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Abstract- Geopolymer-based stabilization has been
developed as a sustainable solution, providing increased
mechanical strength, durability, and decreased carbon
footprint. The current research explores the geopolymer
composition and curing conditions affecting the
optimization of soil stabilization for infrastructure use.
The investigation analyses the role of aluminosilicate
precursors, alkali activators, and additives on strength
gain, microstructural characteristics, and environmental
durability. In addition, the effects of curing conditions
like ambient and thermal curing, moisture levels, and
curing time are examined to determine their effects on
efficiency of stabilization. The performance is tested
through UCS tests, durability tests, and environmental
impact analysis comparing geopolymer-based
stabilization to conventional cement and lime
stabilization. The results underscore the potential of
enhanced geopolymer compositions to enhance soil
strength, reduce moisture-driven deterioration, and
minimize CO: emissions from construction activities. The
results advance the state of art in sustainable soil
stabilization methods to make way for green and durable
infrastructure solutions.
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1. INTRODUCTION

Soil stabilization is an intrinsic process in
contemporary infrastructure construction,
strengthening the engineering characteristics of soil to
make it more durable, stronger, and load-resistant. As
infrastructure construction extends over varied
geotechnical conditions, the demand for successful
soil stabilization techniques has gained significance.
Stabilization techniques are utilized to mitigate the
problems of poor subgrade conditions, swelling and
shrinking of soil, and sensitivity to water fluctuations

[1]. Through alteration of soil physical and chemical
characteristics, stabilization provides long-term
performance and durability in construction works,
such as roads, embankments, foundations, and other
structural uses. Soil stabilization methods traditionally
include mechanical and chemical processes.
Mechanical stabilization increases soil strength by
compaction, blending of soils, and reinforcing with
materials like geogrids and geotextiles. Although
effective under specific conditions, the mechanical
approach is often capital-intensive and demanding of
maintenance [2]. Chemical stabilization, in contrast,
depends on additives like cement, lime, fly ash, and
bitumen in order to change the composition of the soil
and improve its performance. Cement and lime
stabilization have gained popularity because they can
increase soil cohesion and decrease plasticity. These
processes, however, are environmentally problematic
with very high CO: emissions and long-term durability
problems. As a response to sustainability issues,
geopolymer-based soil stabilization has emerged as a
green  option to  conventional treatments.
Geopolymers, which are formed from aluminosilicate
precursors activated with alkaline solutions, produce a
durable binding matrix that enhances the properties of
the soil. This method not only enhances the
mechanical strength and durability but also minimizes
the environmental impact significantly by using
industrial by-products like fly ash and slag [3]. As
science and technology progress, the development of
optimized geopolymer compositions and curing
regimens is increasingly a priority in pursuit of low-
cost and high-performance stabilization strategies. The
increased utilization of geopolymers for soil
stabilization is an important step towards sustainable
and resilient infrastructure development [4].
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With increasing development of
infrastructure into varied and challenging geotechnical
conditions, the shortcomings of conventional soil
stabilization techniquesmainly cement and lime-based
treatmentshave become more apparent. Although
these traditional methods have been popular for
decades owing to their ability to enhance the strength
of the soil and minimize plasticity, they have several
disadvantages such as high environmental cost,
shrinkage and cracking susceptibility, and long-term
durability issues [5]. Their high energy consumption
for cement and lime production results in enormous
emissions of CO2, hence contributing to worldwide
carbon emissions as well as deterioration of the
environment. They are also sensitive to soil type since
some expansive soils and sulphate soils are less
compatible with cementitious stabilization. Due to the
above shortcomings, there is increased demand for
better soil stabilization technologies that will present
enhanced performance, sustainability, as well as low
costs. Geopolymer stabilization has proved to be a
viable option since it can leverage industrial by-
products like fly ash, slag, and metakaolin as major
binders. Geopolymers, in contrast to cement and lime,
experience a low-carbon activation process, producing
long-lasting aluminosilicate gel networks that increase
the strength of the soil and resist environmental
degradation [6-8]. These materials have better
mechanical properties, reduced shrinkage potential,
and improved resistance to moisture fluctuations,
freeze-thaw action, and sulphate attack, which makes
them well-suited for infrastructure development in
aggressive environments. In addition, nanotechnology
and bio-based stabilization methods provide further
possibilities for enhancing soil properties in a more
sustainable and eco-friendly way. Nanomaterials like
nano-silica and nano-clay improve soil cohesion at the
micro-scale, strengthening and making it durable
while using minimal amounts of material. Likewise,
bio-mediated stabilization methods, including
microbial-induced calcite precipitation (MICP), take
advantage of natural biological processes to improve
soil structure and stability. The incorporation of these
novel methods into contemporary soil stabilization
techniques offers a major chance to transcend the
shortcomings of cement and lime-based methods,
providing durable and sustainable infrastructure
development for the future [9-10].

