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ABSTRACT

Soil stabilization is a critical aspect of geotechnical engineering, aimed at enhancing the physical and mechanical properties of soil to meet engineering requirements.
In this research, a locally produced chemical soil stabilizer called SANBASE seal was used to improve soil engineering characteristics with a view to investigates
its potentials for use in rural untarred roads. By evaluating the performance improvements of this novel stabilizer, this research aims to contribute to the advancement
of infrastructure development and the optimization of soil stabilization practices in sub-saharan Africa. The test conducted on unmodified and 0.2%, 0.4%, 0.6%
and 0.8% SANBASE modified soil were compaction test, Atterberg limit test, California bearing ratio test and unconfined compressive strength test. From the
results, SANBASE soil stabilizer decreases both soil’s Optimum moisture content and maximum dry density with increase in SANBASE stabilizer. Liquid limits
of SANBASE modified soil decreased from 18.5% to 14.2% at 0.4% modification, it further decreased to 14.2% at 0.8% modification. This shows that, liquid limit
of modified soil decreases with the increase of SANBASE percentages. California bearing ratio of SANBASE modified soil increased from 25% at 0% to 47% at
0.4 SANBASE modification and decreased to 22% at 0.8% modification. The unconfined compressive strength of modified soil was improved from 111kN/m2 at
0% to 167 kN/m2 and decreased to 122 kN/m2 at 0.8% maodification. From the findings of this research, 0.4% SANBASE seal could be used as soil stabilizer for
the improvement of soil strength.
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1. Introduction

Soil stabilization is the process of improving the engineering properties of soil to enhance its strength, durability, and stability (Archibong, 2020). This
process is essential for construction and civil engineering projects to ensure that the soil can support structures like buildings, roads, and bridges. Soil
stabilization is a crucial step in many construction projects, providing the necessary support and durability to ensure the longevity and safety of structures
(Puppala, 2021). By choosing the appropriate method based on soil type and project requirements, engineers can effectively address challenges posed by
weak or unstable soils.

Engineers used mechanical means to stabilize soils such as compaction by increasing the soil density using roller and compactors (Zhang et al., 2022).
They also used soil replacement by removing poor soil replacing it with suitable materials (Fentaw et al., 2021). Mechanical stabilization is also conducted
by reinforcing un suitable soil with geotextiles, geogrids and geocells (Sinha et al., 2022). Soil stabilization could be conducted through biological means
by introducing natural polymers such as Xanthan gum to increase soil cohesion (Moghal & Vydehi, 2021). Su et al. (2022) used Microbial Induced
Calcite Precipitation (MICP) technique to stabilize soil, in which bacteria was used to precipitate calcite, which binds soil particles together.

Another soil stabilization technique is performed physically through thermal stabilization in which heat is applied to the soil to change its properties to
create cohesion (Lahoori, et al., 2021). Presently, electrokinetic stabilization is being used for soil stabilization in which electrical current is applied in to
the soil which induces chemical reactions that stabilize soil (Tang, et al., 2022).

Chemical stabilization is also widely used for soil remedy techniques, chemicals are used to develop a strong bonding between soil particles. In this
technique, lime is being used to reduce plasticity, increase strength, and improve workability of soil (Okonkwo & Kennedy, 2023). Other chemicals such
as calcium chloride, sodium silicate, and fly ash are used to enhance soil properties (Turan, et al., 2022). Cement stabilization is popular technique in soil
stabilization as cement create a stronger, more cohesive soil materials (Liu et al., 2022). Another mode of stabilization is bituminous stabilization in
which bitumen is used to bind soil particles together especially in road construction (Andavan & Kumar, 2020).

It’s evident that soil stabilization could be expensive especially in sub-saharan Africa where soil stabilizers are predominantly imported, therefore there
is a need for locally produced effective inexpensive soil stabilizers. In view of this, this research tends to investigate the potentials of locally produced
soil stabilizer in improving soil engineering characteristics.
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2. Materials and methods
2.1 Materials
2.1.1 Soil

The soil used for this study is laterite soil that was brought from Dukuma village in Ingawa local government Katsina state Nigeria. Table 1 presents the
characteristics of the lateritic soil used in this research.

