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Abstract— Expansive soils are problematic because of the 

behaviour of their clay mineral ingredient, which causes them 

to shrink and swell. Because of their shrink-swell 

characteristics, expansive soils are unsuitable for direct 

engineering applications in their native state. Various 

methods and technologies have been utilised to stabilise the 

soil in order to make it more suitable for construction. The 

additives and techniques used to stabilise expansive soils will 

be investigated in this study to see how effective they are at 

improving the engineering attributes of the soils. The 

microstructural interaction, chemical process, economic 

implications, nanotechnology use, waste reuse, and 

sustainability were then examined. Three kinds of concerns 

were highlighted regarding the appropriate applicability of 

developing trends in expansive soil stabilisation, namely 

geoenvironmental, standardisation, and optimisation issues. 

In order to ensure that expanding soil stabilisation is efficient, 

techniques such as predictive modelling and exploring 

methodologies such as maintainability analysis of structures, 

multiple regression analysis, dimensional analysis, and 

artificial intelligence technology were presented. 
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I. INTRODUCTION 

Different types of soils are exploited in civil engineering 

works; however, certain soil deposits are appropriate for 

construction in their natural state, while others, such as 

contaminated soils, are unsuitable without treatment. Before 

these soils can withstand the imposed loads by the top 

buildings, they must be dug and replaced, or their qualities 

must be adjusted. The fine-grained clay mineral composition 

of expansive soils is primarily responsible for their intrinsic 

volume change features. Geotechnical engineers prefer to 

adjust the characteristics of fine-grained soils in situ via 

stabilisation over soil replacement in practise due to 

economic considerations. The black cotton soil (BCS) is a 

well-known expansive soil with a high volume change 

tendency that occurs mostly in locations with lacustrine and 

basaltic geologic origins, such as the Lake Chad basin and 

India. 

 Because of the adversity of expansive soil, 

geotechnical engineers are always looking for new ways to 

offset its negative qualities using soil stabilisation solutions. 

Engineers' goal in stabilising expansive soil is to more or less 

normalise volume change and plasticity or workability 

qualities while improving the strength attributes 

considerably. The results of research into improving the 

qualities of expansive soils have resulted in a rich store of 

technical knowledge. The data received from these sources 

appears to be rather contradictory. The knowledge supplied 

from stabilisation studies may simply help to aggravate 

challenges for the building engineer, rather than delivering 

mature answers. 

 In order to do this, geotechnical engineers and 

researchers must reconcile theory and experience in the area 

of expanding soil stabilisation. 

II. EXPANSIVE SOIL BEHAVIOUR: 

Clay particles are known to have surface negative charges due 

to isomorphous substitution. There is a natural attraction for 

counter ions to be drawn onto the surface of clay particles in 

order to maintain neutrality within the clay-pore fluid 

medium, resulting in a decrease in their concentration as 

distance from the clay surface increases. The presence of an 

expandable clay mineral, such as montmorillonite, whose 

morphology is characterised by an expanding clay lattice, has 

an intrinsic impact on the volume change behaviour of an 

expansive soil. Expandable clay minerals are known to have 

weak intermolecular forces of attraction between adjacent 

unit cells, but they undergo significant isomorphous 

substitution during mineral formation, resulting in negative 

surface charges, a high cation exchange capacity, and a large 

specific surface area in terms of mass. Due to its expandable 

clay, such as montmorillonite, whose morphology is defined 

by an expanding clay lattice, the impact of diffuse double 

layer on volume change behaviour of an expansive soil is 

fundamental. 

III. MECHANICAL/PHYSICAL TECHNIQUE 

A. Compaction 

Compaction is a common approach for treating expansive 

soils. It employs a mechanical method for the ejection of air 

cavities within the soil mass, allowing the soil to absorb load 

without further immediate compression, as opposed to the 

long-term consolidation of soft clays. As a result, attaining 

the moisture-density connection of soils, in which the optimal 

moisture content (OMC) is reached at a matching maximum 

dry density, is extremely significant (MDD). However, 

depending on the site-specific parameters and the goal of the 

compaction process, the soil might be compacted in the 

proximity of OMC in some situations. Grain size distribution, 

shape of soil grains, soil specific gravity, and the amount and 

kind of clay minerals present in the soil are all soil-dependent 

characteristics that have a substantial impact on the OMC and 

MDD. 