2. THE SCIENCE OF GEOPOLYMERIZATION IN
SOIL STABILIZATION

2.1 Chemical and physical principles governing

geopolymer reactions in soil

Geopolymer reaction in soil stabilization is
controlled by intricate chemical and physical reactions
among aluminosilicate precursors, activators, and soil
minerals. It differs from the traditional cement-based
stabilization based on the hydration reaction of
calcium silicates. Geopolymer stabilization is based on
the process of increasing the binding properties of
geopolymer, a chemical dissolution, reorganization,
and polymerization of aluminosilicate species forming
an inert three-dimensional network. This reaction
converts loose particles in the soil to a hard, long-
lasting matrix with increased engineering properties,
enhanced strength, durability, and resilience to
environmental elements [11-12].

Chemical Principles of Geopolymerization in Soil
The geo polymerization process involves three
principal  steps:  dissolution,  gelation, and
polymerization. During the dissolution step, alkaline
activators like sodium hydroxide (NaOH) or
potassium hydroxide (KOH) dissolve aluminosilicate
precursors (e.g., slag, fly ash, or metakaolin) to release
silica (SiO:2) and alumina (Al:Os) into solution.
Dissolution is a function of activator concentration,
temperature, and mineralogical composition of the
precursor material. During the stage of gel formation,
the silica and alumina dissolved in it react with cations
of the alkaline form (Na* or K*) to create oligomeric
species that condense and reorganize further. This
gives rise to a three-dimensional polymeric structure
based on Si-O-Al bonds, better known as sodium-
alumino-silicate-hydrate (N-A-S-H) or potassium-
alumino-silicate-hydrate (K-A-S-H) gels. The latter
serve as binder agents that confine soil particles,
enhancing cohesion and mechanical strength.

2.2 Role of aluminosilicate precursors in soil bonding

and strength development

The role of aluminosilicate precursors is to
enhance bonding of soil as well as strengthen in
stabilization techniques is very critical to the process
of geo polymerization. They involve materials that
range from volcanic ash, fly ash, metakaolin, to
ground granulated blast furnace slag (GGBFS) that
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contain necessary silica (SiOz) and alumina (ALOs)
that are a necessary component to make geopolymer.
They wundergo polymerization, gelation, and
dissolution upon activation by alkaline solutions and,
as a result, produce a hard, cementitious matrix which
enhances the engineering characteristics of the soil.

Chemical Contribution of Aluminosilicate Precursors
The success of the stabilization of soils with
geopolymers is related to the content and reactivity of
aluminosilicate precursors. The latter are dissolved in
a basic condition (sodium or potassium hydroxide)
that releases the aluminate and silicate species
responsible for undergoing condensation into the
sodium-alumino-silicate-hydrate =~ (N-A-S-H)  or
potassium-alumino-silicate-hydrate (K-A-S-H) gel.
Such a gel constitutes the main binder filling the
spaces among soil grains, enhancing the cohesion
between grains, and reducing the porosity. The
chemical interaction of these gels with soil minerals
increases mechanical stability, and the soil becomes
stronger against deformation and environmental
degradation. The Si/Al ratio of the geopolymer
structure is a key factor in controlling the final strength
of the stabilized soil. An increase in the Si/Al ratio
results in more polymerization and a more compact gel
network, which gives greater compressive strength.
The inclusion of calcium-bearing precursors like
GGBEFS also adds strength through the development of
calcium-alumino-silicate-hydrate (C-A-S-H) gels,
which are responsible for early strength gain and
increased durability.

Physical Effects on Soil Bonding

Aluminosilicate precursors alter the physical soil
structure by increasing particle cohesion and
permeability. Encapsulating soil grains by the
geopolymer gel produced during stabilization
enhances the friction and interlocking, which helps in
increased shear strength. Encapsulation also assists in
decreasing shrinkage and swelling behaviour,
especially in clay soils, by limiting the movement of
moisture and expansion. Geopolymer-stabilized soils
are low in porosity and permeability and are therefore
considerably resistant to water intrusion. This
characteristic is necessary for infrastructure uses since
it helps avoid water weakening of soil foundations and
makes structures more durable overall.

