International Journal of GEOMATE, Sep., 2025 Vol.29, Issue 133, pp.39-46
ISSN: 2186-2982 (P), 2186-2990 (O), Japan, DOI: https://doi.org/10.21660/2025.133.4946

Geotechnique, Construction Materials and Environment

EFFECT OF CALCITE AND SILICA FUME ON COMPACTION AND
CBR IN CLAY STABILIZATION

*Syahril', Dian Adiputra Purba?, Sandy D Sagala®

!Magister of Applied Infrastructure Engineering Study Program, Faculty of Engineering, Polytechnic of
Bandung State, Bandung, Indonesia

*Corresponding Author, Received: 14 March 2025, Revised: 02 April 2025, Accepted: 04 April 2025

ABSTRACT: This study evaluates the impact of calcite and silica fume on compaction properties and California
Bearing Ratio (CBR) in clay stabilization. Clay from Cihampelas, West Bandung, was mixed with 5% calcite and
silica fume at 6%, 8%, 10%, and 12%. The results show that silica fume significantly improved the CBR value.
The original clay had an unsoaked CBR of 4.75% and a soaked value of 3.30%. With 12% silica fume, the
unsoaked CBR increased to 7.15% and the soaked CBR to 5.80% after 7 days of compaction. The optimum
moisture content (OMC) also increased from 20.50% to 23.50% with 12% silica fume. Fluctuations in maximum
dry density (y max) indicate structural changes in the soil. This study confirms that calcite and silica fume are
effective in enhancing soil strength and stability, making them a viable solution for improving soil bearing capacity
in construction. Further research is needed for long-term evaluation.
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1. INTRODUCTION

Clay is one of the most challenging materials in
geotechnical engineering due to its high
compressibility, low strength, and susceptibility to
changes in moisture content [1,2]. These unfavorable
characteristics often lead to problems such as over
settlement, reduced bearing capacity, and instability
in construction projects [3,4]. As infrastructure
construction and urbanization continue to expand,
especially in areas with abundant clay deposits, the
need for effective soil stabilization methods is
becoming increasingly important [5]. Overcoming
the inherent weaknesses of clay soils not only ensures
structural stability but also reduces long-term
maintenance costs, making soil stabilization a
fundamental component of modern geotechnical
engineering practices [6].

Various soil stabilization techniques have been
developed over the years, ranging from mechanical
methods, such as compaction and reinforcement, to
chemical methods involving the addition of binders
and additives [7,8]. Among the chemical approaches,
the incorporation of cementitious materials has
proven to be very effective in improving the
engineering properties of clay soils [9]. However,
traditional stabilizers such as lime and cement often
pose environmental problems due to their high carbon
footprint. This has prompted researchers to explore
alternative materials that are sustainable and capable
of achieving comparable or superior performance. In
this context, calcite and silica fume have emerged as
promising materials for soil stabilization.

In this context, calcite and silica fume have
emerged as promising materials for soil stabilization.
Calcite, which is chemically a calcium carbonate
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mineral, has an important role in soil stabilization,
especially in improving microstructure stability [10],
Calcite is known for its ability to improve soil
structure by increasing particle bonding [11,12].
Calcite provides a stable matrix that reduces plasticity
and increases strength [13]. The addition of calcite to
clay soil triggers a chemical reaction that reduces
plasticity and increases density through the binding of
soil particles [14]. In addition, calcite also plays arole
in reducing the development of clay soil due to the
expansion of active clay minerals. Previous studies
have shown that the addition of calcite can
significantly increase the shear strength and bearing
capacity of soils, thus making it an effective additive
in clay soil stabilization [7]. However, the
effectiveness of calcite tends to depend on
interactions with other soil minerals, opening up
opportunities to combine calcite with other additives,
such as pozzolanic materials, to maximize its benefits.

