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Abstract 
In this paper, the test results such as index properties, proctor compaction, unconfined compression strength, cationic exchange 

capacity obtained on expansive clays mixed at different proportions of Bagasse ash (2%,4%,6%) and hydrated lime (1%,2%,3%) are 

mixed into 9 mixes, which were presented and discussed along with the consolidation behaviour of the soil. From the results, it is 

observed that at optimum mixes 3L+6B, 3L+2B, 2L+2B, 3L+4B, the swelling of expansive clay is almost controlled and also noticed 

that there is a marked improvement in the strength of soil and change of molecular structure. The combination of Bagasse ash and 

hydrated lime is more effective than the addition of Bagasse ash alone to the expansive soil in controlling the consolidation 

characteristics. All the test results with clear reasons for increment / decrement in values are explained in this paper. 
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1. INTRODUCTION 

Industrial development in India has necessitated construction 

of infrastructure facilities such as highways, airports seaports 

and residential buildings. There is a need to select good soil 

conditions for proper safety consideration of all these projects. 

In India, almost 51.8 million hectares of soil are expansive in 

nature. Several research works are being carried out to study 

the behavior of expansive soil, which says that structures , 

when build over such expansive soil are subjected to serious 

threat due to its alternative swelling and shrinkage behavior. 

To protect the structures, build over the expansive soil, from 

damage and to increase its design life, it is necessary to 

modify the properties of virgin soil.  

 

Experimental studies have been carried out in the laboratory 

by adding admixtures such as Bagasse ash and hydrated lime 

to the expansive soils at different proportions. The expansive 

soils tested are collected from Kattur, Kancheepuram district, 

Tamilnadu, India. The additives used have been chosen, 

focusing on ―waste reduction, economy, and its eco-friendly 

nature‖. 

 

 Bagasse ash, a fibrous waste product, obtained from sugar-

refining industry, is easily available at a lower cost poses 

serious threat to the environment and needs attention on its 

safe disposal. For each 10 tonnes of sugarcane crushed, a 

sugar factory produces nearly 3 tonnes of wet bagasse. Since 

bagasse is a by-product of the cane sugar industry, the quantity 

of production in each country is in line with the quantity of 

sugarcane produced.  

Sugar-cane bagasse is a fibrous waste product of the sugar 

refining industry, along with ethanol vapour. In this paper, 

Bagasse ash has been chemically and physically characterized, 

in order to evaluate the possibility of their use in the industry. 

Since the chemical composition of bagasse ash contains SiO2, 

Al2O3 & CaO and it chemically reacts with water and 

produces a cementitious bond between the soil particles. 

 

Bagasse ash is effectively used along hydrated lime, which 

aids in improving the engineering properties of expansive soil. 

Lime has a number of effects when added into soil, which can 

be generally categorized as soil drying, soil modification, and 

soil stabilization.  

 

When lime comes into contact with a substance containing 

soluble silicates and aluminates such as clay, it forms hydrated 

calcium aluminates and calcium silicates. As with Bagasse 

Ash, this gives rise to a true bond upon crystallization, called a 

pozzolanic reaction, this bonding process brings about 

improved resistance to frost and a distinct increase in the soil‘s 

compressive strength. 

 

2. EXPERIMENTAL STUDY 

2.1 Materials 

Expansive soil is collected from Kattur village, Kanchipuram 

district. Bagasse ash is collected during cleaning operation of 

boiler from Sakthi Sugar Factory, Sathyamangalam, Erode-Dt, 

Tamilnadu. Hydrated lime is collected from 

Venkatachalapathy Limestone Industries. 
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The basic properties of materials used in the paper are 

presented below. 

 

Soil 
Liquid limit, WL= 62%; Plastic limit, WP = 20%; shrinkage 

limit WS = 10.8%; IS Classification CH (Clay of high 

compressibility); Optimum moisture content OMC = 22.65 %; 

Maximum dry density, MDD= 1.582g/cc; FSI = 72.7%. 

