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Abstract. Clay soil stabilization is one of the important efforts in the field of
geotechnical engineering to improve soil characteristics, such as strength, bearing
capacity, and resistance to damage. This study aims to compare the effectiveness of two
clay soil stabilization methods: the lime stabilization and the combination of MgCl +
cement. The study evaluates laboratory data from previous experimental research and
relevant studies. The addition of varying percentages of lime or MgCl + cement to clay
soil samples, followed by a series of laboratory compaction and unconfined compressive
strength tests, were carried out to evaluate the resulting soil characteristics. The
parameters measured include maximum dry unit weight (ydmax), optimum moisture
content (wopt), unconfined compressive strength (qu), and soil cohesion (cu). The
results of the study indicate that the stabilization of clay soil using the MgCl + cement
mixture provides better performance compared to the use of lime. The addition of MgCl
+ cement significantly reduces the optimum moisture content, increases the unconfined
compressive strength, and increases the cohesion of the clay soil. Meanwhile,
stabilization with lime also shows a trend of improving soil characteristics, but at a lower
rate. These findings indicate that the stabilization of clay soil using MgCl + cement can
be a more effective alternative compared to the use of lime. However, further analysis
of the environmental impact and economic aspects of each stabilization method is
necessary to comprehensively evaluate the feasibility of its use.
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1 Introduction

1.1  Clay Soil Problems

In infrastructure development, soil stabilization plays a crucial role in ensuring the strength and
durability of structures. Clay soil, commonly encountered in many regions, exhibits
characteristics that can cause issues such as shrinkage and expansion due to changes in moisture
content. These properties can lead to damage to structures built on such soil, including cracks
and foundation settlement (Arismawati, R et al, 2024; Setyaningtyas, N.A. et al, 2024). For
instance, clay soils in certain areas of Indonesia have been shown to possess a high expansion
potential, which can damage buildings and roads (Prasetyo, Y.E., Zaika, Y., & Suroso, S.,2015;
Iskandar, V. et al, 2017). Research indicates that clay soils in locations like Bojonegoro and
Semarang in Indonesia have high plasticity index values, indicating significant expansion
potential (Setyaningtyas, N.A. et al, 2024; Prasetyo, Y.E., Zaika, Y., & Suroso, S., 2015).

Therefore, efforts to improve the physical and mechanical properties of clay soils are urgently
needed.

1.2 Stabilization Methods

Clay soils possess unfavorable characteristics for use as construction material, such as low
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bearing capacity (Iskandar, V.O. et al, 2017), vulnerability to volume changes (Karimah,
M.A., Rachmansyah, A., & Suryo, E.A., 2014), and poor shear strength (Rahmad, A. et al,
2016; Yuhendri, C., 2019). One of the methods used to improve these properties is soil
stabilization. Soil stabilization is an essential technique in civil engineering to enhance the
engineering properties of problematic soils, such as those with high clay content.

Various methods can be applied to improve clay soil. Combining clay soil with sand aims to
reduce its expansive properties (Wardana, 2016). The addition of waste materials such as rice
husk ash and bagasse ash has also proven effective in enhancing the characteristics of
expansive clay soils (Arismawati, R et al, 2024; Prasetyo, Y.E., Zaika, Y., & Suroso, S.,
2015). Furthermore, the use of additives can improve the strength and stiffness of the soil
(Latifi et al.,, 2017). Commonly used additives for clay soil stabilization include lime
(Mindiastiwi, T., & Rizky Romadlon, F., 2023), cement (Irianto, I. et al, 2023; Sir, T.M., Lay,
R.R., & Bunganaen, W., 2019), and fly ash (Ibrahim, 1., 2014; Kusuma, R.I., Mina, E., &
Fakhri, N., 2018).

Lime is widely recognized as an effective material for improving the stability of clay soils by
promoting bonding and forming strong links between soil particles (Saputra, M.R., Zaika, Y.,
& Munawir, A., 2016). However, an alternative method for soil stabilization involves a
combination of magnesium chloride (MgCl) and cement.

Studies have shown that the addition of an MgCl-cement mixture can increase the unconfined
compressive strength of soil, reduce soil settlement, and decrease the cohesion of clay soils,
thus improving their bearing capacity (Rodiah Firhansyah, F. et al, 2023).

