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Abstract 
 
Expansive soils, known for their considerable changes in volume 
resulting from moisture variations, present major challenges to 
geotechnical engineering, particularly in semi-arid environments. This 
study presents a detailed investigation into the geotechnical 
behavior, mineralogical composition, and morphological features of 
expansive soils sampled from a paddy field. Four subsurface samples 
(P1–P4) were extracted at a uniform depth of 1.3 meters. Post-
collection, the samples were oven-dried and passed through a 0.425 
mm sieve to standardize the material for testing. XRD analysis 
identified kaolinite, illite, quartz, and muscovite as dominant mineral 
constituents. XRF showed major components were silicon dioxide 
(51.93%), iron oxide (20.87%) and aluminum oxide (18.03%), 
indicating clay presence. SEM analysis revealed a porous 
microstructure with irregular, platy clay particles forming 
interconnected networks, affecting water absorption. Sample P3 
exhibited the highest expansive potential, with a liquid limit of 64.61%, 
a plasticity index of 33.99%, and a free swell index of 17%. A low 
maximum dry density (1.175 g/cm³) and specific gravity (2.26) in P3 
suggest a fine-grained matrix with a high proportion of clay minerals. 
P4 had high optimum moisture content (29%) due to silt-clay and 
coarse particles. Soils shrinkage 10.49-11.42% upon drying. Swelling 
potential varied from 10% (P2) to 17% (P3), likely due to differences in 
clay minerals. The findings underscore the role of mineralogy and 
moisture sensitivity in the swelling behavior of expansive soils and 
highlight the need for sustainable stabilization strategies employing 
environmentally benign additives. 
 
Keywords: Expansive soil, swelling, shrinking, geotechnical properties, 
mineralogical and morphological characteristics 
 

 
Abstrak 
 
Tanah ekspansif yang terkenal dengan perubahan besar dalam 
isipadunya yang terhasil daripada variasi lembapan, memberikan 
cabaran utama kepada kejuruteraan geoteknik, terutamanya 
dalam persekitaran separa gersang. Kajian ini membentangkan 
penyiasatan terperinci tentang tingkah laku geoteknik, komposisi 
mineralogi, dan ciri morfologi tanah ekspansif yang diambil 
daripada sawah padi. Empat sampel bawah permukaan (P1–P4) 
telah diekstrak pada kedalaman seragam 1.3 meter. Selepas 
pengumpulan, sampel telah dikeringkan dengan ketuhar dan 
melalui penapis 0.425 mm untuk menyeragamkan bahan untuk 
ujian. Analisis XRD mengenal pasti kaolinit, illit, kuarza, dan muscovit 
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1.0 INTRODUCTION 

 
Expansive soils, known as swell-and-shrink soils which 
exhibit notable volume instability in response to 
moisture fluctuations or partial saturation, a 
phenomenon attributed to their high content of 
specific clay minerals or active chemical processes 
[1]. The potential for a soil to shrink or swell is 
influenced by a combination of factors. These include 
the soil's initial moisture content, its internal structure, 
void ratio, overburden stresses, and the existence of 
type and quantity of clay minerals [2]. Commonly 
found in semiarid regions, these soils often cause 
severe structural damage, particularly affecting 
foundations and pavements due to their expansive 
nature [3].  

Expansive soils are a major geotechnical 
challenge, especially in paddy fields. Their tendency 
to shrink and swell with moisture changes, combined 
with low strength, causes significant damage to 
infrastructure. This is often exacerbated by a failure to 
properly assess the soil's swelling potential [4,5].  
Additionally, the differential movement caused by 
swelling and shrinking can undermine the stability of 
both shallow and deep foundations, potentially 
cause structural damage or lead to costly repairs 
[6,7]. To address these issues effectively, 
understanding the geotechnical properties of 
expansive soils in paddy fields is crucial. Proper 
identification and classification of these soils are 
essential for designing engineering solutions that 
account for their unique shrink-swell characteristics, 
ensuring sustainable soil infrastructure [8,9]. 