 

Bagasse Ash (B) 

The sugarcane bagasse consists of approximately 50% of 

cellulose, 25% of hemicellulose and 25% of lignin. The 

general composition of Bagasse Ash are SiO2 = 78.34%, Al2 = 

8.55%, Fe2O = 3.61%, CaO = 2.15%, Na2O= 0.12%, Loss in 

ignition = 0.42%. 

 

Lime (L) 

The chemical compositions of hydrated lime used are given 

Assay = 95%, Ca(OH)2 =74.10%, chloride= 0.01%, Sulphate= 

0.2%, Arsenic= 0.0004%, Insoluble matter=1%. 

 

2.2 Admixture Proportions and Test Conducted 

The proportions of Bagasse ash and Lime used along with the 

soil in the study are 2%, 4%, 6% and 1%, 2%, 3% 

respectively. The following tests were conducted on the soil 

samples mixed at different proportions – 1% L: 2%, 4%, 6% 

BA; 2% L: 2%, 4%, 6% BA; 3% L: 2%, 4%, 6% BA. The 

liquid limit and plastic limit tests were conducted as per IS: 

2720 (Part 5) - 1985. Heavy compaction test was carried out 

according to IS: 2720(Part 8)-1983. Unconfined compressive 

strength (UCS) tests were conducted at OMC and MDD as per 

IS: 2720(Part 10) – 1991 for 7 and 14 days. Oedometer tests 

were carried out as per IS: 2720 (Part 15) 1986. Cation 

Exchange Capacity CEC tests were conducted as per IS: 2720 

(Part 24) – 1976 

 

3. RESULTS AND DISCUSSIONS 

Atterberg‘s limits, Proctor compaction, Unconfined 

compressive strength, Oedometer tests, Cation Exchange 

Capacity tests were conducted with different percentages of 

Bagasse Ash and hydrated lime (as mentioned above) as 

admixtures in expansive soil for finding optimum percentage 

of mixes.  

 

3.1 Atterberg Limits 

From the Fig.1, it is observed that as the increases in Bagasse 

ash content with 1% Lime, there is a marked reduction in 

liquid limit whereas plastic limit is increases. From this, it can 

be deduced that the flow characteristics soil sample are 

gradually decreasing from 62% to lowest value of 55.7% with 

increase in Bagasse Ash content with 1% Lime and plastic 

limit of these mixes are increases from 20% to maximum of 

35.61%. 

 
 

Fig-1: Liquid & Plastic limit for virgin soil and mixes of 

2B+1L, 4B+1L, 6B+1L. 

 

From the Fig.2, the liquid limit value decreases from 62% to 

47.9% with increases in Bagasse ash content with 2% Lime as 

it deduced that the flow characteristics soil sample and plastic 

limit of these mixes are increases from 20% to maximum of 

31.41%. 

 

 
 

Fig-2: Liquid & Plastic limit for virgin soil and mixes of 

2B+2L, 4B+2L, 6B+2L. 

 

From the Fig.3, the liquid limit value decreases from 62% to 

44.8% with increases in Bagasse ash content with 3% Lime 

and plastic limit of these mixes are increases from 20% to 

maximum of 32.2%. 
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Fig-3: Liquid & Plastic limit for virgin soil and mixes of 

2B+3L, 4B+3L, 6B+3L. 

 

The increase of plastic limit implies that Bagasse ash and 

Lime treated soil required more water to change it plastic state 

to semisolid state. This change of Atterberg limit is due to the 

cation exchange reaction and flocculation-aggregation for 

presence of more amount of Bagasse ash - Lime content, 

which reduces plasticity index of soil. A reduction in plasticity 

index causes a significant decrease in swell potential and 

removal of some water that can be absorbed by clay minerals. 

From the test result of Atterberg limit, changing of soil grain 

size due to the addition of Bagasse ash (2, 4 and 6%) with 

Lime (1, 2 and 3%) can be illustrated by plasticity chart. The 

effect of Bagasse ash and Lime on the particle size of soil is 

shown in Fig. 4.  

