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Abstract

This study focuses on soft silty soil from the Kedung Baruk area in East
Surabaya, which has poor geotechnical properties, such as low bearing
capacity, high moisture content, and high saturation. This soil is fine-grained
with low to medium plasticity, and is highly sensitive to moisture changes,
causing volume changes (shrinkage and expansion). These characteristics
ARTICLE INFO  make it unsuitable as a foundation material, especially in humid, high-rainfall
Article history:  areas like East Surabaya. The research examines the effect of adding calcium

Received carbonate lime on the soil's physical and mechanical properties. Lime, with
August 06,2025 high CaCO; content, was mixed with the soil in varying amounts (0%, 5%,
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offers a cost-effective and eco-friendly alternative to cement or fly ash for soil
stabilization, though its reaction is slower. Thus, calcium carbonate lime
effectively improves soft silty soil quality in Kedung Baruk.
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INTRODUCTION

In the construction industry, particularly in the field of Geotechnical
Engineering, soil parameters at the construction site play a crucial role in
determining the success of a development project[1]. The soil, as a medium
supporting structural loads, must possess stability, bearing capacity, and
consistent [2]. However, in many areas of Indonesia, the soil types are not always
suitable and ideal for construction projects[3][4]. One common soil type
encountered is soft soil, which has fine particles, high moisture content, and
physical and mechanical properties that are less favorable for
construction[5][6][7].

Approximately 10 percent of Indonesia's total land area, equivalent to
approximately 20 million hectares, is dominated by soft soil[8][9]. Official data
from the Ministry of Energy and Mineral Resources (ESDM), through the Geological
Agency, reveals that this soft soil is widespread, particularly in areas with alluvial
deposits such as coastal plains, rivers, swamps, and lakes. These areas include the
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eastern Sumatra coast, the Kalimantan coast, southern Papua, and the eastern part
of Java, with one of the locations being the Kedung Baruk area in East Surabaya.
Therefore, an effective improvement method is needed to enhance the physical
and mechanical properties of soft soil, such as bearing capacity, unconfined
compressive strength, and stabilization[10][11].

One method to improve poor soil properties is soil stabilization, which
involves mixing or adding additives to soil particles with undesirable
properties[12]. A widely applied method in the field is soil stabilization through
the addition of lime, which is known to reduce the plasticity of soft soil, enhance
the bonding between soil particles, and significantly decrease its water absorption
capacity[13]. Thus, mixing soft soil with lime becomes a viable solution to enhance
the stability of the foundation soil in construction, especially in areas with soils
susceptible to damage[4]. However, the challenge in its application is determining
the optimal lime dosage to improve soil performance without affecting other
factors, such as cost, processing time, and environmental impact[14][15].

Research has explored the use of calcium lime as a stabilizing material for
soft silt soil, but there has yet to be an in-depth study on its optimal dosage. Further
research on the effect of calcium lime mixing on the physical, mechanical
characteristics, and unconfined compressive strength of soft silt soil is needed to
stabilize it[16][17].

The aim of this study is to identify the change flow of soil properties due to
the addition of calcium lime, understand the chemical reaction mechanisms
between calcium lime and soil components, and determine the optimal calcium
lime dosage in improving bearing capacity, unconfined compressive strength, and
soil density. Practically, this research is expected to provide applicable solutions
for stabilizing soft silt soil to enhance the stability of building structures and
infrastructure. The findings from this study can serve as a reference for soil
improvement techniques in construction projects, particularly in areas with soft
silt soil.

METHOD

This study uses an experimental quantitative method by creating test specimens
to determine the effect of mixing lime with soft soil on the physical and mechanical
properties, as well as the optimum lime content. The study utilizes soft soil samples
collected from Kedung Baruk, East Surabaya, East Java. The composition of the soft
soil used includes native soil, undisturbed soil, and disturbed soil, as outlined in
Table 1.

Table 1. Composition of the mixture used for soft silt soil and calcium lime.