Early detection of reactive or expansive soils during 
the initial stages of a site investigation is of paramount 
importance to ensure proper geotechnical planning 
and risk mitigation. This process often involves physical 
tests such as Atterberg limits, potential volume 

change, and free swell index tests [9]. Swelling 
potential can also be estimated indirectly using 
factors like plasticity, clay particle size distribution, 
and activity parameters [8]. A classification summary, 
as outlined in Table 1 [3] provides a classification for 
expansive soils according to their swell potential and 
correlating it with index properties such as liquid limit, 
plasticity index, and shrinkage. By determining the 
liquid limit, plasticity index, and shrinkage of a soil 
sample, these table could be used to estimate its swell 
potential. Asuri and Keshavamurthy [6] suggested 
two key approaches for identifying expandable clay 
structures in such soils: inferential testing and mineral 
identification. The inferential evaluation of soil 
properties involves a combination of direct and 
indirect methodologies. Direct methods, such as 
those for determining liquid limits and particle size 
distribution, provide fundamental data. In contrast, 
indirect techniques like the free swell tests and 
oedometer test are utilized to assess soil behaviour. 
Furthermore, advanced analytical tools, including X-
ray diffraction (XRD), differential thermal analysis 
(DTA), dye adsorption, and scanning electron 
microscopy (SEM), are critical for the precise 
identification of mineralogical components, which 
directly informs our understanding of the soil's 
composition and performance. 

 
 

Table 1 The classification of expansive soil 

 
 

sebagai juzuk mineral yang dominan. XRF menunjukkan komponen 
utama ialah silikon dioksida (51.93%), oksida besi (20.87%) dan 
aluminium oksida (18.03%), menunjukkan kehadiran tanah liat. 
Analisis SEM mendedahkan struktur mikro berliang dengan zarah 
tanah liat yang tidak teratur membentuk rangkaian yang saling 
berkaitan, menjejaskan penyerapan air. Sampel P3 mempamerkan 
potensi ekspansif tertinggi, dengan had cecair sebanyak 64.61%, 
indeks keplastikan sebanyak 33.99%, dan indeks bengkak bebas 
sebanyak 17%. Ketumpatan kering maksimum yang rendah (1.175 
g/cm³) dan graviti tentu (2.26) dalam P3 mencadangkan matriks 
berbutir halus dengan perkadaran mineral tanah liat yang tinggi. P4 
mempunyai kandungan lembapan optimum yang tinggi (29%) 
disebabkan oleh tanah liat kelodak dan zarah kasar. Tanah 
mengecut 10.49-11.42% semasa pengeringan. Potensi bengkak 
berbeza-beza daripada 10% (P2) hingga 17% (P3), berkemungkinan 
disebabkan oleh perbezaan dalam mineral tanah liat. Penemuan ini 
menggariskan peranan mineralogi dan kepekaan lembapan dalam 
tingkah laku pembengkakan tanah yang luas dan menyerlahkan 
keperluan untuk strategi penstabilan mampan menggunakan 
bahan tambahan jinak alam sekitar. 
 
Kata kunci: Tanah ekspansif, Bengkak, Mengecut, Sifat geoteknik, 
Ciri-ciri mineral dan morfologi 
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Swell 
potential 

Liquid 
limit (%) 

Plasticity 
index (%) 

Shrinkage 
(%) 

Low 20 - 35 < 18 > 15 
Medium 35 - 50 15 - 28 10 - 15 

High 50 - 70 25 - 41 7 - 12 
Very high > 70 > 35 < 11 
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The potential for soil to swell varies depending on its 
mineral composition. Some minerals, like 
montmorillonite, illite, nontronite, chlorite, and 
vermiculite, increase swelling. Conversely, minerals 
like quartz and calcite reduce swelling. More clay in 
the soil also leads to greater swelling and better water 
absorption. Evaluation of swelling in expansive soils 
mainly focuses on clay minerals, particularly kaolinite, 
illite, and montmorillonite. Smectites, which are 
related to minerals like quartz and kaolinite, are 
common, while as a highly prevalent mineral in the 
Earth's crust, kaolinite can be formed through either 
primary geological processes or the secondary 
alteration of other minerals [7, 10-17]. The structure of 
kaolinite consists of stacked layers, with each layer 
containing a sheet of silica and a sheet of alumina. 
Between these sheets, there is a shared layer of 
oxygen atoms. Kaolin and halloysite clays are formed 
from the chemical weathering of alumina-silicates. To 
create minerals like kaolin, a low ratio of silica to 
alumina is necessary.  Kaolinite is the lowest expansive 
of the three common clay minerals due to its structure 
containing stable potassium (K+) ions [5]. This mineral 
also possesses strong interlayer forces that enable it to 
resist expansion when exposed to moisture [18,19].  

