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Expansive clay is a soil that is very easily affected 
by air. This causes expansive clay to have several 
adverse properties such as large swelling and 
shrinkage properties and has a high plasticity 
index value which results in the soil under certain 
air conditions can experience changes in volume. 
With the change in soil volume due to low water 
content can cause subsidence in the building 
above it (Settlements). In addition to subsidence, 
the high water content in the soil also causes the 
soil to expand so that it can cause the building to 
lift (Uplift). This study aims to investigate the 
bearing capacity of clay soil expansion, in this case 
the CBR value of the soil tested in two conditions: 
unsoaked and soaked. In addition, the amount of 
expansion can also be known from the soaked 
CBR test. To support the main research, a property 
index study was conducted to explain the 
expansion behavior of clay soil. In this study, 
bentonite was used to obtain the required 
expansive soil characteristics with a composition 
of 25%, 50%, 75% and 100% bentonite. Bentonite is 
known to have a large swelling capacity, easily 
absorbs air, and has a high plasticity index 
because it contains the mineral montmorillonite. 
The results of the study showed that the CBR 
value of the embankment soil sample, bentonite, 
and the bentonite mixture were categorized as 
good for use as a base soil. Meanwhile, from the 
results of the soaked CBR test, the CBR value of 
the embankment soil sample, bentonite, and the 
bentonite mixture were categorized as poor for 
use as a subgrade because they had a low CBR 
value and large swelling 
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INTRODUCTION 
Soil plays a crucial role in civil engineering, such as in buildings, 

highways, bridges, dams, and other structures. Therefore, it requires soil with 
adequate technical properties. The stability of road pavement construction is 
directly influenced by the road's base's ability to absorb and transmit loads. 
However, not all subgrade layers can support the loads above them; only well-
classified soils can exert their bearing capacity. Knowledge of soil mechanics is 
essential to understand soil properties, analyze these properties, and determine 
the methods used to calculate these properties in construction planning. 
Expansive clay is a soil that is highly susceptible to water. This causes it to have 
several adverse properties, such as high swelling and shrinkage and a high 
plasticity index, which can cause volume changes under certain water conditions. 
Expansive soil can pose problems in construction projects, particularly for 
embankment work on the subgrade of a building. Changes in soil volume due to 
low water content can lead to settlement of the building above, especially if the 
settlement is non-uniform. This subsidence can occur during construction or 
during the building's operation. In addition to subsidence, high water content in 
the soil can also cause the soil to expand, causing the building to lift (uplift). 

The subgrade is the foundation soil that directly supports the load, 
including the weight of the pavement layer and the weight of vehicles traveling 
on the road surface. The characteristics of the original subgrade soil significantly 
determine the strength of the road construction, ensuring stability and driving 
safety. The pavement and road surface layers, acting as protectors for the 
subgrade, distribute the load from vehicle wheels to the subgrade. Without 
adequate subgrade support, the pavement is susceptible to damage. The bearing 
capacity of the subgrade for road pavement is influenced by its characteristics. 
The selected subgrade should have adequate characteristics and meet 
requirements and requirements. However, many subgrade soils still have 
characteristics that are less than optimal for use as subgrade. 

 
LITERATURE REVIEW  

A characteristic that needs to be known about road subgrade is the CBR 
value. A common problem encountered with road subgrade is low soil bearing 
capacity, characterized by a low California Bearing Ratio (CBR). The minimum 
CBR value for subgrade soil is 6% to prevent the pavement from cracking and 
collapsing due to road subsidence (Soedarsono, 1985). According to Bowles 
(1992), soil with a CBR value <3% is classified as having a low CBR, 3-7% as 
having a low to moderate CBR, 7-20% as having a moderate CBR, and >20% as 
having a good CBR. The CBR value of the subgrade serves as a reference in 
highway pavement planning; therefore, the subgrade CBR value should meet 
certain requirements, in addition to other requirements. 

"Expansive soil" is a term used for soil with a high potential for expansion 
or shrinkage due to the influence of water content. Expansive soil shrinks when 
its water content decreases and expands when its water content increases. In 
nature, soils that have the potential for expansion also have the potential to 
shrink due to changes in water content. 
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The terms expansive soil and swelling potential are generally used to 
describe soils prone to this swelling and shrinkage. Soils that readily change 
volume are those with a high clay content, particularly those containing the 
mineral montmorillonite (Hardiyatmo, 2017). 

According to Snethen et al. (1975), clay minerals originate from the 
weathering or diagenetic alteration of pre-existing minerals, resulting in very 
small grain sizes but large surface areas. Physical heating over long periods and 
chemical changes in the material resulting from changes in overburden pressure 
or groundwater conditions are termed diagenetic factors. Diagenetic factors are 
generally described as interparticle bonding phenomena resulting from re-
crystallization from contact between clay minerals under high overburden 
pressure, or by particle cementation resulting from the precipitation of 
intermediary materials from groundwater. 

