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Abstract

Soil stabilization is a critical technique used to improve the engineering properties of subgrade soils in
pavement construction. This method enhances the strength, durability, and overall performance of
pavement structures, especially in areas with weak or unstable soil conditions. Various soil stabilization
techniques, such as mechanical stabilization, chemical stabilization, and the use of geosynthetics, have
been extensively studied and implemented in road infrastructure projects. The effectiveness of these
methods depends on factors such as soil type, climate conditions, and traffic loads. This paper presents
a comprehensive review of the impact of soil stabilization on pavement performance, focusing on the
different stabilization techniques and their influence on the mechanical properties of the subgrade. Key
performance indicators, including pavement strength, service life, and maintenance costs, are evaluated
based on various case studies and experimental data. Furthermore, the paper explores the challenges
faced in selecting appropriate stabilization methods for specific soil types and environmental
conditions. The role of advanced materials such as lime, cement, and fly ash in improving the long-
term performance of pavements is also examined. By understanding the effects of different
stabilization methods, this paper aims to provide guidelines for selecting the most suitable soil
stabilization technique for various pavement applications, ultimately contributing to more sustainable
and cost-effective road infrastructure.

Keywords: Soil stabilization, Pavement performance, Subgrade soils, Stabilization techniques,
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Introduction

Pavement performance is heavily influenced by the properties of the underlying subgrade
soil. In many regions, soils with low strength and high moisture sensitivity pose significant
challenges to the construction of durable roadways. To address this issue, soil stabilization
techniques are employed to improve the engineering properties of the soil, ensuring that
pavements maintain their integrity under varying traffic loads and environmental conditions.
These techniques enhance soil strength, reduce moisture susceptibility, and improve overall
pavement performance. The primary methods of soil stabilization include mechanical
stabilization, chemical stabilization, and the use of geosynthetics.

Mechanical stabilization involves the physical mixing of soil particles to improve
compaction and enhance strength. Chemical stabilization, on the other hand, includes the
addition of substances such as lime, cement, and fly ash, which chemically react with the soil
particles to form a more stable matrix. The use of geosynthetics, such as geogrids and
geotextiles, is a modern approach that provides additional reinforcement and reduces soil
movement beneath the pavement structure. Each of these methods has been extensively
researched and applied, but their effectiveness varies based on factors such as soil
composition, climate, and traffic conditions 2,

The problem of selecting the most appropriate stabilization technique remains a significant
challenge, as different soils require different treatment methods to achieve the desired
pavement performance. Moreover, the long-term performance of stabilized pavements must
be assessed to ensure their durability over time, especially in regions subject to harsh
weather conditions and heavy traffic loads. Therefore, understanding the impact of various
stabilization methods on pavement performance is crucial for designing sustainable and cost-
effective road infrastructure.

The objective of this paper is to explore the effects of different soil stabilization techniques
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on the performance of pavements, particularly focusing on
their impact on pavement strength, durability, and service
life. The hypothesis is that the choice of stabilization
technique directly influences the long-term performance and
maintenance requirements of pavements, and that a well-
chosen method can reduce overall infrastructure costs % 41,

Materials and Methods

Materials

The materials used for soil stabilization in this research
included soil samples obtained from various locations with
weak engineering properties, which are commonly
encountered in pavement construction. The soil was
collected from different geotechnical regions with varying
characteristics, including sandy, clayey, and silty soils. The
stabilizing agents used in this research were lime, cement,
and fly ash, which were selected based on their
effectiveness in improving soil properties and enhancing the
durability of pavements [5 €1, The materials were mixed with
soil in different proportions to research the effects of these
agents on soil strength and pavement performance.
Geosynthetic materials, including geogrids and geotextiles,
were also used to reinforce the soil and improve the
structural stability of the pavement [*2 18 These materials
were sourced from reputable suppliers and adhered to the
relevant industry standards.

Methods
Soil stabilization was conducted through laboratory-based
experiments. The stabilized soil samples were prepared by
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mixing the soil with the stabilizing agents (lime, cement, fly
ash, and geosynthetics) in varying proportions. The mixture
was thoroughly mixed to ensure uniform distribution of the
stabilizing agents. The prepared soil specimens were then
subjected to a series of geotechnical tests, including the
Standard Proctor Test for compaction, the Unconfined
Compressive Strength (UCS) test, and the Atterberg Limits
test to assess the plasticity and flow characteristics of the
soil before and after stabilization. The pavement
performance was evaluated by conducting a series of
accelerated loading tests using a wheel tracking device to
simulate real traffic conditions. The load-bearing capacity
and long-term performance of the stabilized soil were
assessed by measuring the deformation, strength, and
cracking resistance of the pavement samples. Statistical
tools such as ANOVA and regression analysis were used to
analyze the effects of different stabilization methods on the
performance of the pavement, with the significance level set
at 0.05 for all tests [2 &, Data were analyzed using software
such as SPSS and MATLAB to provide a comprehensive
comparison of the effects of each stabilization technique.

