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ABSTRACT

Expansive soils, particularly Black Cotton soils, pose significant challenges in civil engineering due to
their high swelling and shrinkage behavior under varying moisture conditions. These soils exhibit high
strength in dry conditions but lose bearing capacity when saturated, leading to structural instability and
pavement failure. This project focuses on improving the engineering properties of expansive soil
through stabilization using fly ash, an industrial by-product from thermal power plants. The study aims
to evaluate the effectiveness of fly ash in enhancing soil properties and reducing pavement construction
costs. Laboratory experiments were conducted on locally available expansive soil mixed with varying
percentages of fly ash (0%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%, and 20%). Standard geotechnical tests,
including grain size analysis, Atterberg limits, compaction tests, and California Bearing Ratio (CBR)
tests, were performed. The results indicate that the addition of fly ash significantly reduces the liquid
limit and plasticity index, thereby improving soil workability and reducing swelling potential.
Furthermore, the CBR values under both soaked and unsoaked conditions showed substantial
improvement with increasing fly ash content, indicating enhanced load-bearing capacity. The stabilized
soil was further used in the design of flexible pavements as per IRC 37:2018 guidelines and analyzed
using IITPAVE software. Comparative analysis between stabilized and unstabilized soil revealed that
stabilization increases the resilient modulus of the subgrade, allowing a reduction in pavement
thickness. The total pavement thickness was reduced by approximately 110 mm, leading to a cost
reduction of about 24.2%. The study concludes that fly ash is an effective and economical stabilizing
agent for expansive soils. Its utilization not only enhances soil performance but also promotes
sustainable construction by utilizing industrial waste, thereby addressing environmental concerns and

reducing overall project costs.

Keywords: Fly ash, Expansive soil, Soil stabilization, Black cotton soil, CBR, Pavement design,

Plasticity index, Resilient modulus, Sustainable construction, Cost reduction.
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I. INTRODUCTION

This project begins with the collection and
preparation of materials required for soil
stabilization. Representative samples of black
cotton soil should be collected from a depth of
1.5 to 2 meters to ensure consistency in
properties. Fly ash, used as a stabilizing agent,
must be obtained from a nearby thermal power
plant. Initial laboratory tests such as grain size
should be

analysis and soil classification

conducted to wunderstand the fundamental
characteristics of the soil. After this, soil samples
are to be mixed with varying percentages of fly
ash, typically 0%, 5%, 7.5%, 10%, 12.5%, 15%,
17.5%, and 20%. Proper mixing of soil and fly
ash is essential to achieve uniformity. The
mixtures should be prepared by adding calculated
amounts of water and then stored in airtight
containers for about 24 hours. This step ensures
uniform moisture distribution and improves the
reliability of test results. All preparation and
handling procedures must follow standard
guidelines such as IS codes to maintain accuracy
and consistency. Care should be taken to avoid
contamination and maintain proper labeling of
samples. The prepared samples are then ready for
further experimental testing. This stage lays the
foundation for analyzing the impact of fly ash on
expansive Accurate

soil properties. sample

preparation ensures reliable outcomes in
subsequent tests. The overall objective of this
phase is to create uniform and controlled soil

mixtures that can be tested for improvement in
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engineering  properties.  This  systematic
preparation process is critical for achieving

meaningful and consistent experimental results.

After preparing the soil-fly ash mixtures,

the next step involves conducting detailed
laboratory tests to evaluate the engineering
properties of the stabilized soil. Atterberg limits
tests, including liquid limit and plastic limit,
should be performed to determine the plasticity
index of the soil. These tests help in
understanding the changes in consistency and
workability due to the addition of fly ash. A
reduction in plasticity indicates improved soil
more suitable for

behavior, making it

construction purposes.Compaction tests,
specifically the Proctor test, are carried out to
determine the optimum moisture content (OMC)
and maximum dry density (MDD). These
parameters are essential for understanding how
the soil behaves under compaction and for
achieving maximum strength in field conditions.
As fly ash content increases, variations in OMC
and MDD should be carefully observed and
recorded. Graphs must be plotted to analyze
trends and identify the most effective proportion
of fly ash. Further, the California Bearing Ratio
(CBR) test is conducted under both soaked and
unsoaked conditions to evaluate the strength of
the stabilized soil. This test is crucial for
pavement design as it indicates the load-bearing
capacity of the subgrade. Results should be
compared with untreated soil to determine the

improvement achieved. The goal of this phase is
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to identify the optimum fly ash content that
enhances strength while reducing plasticity and

swelling behavior.

