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ABSTRACT: Expansive soils are one of the problematic soils faced worldwide, which pose a serious challenge for civil 

engineers. They are a potential natural hazard that can cause extensive damage to structures if not treated adequately. 

Expansive soils are those which experiences a great change in volume (swelling and shrinkage) with a change in moisture 

content. Such soils swell in the presence of water and shrink when the water dries out. This change in volume can exert 

enough force on a building or other structure to cause damage, it also poses a significant hazard to foundations. One of the 

most economical and effective control methods is to stabilize expansive soil with calcium based additives such as lime and 

fly ash. 

In this paper, an attempt has been made to examine the role of class C fly ash and quick lime in stabilizing the expansive 

soil. The use of these two materials provides a new opportunity to enhance pozzolanic activities that may reduce the swell 

potential. An experimental program was undertaken to study the effects of lime and fly ash on the geotechnical properties 

of the expansive soil. Lime and fly ash were added to the expansive soil at 2%–4% and 5%–10% by dry weight of soil, 

respectively. Test samples were examined for consistency limits, free swell, compaction and swell potential. Test results 

indicate that the use of lime and fly ash to stabilize expansive soil is well suited for sustainable construction beside economic 

benefits.  
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1 INTRODUCTION 

Expansive soils are one of the many challenges faced by 

the geotechnical engineers around the world. Expansive 

soils are that type of soils which change their behavior 

depending upon the variation in moisture content. 

Expansive soils have a tendency to swell (increase in 

volume) when inundated, and shrink in the absence of 

moisture, to a significant decrease in volume (Holtz and 

Gibbs, 1956).  

The phenomenon of swelling in expansive soils depends 

on the minerals present in the soil. The important 

minerals responsible for the swelling are the Smectite 

minerals. Among the Smectite group, montmorillonite 

and bentonite mineral type contributes largely to the 

swelling and have the most dramatic shrink-swell 

capacities. Expansive soil molecules exist in layers or as 

plates. When water is added to the soil, the water 

molecules get attracted toward the clay particles and 

increase the thickness of diffused double layer, causing 

high swelling. 

The expansive soils induce serious problems to 

lightweight structures such as residential houses and 

pavements, where the swell potential of the soil is higher 

than the structural loads. This causes problems in 

underlying foundations as well. The structures 

encounter excessive settlement or differential 

movements resulting in damage to the foundations, 

structural elements and architectural features. In a 

significant number of cases, the structure becomes 

unstable for use. Expansive soils are causing major 

damage in parts of the world where there are significant 

climatic differences between wet and dry periods.  

Research studies have indicated that it is necessary to 

chemically change the properties of expansive soils in 

order to permanently stabilize them (Pandian et al. 2001; 

National lime association, 2004; Sharma and 

Sivapullaiah, 2016). Stabilization of expansive soils 

with lime and cement are traditionally employed as an 

economical alternative over deep soil mixing, raft 

foundations, under reamed pile foundations etc.   

This study is undertaken to verify the potential of a class 

F fly ash to control the swelling behavior of expansive 

soils. Quicklime has been used as an alternate stabilizer 

to compare the test results. 
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2 MATERIALS USED 

2.1 Soil 

The properties of the expansive soil used in this study 

are presented in Table 1. Based on these properties, the 

soil can be classified as a clay with high plasticity (CH) 

according to the Unified Soil Classification System 

(USCS).  

Table. 1 Properties of expansive soil  

Properties Values 

Liquid limit 81% 

Plastic limit 26.7% 

Plasticity index 54.3% 

Free swell index 48% 

Specific gravity 2.68 

Optimum moisture content 18.35% 

Maximum dry density 1.65 g/cc 

2.2 Lime 

One of the solutions to stabilize the expansive soils is 

through chemical reactions i.e. chemical stabilization. 

Among the chemical methods, adding lime is one of the 

efficient methods. Chemical stabilization can be done by 

the addition of a small percentage by weight of lime, 

which enhances the engineering properties of expansive 

soils. Lime helps in reducing the swell-shrink potential 

of expansive soils. It can also be used to increase the 

strength and stiffness of the soil. Lime can either be used 

as quicklime or hydrated lime. In this study, tests have 

been conducted using quicklime.  