Table 1 - Characteristics of soil used in this research

S/No.  Soil characteristics Value

1 Optimum moisture content 19%

2 Maximum Dry Density (MDD) 1780 Mg/m?®
3 Liquid Limit 42%

4 Plastic limit 26%

5 California Bearing Ratio (CBR) 25%

6 Unconfined Compressive strength (UCS) 564 kN/m?2

2.1.2. SANBASE seal Stabilizer

SANBASE seal is a locally produced chemical material obtained by mixing different local ingredient together which the local builders used as strength
improving agent in laterite block for walling and plastering/rendering. SANBASE seal is rich in silicon (Si), Silicon Oxide (SiO2) and other elements
and oxides in minutes quantities. Tables 2 and 3 show elements and oxides concentration presents in SANBASE seal soil stabilizer respectively.

Table 2 - Element Concentration of SANBASE Seal

S/No.  Soil characteristics Value
1 Silicon (Si) 28.45
2 Magnesium (Mg) 1.35
3 Calcium (Ca) 0.87
4 Aluminium 0.60
5 Antimony (Sb) 0.45
6 Strontium (Sr) 0.31
7 Sulphur (S) 0.15
8 Cadmium (Cd) 0.12

Table 3 - Oxide Concentration of SANBASE Seal stabilizer

S/No.  Soil characteristics Value
1 Silicon Oxide (SiO,) 60.03
2 Magnesium Oxide (MgO) 1.27
3 Calcium Oxide (CaO) 1.22

4 Barium Oxide (BaO) 1.00
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5 Stabium Oxide (ShO) 1.00
6 Sirconium Oxide (SrO) 0.40
7 Phosphorous Oxide (P,Os) 0.12
8 Titanium Oxide (TiO,) 0.11

2.2 Methods

To investigate the efficiency of SANBASE for soil stabilization, the material was used to stabilize soil at percentages of 0.2%, 0.4%, 0.6%, and 0.8%.
The tests conducted on the stabilized soil are: compaction, Atterberg limits, California bearing ratio (CBR) and unconfined compressive strength (UCS)
test.

2.2.1 Compaction test

Soil compaction was conducted to determine the optimum moisture content and maximum dry density which are crucial for ensuring the stability and
durability of construction projects (Al et al., 2024). The test was conducted on unmodified and SANBASE modified soil samples. The test was conducted
based on ASTM D1557-12.

2.2.2 Atterberg limits test

Atterberg limits are the basic measure of the critical water contents of fine-grained soils. They are used to characterize the properties of soil, particularly
its consistency and plasticity (Moreno-Maroto et al., 2021). This test was conducted on unmodified and SANBASE modified soil samples. The Atterberg
limits are essential for classifying fine-grained soils based on their plasticity and understanding their behavior under varying moisture conditions (O’Kelly,
2021). These tests help engineers determine the suitability of soils for construction purposes and predict how soils will respond to environmental changes.
The test was conducted based on ASTM D4318-17.

2.2.3California bearing ratio (CBR)

The California Bearing Ratio (CBR) test is a penetration test used to evaluate the strength of roads and pavements materials (Khasawneh et al., 2024).
The results of the CBR test are used with empirical curves to determine the thickness of materials needed for the pavement layers. The test was conducted
on unmodified and SANBASE modified soil samples. The test was conducted based on ASTM D1883-16.

2.2.4 Unconfined compressive strength (UCS)

The Unconfined Compressive Strength (UCS) test is to determine the compressive strength of soils, it measures the maximum axial compressive stress

that a cylindrical soil sample can withstand under unconfined conditions (Du et al., 2024). The test was conducted on unmodified and SANBASE modified
soil samples. The test was conducted based on ASTM D2166-16.