 

The below Fig.4 illustrate that initially the soil was clay with 

High plasticity. For the increasing amount Bagasse ash and 

Lime content, the soil class shifts to silt properties (due to the 

increase in particle sizes for the agglomeration of clay 

particles with Bagasse ash and Lime). 

 

 
 

Fig-4: Plasticity chart showing the Virgin and Bagasse Ash – 

Lime treated soil 

 

3.2. Compaction Characteristics 

The variation of optimum moisture content and maximum dry 

density for Bagasse ash + Lime treated and untreated soil is 

shown in Fig. 5 & Fig.6. This Figure represents the maximum 

dry density of soil decreases gradually with an increase of 

Bagasse ash content, with Lime.  

 

The reduction in dry density is a result of flocculation and 

agglomeration of fine grained soil particles which occupies 

larger space leading to a corresponding drop in maximum dry 

density. It is also the result of initial coating of soils by 

Bagasse ash & Lime to form larger aggregate, which 

consequently occupy larger spaces. 

 

On the other hand, the optimum moisture content of soil 

increases with increases in Bagasse ssh & Lime content, 

because these admixes were finer than the soil. The more fines 

the more surface area, so more water is required to provide 

well lubrication.  

 

These mixes (B+L) also decrease the quantity of free silt and 

clay fraction, forming coarser materials, which occupy larger 

spaces for retaining water. The increase of water content was 

also attributed by the pozzolanic reaction of the mixes with the 

soil. 

 

 
 

Fig-5: Variation of maximum dry density with different mixes 

of B & L content 

 

 
 

Fig-6: Variation of optimum moisture content with different 

mixes of B & L content 
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3.3 Unconfined Compressive Strength  

The test result of unconfined compressive strength is shown in 

Fig.7, Fig.8 & Fig.9. This Fig. illustrates the stress-strain 

behavior of original and B+L treated soil under vertical load. 

Initially the stress is rapidly increases with the increase of 

strain. After attaining the peak stress, it decreases with the 

increase of strain for all the combination of mixes and soil.  

The entire specimen prepared with 1% Lime and 2, 4, 6% 

Bagasse ash shows shear failure after observing the failure 

plane of specimens. Apart from this, the percentages of Lime 

(2, 3%) with Bagasse ash (2, 4, and 6%) were shows brittle 

failure, which implies that the samples are becoming hardened 

from its original ductile nature. 

 

From the Fig. 7, the variation of unconfined compressive 

strength for soil with 1% Lime and 2, 4, 6% of Bagasse ashes 

at 7 days and 14 days curing are shown. It is observed that the 

mix (2B+1L) gives higher value of 81.38 kPa & 103.9 kPa at 

7 days and 14 days respectively, whereas the soil UCS value is 

76.48 kPa.  

 

Similarly, the drop in the strength for other mixes (4B+1L); 

(6B+1L) are also seen due to carbonation reactions which 

occurs due to the presence of excess lime to react with 

insufficient silica and alumina present in Bagasse ash-

expansive soil mixes. 

 

 
 

Fig-7:  Variation of UCC value with different mixes of B & L 

content at 7days and 14days 

 

Similarly, from the Fig. 8, the variation of unconfined 

compressive strength for soil with 2% Lime and 2, 4, 6% of 

Bagasse Ash at 7 days and 14 days curing are shown. It is 

observed that all the mixes gives higher value of 446.2 kPa, 

438.3 kPa, 299 kPa, 720.7 kPa, 505 kPa, 402 kPa at 7 days 

and 14 days respectively, compared to the soil UCS values is 

76.48 kPa.  