When lime is added to the soil, two important processes 

occur depending on the time. The first reaction 

occurring as soon as lime is added to the soil is Cation 

exchange. In cation exchange, the cations in the soil 

mineral are replaced by the calcium ions released by the 

lime when dissolve in water. The soil is thus modified 

during this cation exchange. This modification of soil 

can reduce the swelling of soil.  

The later reaction is a pozzolanic reaction. In pozzolanic 

reaction, the calcium from the lime is reacted with the 

silicates and aluminates of the soil to form the 

compounds, calcium silicate hydrate (CSH) and calcium 

aluminum hydrate (CAH). These cementitious 

compounds bond the soil particles. This bonding leads 

to the stabilization of soil.  This is a long term process 

which is time dependent, hence contributing to the 

increase in strength and stiffness of soil in the long term.  

Lime used to conduct experiments in this paper is 

industrial grade lime and 2-4% lime added is by weight. 

2.3 Fly ash 

Fly ash generated in thermal power plants by the 

combustion of coal is an industrial by-product which is 

known to be an environmental pollutant. Because of the 

environmental threats presented by the fly ash, it can be 

utilized as a stabilizer for expansive soil, therefore 

providing an opportunity for using the waste material at 

low cost. The contents of fly ash depend on the coal 

burnt, so based on the type of coal burnt there are mainly 

2 types of fly ash- Class C, Class F.  

The fly ash used in this study is obtained from Neyveli 

Thermal Power Station, Neyveli, Tamil Nadu, which 

can be classified as Class C fly ash with CaO content of 

about 12%. The most common materials contained in fly 

ash are siliceous and aluminous minerals, which are 

silicon, aluminum, iron oxides and it also contains 

unoxidised carbon. Hence, in ionized state fly ash 

contains multivalent cations. Due to the presence of 

these cations, the fly ash reduces the swell potential 

through cation exchange.  

Dry fly ash has only a little cementitious properties, 

however, when added with water, it forms cementitious 

compounds, thus, contributing to the increase in strength 

of expansive soil. The percentage of fly ash between 5 

and 10 by weight of the soil is adopted in this study. 

3 TESTS CONDUCTED 

Lime and fly ash were added separately in different 

proportions to the expansive soil and the following tests 

were conducted to determine the swelling behavior of 

the expansive soil with and without the stabilization. 

 Free swelling index (FSI) 

 Atterberg limits 

 Swell pressure & Consolidation 

All the tests were conducted in a controlled condition as 

per the standard procedures given in the respective 

Indian Standard codes.  

4 RESULTS AND DISCUSSION 

4.1 Free swell index (FSI) 

The free swell index values determined for different soil 

samples are presented in Table 2. 

From the Table 2, it can be inferred that as the 

percentage of lime and fly ash content increases, the free 

swell index of the samples decreases. In other words, the 

percent reduction in FSI increases with increase in 

stabilizer content. It can also be noticed that the 

reduction in FSI of fly ash stabilized expansive soil is 

less than lime stabilized soils. This observation can be 

attributed to the low calcium oxide content available in 

fly ash than lime, which is highly responsible for the 

formation of pozzolanic compounds. 
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Table 2. Percent reduction in free swell index of soils with 

lime and fly ash stabilizers 

Sample Notation Percent reduction of FSI 

(%) 

Expansive soil 100 

Soil + 2% lime 60 

Soil + 4% lime 80 

Soil + 5% fly ash 40 

Soil + 10% fly ash 70 

4.2 Atterberg limits 

The liquid limit, plastic limit and plasticity index values 

determined for different stabilized soil samples are 

presented in Table 3. 

Table 3. Consistency limits of soil stabilized with lime 

and fly ash 

Samples Liquid 

limit (%) 

Plastic 

limit (%) 

Plasticity 

index (%) 

Expansive 

soil 

81 26.7 54.3 

Soil + 2% 

lime 

55 41 14 

Soil + 4% 

lime 

46.5 36.5 10 

Soil + 5% 

fly ash 

71.5 25.5 46 

Soil + 10% 

fly ash 

68.5 20 48.5 

From the Table 3, it can be inferred that as the 

percentage of lime and fly ash increases, liquid limit 

decreases, whereas plastic limit increases. Thus, the 

plasticity index of the sample decreases. However, it can 

be notice that the reduction in PI of the fly ash stabilized 

soils is not comparable with lime stabilized expansive 

soils. To further improve the swelling characteristics of 

expansive soils, the percentage of fly ash should be 

increased.  