The illite mineral consists of alternating layers of 
alumina and silica. It exhibits greater swelling and 
shrinkage compared to kaolinite due to its higher 
capacity to absorb water. Montmorillonite has a 
similar layered structure as illite. Illite also contains K+ 
ions in its interlayer spaces, which further decreases its 
expansiveness [5]. Additionally, illite possesses a 
significantly lower cation exchange capacity 
compared to montmorillonite [20]. The phenomenon 
is attributed to the constrained interlayer space and 
the fixed coordination of small potassium ions (K+) 
within the ditrigonal cavities of the tetrahedral sheet's 
surface structure [21]. Therefore, the expansiveness of 
clay minerals varies significantly, with montmorillonite 
being the most expansive due to its weak interlayer 
bonding and high cation exchange capacity. This is 
followed by illite, which has limited expandability due 
to potassium ions binding its layers, and finally 
kaolinite, which is non-expansive due to strong 
hydrogen bonding between its 1:1 layer [5], where it 
shows the mineral expansiveness order is 
Montmorillonite > Illite > Kaolinite. As the predominant 
silica polymorph in natural environments, quartz 
constitutes a prevalent mineralogical component 
across a diverse of magmatic, metamorphic, and 
sedimentary lithologies. Furthermore, quartz serves as 
a significant economic source of silica raw material. 
Quartz is among the pure minerals, yet even minor 
impurities and defects can hold significant relevance 
and provide valuable insights, especially about the 
mineral's origin. The mineral like quartz with the 
chemical formula of SiO₂, occurring in two natural 
forms. The most common and significant variety of 
quartz is trigonal, low-temperature alpha-quartz, a 
form that remains stable at the Earth's surface [22]. 

The objectives of this study are 1) To characterize 
the physical properties, mineralogical and 
morphological characteristics of the expansive soil. 2) 
To examine the relationship between the swelling 
behavior of expansive soil and its physical, 

mineralogical, and morphological characteristics. 3) 
To evaluate the impact of moisture content and 
plasticity on the expansive behavior of the soil.  

 
 

2.0 MATERIALS AND METHODS 
 
Samples collection 
 
Soil samples in this study were sourced from a paddy 
field situated in Ladang Merdeka Mulong, Kota Bharu, 
Kelantan, which is in the northeastern part of 
Peninsular Malaysia as shown in Figure 1. Geological 
map showing that the collected soil samples involved 
in this study included a mixture of clay, silt, sand, and 
gravel, which are typical components of expansive 
soils. 
 

 
Figure 1 Geological map of Kota Bharu, Kelantan, Malaysia 

 
 
According to Rezaee et al. [23], the area of paddy 
soil being classified as expansive soil which can 
undergo significant volume changes when subjected 
to moisture fluctuations. Disturbed soil samples were 
taken at 1.3 meters from the ground surface in 
accordance with BS 5930:1999. 

 
 

 
 

Figure 2 Map of sampling points  
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Samples preparation 
 
The collected soil samples were dried in an oven for 
24 hours at 110°C to remove their moisture content, 
following the procedure outlined in BS 1377:1990. This 
step ensures that the results from subsequent tests are 
not influenced by moisture variability. After drying, the 
soil samples were sieving using a 0.425 mm sieve as 
shown in Figure 3 to remove any large particles and 
ensure uniformity for geotechnical tests. All four soil 
samples (P1, P2, P3 and P4) exhibit a general light 
brown to tan color, though sample at P1 appears to 
have a slightly darker or more yellowish while sample 
at P4 appears a light grey color. Texturally, samples at 
P1, P2 and P3 are composed of fine particles which is 
silty or clayey composition with a relatively uniform 
appearance, whereas sample P4 appears as a clay 
which cohesive, massive or cracked mass with very 
fine particles. 