 

 
 

Fig-8: Variation of UCC value with different mixes of B & L 

content at 7days and 14 days 

 

From the Fig. 9, the variation of unconfined compressive 

strength for soil with 3% Lime and 2, 4, 6% of Bagasse Ash at 

7 days and 14 days curing are shown. It is observed that all the 

mixes gives higher value of 632.4 kPa, 703.4 kPa, 588.3 kPa, 

764.8 kPa, 990.4 kPa, 632.4 kPa at 7 days and 14 days 

respectively, compared to the soil UCS values is 76.48 kPa. 

 

 
 

Fig-9: Variation of UCC value with different mixes of B & L 

content at 7days and 14 days 

 

The peak value was found in the mixes of 2B+1L, 2B+2L, 

4B+3L whereas, for other mixes, the strength is decreased as 

compared to the peak value mixes, since due to carbonation 

reactions which occurs due to the presence of excess lime to 

react with insufficient silica and alumina present in Bagasse 

ash-expansive soil mixes. 

 

3.4 Cationic Exchange Capacity  

The test result of cationic exchange capacity is shown in 

TABLE I. This table illustrates the change of expansive soil 

mineral type from Montmorillonite to Halloysite and Illite. 

These may be due to molecular change in their structure, due 

to pozzolanic activity and cationic exchange capacity happens 

between the admixtures with soil.  
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Table -1: Cationic Exchange Capacity for all mixes 

 

Mixes 

Cationic Exchange 

Capacity 

(meq/100g) 

Virgin Soil 82.28 

1L+2B 51.39 

1L+4B 40.67 

1L+6B 35.45 

2L+2B 27.07 

2L+4B 25.87 

2L+6B 24.55 

3L+2B 16.58 

3L+4B 18.20 

3L+6B 17.38 

 

3.5 Consolidation Characteristics  

In this study one dimensional consolidation test were 

performed to determine the consolidation characteristics of 

untreated soil and treated mixes. The corresponding 

consolidation curves are shown below. The variation of 

Coefficient of Consolidation (Cv) Compression index (Cc), 

Expansion Index (Ce), Recompression Index (Cr) for 

untreated and treated samples were shown below,  

 

 
 

Fig-10: Consolidation curve for Virgin soil 

 

 
 

Fig-11: Consolidation curve for 1L + 2B mix 

 
 

Fig-12: Consolidation curve for 1L + 4B mix 

 

 
 

Fig-13: Consolidation curve for 1L + 6B mix 

 

 
 

Fig-14: Consolidation curve for 2L + 2B mix 
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Fig-15: Consolidation curve for 2L + 4B mix 

 

 
 

Fig-16: Consolidation curve for 2L + 6B mix 

 

 
 

Fig-17: Consolidation curve for 3L + 2B mix 

 

 
 

Fig-18: Consolidation curve for 3L + 4B mix 

 

 
 

Fig-19: Consolidation curve for 3L + 6B mix 

 

From the above graph, it is observed that the value of Cv 

decreases for mixes as compared to the virgin soil value. The 

lowest value of Cv is attained by the mix combination of 3L + 

6B is 1.466×10-3 cm2/min as compared to virgin soil value as 

7.66×10-3 cm2/min. The value of Cc also decreased for all 

mixes as compared to of virgin soil value.  

 

As stated in Fig., the lowest value is 0.0431 associated with 

the mix combination of 2L + 2B as compared to 0.139. As 

like, the value of Ce and Cr are also decreased with the mix 

combination of 3L + 6B as 0.019, 0.046 as compared to virgin 

soil value as 0.0251 & 0.189 respectively. Hence the mixes 

like 3L + 6B yield better results, even though all the mixes 

combination gave best results in term of Cv, Cc, Ce,  Cr.  

 

This decrease in consolidation parameter as listed above 

implies that there could be a result of increased formation of 

pozzolanic products within the pore spaces of soil from 

physicochemical changes (Osinubi et al. 2006) which leads to 

a reduction in those values. Since all mixes are not linearly 

shows decrement in their value, that may because of Bagasse 

Ash & Lime content exceeds the quantity required for the Soil 

- Bagasse ash - Lime reaction, they will be filled between the 

voids of the soil.  
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3.6 Volume Change Behavior 

From the Oedometer test, the percentage volume changes are 

observed for all mixes and are shown in following graph.  