On the other hand, Silica fume is a by-product of
the silicon and ferrosilicon industry that has a high
amorphous silica content [15,16], with a very small
particle size and large surface area [17]. These
characteristics make silica fume a highly reactive
pozzolanic material [18]. When added to soil, silica
fume interacts with calcium hydroxide resulting from
chemical stabilization [19], forming calcium silicate
hydrate (CSH) [20]. This product not only increases
soil strength and density [21], but also provides
resistance to extreme environmental conditions. In
addition, silica fume is known to increase soil density
by filling the spaces between particles, resulting in
soils with a tighter and firmer structure [22]. Several
studies have shown that the addition of silica fume
can increase California Bearing Ratio (CBR) values,
resistance to loading, and reduce the risk of
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deformation in clay soils [23]. The combination of
these two materials has a potential synergistic effect,
which can surpass the benefits of using each material
separately [13].

Stabilization of clay soils is an important aspect of
geotechnical engineering, especially in areas with
soils characterized by high plasticity, low bearing
capacity, and sensitivity to changes in moisture
content [24,25]. These issues often pose challenges in
construction projects, such as foundation failure,
structural cracking, and excessive settlement. Various
techniques have been applied to overcome these
challenges [26], which can be broadly divided into
traditional and modern approaches. Traditional
approaches, such as mechanical compaction, the
addition of granular materials, and the use of
geosynthetic materials, offer relatively simple
solutions. However, these techniques are often
limited to improving the physical properties of the
soil without providing significant changes to its
chemical and structural properties. On the other hand,
modern approaches emphasize the use of additives,
such as lime, cement, and pozzolanic materials,
which are capable of improving the overall soil
properties through chemical and physical processes
[27].

Although there have been many studies on the use
of calcite and silica fume separately, research on the
combination of these two materials in clay
stabilization is still very limited. Most studies focus
on the use of one of the two materials without
exploring the potential synergies that can occur when
they are combined. In addition, the effect of varying
silica fume content on the compaction properties and
CBR values of clay soils has not been systematically
investigated in the context of using calcite as a
locking agent. This research aims to fill this gap by
evaluating the effect of the combination of calcite.
This research is expected to provide a deeper
understanding of the stabilization mechanism
involving these two materials, and offer innovative
and sustainable solutions to geotechnical problems in
areas with clay soils.

This research focuses on the stabilization of clay
soil from Cihampelas, West Bandung Regency, using
a combination of calcite and silica fume. The calcite
content was set at 5%, while silica fume was varied at
6%, 8%, 10%, and 12% were selected based on
preliminary findings from related studies that
indicated these levels would enhance soil
stabilization properties without causing excessive
changes to the soil’s structural integrity [15,28,29].
These percentages were intended to provide a range
of data to evaluate the gradual effect of silica fume on
compaction properties and the California Bearing
Ratio (CBR). Further studies may explore the
potential of using silica fume concentrations beyond
12% to fine-tune the stabilization process.
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2. RESEARCH SIGNIFICANCE

Stabilization of clay soils is a major challenge in
geotechnical engineering due to their high plasticity,
low bearing capacity and moisture sensitivity. This
research is particularly important as it investigates the
use of a combined calcite and silica fume as a more
environmentally friendly alternative to conventional
stabilizers like cement and lime. Although previous
research was limited, the results showed significant
improvements in soil density and bearing capacity.
This new approach provides a sustainable and
effective solution to improve the stabilizability and
durability of clay soils in construction, especially in
areas where traditional methods can pose
environmental and economic problems.

3. MATERIALS AND METHODS

3.1 Materials

The clay soil used in this study was taken from
Cihampelas Subdistrict, West Bandung Regency. The
soil samples were characterized through laboratory
testing to determine their physical properties, such as
plasticity, particle size distribution, specific gravity,
and Atterberg limits. The characterization results
showed that the soil is a clay soil with high plasticity,
S0 it is necessary to improve the technical properties
to meet construction needs.

The stabilization materials used were calcite and
silica fume. Calcite is a high purity calcium carbonate
powder, which was chosen for its ability to increase
cohesion between soil particles. The calcite content
was locked at 5% of the total dry weight of the sample
to ensure the consistency of the effect. Silica fume,
which is a pozzolanic material with an amorphous
silica content of more than 85%, was used at
variations of 6%, 8%, 10%, and 12%. Silica fume was
selected due to its ability to enhance the chemical
reaction of soil stabilization through the formation of
calcium silicate hydrate (CSH) [30], these two
additives are expected to have a synergistic effect in
improving the density and bearing capacity of the soil.