 

 
 

Figure 3 Sample of soils at different sampling points 
 
 
Testing program 
 
X-ray Fluorescence (XRF) 
X-ray Fluorescence (XRF) was executed to measure 
the elemental composition of the soil. XRF helps to 
quantify the concentration of various elements by 
using Shimadzu EDX-720. The soil samples were oven-
dried and then were ground using a grinding 
machine for two minutes to achieve a fine powder. 
The powdered material was passed through a 0.075 
mm sieve to ensure homogeneity and minimize 
particle size effects for the XRF analysis. 
 
X-ray Diffraction (XRD) 
X-ray Diffraction (XRD) analysis was carried out with a 
Rigaku SmartLab X-ray Diffractometer to precisely 
characterize the mineral composition, chemical 
composition, and crystalline structure of the soil 
samples. The soil samples underwent X-ray Diffraction 
(XRD) analysis utilizing a Cu-Kα radiation source. The 
experimental conditions included an operating 
voltage of 40 kV and a current of 100 mA. Data was 
collected over a 2θ range from 5° to 45°, with the 
diffraction intensity patterns recorded in counts. The 
diffractometer generated a mineral diffraction 

pattern where each mineral phase was identified by 
the angles and intensities of the refracted X-ray 
beams which corresponding to specific 2θ spacings 
[25]. The four sampling points are located seemingly 
in a uniform environment such as the same field, 
similar topography, no significant human disturbance 
variations. This could be assumed that their underlying 
mineralogy wouldn't drastically differ. 

 
Field Emission Scanning Electron Microscopy (FESEM) 
FESEM-EDX was implemented to study the 
microstructure and surface morphology of the soil 
particles at high resolution. FESEM allows for the 
observation of fine details such as particle size, shape, 
and aggregation, while EDX provides elemental 
composition analysis at the microscopic scale by 
using the FEI Nova NanoSEM 230 and Oxford 
Instruments Max 20. FESEM analysis was used to 
provide detailed microstructural images of the soil, 
while the coupled EDX system enabled localized 
elemental analysis. According to Selvakumar et al. 
[24], soil samples were mounted on FESEM stubs and 
then sputter-coated with a thin layer of gold. This was 
done to improve electrical conductivity and prevent 
charging artifacts during scanning electron 
microscopy. 
 
Physical and Chemical Properties 
In accordance with British Standard Method (BS 
1377:1990), various tests were performed on the soils. 
These tests including particle size distribution, 
Atterberg limits, moisture content, linear shrinkage, 
and pH test, were used to evaluate the soil's 
geotechnical behavior. Particle size distribution was 
conducted to determine the relative proportions of 
sand, silt, and clay in the soil by using the Endecotts 
EFL 2000 Sieve Shaker Machine. The Atterberg limits 
were carried out to assess the plasticity of soil, 
specifically its liquid limit and plastic limit which help 
to predict the shrinkage and swelling characteristics. 
The Casagrande method was used to determine the 
liquid limit, which is the moisture content where a soil 
transitions from plastic to a liquid consistency under 
standardized test conditions. Defined as the moisture 
content at which a soil ceases to act plastically, the 
plastic limit represents the transition point between 
the plastic state and the semi-solid state of the soil. In 
the plastic range, the soil was rolled into thin threads 
without crumbling. The moisture content of soil was 
carried out to measure the amount of water present 
in the soil which influences the compaction and shear 
strength. It could be attributed to the ratio of the 
weight of water in the soil sample to the weight of the 
dry soil sample. It is typically expressed as a 
percentage. The weight of water in the soil sample 
was determined by undergone oven-dried at 110°C 
for 24 hours. The linear shrinkage was conducted to 
quantify the amount the soil shrinks when dried which 
indicates its potential for volume changes due to 
moisture fluctuation. It could be related to the 
decrease in one dimension which usually length of a 
soil sample dries from a wet state to a dry state. It is 
usually expressed as a percentage. A pH test was 
performed to determine the soil's level of acidity or 
alkalinity. This is an important step because a soil's pH 
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value can have a significant effect on its overall 
chemical stability.  
 