Results

The results of the soil stabilization experiments were
analyzed using various statistical tools to evaluate the
impact of different stabilization methods on pavement
performance. The analysis focused on parameters such as
unconfined compressive strength (UCS), deformation under
load, and the overall durability of the pavement.

Table 1: Unconfined Compressive Strength of stabilized soil samples using various stabilization agents

Stabilizing Agent UCS (KN/m?)
Lime 450
Cement 600
Fly Ash 550
Geosynthetics 500
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Fig 1: Deformation under accelerated loading test for various stabilization agents

The results indicate that cement stabilization provided the
highest unconfined compressive strength (600 kN/m2),
followed by fly ash (550 kN/m?2), geosynthetics (500
kN/m?2), and lime (450 kN/m?2). The regression analysis
showed a significant positive correlation between the

amount of cement used and the UCS of the stabilized soil.
The accelerated loading test also revealed that cement-
stabilized samples exhibited the lowest deformation (2.5
mm), indicating superior load-bearing capacity compared to
the other stabilization agents. Fly ash and geosynthetics
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demonstrated intermediate performance, with deformation
values of 2.8 mm and 3.0 mm, respectively. Lime
stabilization, while effective, exhibited the highest
deformation (3.2 mm) under the same loading conditions.
ANOVA tests confirmed that the differences in deformation
and UCS among the stabilizing agents were statistically
significant (p < 0.05) 39,

Discussion

The findings of this research highlight the significant impact
of soil stabilization techniques on pavement performance.
Cement stabilization emerged as the most effective method
for improving the strength and durability of the soil, as
evidenced by the highest unconfined compressive strength
(UCS) and lowest deformation under load. This is consistent
with previous studies that have reported the superior
performance of cement in stabilizing weak soils for
pavement applications ™ 1%, Fly ash, while not as effective
as cement, also demonstrated a notable improvement in soil
properties and pavement performance, particularly in
reducing deformation under load. The use of geosynthetics,
which provides additional reinforcement to the stabilized
soil, contributed to improved pavement performance,
although not as significantly as cement or fly ash.

Lime stabilization, while still beneficial, was found to be
less effective than other methods in terms of increasing soil
strength and reducing deformation. This result aligns with
previous research indicating that lime stabilization is more
suitable for soils with higher plasticity [** 14, The use of a
combination of lime and cement or geosynthetics may offer
a more balanced solution in cases where lime alone is not
sufficient. The results also demonstrate the importance of
selecting the right stabilization technique based on soil type,
environmental conditions, and expected traffic loads. In
practice, cement and fly ash stabilization should be
prioritized for pavements subjected to high traffic volumes
and harsh environmental conditions, while geosynthetics
can be used as an additional reinforcing agent.

Conclusion

The research demonstrates that soil stabilization is a vital
process for improving the strength, durability, and
performance of pavements, especially in regions with weak
or unstable soils. Among the stabilization techniques
examined, cement stabilization proved to be the most
effective in enhancing the soil’s unconfined compressive
strength and reducing deformation under load, making it
ideal for high-traffic and high-stress pavement applications.
Fly ash also showed promising results, offering an
environmentally sustainable alternative with substantial
improvements in soil properties. Geosynthetics, when used
in conjunction with other stabilization methods, provided
additional reinforcement, contributing to the overall stability
of the pavement. Lime stabilization, while beneficial, was
less effective in comparison, particularly in terms of
reducing deformation and improving strength.

Based on the findings, it is recommended that pavement
engineers prioritize cement stabilization for projects that
require high-strength pavement systems. For
environmentally conscious projects, the use of fly ash as a
stabilizing agent is also a viable option. Geosynthetics
should be considered as an additional reinforcement tool,
particularly in areas with soils prone to movement or
deformation. It is crucial to select the most appropriate
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stabilization method based on the specific requirements of
the project, including soil composition, climate conditions,
and traffic loads. These findings provide a comprehensive
framework for improving pavement performance through
effective soil stabilization techniques, contributing to the
development of more sustainable and cost-effective road
infrastructure.
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