3.2 Flow of Research

This research was conducted systematically,
starting from material preparation, laboratory testing,
to data analysis. The main stages included
characterization of clay, mixing of stabilization
materials (calcite and silica fume), compaction testing
(Standard Proctor), and California Bearing Ratio
(CBR) testing with various curing periods. The entire
research process is documented in a flow chart that
provides a detailed explanation of the methodology
flow as shown in Figure 1.
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Fig. 1 Research Flow Chart
3.3 Research Methodology

3.3.1 Preparation of Soil Mixtures and Stabilizers

The dried and crushed clay was sieved with a 4.75
mm sieve to ensure sample uniformity. The mixture
was prepared by adding 5% calcite to the soil,
followed by silica fume at various levels (6%, 8%,
10%, and 12%). The process of mixing the soil with
silica fume and calcite was done manually. Mixing
was done with the aim of ensuring the additives were
evenly mixed with the soil. Although hand mixing
requires more precision, the distribution of silica
fume and calcite in the soil mixture can be ensured to
be quite homogeneous. This process involves
carefully mixing the crushed soil with the silica fume
and calcite, so that all the ingredients are evenly and
consistently mixed.

Once the ingredients are evenly mixed, water is
then added little by little to the mixture to achieve the
desired moisture. The addition of water was done
gradually to ensure the mixture remained
homogeneous and not too wet, thus facilitating the

subsequent compacting process.

Although hand mixing was adequate for this study,
mechanical mixing can be more efficient in ensuring
a more uniform and consistent distribution. Therefore,
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the use of a mechanical mixing device is
recommended for further research to obtain more
consistent results and reduce potential variations in
the mix., as can be seen in Figure 2.

Fig. 2 The Mixing Process

3.3.2  Compaction Test

Compaction tests were conducted in accordance
with ASTM D698 to determine the OMC and MDD
of each mix. This test aims to evaluate the optimum
density that can be achieved, which becomes a
reference for further CBR testing.

3.3.3
CBR

California Bearing Ratio (CBR)

testing was conducted on samples
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compacted to optimum moisture content. Samples
were tested after 0 and 7 days of curing to evaluate
the effect of time on soil bearing capacity. In soaked
CBR testing, based on ASTM D1883, soil samples
are soaked in water for 4 days with increasing loads
to simulate saturation conditions in the field. After the
soaking period, a penetration test is conducted to
determine the CBR value at the fully saturated
condition. This approach ensures a realistic
assessment of soil performance under wet conditions.
CBR values were measured based on the ratio of
penetration load to standard, with the results showing
the effectiveness of the combination of calcite and
silica fume. CBR test can be seen in Figure 3.

Fig. 3 CBR Testing
4 RESULT AND DISCUSSION
4.1 Compaction Result

The soil property index test was carried out to
classify and thoroughly identify the type of soil used
in this study. This test involves evaluating the
physical and mechanical properties of the soil to
understand its characteristics in detail. Physical
property testing includes measuring the specific
gravity of the soil and the Atterberg limits, which
provide important information about the particle size
distribution and consistency of the soil. In addition,
the mechanical properties of the soil are assessed
through compaction tests and the California Bearing
Ratio (CBR) test, which aims to understand the
behavior and stability of soft clay soil in various
conditions. These tests were carried out
systematically on soft clay soil samples, and the
results are summarized in Table 1 and Table 2, which
provide a comprehensive basis for further analysis
and interpretation in this study.
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Table 1. Index Properties of Soft Clay Soil

Index . Std.
. Sym. Unit Value
Properties Spec.
1 Water ® % 4148  ASTM
Content D2216
2 Specific Gs kKN/m® 2540 ASTM
Gravity D854
3 Weight of Y kN/m® 18,60  ASTM
Content D7263
4 Dry Weight vd kN/m® 1314  ASTM
D2216
5 Atterberg % ASTM
Limit D4318
- Plastic PL % 30
Limit
- Liquid LL % 59
Limit
- Plasticity Pl % 29
Index

Table 2. Mechanical Properties of the Soft clay

Mechanical .