Swell Test 
Free swell index was conducted as accordance to 
ASTM D5890-11 which determines the tendency of 
swelling in soil. Prepared two representative 10g 
samples of dry soil which pass through a 0.425 mm 
sieve. Individual soil samples are carefully introduced 
into separate 100 ml graduated cylinders. One 
cylinder is subsequently filled to a 100 ml volumetric 
mark with distilled water, while the second is filled to 
identical mark using kerosene. Both cylinders are 
allowed to stand undisturbed for 24 hours. After this 
period, the final volumes of the soil in both cylinders 
are recorded. The FSI is calculated as the percentage 
difference between the final volume of the soil in 
distilled water and the final volume of the soil in 
kerosene, using the final volume in kerosene as the 
reference volume. 

 
 

3.0 RESULTS AND DISCUSSION 
 
This section presents the results and analysis. It 
includes physical properties, chemical properties, 
mineralogical and morphological characteristics as 
well as the swelling behavior of expansive soils. 
 
Soil Chemical Composition 
 
According to XRF analysis, the chemical composition 
of the soil is presented in Table 2. The chemical 
composition of the soil reveals a soil predominantly 
composed of silicon dioxide (SiO2) at 51.93%, 
alongside significant iron oxide (Fe2O3) at 20.87% and 
aluminum oxide (Al2O3) at 18.03%, indicative of 
potential clay mineral presence. The high Fe2O3 
occurs because of the white cementing materials 
(iron oxide colloids) serving as a strong adhesive. They 
attached to soil particles, strengthened their bonds, 
and promoted the creation of soil aggregates and 
microscopic pore structures [26]. The notable 
potassium oxide (K2O) content of 5.44% may point 
towards minerals like illite, while the titanium dioxide 
(TiO2) at 2.51% is likely a product of weathering. The 
very low calcium oxide (CaO) content of 0.16% 
implies a deficiency in calcium-based minerals. Based 
on the criteria for pozzolans (ASTM C618), the sum of 
SiO₂, Al₂O₃, and Fe₂O₃ is 90.83%, which is significantly 
greater than the required 70%. This suggests that the 
soil has the potential for pozzolanic activity. 
 

Table 2 Chemical compositions of soil 
Compound Composition (%) 

Silicon dioxide (SiO2) 51.93 

Iron oxide (Fe2O3) 20.87 

Aluminium oxide (Al2O3) 18.03 

Potassium oxide (K2O) 5.44 

Titanium dioxide (TiO2) 2.51 

Calcium oxide (CaO) 0.16 

 

Soil Mineralogical 
 
In this study, XRD analysis was conducted to analyze 
minerals in the soil structures. According to the results 
shown in Figure 4, the 2θ range from 5° to 45° suggests 
that the soil samples were in a single-phase condition, 
with peaks appearing at various 2θ angles which are 
kaolinite (2θ = 12.4°, 19.9°, 35.05°), illite (2θ = 8.85°, 
25.05°), quartz (2θ = 26.65°, 36.55°, 39.45°, 40.35°, 
42.45°). The diffractogram of the soil shown in Figure 4 
indicates that the mineral composition includes 
kaolinite, illite, quartz, and muscovite. Among these, 
the most dominant mineral found in the soil is quartz. 
The XRD pattern of soil shows it primarily characterized 
by distinct peaks of quartz which significant reflections 
are observed at 2θ angles around 26.65° (d = 3.35 Å), 
36.55° (d = 2.46 Å) 39.45° (d = 2.28 Å), 40.35° (d = 2.24 
Å) and 42.45° (d = 2.13 Å). The prevalence of quartz 
indicates mechanical stability and less plasticity, but 
it does not affect the swelling-sensitive clays. 
However, the XRD results of the soil showed a slightly 
decreased trend in intensity of peaks. Among the clay 
minerals, quartz exhibits the highest relative 
percentage at 45.8969%, whereas illite has the lowest 
relative percentage at 0.00029%. Besides, the clay 
mineral component of the soil is composed of 
kaolinite at a relative percentage of 33.7313% and 
muscovite at 1.9554%. 
   Kaolinite, illite, quartz, and muscovite are 
particularly important among the different minerals 
present in soils because of their distinct properties and 
behaviors. This finding aligns with the mineralogical 
compositions reported in similar soils by Lew [27]. 
However, it is crucial to distinguish that while both 
studies identify kaolinite, it is a non-expansive 1:1 clay 
mineral. The significant swelling potential in such 
contexts is typically attributed to the presence of 
expansive 2:1 clay mineral like montmorillonite 
(smectite) which may exist as discrete particles or 
within mixed-layer structures. The inclusion of illite 
within the soil composition has the potential to 
enhance its plasticity and improve its capacity for 
water retention. The increased levels of quartz in soil 
could be different mechanical properties where 
potentially resulting in a higher friction angle and a 
decrease in plasticity [28-30]. The swelling behavior is 
primarily driven by the soil's composition, which 
includes various mixed-layer clay minerals specifically 
illite-smectite, illite-montmorillonite, kaolinite-
montmorillonite, and montmorillonite-calcian [31]. 
Illite have a strong swelling potential because they 
can absorb water. 
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Figure 4 X-ray diffractogram pattern of soil 