1.3  Research Objectives

Based on the background outlined, the objective of this research is to compare the
effectiveness of stabilizing clay soils using lime and an MgCl-cement combination. By
analyzing the physical and mechanical properties of stabilized soils, this study aims to provide
deeper insights into more effective methods for improving clay soil quality.

The results of this research are expected to make a significant contribution to the field of civil
engineering, particularly in the development of sustainable and safe infrastructur.

2 Research Methodology

2.1  Research Approach

This study adopts a qualitative approach utilizing a comparative analysis method. Qualitative
research is a type of study that generates descriptive data in the form of written or verbal
observations and outcomes (Maharani et al., 2021). The comparative analysis is conducted by
evaluating different stabilization techniques for clay soil, specifically using lime and a
combination of MgCl + cement, to determine their effectiveness in improving soil properties.

2.2 Data Collection

The data collection process involves identifying and gathering secondary data from previous
studies that examine clay soil stabilization using lime and the combination of MgCl + cement.
The sources of data include scientific journals, theses, dissertations, and conference

publications.

To ensure reliability, the selection criteria for previous studies are as follows:
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a) Studies that include clear methodologies and reliable experimental results.
b) Research that examines the physical and mechanical properties of clay soil after
stabilization.
c) Studies that provide data on key parameters, including:
e Maximum Dry Density (MDD) and Optimum Moisture Content (OMC)
(determined through Standard Proctor Test - ASTM D698).
e Unconfined Compressive Strength (UCS) (measured using the Unconfined
Compression Test - ASTM D2166).
e Undrained Cohesion (Cu) (obtained from the Unconfined Compression Test
or Triaxial Test - ASTM D2850).

2.3 Research Stages
This study follows a systematic process consisting of the following stages:

Study Identification

This research begins with the identification of previous studies related to clay soil
stabilization using lime and a combination of MgCl + cement. The selected studies are
sourced from scientific journals, theses, dissertations, and conference proceedings. The
selection process follows specific criteria to ensure the inclusion of research with clear
methodologies and reliable results. The focus is on studies that analyze the physical and
mechanical properties of clay soil after stabilization.

Data Extraction and Classification

Once relevant studies are identified, key parameters are extracted to facilitate comparative
analysis. These parameters include maximum dry density (MDD), optimum moisture content
(OMC), unconfined compressive strength (UCS), and undrained cohesion (Cu) values. The
extracted data are then classified based on the type of stabilization used, whether lime or the
combination of MgCl + cement, ensuring a structured comparison of the two techniques.

Comparative Analysis

The comparative analysis evaluates the effectiveness of each stabilization method by
examining variations in soil properties. Changes in UCS and Cu values are analyzed to assess
strength improvement, while MDD and OMC are used to determine the compaction
characteristics of the stabilized soil. The results are presented in the form of tables and
graphical representations to highlight differences and trends, providing a clearer
understanding of the impact of each method.

Conclusion and Recommendations

Based on the findings from the comparative analysis, conclusions are drawn regarding the
effectiveness of lime and MgCl + cement in stabilizing clay soil. Recommendations for future
research are provided, including potential refinements in stabilization techniques and
suggestions for additional laboratory testing to enhance the understanding of soil behavior
under various stabilization conditions.

2.4  Data Analysis

Comparative analysis in qualitative research can be conducted using various techniques,
including the interactive analysis technique by Miles and Huberman. This analysis consists of
three main components: data reduction, data presentation, and conclusion drawing/verification.
Through these analytical techniques, qualitative research employing a comparative analysis
approach can generate a deep and comprehensive understanding of the phenomena studied by
comparing them to other relevant phenomena (Assiddiq et al., 2023; Andayani, 2021;
Subihandoko, 2017; Maharani et al., 2021). The analytical technique utilized follows the
framework proposed by Miles, Huberman & Saldafia (2014), which involves:
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Data Reduction

At this stage, data processing is carried out in two steps: first, grouping the data based on the
type of stabilization used (lime and MgCl + cement combination). Then, recording the
parameters measured in each study and the outcomes obtained.

Data Presentation

The researcher conducts a comparative analysis between the two stabilization methods based on
the recorded parameters. Tables and graphs are employed to visually present the comparative
results, facilitating a clearer understanding of the effectiveness of each method.

Data Verification
Conclusions are drawn based on the findings from the analyzed studies, along with
recommendations for further research.