No . Sym. Unit Value  Std. Spec.
Properties

1  Compaction W opt % 20.50 ASTM

D1557

2 CBR % ASTM
-Unsoaked % 475 D1883
-Soaked % 33

The Table 3 and Fig. 4 above shows the results of
compaction testing on clay soil stabilized with a
mixture of calcite at 5% and silica fume (SF) with
varying levels, namely 6%, 8%, 10%, and 12%. The
clay soil used in this study came from Cihampelas
District, West Bandung Regency. The main
parameters observed were optimum moisture content
(W opt) and maximum dry density (y max), which
describe the physical properties of the soil after
stabilization.

Table 3. Compaction Result

. . W opt y max

No Soil & Mixtures
% KN/m?
1 Soft clay 20.50 12.92
2 Soil + Calcite 5% + SF 6% 20.08 14.16
3 Soil + Calcite 5% + SF 8% 21.00 13.18
4 Soil + Calcite 5% + SF 10% 22.95 13.04
5 Soil + Calcite 5% + SF 12% 23.50 12.88
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Compaction
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Fig. 4 W opt of Compaction

Based on the data in the table, it can be seen that
the optimum maoisture content (W opt) increases with
increasing silica fume content, from 20.50% in the
original clay to 23.50% in the mixture with 12% SF.
This increase in optimum moisture content can be
caused by the nature of silica fume which is very fine
and easily absorbs water [31]. As a result, the soil
mixture requires more water to reach the maximum
density.

Meanwhile, the maximum dry density (y max)
value showed fluctuations. At 6% SF content, the pd
max value increases to 14.16 kN/m3, but at higher SF
content, this value tends to decrease. This decrease is
not due to the weakening of the mechanical properties
of the soil, but rather because calcite and silica fume
have a lower density than the original clay. In
addition, the chemical interaction between silica fume
and soil results in a stiffer soil structure, despite the
reduced dry density.

These results indicate that the addition of calcite
and silica fume affects the physical parameters of clay
soils, especially in terms of optimum moisture
content and maximum dry density. The increase in
optimum moisture content and fluctuations in
maximum dry density illustrate the balance between
the properties of the additives and the characteristics
of the original clay soil [32]. Overall, the mixture
resulted in a more stable soil with improved
mechanical properties for geotechnical engineering
purposes. This proves the effectiveness of using
calcite and silica fume as clay stabilization materials.

4.2 California Bearing Ratio (CBR) Analysis

The Table 4 of the California Bearing Ratio (CBR)
test on stabilized clay soils using a mixture of calcite
and silica fume show a significant increase in the
bearing capacity of the soil. In unstabilized clay
soils, the CBR reached only 4.75% and 3.30% in
non-soaked and soaked conditions, respectively.
However, with the addition of 5% calcite and silica
fume (SF) at levels of 6%, 8%, 10% and 12%, the
CBR of the soil increased consistently with curing
time.
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Table 4. CBR Result

No Soil & Curing CBR (%)
Mixtures Time Unsoaked Soaked
(Days)

1 Softclay 475 3.30

2 Soil + Calcite 0 5.04 3.69

3 Soil + Calcite 0 5.20 3.90
5% + SF 8% 7 6.00 4.65

4 Soil + Calcite 0 5.82 4.40

5 Soil + Calcite 0 5.85 4.80
5% + SF 12% 7 715 5.80

Mixtures with higher levels of SF, particularly
12%, gave the best results, with an unsoaked CBR of
7.15% and a soaked CBR of 5.80% after 7 days of
compaction. This increase shows that silica fume
plays an important role in increasing the stability and
strength of clay soils in both dry and wet conditions.
The addition of silica fume, which acts as a binder
[30], effectively increases the strength of clay soils
that initially have a low bearing capacity [22,33],
making them more suitable for construction
applications such as roads or foundations [34]. This
CBR analysis provides a clear picture of the
effectiveness of a mixture of calcite and silica fume
as a soil stabilizer, with optimum curing time and
higher SF levels showing better performance.