 
 

Morphological soil 
 
To evaluate the alterations in morphology and 
elemental composition of the examined soils, FESEM 
tests were performed on the soil samples. FESEM 
analysis in Figure 5 demonstrated the soil 
microstructure at a magnification of 30,000 times. The 
image shows a highly aggregated and porous 
arrangement of soil particles. The dominant feature is 
the presence of numerous platy or flaky particles, 
characteristic of clay minerals. These particles are 
irregularly shaped and appear to be stacked and 
interconnected, forming complex pore networks. 
There is a noticeable variation in particle size, with 
smaller particles often appearing to fill the spaces 
between larger ones. The flaky, platy morphology 
strongly suggests the presence of some minerals such 
as kaolinite and illite which are common in many soil 
types. Specifically, analysis of the scanning electron 
microscopy (SEM) image indicates that the soil 
exhibits a microstructure containing both dispersed 
and flocculated particles, characterized by a 
heterogenous distribution of irregular shapes and 
sizes. This is because of the presence of certain pores 
that can be seen as a result of oxide formation [30]. 
Furthermore, the arrangement of particles and pores 
facilitates water absorption, directly explaining the 
observed volumetric changes. 

The Energy Dispersive X-ray Spectroscopy (EDX) 
analysis shown in Figure 6 detailed the distribution of 
elemental composition in the soil. The spectrum is 
dominated by a major oxygen (O) peak, confirming 
its role as the most abundant element. The 
quantitative analysis identified the primary elemental 
composition as Oxygen (51.99%), Silicon (19.88%), 
Aluminum (13.84%), Iron (6.65%), Carbon (5.99%) and 
Potassium (1.66%). The predominance of O, Si, Al, and 
Fe is a clear indicator of a mineral assemblage rich in 
silicates and oxides such as quartz and kaolinite. 
Selvakumar et al. [24] also reported that expansive 
soils possess a high swelling potential, and swollen 
clay particles frequently exhibit characteristics akin to 
dispersive materials. When fully saturated, these soils 
are prone to significant volumetric increase over time 
where behavior is attributed to their high surface area 
and extensive interparticle spaces. 

 

 
Figure 5 SEM image of soil 

 
 

 
Figure 6 EDX analysis spectrum of soil 

 
Physical and Chemical Properties 
 
The PI and LL values of soil samples plot above the U-
line (Figure 7) indicates that the soil is likely a clay. This 
means it has a high clay content and exhibits high 
plasticity and cohesion. All samples are classified as 
clays (CL or CH). Based on the Unified Soil 
Classification System (USCS), the soils were 
categorized as clay with low plasticity (CL) at P1 and 
clay with high plasticity (CH) at P2, P3, and P4. 
   Figure 8 illustrates the particle size distribution curves 
for soil samples gathered from four distinct sampling 
locations (P1, P2, P3, and P4). The geotechnical 
properties and chemical properties of the soil were 
summarized in Table 4. 
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Figure 7 Plasticity chart of soils at different sampling points 
 
 

 
Figure 8 Particle size distribution at different sampling points 

 
 

However, Adajar and Valbuena [33] also found that 
the criteria for expansive soils as defined by the 
National Structural Code of the Philippines (NSCP) as 
summarized in Table 3. Therefore, based on these 
three criteria from the NSCP, the sampling point which 
appears to most consistently meet the conditions for 
being classified as expansive, as it passes all three 
criteria. 