Strength Development in Geopolymer-Stabilized Soils
Geopolymer-stabilized soil strength development is
determined by precursor type, curing conditions, and
concentration of alkali activator. Generally, fly ash-
based geopolymers develop strength over time,
whereas slag-based systems are capable of achieving
greater early strength because of rapid hydration
reactions.

Strength Development Over Time for Different Precursors
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Fig : Strength Development Over Time for Different
Precursors

2.3 Interaction between geopolymer binders and
different soil types
The geopolymer binder interaction with various types
of soils is a multifaceted process determined by soil
mineralogy, composition, and ambient conditions. The
geopolymers, which are synthesized from precursors
like fly ash, slag, and metakaolin, interact with an
alkaline activator to generate a three-dimensional
polymeric matrix that acts to agglomerate the soil
particles. This binding effect greatly increases the
mechanical integrity of the soil to make it amenable to
construction and engineering use. In fine particle- and
mineral-rich clayey soils such as kaolinite,
montmorillonite, and illite, geopolymer binders
exhibit good stabilization. High silica and alumina in
clay enable geo polymerization with good cohesion
and compressive strength. Consequently, swelling
potential and shrinkage in clayey soils are greatly
diminished, and the soils become more stable with
changes in moisture levels. Furthermore, geo
polymeric gel formation enhances the soil structure by
making it more resistant to environmental degradation
and external loads. Sandy soils, on the other hand, are
dominated by quartz particles and have low cohesion
due to their size. The ability of the binder to create a
strong matrix around the particles is what determines
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how well geopolymer stabilization works in sandy
soils. The microstructural evolution of geopolymer-
stabilized soils and its impact on mechanical
properties

The microstructural development of geopolymer-
stabilized soils is an essential factor in deciding their
mechanical properties. Geo polymerization, which is a
chemical process involving reaction between
aluminosilicate precursors and an alkaline activator,
results in the creation of a cohesive polymeric network
that connects soil particles and acts as a binding agent
between them. Microstructural transformation, in turn,
directly affects the strength, durability, and stability of
the soil against environmental forces. Early in the
geopolymerization process, the precursor material's
alumina and silica are dissolved by the alkaline
solution,  producing  reactive  species  that
polycondense. This leads to the formation of a gel-like
geopolymer matrix, which progressively hardens and
encapsulates soil particles. The intensity and
effectiveness of this response are regulated by the
nature of the precursor (e.g., fly ash, slag, or
metakaolin), alkaline activator dose, and curing
conditions.

3. GEOPOLYMER COMPOSITION: KEY
PARAMETERS FOR OPTIMIZATION

3.1 Influence of precursor type and particle size on
soil stabilization effectiveness

The effects of particle size and precursor type on the
efficacy of soil stabilization are a basic subject in
geotechnical engineering, especially when it comes to
improving the strength, durability, and general
characteristics of soil for construction or agriculture.
Soil stabilization is a process of modifying the
characteristics of soil to make it more desirable for
construction or farming activities, often by increasing
its strength, decreasing its plasticity, or increasing its
capacity to hold loads. Application of various
stabilizing agents, or precursors, and variation in
particle size greatly affects the end result of the
stabilization process. The kind of precursor employed
during soil stabilization has a direct effect on whether
or not the stabilization process will be successful. A
precursor is any material that is introduced into soil in
an effort to improve its chemical and physical
properties. Common stabilizers include lime, cement,
fly ash, and other industrial by-products, and organic

stabilizers like bio-based materials. All of these
precursors have varying properties that determine how
well they stabilize the soil.

1. Lime Stabilization

Lime is the most common soil stabilizer used in clay
soils. When lime is incorporated into soil, it reacts
chemically with the soil's clay minerals to form
cementitious materials like calcium silicate and
calcium aluminate. The cementitious materials
improve the cohesion of the soil, decrease the
plasticity, and increase the shear strength of the soil,
stabilizing it. Lime stabilization is most suitable for
soils that have a large percentage of clay since it serves
to flocculate the clay particles, thereby decreasing
their water-holding capacity and increasing their
compactness.

2. Cement Stabilization

Cement is another common stabilizer that functions in
a similar way to lime. Cement added to soil results in
the development of calcium silicate hydrate (C-S-H)
gels, which enhance the strength and durability of the
soil. Cement performs better in soils with lower clay
content since it forms a more stable matrix for the soil
particles. Yet, cement stabilization is more costly than
lime, and its performance will diminish over time
because of environmental conditions such as moisture
and temperature changes.