3 Results and Discussion
The influence of additive incorporation on clay soil regarding maximum dry density (ya),
optimum moisture content (wopt), unconfined compressive strength (qu), and undrained

cohesion (Cu) is examined.

Table 1. Maximum dry density (yd), optimum moisture content (wopt), unconfined compressive strength
(qu), and undrained cohesion (Cu) values for clay soil and the effects of additive incorporation.

The Lime MgCl + Semen

addition of Yamax Wopt qu Cu Yamax Yopt au Cu
additives (gr/enr’) %) (kgemd)  (kglemd)  (grfem’) %) (kgemd)  (kglem?)
0% 1,542 20,760 0,350 0,175 1,230 13,750 0,807 0,404
5% 1,566 19,150 0,498 0,249 1,180 10,340 1,861 0,931
10% 1,588 17,400 0,750 0,375 1,190 8490 2,150 1,075

3.1 Maximum Dry Density (yd)

The table presented illustrates the effect of incorporating lime and MgCl mixtures on various
physical parameters, including the maximum dry density (yd). The data indicate that at a 0%
mixture concentration, the material density is recorded as 1,542 g/cm®. As the mixture
concentration increases to 5%, the density rises to 1,566 g/cm?®, and at a 10% concentration, the
density reaches 1,588 g/cm®.
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Fig. 1. Graph of the Effect of Additive Addition on Maximum Dry Density (yq)
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Fig. 1. Illustrates the relationship between the percentage of additives and the maximum dry
density (yd) for two types of materials: lime and a mixture of MgCl with cement. In this
graph, the horizontal axis represents the mixture concentration in percentage (0%, 5%, and
10%), while the vertical axis shows the maximum dry density values in gr/cm?.

The addition of lime exhibits a relatively stable trend with a slight increase as the
concentration of the mixture is augmented. At a 5% lime addition, the yd value increases by
1.56%, and at a 10% lime addition, it rises by 2,98% compared to the original soil. This
increase in density suggests that the addition of the lime mixture contributes significantly to
the material's density, likely due to improved interaction between the components of the
mixture.

Conversely, the addition of MgCl mixed with cement demonstrates a different trend. At a 0%
concentration, the y4 value is recorded at approximately 1,230 g/cm?. With an increase to 5%,
this value decreases by 2,98% relative to the original soil, and at 10%, it continues to decrease
by 3,25%. This reduction indicates that the interaction between MgCl and cement may
adversely affect the material's density.

3.2  Optimum Moisture Content (Wopt)
From Table 1., in the mixture of clay soil with lime, the optimum moisture content (wopt)

tends to decrease with an increasing percentage of lime. The wopt value at 0% lime is 20,76%
which decreases to 19,15% at 5% lime, and further to 17,40% at 10% lime.

s

In contrast, for the mixture of clay soil with MgCl + cement, the optimum moisture content
(wopt) decreases significantly with increasing percentages of the stabilizing materials. The
wopt value drops from 13,75% at 0% additive to 10,34% at 5% additive, and further to 8,49%
at 10% additive.
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Fig. 2. Graph of the Effect of Additive Addition on Optimum Moisture Content (Wopt)

Fig. 2. Depicts the effect of additive addition on the optimum moisture content (wopt). The
addition of lime demonstrates a relatively stable trend at higher wopt values. With a 5% lime
mixture, the wopt decreases by 7,76% from the original soil, and with a 10% lime mixture, it
decreases by 16,18% from the original soil. This reduction indicates that, despite the addition
of lime, a relatively high moisture content is still required to achieve optimal conditions.

In contrast, the mixture of MgCl and cement shows a different trend. At a 0% concentration,
the w_opt is recorded at approximately 13,75%. However, with an increase to 5%, this value
decreases significantly to 24,80% of the original soil, and at 10%, the wopt further decreases
to 38,25% of the original soil. This sharp decline suggests that the MgCl and cement mixture
requires progressively lower moisture content to reach optimal conditions, possibly due to the
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interaction between the two materials affecting water absorption characteristics.
3.3  Unconfined Compressive Strength (qu)

The next parameter is unconfined compressive strength. According to Table 1., for the lime
mixture, the unconfined compressive strength at 0% is 0,350 kg/cm? With the addition of
lime to 5%, the compressive strength increases to 0,498 kg/cm?, and at a 10% concentration, it
reaches 0,750 kg/cm?.