 
Table 3 The classification of soil 

  Sampling points  

Properties P1 P2 P3 P4 

Percent passing  
No. 200 sieve (%) 
(>10%) 

Pass Pass Pass Pass 

Liquid limit (%) 
(>50%) Fail Pass Pass Fail 

Plasticity index (%) 
(15%) Fail Fail Pass Pass 

 
 
The geotechnical properties of the soils at different 
sampling points are shown in Table 4. Specifically, the 
moisture content ranged from 29.52% to 39.98%, 
indicating a slight increase across the sampling points. 
P4 demonstrated the highest moisture content, which 
is 39.98% followed by P2 which is 33.84%. P2 and P4 
might experience more expansive behavior which 
makes the soil tendency to swell.  The soil samples 

typically exhibit higher moisture retention, which plays 
a crucial role in their volume changes. However, 
these results can be associated with the requirement 
of water for hydration and the purposes of 
compaction [34]. 
 
Table 4 Geotechnical properties of soils at different sampling 
points 

   Sampling Points   

Soil Properties P1 P2 P3 P4 

Gravel  6.67 6.25 5.88 0 

Sand 73.33 81.25 82.35 86.67 
Fine material (Clay, 
Silt) 20 12.5 11.76 13.33 

Liquid limit (%) 26.69 50.47 64.61 47.75 

Plastic limit (%) 17.49 35.73 30.62 22.73 

Plasticity index (%) 9.2 14.74 33.99 25.02 
Moisture content 
(%) 29.52 33.84 29.72 39.98 

Linear shrinkage (%) 11.42 10.96 11.19 10.49 

Free swell index 13 10 17 11 

Specific gravity 2.59 2.54 2.26 2.40 
Soil classification, 
USCS CL CH CH CH 

pH 6.75 5.62 3.65 4.07 
Maximum dry 
density (g/cc) 1.275 1.23 1.175 1.175 

Optimum moisture 
content (%) 18 27 23 29 

 
 
The Atterberg limits are crucial for the classification of 
soil throughout a wide category. The result of liquid 
limit shows a slightly increased trend, ranging from 
26.69% to 64.61% are presented in Figure 9. It can be 
seen P3 shows the high plasticity soil, which is 64.61% 
compared to other sampling points. Mehta and 
Sachan [35] established that a high liquid limit is a 
direct indicator of significant swell potential in clay-
rich soils. The increased montmorillonite content 
enhances its ability to retain water and strengthens 
the cohesive forces between the particles. Also, 
similar results were found by Butt et al., [36] and 
Adetoro and Faluyi [37] which the increase could be 
resulted from highest in water absorption capacity. 
The plastic limit ranged from 17.49% to 35.73%. The soil 
at P2 obtained the highest value, which is 35.73%. The 
higher plasticity and cohesion at P2 account for this 
behavior. The high liquid and plastic limits result from 
the presence of expanding clay minerals including 
smectite, hydrous mica, and chlorite [38]. Besides, the 
plasticity index results ranged from 9.20% to 33.99%. 
Higher in plasticity index value particularly at P3 which 
is 33.99% is likely to indicate more expansive soil 
conditions. As stated by Holtz and Gibbs [3] in Table 1, 
it showed that the plasticity index from 25% to 41% 
attributed to the high in swell potential. 
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Figure 9 Atterberg limits values of soils in different sampling 
points 
 
 
Linear shrinkage ranged from 10.49% to 11.42%. This 
test directly measures the soil's potential for 
contraction as water content decreases, a property 
governed by the type and amount of active clay 
minerals present. The lower shrinkage value of 10.49% 
at P4 suggests a comparatively lower content of clay 
minerals such as illite. This implies a reduced tendency 
for significant volume changes in response to moisture 
variations. Free swell index values exhibited ranging 
from 10% to 17%. High value in free swell index, which 
is 17% at P3 indicates significant expansiveness where 
it could lead to severe swelling when hydrated. 
Comparatively, lower in the free swell index, which is 
10% at P2, suggests soils with reduced swelling 
potential where it might be safer for construction 
purposes. The variation in free swell index values 
across the sampling locations is directly linked to 
differences in their clay mineralogy and composition. 

