pre-consolidation pressure is 51 kPa, and the compression
modulus is 1073 kPa. Next, the settlement for undisturbed
soil samples is 4.673 mm. Whereas for compacted soil, the
average compression index is 0.275, and the recompression
index is 0.069. The pre-consolidation pressure value is 139
kPa, the compression modulus is 4473 kPa, and the
settlement is 3.204 mm. The results show that the
undisturbed soil sample gives an average compression
index, recompression index, and the settlement is greater
than that is found through the compacted soil sample.
However, the value of compression modulus and
pre-consolidation pressure, Pc obtained from the
compacted soil sample is higher than the undisturbed soil
sample. The soil behaviour can be understood by making
comparisons of soil samples A to F (Figure 14) and soil
samples G to J (Figure 15). It can be concluded that the
undisturbed soils from soil samples A to C are identical.
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3.1.4. Shear Strength

The Mohr circle and effective shear stress for soil
samples A and B (undisturbed samples) obtained from the
CU triaxial test are presented in Figure 16. The effective
cohesion values for soil samples A and B are 29 kPa and 32
kPa, and friction angles are 18° and 23°, respectively.
Meanwhile, Figure 17 shows the Mohr's circle at failure
and the strength parameters for the CD triaxial test for soil
samples A and B (undisturbed sample). The effective
cohesion values for soil samples A and B are 28 kPa and 30
kPa, and the effective friction angle for both samples is
similar which is 23°. This result found that the effective

shear strength parameters were not identical for CU and
CD triaxial tests. Similar behaviour was also shown by
Rohaya et al. [23] and Salih and Kassim [24]. The results
found that the CU triaxial test produced a greater effective
cohesion value than the CD triaxial test. For soil samples C
to F (compacted soil), as illustrated in Figure 18, the
increase of matric suction causes effective cohesion to
increase from 45 kPa to 85 kPa. The results show that the
effective cohesion obtained from the compacted soil
sample is greater than the undisturbed sample. The smallest
of Mohr’s circles at low effective stress can be seen in
Figure 16, Figure 17, and Figure 18.
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Table 2. The results of an oedometer test for an undisturbed soil sample and the compacted soil sample
Soil - Vm.d Compression | Recompression Pre-consolidation Compression Settlement
Sample Condition Ratio Index. C Index. C Pressure, P, Modulus, E.q
Change e » Lor (kPa) (kPa) (mm)
A Undisturbed 0.440 0.436 0.084 50 957 4.175
B Undisturbed 0.570 0.530 0.120 44 744 5.426
C Undisturbed 0.491 0.569 0.136 65 1733 4,723
D Undisturbed 0.517 0.511 0.123 45 1065 4.950
E Undisturbed 0.486 0.487 0.109 53 938 4518
F Undisturbed 0.452 0.443 0.086 50 999 4.243
G Compacted 0418 0.450 0.080 60 1057 3.769
H Compacted 0.281 0.281 0.076 100 2477 3.549
I Compacted 0.236 0.214 0.065 170 6426 2.976
J Compacted 0.200 0.156 0.053 227 7930 2.521
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4. Conclusions material. The study showed that clay soil has a high

optimum moisture content (OMC) but low dry density at

A series of important engineering properties of soft clay maximum (MDD). It can conclude that fine soil can
from Kampung Sungai Jaya, Bukit Gambir, Johor, absorb more water compared to coarse soil due to greater
Malaysia was investigated for possible use as subgrade specific surface areas. The SWCC showed that the value
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of the volumetric water content, the degree of saturation,
and gravimetric water content decreased as the matric
suction increased. The conducted study confirms that the
reduction of the quantity of water affects the behaviour of
soil. For soil consolidation, many factors influence soil
compressibility, including loading, pore-water pressure,
and permeability. This study also indicated that shear
strength behaves non-linearly at low-stress levels, whereas
the soil behaves linearly at high-stress levels. It is
suggested that a curvilinear shear strength envelope be
employed to represent the true soil shear behaviour. The
work presented in this study contributes to understanding
the behaviour of soft clay soil.
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