According to Chen (1975), clay particles are sheet-like with distinct 
surfaces. Clay minerals are formed through a complex process from various 
parent materials or rocks, including feldspar, mica, and limestone. The minerals 
formed depend on the parent rock, topography, climate, nearby vegetation, 
weathering duration, and other factors. The changes that occur on the surface of 
the earth are called weathering, and on the seabed, halmyrolysis. These changes 
include disintegration, oxidation, hydration, and melting. 

The most important characteristic of fine-grained soils is their mineral 
composition. Three important clay mineral groups are (Nelson and Miller, 1992): 

1. Non-expansive clay minerals. These clay minerals are non-expansive 
because of the strong hydrogen bonds that hold each clay particle together. 
The kaolinite group is non-expansive. 

2. Mica-like minerals, such as illite and vermiculite, can be expansive, but 
generally don't cause significant problems. Illite contains weak potassium 
bonds, allowing for some expansion. 

3. Smectite minerals, including montmorillonite, are highly expansive and are 
the most problematic clay minerals because the particles are only weakly 
bonded. 

 The California Bearing Ratio Test, also known as the CBR test, is a test that 
can be performed in a laboratory or in the field to determine the bearing capacity 
of the soil. This test yields a CBR value, which is the ratio of the penetration load 
of a material being tested to a standard load, expressed as a percentage. The CBR 
value indicates the hardness of the material being tested; therefore, the harder 
the material, the higher the CBR value. Laboratory CBR is measured under two 
conditions: unsoaked (CBR unsoaked) and soaked (CBR soaked). Soaked CBR 
values are generally lower than unsoaked CBR values. However, soaked 
conditions are more common in the field, and therefore, in building construction 
calculations, soaked CBR values are used as the basis for calculations, as water 
always affects building construction. 

In highway pavements, the CBR value can be used as a parameter to 
determine the suitability of a soil material for pavement layers. The CBR value 
determines the soil's ability to support and transmit the loads applied to it. The 
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CBR value of each soil varies depending on its hardness. Table 8 below shows 
soil classification based on CBR value. 

 
Table 1. Soil Classification Based on CBR Value 

 
 
Table 1 above shows that soil is classified into five groups based on its CBR 

value: very poor, poor to fair, fair, good, and excellent. For use as a pavement 
base layer, soil must be classified as fair, good, or excellent. Meanwhile, very poor 
and poor soils must first be stabilized before they can be used as a pavement base 
layer. The modified test for expansive soils was developed to assess the effect of 
soil swelling on density and strength and cannot be used to identify potential soil 
swelling behavior. Table 2 shows the classification of subgrade volume changes 
for embankments based on the degree of swelling that occurs during the 
submerged CBR test. In this table, the Weighted Plasticity Index (WPI) is the 
product of the plasticity index (PI) and the material passing a 425 μm sieve, or 
WPI=PI x percentage of material passing through the sieve 425 μm (no.40)          (8) 

The WPI value can be used as a preliminary assessment of the subgrade. 
In addition, the submerged CBR value also provides a good indicator of potential 
landslides. Soils with a low degree of swelling tend to have a higher CBR 
(Hardiyatmo, 2017). 

 
Table 2. Volume Change Classification 

 
 

METHODOLOGY 
The soil used in this study was collected from the Faculty of Engineering, 

Hasanuddin University, Gowa Regency, South Sulawesi Province. The bentonite 
used as a mixing material was imported from Bandung City. The sampling and 



  International Journal of Advanced Technology and Social Sciences (IJATSS) 
Vol.4, No.7, 2026: 653-662

                                                                                           

  657 
 

testing locations during the study were conducted at the Soil Mechanics 
Laboratory, Faculty of Engineering, Hasanuddin University, Gowa Regency, 
South Sulawesi Province. The research timeframe was determined based on the 
established intervals and durations and the testing standards used. Data 
collection was conducted on the soil material used in the study to prepare the test 
samples. At the beginning of the study, the location for the soil sample collection 
was selected and determined. After the soil samples were collected, their 
characteristics were identified visually and through laboratory testing. 
Characteristic testing of the soil samples was necessary to achieve the objectives 
of this study. This study analyzed the effect of a mixture of high-plasticity clay 
with varying bentonite content on the California Bearing Ratio (CBR) of the 
tested soil. Characteristic data from each material and mechanical testing data, 
namely CBR testing from each soil sample in this study will be used as a basis for 
analyzing research results and drawing conclusions from the research 
conducted. 