4.3 Comparative Analysis

The performance of the proposed stabilization
method, which combines calcite and silica fume, is
compared with traditional techniques such as the use
of cement or lime. The results show that the
combination of calcite and silica fume produces a
more significant improvement in both compaction
properties and CBR (California Bearing Ratio) values
compared to conventional methods. For example,
traditional soil stabilization methods such as lime or
cement do increase the CBR value, but not as much
as observed in the calcite-silica fume mixture. The
significant increase in CBR value in unsoaked and
soaked conditions indicates the better stabilization
potential of the proposed method.

Although traditional stabilizer materials such as
cement can significantly increase soil strength, the
environmental impact of its production is still a major
concern due to the high carbon emissions of the
cement production process. In contrast, calcite and
silica fume are more environmentally friendly,
offering greener alternatives with equivalent or better
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performance in improving the mechanical properties
of soil. In addition, the addition of silica fume
significantly increases the soil's resistance to moisture,
as seen from the increase in CBR value in wet
conditions.

The optimal percentage of silica fume was found
to be 12%, which resulted in the best improvement in
compaction and CBR characteristics, indicating that
higher levels of silica fume are more conducive to the
chemical reactions necessary to increase soil strength
and stability. These findings indicate that the
combination of calcite and silica fume can be
considered an environmentally friendly and effective
soil  stabilization  alternative  compared to
conventional techniques.

4.4 Discussion

The observed improvement in soil properties due
to the addition of calcite and silica fume can be
explained by several factors. Calcite, with its ability
to bind soil particles, plays an important role in
reducing plasticity and increasing soil cohesion. The
formation of calcium carbonate bonds between soil
particles produces a denser structure, which increases
soil strength. Meanwhile, silica fume, with a highly
reactive silica content and very small particle size,
further increases soil strength through a pozzolanic
reaction with the calcium hydroxide found in the soil,
producing calcium silicate hydrate (CSH). This
product not only increases strength but also the soil's
resistance to environmental stresses, such as changes
in humidity.

The interaction between calcite and silica fume
creates a synergistic effect, where these two materials
complement each other in increasing soil compaction
and carrying capacity more effectively than using
only one of the materials. The combination of these
two materials produces a more durable and stable soil

matrix, making it suitable for construction
applications such as roads, foundations, and
backfilling.

In addition, the increase in optimum moisture
content (OMC) with higher additions of silica fume,
as seen in the compaction test, shows that the very
fine particle size of silica fume and its high
absorbency require more water to achieve the desired
compaction. Although the moisture content increases,
the maximum dry density value (y max) shows little
fluctuation, which indicates a change in soil structure
due to chemical interactions between additives and
soil particles. However, these changes do not
significantly weaken the mechanical properties of the
soil, but rather increase the overall stability of the soil.

5. CONCLUSIONS

This study shows that the combination of calcite
and silica fume significantly improves the
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compaction characteristics and California Bearing
Ratio (CBR) value of clay soil. Based on the CBR
tests conducted, the optimum silica fume content was
12%, where the CBR value was highest. This
indicates that at this percentage, the pozzolanic
reaction and particle bonding reaches an optimum
level, increasing the bearing capacity of the soil while
maintaining a balanced moisture content. The soft
clay soil had a CBR value of 4.75% (unsoaked) and
3.30% (soaked). With the addition of 12% silica fume,
the CBR value increases to 7.15% (unsoaked) and
5.80% (soaked) after 7 days of compaction. This
increase shows that silica fume plays an important
role in increasing the bearing capacity of the soil, both
in dry and wet conditions. In addition, the compaction
test results show an increase in the optimum moisture
content (OMC) from 20.50% to 23.50% in the
mixture with 12% silica fume, as well as fluctuations
in the maximum dry density value (y max) which
reflects changes in soil structure due to the interaction
of stabilization materials with the soil.

This stabilization method has great potential for
application in construction projects, especially in
areas with high clay content, where the soil tends to
be unstable and has a low bearing capacity. The
success of this method in improving the mechanical
properties of the soil makes it an effective solution for
increasing soil stability in road construction,
foundations, and other projects. Further research is
needed to conduct large-scale validation in the field
to confirm its effectiveness in more varied conditions,
as well as to assess the performance and durability of
stabilized soil in the long term, especially in dealing
with variations in load and climate change
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