4.3 Swell pressure and Consolidation 

Lime and fly ash have shown high potential to reduce 

the swelling and plasticity of the expansive soil. Hence, 

the same dosages are adopted to control the swell 

potential and consolidation characteristics of the soil. 

The swell potential tests followed by consolidation tests 

were performed on different soil samples initial 

prepared at an optimum moisture content of 18.35%. 

Figures 1-3 show the swelling and compaction 

characteristics of expansive soil, lime and fly ash 

stabilized soils, respectively. It can be noticed that the 

expansive soil has a high potential to expand in terms of 

volume. The swell potential of the expansive soil is 

found to be around 35 kPa. The stabilization with quick 

lime completely arrested the swelling potential of the 

soil (Figure 2). It is also interesting to note that the 

variation of void ratio with effective stress variation 

becomes much flatter with a very mild slope, indicating 

that the resultant consolidation settlements would be 

much lesser after stabilization. In other words, the pre-

consolidation pressure of the lime stabilized expansive 

soil has increased by about 3-5 fold for 2% and 4% lime 

dosage, respectively.  

Figure 3 presents the swelling and consolidation 

behavior of fly ash stabilized expansive soil. It can be 

noticed that the fly ash (5 and 10% by weight) has 

alleviated the swelling nature of the expansive soil. The 

consolidation behavior of the soil was reduced, 

however, fly ash could not completely alleviate the 

compressibility of the soil.  

It can be inferred that the swelling and consolidation 

behavior of the expansive soil can be effectively 

controlled by 4% lime dosage. The reduced performance 

of the fly ash could be attributed to the CaO content of 

the fly ash and its reactivity. Since, quick lime has more 

than 95% CaO, it has produced pozzolanic reactions and 

cementitious compounds.  
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Figure 1. Swell and consolidation characteristics of 

expansive soil 
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Figure 2. Swell and consolidation characteristics of lime 

stabilized expansive soil 
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Figure 3. Swell and consolidation characteristics of fly ash 

stabilized expansive soil 

 

The swell potential of the lime and fly ash stabilized 

expansive soils is observed to be negligible to none from 

the Figures 2 and 3. The swell pressure of the untreated 

expansive soil is about 35 kPa. The swell pressure of the 

fly ash treated soil has drastically reduced by about 90-

95%, and the reduction in the swell pressure for lime 

treated expansive soil is 100%. The drastic reduction in 

the reduction of swell potential is due to an increase in 

the pozzolanic reaction between the expansive soil and 

the stabilizer, which forms a cementitious non-swelling 

material. In addition, it is also interesting to note that the 

pre-consolidation pressure of the lime and fly ash 

stabilized soils has increased. Hence, it can be deduced 

that the stabilization of expansive soils with lime and fly 

ash is highly recommended with an appropriate or 

optimum dosage of the stabilizer. An estimation of pH 

concentration of the lime/fly ash stabilized soils would 

give more insight about the fixation of their optimum 

dosage, which would produce high pozzolanic 

compounds in the stabilized soil to control the swell 

potential of the expansive soil.  

5 CONCLUSION 

From the results, it can be inferred that the addition of 

lime or fly ash can reduce the liquid limit, plasticity 

index, free swell index and swell pressure values 

significantly. An 80% reduction in free swell index was 

noticed with 4% lime and 70% reduction with 10% fly 

ash. 

The swell pressure of the fly ash treated soil has 

drastically reduced by about 95%, and the reduction in 

the swell pressure for lime treated expansive soil is 

100%. The pre-consolidation pressure of the lime 

stabilized expansive soil has increased by about 3-5 fold 

for 2% and 4% lime dosage, respectively. However, 

there is a 2 fold increase in pre-consolidation pressure of 

10% fly ash stabilized expansive soil. 

Finally, it can be concluded that the optimum dosage of 

lime or fly ash can control the swelling potential of the 

expansive soil.  
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