B. Pre-wetting  

Pre-wetting is an old technique that was once widely used to 

reduce swelling in expansive soils. This approach involves 

flooding expansive soils by providing a wet atmosphere, 

which allows the soil to absorb water and expand, resulting 

in a pre-construction heave. The basic idea behind this 

strategy is that saturation causes the soil to expand, making 

future wetness of the soil incapable of causing damaging 

heaving, allowing the soil to keep a constant volume at such 

a high moisture content. 
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C. Wetting-Drying Cycles 

Wetting-drying cycles of the soil are frequently utilised to 

investigate equilibrium    conditions in the field due to the 

nature of expanding soil volume change behaviour. A 

wettinge drying cycle entails inundating expansive soil with 

water until complete swelling is achieved, followed by a 

drying of the soil to its original water content. The cycle is 

continued until plastic deformation progressively diminishes 

and an equilibrium condition is obtained. 

D. Solid Wastes 

Solid wastes, which are frequently created in enormous 

numbers, are quite prevalent in urban settings. Paper, glass, 

wood, plastics, reusable items, rubber scraps, plant detritus, 

metals, and other organic materials are the main constituents 

of such trash. The disposal and management of such wastes 

produced in huge numbers, such as landfills, pose 

environmental concerns. They found the stabilised soil to be 

long-lasting since it lost a tiny bit of UCS from the first to the 

third cycle, but it was nearly restored at the fifth cycle with a 

basanite-soil ratio of 10% and cement-soil ratios of 5% and 

10% applied. 

E. Comparative Analysis of Various Stabilisation 

Techniques 

Engineers can use the above-mentioned stabilisation 

procedures to reinforce unstable soils in place. Expansion 

potential for the site, design active zone, degree of soil 

fracturing, heterogeneity or uniformity of soils on-site, 

chemical reactivity of soil, presence of undesirable chemical 

compounds, heterogeneity of water and hydraulic 

conductivity of soil, and required soil strength are some of the 

factors that are likely to guide engineers in deciding whether 

to use a particular stabilisation method after geotechnical site 

investigations and testing programmes. 

F. Engineering Properties of Stabilised Soils Using Various 

Techniques 

With the progress of technology in the twenty-first century, 

engineers must keep up to speed on contemporary trends in 

the stabilisation of expansive soils, as there is no universally 

accepted standard for applying soil stabilisation in situ. 

IV. METHODOLOGY 

A. Scarification and Initial Pulverization: 

The subgrade can be scarified to the necessary depth and 

breadth and then partially pulverised once the soil has been 

brought to line and grade.Non-soil items greater than 3 

inches, such as stumps, roots, grass, and aggregates, should 

be removed. Scarification is carried out because a scarified or 

pulverised subgrade provides increased soil surface contact 

area for the lime when it is applied. 

B. Lime Spreading: 

The soil is scarified in most cases, and the slurry is applied by 

a distribution truck. Because slurry lime is significantly less 

concentrated than dry lime, it sometimes takes two or more 

passes to get the desired amount of lime solids. 

C. Preliminary Mixing and Watering: 

Preliminary mixing is essential to disperse the lime 

throughout the soil and to pulverise it before adding water to 

start the chemical reaction for stabilisation. Water should be 

added throughout or shortly after this procedure to guarantee 

complete hydration and quality control. 

D. Final Mixing and Pulverization 

 Appropriate final pulverisation of the clay fraction and 

thorough dispersion of the lime throughout the soil are 

required for full stabilisation. 

E. Compaction: 

Using a sheeps foot type roller or a vibratory padfoot roller, 

initial compaction is normally done as soon as feasible after 

mixing. Final compaction can be done using a smooth drum 

roller after the portion has been formed. The equipment used 

should be suitable for the depth of the part being built 

F. Final Curing 

The compacted subgrade (or subbase) should be allowed to 

solidify until loaded dump trucks can operate without rutting 

the surface before applying the next layer of subbase (or base 

course). The surface of the lime-treated soil should be 

maintained wet throughout this period to help in strength 

increase. 

V. CONCLUSION 

For extremely active soils that experience frequent expansion 

and contraction, lime is a good soil stabilising ingredient. 

 Lime reacts quickly and increases a variety of soil 

properties, including carrying capacity, resistance to 

shrinkage in wet conditions, reduction in plasticity index, rise 

in CBR value, and eventual improvement in compression 

resistance as time passes 

 The reaction is very quick and stabilization of soil 

starts within few hours 
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