Material The weight percentage of the test specimen
soft silt soil 100 95 90 85 80
Calcium lime 0 5 10 15 20

The testing process for soft clay soil begins with sampling from the research site,
followed by natural drying, storage in a dry state, and screening using a number 4
sieve to obtain a homogeneous soil fraction. The screened soil is then used in
various laboratory tests to identify its physical properties, including natural
moisture content, specific gravity, degree of saturation, particle gradation, and
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Atterberg limits. In addition, the soil fraction that passes through a 200-mesh sieve
is also collected for further analysis. Next, tests were conducted on the mechanical
properties of the soil, focusing on two main parameters, namely the compaction
test using the Standard Proctor method to determine the relationship between
moisture content and maximum dry weight, and the unconfined compressive
strength (UCS) test used to determine the soil's ability to withstand axial loads
without lateral restraint. Both types of tests aimed to assess changes in the
behavior of soft clay soil as a result of mixing stabilization materials, in this case
calcite lime, to obtain an overview of the effectiveness of lime in increasing the
density and strength of soil as a construction base material.

RESULTS AND DISCUSSION

Research on Baruk Surabaya soft soil and limestone mixtures shows that the
behavior of soft soil with potential subsidence can be stabilized with limestone.
Changes in moisture content, Atterberg limits, and degree of saturation are
intended to provide information about physical and mechanical properties.
Visually, the condition of the sample location is commonly identified as soft soil
that can cause subsidence and instability in construction. The effects of these
factors are discussed as follows.

1. Physical Properties of Soft Clay Soil in Baruk Surabaya
a. Moisture Content

Water content testing is intended to determine the water content of a soil
sample, which is the ratio between the weight of water and the weight of dry soil.
Laboratory testing of the original soil showed that the water content (w) at the
sampling location in the Baruk Surabaya area decreased after the addition of
stabilization material with lime. The water content test showed that the addition
of lime stabilizing material resulted in a decrease in the water content value.
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Figure 1 Relationship between lime content and soil moisture content

Figure 1 shows the water content (w) of 100% Soft Lanau soil + 0% lime with
a value of 59.14%, while the water content (w) value for Soft Lanau soil and a
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mixture of 95% + 5% is 53.23%, Soft Silt soil and a mixture of 90% + 10% lime is
45.23%, Soft Silt soil and a mixture of 85% + 15% lime is 39.45%, and Soft Silt soil
and a mixture of 80% + 20% lime is 30.35%. The moisture content test shows that
the more lime is mixed in, the lower the moisture content value becomes.

b. Specific Gravity

Based on the results of this study, the specific gravity of a soil sample with
particles passing through a No. 4 sieve was determined using a picnometer.
Specific gravity is the ratio between the weight of distilled water and the weight of
soil particles. From the results of the specific gravity study, the results of mixing
Baruk Surabaya soft sandy soil with lime are as follows.
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Figure 2 Relationship between Calcium Content with soil specific gravity

Figure 2 shows the results of mixing soft sandy soil with lime. Soft sandy soil
95% stabilized with a 5% lime mixture has a specific gravity value of 2.76%. A 90%
stabilization value added to 10% lime results in a specific gravity of 2.80%. an 85%
stabilization value increased to 15% limestone resulted in a specific gravity value
of 2.85%, and an 80% stabilization value increased to 20% limestone resulted in a
specific gravity value of 2.90%. These research results show that the greater the
addition of limestone stabilization material, the higher the specific gravity (Gs)
value.

c. Atterberg Testing

The Atterberg limit test provides a general overview of the properties of the
soil. Soil with a high liquid limit usually has poor technical properties, namely low
strength, high compressibility, and difficulty in compaction.

e Liquid Limit

Test results on liquid to determine the water content of soil at the liquid limit.
The liquid limit is the water content at which soil changes from a liquid state to a
plastic state. Usually, this test is conducted on soil samples with different water
contents, and the number of blows is calculated for each water content.
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Figure 3 Relationship between lime content and liquid limit of soil

Figure 3 shows that the liquid limit fluctuates with the increase in the
percentage of lime. The smallest liquid limit is obtained in native soil at 55.82%
and in a mixture of 80% soft clay soil + 20% lime at 55.33%, while the largest liquid
limit is obtained in soil mixed with 95% lime + 5% clay at 56.70%. the liquid limit
in the 90% + 10% mixture was 56.12%, and the liquid limit in the 85% + 15%
mixture was 62.04%. This occurred because the addition of lime caused the Soft
Silt soil particles to enlarge, resulting in fluctuations in cohesion.