3. Fly Ash Stabilization

Fly ash, a byproduct of burning coal in power plants,
serves as a stabilizing material because it is
pozzolanic. Fly ash reacts with water or lime in the soil
to create cementitious materials that enhance soil
strength and diminish its plasticity. Fly ash proves
most useful in clays because it reacts with the clay
minerals to create a stable matrix. Also, fly ash tends
to be greener and less expensive than lime and cement
and, therefore, a popular choice for large-scale
stabilization operations.

4. Bio-Based Stabilizers

Over the last few years, bio-based products like plant-
based stabilizers and natural polymers have been
studied as substitutes for conventional chemical
stabilizers. Such products, such as guar gum, lignin, or
starch, act upon soil particles to make them more
cohesive and less plastic, just like cement or lime. Bio-
based stabilizers are especially useful in green
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engineering practice because they are biodegradable
and non-polluting.

3.2 Role of alkali activators: balancing strength,
workability, and durability
The use of alkali activators in cementitious material
production and soil stabilization has received
considerable importance in recent past years.
Geotechnical applications as well as construction
applications usually utilize alkali activators for
achieving the fundamental characteristics of the
strength, workability, and durability of soils and
cementitious blends. These activators are typically
alkaline substances like sodium hydroxide (NaOH),
potassium hydroxide (KOH), and sodium silicate,
which are combined with substances like fly ash, slag,
or natural pozzolans to enhance their reactivity and
create strong and durable binders.
1. Balancing Strength with Alkali Activators
Stability of stabilized soil or concrete is among the
most important parameters used to measure the
success of alkali activation. Alkali activators improve
the compressive strength of the mixtures tremendously
by increasing the development of cementitious
compounds such as C-S-H and C-A-H gels. These
compounds in soil stabilization serve to bind soil
particles together, ensuring cohesion and enhancing
the load-bearing capacity of the soil. In the case of
cementitious materials, the alkali activator enhances
the establishment of stronger particle-to-particle
bonds, hence raising the material's compressive
strength. But there exists a fine balance between the
level of alkali activator added and the resulting
strength.

2. Enhancing Workability through Alkali Activators

Workability is a critical characteristic in both concrete
mix design and soil stabilization, and it describes the
ease with which the mixture can be compacted, placed,
or manipulated. Alkali activators have varied effects
on workability based on the quantity and type of
activator employed. In alkali activation, which is used
for soil stabilization, the workability of soils is
enhanced by disrupting clay particles, making them
less plastic, and facilitating easier compaction. It can
be particularly useful for the initial stiffness or poor
compatibility of certain soils. Secondly, the process of
cementation of gels due to alkali activation gives a
more consistent matrix, and hence the handling and

mixing ease are enhanced. In mortar and concrete
mixes, alkali activators enhance workability by
enhancing the flowability of the mix.

3. Improving Durability with Alkali Activators

The durability of any stabilized material is a key
consideration since it indicates the extent to which the
material can resist environmental conditions such as
moisture, temperature changes, and chemical exposure
with time. Alkali activators enhance the durability of
stabilized soils and cement-based materials by
increasing their capacity to resist phenomena such as
water penetration, chemical attack, and shrinkage.
Alkali activators in soil stabilization serve to minimize
the permeability of the soil by creating a close,
interlocking matrix of Cementous compounds that
occlude the interstitial pores among the soil particles.

3.3 Additive incorporation for enhanced performance
The addition of additives like nano-clays, carbon
fibres, and mineral admixtures has been a common
approach to improve the performance of geotechnical
and construction materials such as soil and
cementitious materials. The mechanical properties,
workability, durability, and
sustainability of the material are improved greatly by
the addition of these additives. By altering the
microstructure and the chemical interactions of the

environmental

material, these additives may result in the creation of
enhanced materials for applications ranging from soil
stabilization to high-performance concrete and mortar.
1. Nano-Clays in Soil Stabilization and Concrete

Nano-clays are very fine particles, which usually range
between 1-100 nanometres in size, and are obtained
from naturally occurring clay minerals. The nano-
sized particles possess special properties that make
them suitable for enhancing the functionality of both
stabilized soil and cement-based materials. Upon
addition of nano-clays to soil, they can enhance the
overall strength and durability of the soil by
facilitating a better bond among the soil particles.
Owing to their reactivity and large surface area, nano-
clays are able to interact better with stabilizing agents
like lime, cement, or alkali activators. This results in
increased soil cohesion, enhanced compaction, and
plasticity reduction, thereby making the soil more
stable under different environmental conditions.
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2. Carbon Fibres in Soil and Concrete