The final phase of the project involves
applying the experimental results to flexible
pavement design. Using the obtained CBR values,
the resilient modulus of both stabilized and
unstabilized soil should be calculated as per IRC
37:2018 guidelines. These values are essential for
determining the structural capacity of the
pavement layers. The pavement design should
include different layers such as bituminous
surface, base, sub-base, and subgrade. Each layer
must be assigned appropriate thickness based on
calculated parameters. Pavement analysis is then
carried out using IITPAVE software. Input
parameters such as wheel load, tyre pressure,
Poisson’s ratio, and layer moduli are used to
determine stresses and strains in the pavement
structure. The actual horizontal and vertical
strains obtained from the software must be
compared with permissible strain values. This
comparison helps in determining whether the
design is safe or requires modification. Multiple
trial combinations of layer thickness should be
analyzed to achieve an optimized design. Finally,
a comparison between stabilized and unstabilized
pavement sections should be made in terms of
thickness and cost. It is observed that
stabilization reduces pavement thickness and
overall construction cost. Proper documentation

of results, graphs, and conclusions should be

maintained. This phase highlights the practical
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application of soil stabilization and demonstrates

its benefits in improving performance and

achieving economical pavement construction.

Figure 1: Expensive soil

II. LITRATURE REVIEW

Expansive soils are known for their
swelling and shrinkage behavior due to moisture
variation, which causes serious damage to
pavements and structures. Researchers such as
Bhuvaneshwari et al. (2013) highlighted that the
presence of  montmorillonite minerals
significantly increases the swelling potential of
soils. These soils lose strength when wet and
become hard when dry, leading to cracks and
differential settlements. Studies indicate that
lightly loaded structures are more vulnerable to
damage due to uplift pressure generated by
expansive soils. Further, Sridharan and Prakash
emphasized that the mineralogical composition
of clay plays a crucial role in determining soil
behavior. The higher the clay content, the greater
the volume change. These findings underline the

necessity of soil stabilization before construction.
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The research concludes that understanding the
properties of expansive soil is essential for
selecting appropriate stabilization techniques to

improve engineering performance.

Fly ash has been widely studied as a
stabilizing agent for expansive soils due to its
pozzolanic properties. According to Das (1990),
fly ash contains silica, alumina, and other oxides
that react with soil particles to improve strength
and reduce plasticity. The classification of fly ash
into Class C and Class F plays a vital role in
stabilization performance, with Class C showing
self-cementing  properties. ~ Research by
Hausmann demonstrated that the addition of fly
ash reduces plasticity index and increases
compressive strength. It was also observed that
fly ash works effectively when combined with
lime or cement, especially for highly plastic soils.
The study concludes that fly ash not only
improves soil properties but also serves as an
economical and environmentally friendly
alternative to traditional stabilizers, promoting

sustainable construction practices.

The influence of fly ash on strength
characteristics of soil has been extensively
investigated. Prabakar et al. reported that adding
fly ash significantly improves shear strength,
cohesion, and bearing capacity of soil. Their
study showed that with increasing fly ash content,
the California Bearing Ratio (CBR) values
increased considerably, making the soil suitable
Phani

for pavement applications. Similarly,
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Kumar and Sharma found that fly ash reduces
swelling pressure and plasticity while enhancing
dry density and strength. The improved
resistance to penetration indicates better load-
bearing capacity. These results highlight the
importance of optimizing fly ash content to
achieve maximum benefits. The research
concludes that fly ash stabilization is effective in
improving both mechanical and physical
properties of expansive soils, making it suitable

for subgrade construction.

The role of curing and compaction in fly
ash stabilization has been studied by several
researchers. Misra observed that early hydration
reactions in Class C fly ash lead to rapid strength
gain when compaction is performed immediately
after mixing. However, delayed compaction
results in reduced density and strength. This
indicates the importance of proper timing in
construction practices. In another study, White
and Gnanendran found that a delay between
mixing and compaction can increase unconfined
compressive strength and resilient modulus. The
results suggest that controlled curing enhances
long-term performance of stabilized soils. These
studies emphasize that not only material
composition but also construction methodology

plays a vital role in achieving effective soil

stabilization.

The effect of fly ash on compaction
characteristics and density has also been explored.

Nalbantoglu demonstrated that the addition of fly
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ash reduces clay-sized particles and improves soil
structure through pozzolanic reactions. This leads
to a decrease in plasticity and water absorption
capacity. The study also showed that fly ash
alters soil mineralogy, making it more granular.
Additionally, Sezer et al. found that increasing
fly ash content reduces maximum dry density
while increasing optimum moisture content. This
behavior is attributed to the lighter weight and
porous nature of fly ash. The research concludes
that fly ash significantly enhances compaction
contributes  to

behavior  and improved

engineering performance of expansive soils.

Several studies have highlighted the
application of fly ash in pavement design. Edil et
al. reported that fly ash significantly increases the
CBR value of fine-grained soils, making them
suitable for subgrade layers. The study also
indicated that stabilized soils exhibit higher
stiffness and durability over time. Furthermore,
Senol et al. demonstrated that fly ash improves

both unconfined compressive strength and CBR

values, allowing reduction in pavement thickness.