e Plastic Limit
The plastic limit is used to determine the moisture content of soil at its
plastic limit. The plastic limit is the minimum moisture content at which soil
remains plastic. This limit is the lowest level of soil plasticity.
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Figure 4 Relationship between lime content and soil plastic limit

Figure 4 shows that the plastic limit increases with increasing percentages of
lime and soft clay soil. The plastic limit test results for 100% sand + 0% expansive
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clay were 50%. The plastic limit increased after stabilization of 95% soil + 5% lime
to 51.2%. The plastic limit increased and was highest after stabilization of 90% soil
+ 10% lime to 52.75%. followed by the soil mixture of 85% + 15% lime at 59.2%,
and the sand mixture of 80% + 20% experienced a decrease to 53.78%.

» Plasticity Index

The difference between the liquid limit and the plastic limit is the area where
the soil is in a plastic state (plasticity index). From the results of plastic index
testing in the laboratory, the following results were obtained. The results of testing
the physical properties of the soil mixture show that the water content, liquid limit,
plastic limit, plastic index, percentage passing the No. 200 sieve, and index
decreased with the addition of calcite lime.

7,00
6,00
5,00
4,00
3,00

2,00

Plasticity Index (PI)

1,00
0,00
0 5 10 15 20 25

Calcium Content (%)
Figure 5. Relationship between lime content and soil plasticity index

Figure 5 shows that the plasticity index result is the difference between the
liquid limit (LL) and the plastic limit (PL). The plastic index decreased with the
addition of limestone stabilizer, where the mixture of 100% soil + 0% limestone
was 5.82%, then stabilized with 95% soil + 5% lime at 5.8%, then mixed again with
90% soil + 10% lime at 3.37%, then stabilized with 85% soil + 15% lime at 2.84%,
and a soil mixture of 80% + 20% lime at 1.55%.

2. Mechanical Properties of Soft Lanau Baruk Soil in Surabaya

a. Compaction Analysis (Standard Proctor Test)

The standard compaction test was conducted to determine the maximum dry
weight (ydmax) and optimum moisture content (Wopt), where the soil type has
one optimum moisture content value to achieve maximum dry bulk density, as
shown in Figure 4.2 below.
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Figure 6 Relationship between moisture content and dry weight of soil

Figure 6 shows the test results for dry weight (yd) of Baruk Surabaya soil
mixed with lime. The dry weight (yd) was 2.80. Adding 5% lime increased the dry
weight (yd) to 2.81, and adding 10% lime increased the dry weight (yd) to 2.85.
Adding 15% lime resulted in a dry weight (yd) of 2.90, and adding 20% expansive
clay reduced the dry weight (yd) to 2.45.
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Figure 7 Relationship between caput content and dry weight (yd) of mixed soil

Figure 7 shows the relationship between lime content (%) and dry weight of
mixed soil (yd). In this graph, the horizontal axis (X) represents the lime content of
the soil, ranging from 0% to 20%, while the vertical axis (Y) represents the dry
weight of the soil (yd), measured in kN/m?. From the graph, it can be seen that the
relationship between lime content and dry weight of soil has a distinctive shape.
Initially, when the lime content is still low (around 0% to 5%), the dry weight of
soil tends to be stable and does not show significant changes. However, as the lime
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content increases, the dry weight of soil begins to increase. The highest peak of dry
weight of soil occurs at around 10-15% lime content. After reaching this peak, the
graph shows a decrease in dry weight as the calcium content increases beyond
15%. The decrease in dry weight at higher calcium levels can be understood
through changes in the physical properties of the soil. Higher calcium levels tend
to increase the amount of water trapped in the soil, which in turn reduces the dry
density of the soil. This reflects the physical phenomenon whereby the addition of
calcium to the soil can affect the structure and density of the soil, especially at
higher calcium levels.

b. Mechanical Properties (Unconfined)

Unconfined compressive strength of soil to determine strength values using
cylindrical samples resulting from compaction. Unconfined uses a compression
machine to compress cylindrical samples from one direction. This test uses a
compression machine to compress artificial cylindrical samples from one direction
(uniaxial).
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Figure 8 shows the relationship between lime mixture and unconfined soil
stress.