The specific gravity values in Table 4 range from 
2.26 to 2.59. The specific gravity was the highest value, 
which is 2.59 at P1. The behavior at location P1 is 
governed by its substantial clay mineral content, 
specifically kaolinite, illite, quartz and muscovite, as 
quantified by XRD. Furthermore, the specific gravity is 
potentially influenced by the density and 
compositional characteristics of the constituent 
minerals. As delineated in Table 4, the observed pH 
values for the samples range from 3.65 to 6.75. The pH 
value shows a slight decreased trend which indicated 
the acidic conditions. The soil at P3, which is 3.65, 
obtained the most acidic compared to other 
sampling points. This highly acidic soil promotes shrink-
swell behavior. The soil's acidic properties are likely a 
result of its elevated clay content, which frequently 
leads to a more acidic environment. 

Figure 10 presented the maximum dry density 
obtained the decreasing trend from 1.275 g/cm3 to 
1.175 g/cm3. The result of maximum dry density at P3 
and P4 showed the lowest value in specific gravity. 
Jha and Sivapullaiah [39] stated that the maximum 
dry density is likely influenced by two main factors 
such as the soil's particle size distribution and its 
specific gravity. Another study by Oguche et al. [40] 
reported that the observed results could be a 
consequence of the low specific gravity inherent to 
the expansive soil. Moreover, the optimum moisture 
content of the expansive soil was found to fall within 

the range of 18% to 29%. However, the optimum 
moisture content of expansive soil was found to be 
the highest value at P4 which is 29%. The high OMC is 
likely due to the composition and nature of the clay 
minerals present within the 13.33% fines fraction. Even 
a small percentage of expansive clay minerals such 
as illite can dominate the soil's water-holding 
behavior. 

 
Figure 10 Compaction properties of soils in different sampling 
points 
 
 
The XRD analysis confirms that the soil is 
predominantly composed of quartz (45.9%), which is 
non-plastic and high sand fraction reported in the 
particle size distribution. The geotechnical properties 
are ultimately governed by the clay mineral. 
Although the presence of low illite, a 2:1 clay mineral 
is one of the factor explaining the soil's elevated 
plasticity (Liquid Limit up to 64.61%, PI up to 33.99%) 
and its classification as CH. The capacity of illite to 
absorb water and its potential presence in mixed-
layer structures such as illite-smectite directly account 
for the significant free swell index (up to 17% at P3) 
and the high moisture contents (up to 39.98%). This is 
further confirmed by the XRF data, which shows a 
high K₂O content (5.44%), a key chemical indicator 
for illite. The acidic pH conditions (as low as 3.65), likely 
a result of weathering processes that release ions from 
these clay minerals, can further enhance the clay's 
activity and swell potential. Therefore, geotechnical 
behavior is not a simple function of clay content but 
is precisely controlled by the specific mineralogy, 
where the interplay between high quartz and low illite 
dictates the soil's stability and its tendency to volume 
change. 
 
 
4.0 CONCLUSION 
 
The aims in this study were to study geotechnical 
properties, mineralogical and morphological 
characteristics of expansive soil as well as the 
relationship to confirm swell behavior.  

The comprehensive conclusions are outlined 
below: 
1) The characterization confirms that the soil, 

particularly at location P3 possesses the physical 
properties (high LL, PI, FSI) that classify the soil as 
highly expansive. The mineralogy (kaolinite, illite, 
quartz, and muscovite) defines the soil's inherent 
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potential to swell and exhibit plasticity. These 
minerals create the morphology (platy, porous 
structure) that facilitates water absorption.  

2) The mineralogy of expansive soil defines the 
potential to swell, the physical properties (high LL, 
PI) provide diagnostic evidence of this potential, 
and the morphology (porous, platy structure) 
facilitates the physical process of swelling and the 
presence of minerals in expansive soil such as 
kaolinite, illite, quartz and muscovite. 

3) High plasticity verifies a strong potential for soil 
expansion and an increasing moisture content 
results in the release of swelling pressure, 
manifesting as the expansive behavior. 

 
The study effectively identified the physical and 
mineralogical properties of expansive soils, 
emphasizing significant swelling behavior at P3, 
attributed to its high plasticity, moisture levels, and 
mineral composition. These findings align with the 
objectives of the study. Further research will also be 
conducted to focus on the sustainable approaches 
which use eco-friendly stabilizers. The potential for 
combining agricultural waste products or industrial 
by-products like saw dust ash (SDA) as soil stabilization 
techniques should be explored to make soil 
improvement more sustainable. 
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