3. Results and Discussions
3.1 Compaction test

Compaction test was conducted to determine the response of SANBASE stabilized soil to maximum dry density and optimum moisture content. The
result of compaction test is resented in Figures 1 and 2 for optimum moisture content and maximum dry density respectively.
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Fig. 1 - Optimum Moisture content of unmodified and SANBASE modified weak soil

From Figure 1, the optimum moisture content of the SANBASE modified weak soil have reduced by 4.8% at 0.2% dosage of SANBASE, it could be also
noted that at 0.4% modification the optimum moisture has been reduced by 9.6% compared to unmodified weak soil. This is attributed to the ability of
SANBASE to reduce the optimum moisture content through creating a cohesive compound that reduces soil plasticity and moisture holding capacity
(Falah & Muteb, 2023).
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Fig. 2 - Maximum Dry Density of unmodified and SANBASE modified weak soil

Figure 2 is a plot of maximum dry density of unmodified and SANBASE modified weak soil. From the figure, the maximum dry density of SANBASE
modified weak soil has the same trend with optimum moisture content. MDD decreases with the increase in SANBASE stabilizer from 0.2% to 0.8%. At
0.2% SANBASE stabilization, the MDD was decreased by 1.6%, it was further decreased by 3.1% at 0.4% stabilization. At 0.8% stabilization, the
decrease in MDD was 6.8%. This reduction in MDD is attributed to the ability of SANBASE stabilizer to produce calcium silicate that formed a rigid
structure that increased the volume of soil matrix without increasing its mass thus reducing overall dry density (Jangde & Khan, 2023).

3.2 Atterberg limit test

Atterberg limits test was conducted on unmodified and SANBASE modified weak soil, the result is presented in Table 4.
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Table 4 - Result of Atterberg limits test

Percentage  Liquid limit (%) Plastic  limit
of (%)

SANBASE

0 185 0

0.2 16.8 0

0.4 154 0

0.6 14.8 0

0.8 14.2 0

From table 4, the liquid limit of modified weak soil decreases with the increase of SANBASE stabilizer. The decrease in liquid limit is attributed to the
ability of SANBASE to plasticize the soils at lower moisture contents.

3.3 California bearing ratio (CBR)

California bearing ratio test was conducted on unmodified and SANBASE modified weak soil. The result is presented in figure 3.
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Fig. 3 - Improvement of soil’s California bearing ratio with SANBASE stabilizer

From Figure 3, California bearing ratio of modified weak soil was improved with the percentage increase of SANBASE stabilizer from 0.2% to 0.4%,
and then decreased at 0.6% and 0.8%. At 0.2% modification, the percentage improvement is 44% while at 0.4% SANBASE modification, the
improvement is 88%. At 0.6% and 0.8% modification, the CBR value has decreased.

3.4 Unconfined compressive strength (UCS)

Unconfined compressive strength test was conducted on unmodified and SANBASE modified soil samples, the result is presented in figure 4.
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Fig. 4 - Improvement of soil’s Unconfined compressive strength with SANBASE stabilizer

From figure 4, unconfined compressive strength of modified soil has increased by 50% at 0.4% modification. The improvement is due to confinement
ability of SANBASE stabilization.

4. Conclusion

The aim of this paper was achieved through experimental works, and the following conclusions are drawn:
i. SANBASE soil stabilizer decreases both soil’s Optimum moisture content and maximum dry density with increase in SANBASE stabilizer.

ii. Liquid limits of SANBASE modified soil decreased from 18.5% to 14.2% at 0.4% modification, it further decreased to 14.2% at 0.8% maodification.
This shows that, liquid limit of modified soil decreases with the increase of SANBASE percentages.

iii. California bearing ratio of SANBASE modified soil increased from 25% at 0% to 47% at 0.4 SANBASE modification and decreased to 22% at 0.8%
modification.

iv.The unconfined compressive strength of modified soil was improved from 111kN/m2 at 0% to 167 kN/m2 and decreased to 122 kN/m2 at 0.8%
modification.
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