Figure 8 shows that the unconfined stress of soft clay soil and the lime
mixture above indicates that the clay soil stress fluctuates frequently with the
addition of stabilizing materials. For 100% stabilized sand soil with 0% lime, the
result is 0.73 kg/cm?, followed by 95% stabilized soil with 5% lime, which
increases to 1.00 kg/cm?, then for a mixture of 90% soil with 10% lime (), the
value is 1.39 kg/cm?, for a mixture of 85% soil with 15% lime, the soil stress value
decreases again to 1.09 kg/cm?, and for the last mixture of 80% soil with 20% lime,
the soil stress decreases to 0.90 kg/cm?.

3. Determining the Optimum Level of Lime Mixing with Soft Baruk Surabaya
Soil
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The regression equation for analyzing the optimum lime content (Y) is Y = -

0.0047x* + 0.1018x + 0.7042; R* = 84.5%. Based on the quadratic equation, the
maximum lime mixture occurs at a mixture of (0.1018/(2*0.0047) = 11%.
Therefore, to achieve the highest granulometry, the best clay mixture is 10.83%.
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Figure 9 Regression analysis graph of the optimum lime content of soft clay soil.

Figure 9 shows that there is a significant difference between each lime

content and the unconfined compressive strength value of the soil. The calculated
F value, which is much greater than the F table at a significance level of 5%,
confirms that lime content is a factor that influences the increase in soil strength.

Furthermore, to determine the optimum lime content, a quadratic regression

analysis was performed on the UCS data. The results show that the optimum lime
content is obtained at 11%, with a maximum strength of 1.26 kg/cm? and an R?
value of 0.8481. This value indicates that the regression model is quite good at
predicting the relationship between lime content and soil strength.

CONCLUSION
1.

Mixing 5%, 10%, 15%, and 20% lime into soft soil at Gedung Baruk Surabaya
improved its physical properties. The water content of the lime mixture caused
a decrease in soil water content. The original soil had a moisture content (w)
of 59.14%. When mixed with 5% lime, the moisture content decreased to
53.23%; when mixed with 10% lime, it decreased to 45.23%; when mixed with
15% lime, it decreased to 39.45%; and when mixed with 20% lime, it
decreased to 30.35%. Meanwhile, the specific gravity of the lime mixture
increases. For the original soil specific gravity of 2.17, mixing with 5% lime
results in 2.76, mixing with 10% lime results in 2.80%, mixing with 15% lime
results in 2.85, and mixing with 20% lime increases the specific gravity to 2.90.
Meanwhile, the addition of lime causes the plasticity index to decrease. For the
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original soil, the plasticity index value (5.82%) when mixed with 5% lime
becomes (5.50%), when mixed with 10% lime the plasticity index becomes
(3.37), when mixed with 15% lime it becomes (2.84%), and when mixed with
20% lime it becomes 1.55%.

Mixing 5%, 10%, 15%, and 20% lime into the soft soil of Gedung Baruk
Surabaya resulted in improved soil mechanical properties. The dry weight of
the lime mixture caused an increase in dry weight. The original soil had a dry
weight of 2.80%. When mixed with 5% lime, the dry weight became 2.81%.
When mixed with 10% lime, the dry weight increased to 2.85%. When mixed
with 15% lime, the dry weight increased to 2.90%. and mixing with 20% lime
resulted in a decrease in dry weight to 2.45%. The results of unconfined testing
of the original soil and the lime mixtures above show that the soil stress
fluctuates with the addition of stabilizing materials. For Surabaya's new soil,
the value is 0.73 kg/cm2, then the original soil is mixed with 5% lime and the
soil stress value increases to 1.00 kg/cm2. Then, for a composition of 10%
native soil and mixture, the soil stress value increased again to 1.39 kg/cm?2.
Then, in a mixture composition of 15%, the soil stress value decreased to 1.09
kg/cm2. And in the final mixture composition of 20%, the soil stress decreased
to 0.90 kg/cm?2.

The optimum percentage of lime for improving the physical and mechanical
properties of Kedung Baruk soil is a mixture of 11% lime.
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