Similarly, for the MgCl mixture, the compressive strength exhibits a notably increasing trend.
At a 0% concentration, the compressive strength is recorded at 0,807 kg/cm? With an
increase to 5%, this value rises significantly to 1,861 kg/cm?, and at 10%, the compressive
strength further increases to 2,150 kg/cm?.
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Fig. 3. Graph of the Effect of Additive Addition on Unconfined Compressive Strength (qu)

Fig. 3. Illustrates the effect of additive addition on the unconfined compressive strength (qu).
The addition of lime shows a consistent increasing trend with rising percentages of the
mixture. At a 0% concentration, the qu value is approximately 0,350 kg/cm?. As the
concentration increases to 5%, this value rises by about 42,29% relative to the original soil,
and at 10%, the unconfined compressive strength further increases by 114,29% from the
original soil. This continuous improvement indicates that lime effectively enhances the
material's strength as the proportion of the mixture increases.

In contrast, the MgCl and cement mixture exhibits a different pattern. At a 0% concentration,
the (qu) value is around 0,807 kg/cm? With an increase to 5%, this value shows a significant
rise, reaching 130,61% of the original soil, and at 10%, the unconfined compressive strength
peaks at 166,42% of the original soil. This substantial increase underscores that MgCl, when
mixed in higher proportions, significantly contributes to the material's strength, making it
more robust and resistant to load.

3.4  Undrained Cohesion (Cu)

According to Table 1., the cohesion (Cu) of clay soil mixed with lime also demonstrates an
increase with higher percentages of lime. The Cu value rises from 0,18 kg/cm? at 0% lime to
0,25 kg/cm? at 5% lime, and further to 0,38 kg/cm? at 10% lime.

Similarly, in the mixture of clay soil with MgCl + cement, the increased percentage of
stabilizing materials significantly enhances the Cu value. The Cu value increases from 0,40
kg/cm? at 0% additive to 0,93 kg/cm? at 5% additive, and further to 1,08 kg/cm? at 10%
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Fig. 4. Graph of the Effect of Additive Addition on Undrained Cohesion (Cu)

The graph illustrates a gradual increase in undrained cohesion (Cu) with rising percentages of
the mixture. At a 0% concentration, the Cu value is recorded at approximately 0,18 kg/cm?.
As the concentration increases to 5%, this value rises to 42,29% above the original soil, and at
10%, the Cu value increases further to 114,29% of the original soil. Although this increase is
not extremely sharp, it indicates that lime positively impacts the material’s cohesion, leading
to a sustained improvement in stability.

In contrast, the MgCl and cement mixture exhibits a more pronounced pattern. At a 0%
concentration, the Cu value is approximately 0,40 kg/cm? With an increase to 5%, this value
rises significantly to 130,45% of the original soil, and at 10%, the undrained cohesion peaks
at 166,09% of the original soil. This more substantial increase suggests that the MgCl and
cement mixture contributes more significantly to undrained cohesion, particularly at higher
concentrations, which may have positive implications for the material's strength and stability.

4 Conclusion
Based on the detailed analysis of the provided data, the following conclusions can be drawn:

a) Stabilization of clay soil using a mixture of MgCl and cement demonstrates superior
performance compared to lime, particularly in the following aspects:
e A more significant reduction in optimum moisture content (wopt)
e  Greater increase in unconfined compressive strength (qu)
e  Higher improvement in soil cohesion (Cu)

b) The MgCl and cement mixture is more effective in enhancing unconfined
compressive strength and undrained cohesion at higher concentrations, although lime
shows a more stable increase in density. If the primary goal is to achieve high
strength and material stability, the use of MgCl and cement mixture is recommended,
especially at a 10% concentration. However, for applications requiring high density
with greater moisture content, lime remains a viable option.

5 Recommendations

Based on the results of the study, the following recommendations are suggested for further
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research:

a) Further research is needed to determine the optimal proportions of the lime and

MgCl with cement mixtures.

b) Studies should consider the environmental impacts on the performance of the

material to ensure the mixture remains effective under various conditions.

¢) Conduct a cost analysis to evaluate the efficiency of using these mixtures compared

to other conventional materials.

d) It is advisable to perform long-term studies on the durability and performance of

these mixtures in real-world applications.
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