Carbon fibres have a broad application for the
improvement of the mechanical performance of
materials owing to their good strength-to-weight ratio,
superior thermal stability, and corrosion resistance.
When used in soil or cement-based mixtures, carbon
fibres are capable of enhancing the performance of the
material greatly, particularly the tensile strength,
flexural strength, and impact resistance. Carbon fibres
are primarily employed in soil stabilization wherein
soils in need of enhanced tensile strength and anti-
cracking ability are the target. In the form of admixture
in soils, carbon fibres are used to provide a fibre
network in the matrix that strengthens the soil. The
fibre network adds strength to the soil, particularly in
the case of materials like sandy or silty soils that
inherently have low cohesion. The fibres can hinder
deformation and cracking, increasing the stability of
the soil under dynamic or cyclic loading conditions.
The ductility and the fracture toughness of the
stabilized soil are improved by the carbon fibres,
lessening the susceptibility to failure upon exposure to
cyclic or dynamic loading.

3. Mineral Admixtures in Soil Stabilization and
Concrete

Mineral admixtures are industrial by-product or
naturally occurring materials, including fly ash, slag,
silica fume, and metakaolin, that are added to soil or
concrete to improve their characteristics. These
products typically possess pozzolanic or hydraulic
characteristics, i.e., they have the ability to chemically
react with water to produce cementitious compounds
that are responsible for better performance. The
incorporation of mineral admixtures like fly ash or slag
into stabilized soil enhances the material's mechanical
strength, durability, and resistance to environmental
conditions such as moisture and freeze-thaw. Fly ash,
for instance, is rich in silica and alumina, which upon
reaction with the free lime present in the ground forms
additional cementing compounds, improving the
strength and load-bearing capacity of the ground.
Similarly, steel slag is a residue from steel production
that, upon activation, forms binding compounds to
improve the stability and strength of the ground.

4. CURING CONDITIONS AND THEIR IMPACT
ON STABILIZATION EFFICIENCY

The conditions of curing under which soil stabilization
takes place have a significant bearing on the efficacy
of the stabilization process, both on the short-term gain
in strength and the long-term stability. Successful
curing allows for the soil binder, usually in the form of
cement or chemical additives, to properly react with
each other to create a solid, stable matrix. Various
curing techniques, duration, and control of moisture all
have crucial roles to play. Ambient curing and thermal
curing are the two main practices in soil stabilization,
both of which have strengths and weaknesses. Thermal
curing entails applying heat to increase the speed of
hydration. It increases the chemical reaction rate
between the soil and binder, causing strength to
develop at a higher rate with increased durability. It is
especially advantageous in cold weather conditions or
in precast plants where high speed of strength
development is required for efficient production. But
thermal curing needs extra energy input in the form of
heating, which is expensive, and also threatens thermal
cracking if temperature fluctuations are not well
regulated. Moreover, all soils and binders do not react
the same way to heat, and hence proper attention must
be paid to the material compatibility. In contrast,
ambient curing occurs at normal temperatures without
external heat sources. It is energy conserving and
easier to implement, and therefore it is most suitable
for extensive field applications, particularly in tropical
climates. Thermal cracking risk is minimal, and the
curing is easier to control with no requirement of
advanced equipment. Ambient curing takes longer, but
strength develops at a slower pace, which in some
cases, can be seen as a shortcoming for a construction
project involving tight schedules. It is very sensitive to
external conditions, such as weather temperatures,
humidity, and wind, which may hugely influence the
stabilizing process.

5. PERFORMANCE ASSESSMENT OF
GEOPOLYMER-STABILIZED SOILS

The analysis of Unconfined Compressive Strength
(UCS) and Shear Strength is a key determinant of
structural strength and overall performance of the
geopolymer-treated soil. UCS is an important
parameter that determines the capacity of the
stabilized soil to be able to carry compressive axial
loads in the absence of lateral confinement and is a
vital measure of soil stability and load-carrying
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capacity. This attribute is especially valuable for use in
embankment, pavement, and subgrade layer
applications where compressive strength has a direct
bearing on long-term performance and deformation
resistance. Shear strength, on the other hand, is a key
geotechnical attribute that quantifies a soil's resistance
to shear stress resulting from external loading
conditions like traffic loads, seismic activity, and slope
movements. An enhanced shear strength indicates
better sliding and stress-induced failure resistance,
rendering geopolymer-stabilized soils eminently
suitable for foundation engineering, retaining walls,
and slope stabilization.