 
RESULTS 

Based on tests conducted in the laboratory, data on the physical and 
mechanical characteristics of embankment soil samples, bentonite, and variations 
of bentonite mixtures were obtained. Details can be seen in Table 3. The results 
of the unsoaked California Bearing Ratio (CBR) test are shown in Table 4. The 
100% fill soil sample yielded CBR values of 8.5% for γd, 13.5% for γd 90%, and 
18.5% for γd 100%. The 25% Bentonite – 75% Soil sample yielded CBR values of 
7.0% for γd 80%, 12.5% for γd 90%, and 18.0% for γd 100%. The 50% Bentonite – 
50% Soil sample yielded CBR values of 9.3% for γd 80%, 13.5% for γd 90%, and 
18.3% for γd 100%. Bentonite – 25% Soil obtained CBR values of 9.0% for γd 80%, 
13.0% for γd 90%, and 18.5% for γd 100%, and the 100% Bentonite sample 
obtained CBR values of 11.0% for γd 80%, 15.8% for γd 90%, and 18.2% for γd 
100%. 
 

Table 3. Summary of Physical and Mechanical Property Test Results 
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Tabel 4. Recapitulation of Unoaked CBR test results 

 
 
The results of the California Bearing Ratio (CBR) Soaked test can be seen 

in Table 5. Where the CBR value obtained was 2.0% for γd 80%, 4.6% for γd 90%, 
and 7.2% for γd 100%, in the 25% Bentonite – 75% Soil sample the CBR value was 
0.9% for γd 80%, 1.4% for γd 90%, and 2.0% for γd 100%, in the 50% Bentonite – 
50% Soil sample the CBR value was 0.7% for γd 80%, 1.2% for γd 90%, and 1.7% 
for γd 100%, in the 75% Bentonite – 25% Soil sample the CBR value was 0.9% for 
γd 80%, 1.2% for γd 90%, and 1.5% for γd 100%, and for the 100% Bentonite 
sample, CBR values were 0.7% for γd 80%, 1.0% for γd 90%, and 1.3% for γd 
100%. 
 

Table 5. Summary of Soaked CBR Test Results 

 
 

DISCUSSION 
From the test results, the mechanical behavior for each sample variation 

with three density levels, namely 80% γd, 90% γd, and 100% γd, can be explained. 
The details are explained as follows: 
 

 
Figure 1. Unsoaked California Bearing Ratio (CBR) Test Results 
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Based on the unsoaked CBR test results shown in Figure 1, the CBR value 
of the sample with the bentonite mixture decreased slightly compared to the 
sample without bentonite, but it was still considered good for use as a subgrade, 
with a value range of 7%–20%. 
 

 
Figure 2. California Bearing Ratio (CBR) Soaked Test Results 

 
The results of the soaked CBR test are shown in Figure 2. The CBR value 

of the sample with the bentonite mixture was lower than that of the sample 
without bentonite, which is considered poor. Therefore, it is not recommended 
for use as a subgrade because it has a CBR value of less than 6%. 
 

 
Figure 3. Swelling Test Results with California Bearing Ratio (CBR) Soaked 

 
The results of the soaked CBR test in Figure 3 show that the swelling value 

of the sample with the bentonite mixture was higher than that of the sample 
without bentonite. This is due to bentonite's high water absorption capacity. 
Compaction energy also influences the amount of swelling; the sample with 56 
impacts had a higher swelling value than the samples with 10 and 25 impacts 
because the larger volume of material was compacted, resulting in a greater 
change in soil volume. 
 
CONCLUSIONS AND RECOMMENDATIONS 
Based on the results and discussion, the following conclusions can be drawn. 
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1. From the physical property testing results, it was found that the 100% fill 
soil, 25% bentonite – 75% soil, 50% bentonite – 50% soil, 75% bentonite – 
25% soil, and 100% bentonite samples were fine-grained soils classified as 
CH (clay with high plasticity) based on the USCS system. Based on the 
AASHTO classification system, the fill soil, bentonite, and bentonite 
mixture samples were fine-grained soils classified as A-7-5 (clayed soils) 
with a percentage passing the No. 200 sieve of more than 50%. 

2. Based on the unsoaked CBR test results, the CBR value of the sample with 
the bentonite mixture decreased slightly compared to the sample without 
bentonite, but was still considered good for use as a subgrade, with a value 
range of 7% – 20%. Meanwhile, the results of the soaked CBR test showed 
that the CBR value of the sample with the bentonite mixture was the lowest 
compared to the sample without bentonite, which is categorized as poor 
and therefore not recommended for use as a subgrade due to its CBR value 
of less than 6%. 

3. The results of the soaked CBR test showed that the swelling value of the 
sample with the bentonite mixture experienced higher swelling than the 
sample without bentonite, this is because bentonite has a high water 
absorption capacity. Compaction energy also affects the amount of 
swelling; the sample with 56 impacts had a greater swelling value than the 
samples with 10 and 25 impacts because the volume of material compacted 
is greater, resulting in a greater change in soil volume.  

 
FURTHER STUDY 

This research still has limitations, so it is necessary to conduct further 
research related to the topic of Behavior of Clay Soil Mixed with Bentonite 
Viewed Through CBR Values in order to perfect this research and increase 
insight for readers. 
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