This leads to cost savings in road construction.
The findings confirm that fly ash stabilization not
only enhances soil properties but also contributes
to economical pavement design. Overall, the
literature supports the use of fly ash as an
effective and sustainable solution for improving

subgrade performance in flexible pavements.
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I1I. WORKING METHODOLOGY

The methodology for this project is structured in

a systematic sequence to evaluate the
effectiveness of fly ash in stabilizing expansive
soil and its application in pavement design.
Initially, representative samples of black cotton
soil are collected from the field at a depth of
about 1.5-2 meters to ensure uniformity. Fly ash
is procured from a nearby thermal power plant
and both materials are tested for basic properties.
The soil is then mixed with varying proportions
of fly ash such as 0%, 5%, 7.5%, 10%, 12.5%,
15%, 17.5%, and 20%. Proper mixing is ensured
by adding calculated moisture content and storing
the mixtures in airtight containers for 24 hours to

achieve uniform distribution.
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In the next stage, laboratory tests are conducted
on both untreated and treated soil samples. These
tests include grain size analysis, Atterberg limits
(liquid limit, plastic limit, and plasticity index),
compaction test to determine optimum moisture
content (OMC) and maximum dry density
(MDD), and California Bearing Ratio (CBR)
tests under soaked and unsoaked conditions. The
results obtained from these tests are carefully
recorded and analyzed using graphs and tables.
The wvariation in engineering properties with
respect to fly ash content is studied to determine
the optimum percentage that provides maximum

strength and reduced plasticity.

Particle Distribution Curve
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Fig. 2: Particle size distribution curve of Black
cotton soil

The results obtained from a series of consistency
tests, compaction tests, CBR tests conducted on
expansive soils with and without additives have
been presented in this chapter in the form of
tables and figures. The effects of additives lime
on the geotechnical properties of soils are studied
thoroughly and discussed elaborately citing the

results published in the literature.
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Fig. 3: Graph on Average Liquid limit values

for fly ash as additive material
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Figure 5: Combined modulus output

Finally, the obtained CBR values are used for
flexible pavement design as per IRC 37:2018

guidelines. The resilient modulus of subgrade
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soil is calculated and pavement layers are
designed. Analysis is carried out using ITPAVE
software to evaluate stresses and strains. The
design is validated by comparing permissible and
actual strain values. A comparison between
stabilized and unstabilized soil is performed in
terms of pavement thickness and cost. The
methodology concludes with identifying the most
effective stabilization percentage and
demonstrating its economic and engineering

benefits.

IV.CONCLUSION

The generation of fly ash is more than its
utilization. It can be used as an alternative
material instead of conventional materials in the
construction of geotechnical and infrastructures.
If desired results are found in future studies on
fly ash in soil stabilization, we could see large
reductions in material costs. On the other hands,
fly ash is a good material for use in geotechnical
applications. The low unit weight of fly ash
makes it acceptable for placement in soft soils.
Addition of fly ash altered the physical and
compaction characteristics of both granular and
cohesive soils. Fly ash can create an adequate
array of cations than under ionized conditions it
can improve flocculation of dispersed clay
particles. According to a cation exchange process,
the influence of fly ash on expansive soils causes
significant reduction of plasticity index. The
combination of soil and fly ash improves liquid

limit, plastic limit, and CBR values to acceptable
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limits. Fly ash increases strength of expansive
soils. It can be concluded that fly ash treatment
method can be used to stabilize expansive soils.
Following conclusions are derived after a full-
length study of soft soils using fly ash :
1. With the use of fly ash in soft soils of the
Kompally, there is a great change in
Index properties. It further leads to the
stabilization of soil. With the help of this
stabilization of soil, pavements can be
designed economically such that sub-base
thickness can be reduced with varying
percentages of fly ash.
2. With addition of lime, the L.L. and P.I. of
soils gradually decreases with the
increase of fly ash contents. Maximum
decrease is observed at 20% fly ash
content.
CBR of soil-fly ash increases with the
increase of fly ash content. The maximum
increase being observed at 20% fly ash
content. At 20% fly ash content, the 4
days soaked CBR of increase by 142%
and un-soaked CBR of increase by 133%.
4. Since the more percentage gain in CBR
values and MDD values of subgrade soils,
reduction in pavement thickness can be
achieved, by mixing fly ash waste. The
Pavment layer thickness for construction
of 4-lane flexible pavement as per IRC 37
-2018 designed those thickness are ; With
fly ash stabilized soil 950mm and without
stabilized soil 1060mm, the difference

between both is 110mm. Around 0.11m
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thickness of entire pavement reduced by

stabilized of sub grade.

. The 24% cost of stabilized sub grade

reduced as compare to the un stabilized
sub grade. Due to the saving in Pavement
thickness is less quantity of material will
be applicable so that, huge amount of

money can be saved.

. Use of it in highways and rural roads will

certainly yield in terms of the economy
because a large amount of fly ash can be
made available from thermal Industries
and a great problem of its disposal as well
as environmental pollution would be
solved.

It can be concluded that fly ash can be
used as an effective additive for
improving the physical properties of
cohesive soils and it’s suggested as low

cost construction.
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