Table: UCS and Shear Strength of Geopolymer-
Stabilized Soils

Curing ucCs Shear Strength
Days (MPa) (MPa)
1 0.5 0.1
3 1.2 0.4
7 2.5 0.9
14 3.8 1.5
28 5.0 2.0

Unconfined Compressive Strength and Shear Strength vs. Curing Days

5[ —e— UCS (MPa)
-m- Shear Strength (MPa)

Strength (MPa)

Curing Days
Fig : UCS and Shear Strength vs. Curing Days

The plot of variation in shear strength and unconfined
compressive  strength (UCS) for geopolymer-
stabilized soils during different curing days is shown
below. The results present a considerable boost in both
parameters as curing progresses, reflecting on the
strengthening process of the material over time.

The stress-strain behaviour of geopolymer-stabilized
soils is of particular importance in comprehending
their mechanical response to various loading
conditions. Stress-strain analysis helps determine the
elasticity, stiffness, and failure characteristics of the
soil, which are crucial for geotechnical purposes such
as pavement design, slope stability, and foundation
engineering. When an external loading is applied to a
sample of soil, it deforms and can be divided into

plastic (permanent) and elastic (recoverable)
behaviour. Stress-strain relation is generally non-
linear, particularly in stabilized soils, where structural
response is controlled largely by the geopolymer
binder. Major parameters studied for stress-strain
behaviour are Elastic Modulus (E) The material
stiffness is measured in the initial elastic stage.
Ductility and Brittleness Whether the material
suddenly fails (brittle) or deforms significantly before
failing (ductile).

Table: Stress-Strain Data for Geopolymer-Stabilized
Soil

Strain (%) | Stress (kPa) Remarks
0.00 0 Initial state
0.02 50 Elastic region
0.04 85 Linear elastic limit
0.06 120 Transition to plasticity
0.08 135 Peak strength
0.10 125 Post-peak softening
0.12 100 Residual strength
0.14 75 Failure stage

Stress-Strain Behavior of Geopolymer-Stabilized Soil
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Fig : Stress-Strain Behaviour

6. ENGINEERING AND ENVIRONMENTAL
IMPLICATIONS

Geopolymer stabilization is very effective in
improving the geotechnical characteristics of soils,
thus being ideal for important infrastructure works like
roads, embankments, and foundations. The
stabilization enhances the strength, stiffness, and
durability of the soil, which are crucial in ensuring the
structural stability of these structures. Geopolymer-
stabilized soils offer improved load-carrying capacity,
which is essential for high traffic conditions in road
building, and reduced settlement, which prevents
uneven sinking in foundations. These soils also
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demonstrate high resistance to moisture fluctuations,
which minimizes degradation wunder saturated
conditions, thus being ideal for embankments and
other applications subject to water infiltration.
Furthermore, soils stabilized with geopolymers are
said to perform excellently when exposed to
alternating thermal conditions, providing stability to
areas that have varying temperatures. The major
strength of geopolymer stabilization lies in its
environment-friendliness. Life Cycle Assessment
(LCA) tests revealed that geopolymers give much less
carbon emissions than their counterpart cement-based
stabilizers. The production of geopolymer products is
less energy-intensive, and the fact that they can utilize
industrial waste products like fly ash, slag, and
metakaolin minimizes the environmental footprint. In
addition to lowering greenhouse gas emissions,
geopolymer stabilization prolongs the life of
infrastructure and lessens the need for ongoing
material replacement and maintenance. This assists in
sustainable building practices, as the minimized
consumption of virgin materials means less
environmental impact throughout the project's life
cycle.
7. CONCLUSION

This study presents a thorough analysis of how to best
optimize the composition and curing conditions of
geopolymers for the stability of geopolymer soil in
infrastructure applications. The paper emphasizes the
benefits of using geopolymer-based stabilization as
compared to the conventional cement and lime
stabilization approaches, especially mechanical
strength, durability, and sustainability in the
environment. The examination proves that aspects like
precursor type, alkali activator dosage, and curing
conditions have notable effects on geopolymer-
stabilized soils' performance. In addition, the paper
explains how geopolymer technology can lower CO2
emissions and support green construction methods by
using industrial by-products like fly ash and slag.
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