 

 
 

Fig-20: Comparative % volume change for Virgin soil and 

.1% Lime, Bagasse Ash of 2,4,6% treated soil. 

 

 
 

Fig-21: Comparative % volume change for Virgin soil and 2% 

Lime, Bagasse Ash of 2, 4, and 6% treated soil. 

 

 
 

Fig-22: Comparative % volume change for Virgin soil and 3% 

Lime, Bagasse Ash of 2, 4, and 6% treated soil. 

 

From the above chart, it is compared with virgin soil‘s 

percentage volume change 8.27% with all mixes of Lime and 

Bagasse ash. It is observed that all mixes shows decrement in 

their percentage volume change as compare with virgin soil. 

The better results ascertained from the mix of 2L + 2B as 

1.36% and next is followed by the mix 3L + 6B, 3L + 2B 

shows the value of 2.39% & 2.67% respectively. This results 

conforms that the sample become harden, such that it possess 

less settlement in site, when the soil was mixed with these 

percentage as compare to of virgin soil strata.  

 

4. CONCLUSIONS 

A study has been conducted to investigate the fundamental 

properties such as consistency, compaction, compressive 

strength, cationic exchange capacity, consolidation 

characteristics and percentage volume change of untreated and 

Bagasse ash - Lime treated soil. It can be concluded that there 

is an improvement of all the geotechnical properties of 

Bagasse ash - Lime treated soil. The following conclusions, 

based on the test results in this study, are drawn. 

 A series of liquid and plastic limit tests were 

performed on the untreated and Bagasse ash - Lime 

treated soil samples. It is observed that as the 

increases in Bagasse ash content with Lime, there is a 

marked reduction in liquid limit whereas plastic limit 

is increases. From this, it can be deduced that the 

flow characteristics soil sample are gradually 

decreasing and the increase of plastic limit implies 

that Bagasse ash and Lime treated soil required more 

water to change it plastic state to semisolid state.  

 This change of Atterberg‘s limit is due to the cation 

exchange reaction and flocculation–aggregation for 

presence of more amount of Bagasse ash - Lime, 

which reduces plasticity index of soil. A reduction in 

plasticity index causes a significant decrease in swell 

potential and removal of some water that can be 

absorbed by clay minerals. 

 The pozzolanic behavior of Bagasse ash and Lime 

makes the treated soil coarser than original soil 

samples due to the agglomerations of Bagasse ash 

and Lime and soil particles. This improvement 

changes the soil from clay properties to silt 

properties.  

 The maximum dry density of soil decreased with the 

addition of Bagasse ash - Lime and value of optimum 

moisture content mixes treated soil increased because 

of the pozzolanic action of Bagasse ash - Lime and 

soil, which needs more water. 

 The unconfined compressive strength was obtained 

for all mixes. The peak value was found in the mixes 

of 2B+1L, 2B+2L, 4B+3L whereas, for other mixes, 

the strength is decreased as compared to the peak 

value mixes, since due to carbonation reactions which 

occurs due to the presence of excess lime to react 
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with insufficient silica and alumina present in 

Bagasse ash - expansive soil mixes. 

 From the cationic exchange capacity test, the change 

of expansive soil mineral type from Montmorillonite 

to Halloysite and Illite due to molecular change in 

their structure, due to pozzolanic activity and cationic 

exchange capacity happens between the admixtures 

with soil. This leads to interlayer swelling type of 

mineral to non-interlayer swelling type of soil 

mineral. 

 From the consolidation test result, it can be 

concluded that the values of co-efficient of 

consolidation, compression index, expansion index, 

recompression index decreased with the increases of 

Bagasse ash and Lime content. All the mixes shows 

best results, but better decrement given by the mix of 

3L + 6B. 

 The percentages of volume change are also observed 

from the consolidation test results. As like above, the 

best results given by all mixes, but the better results 

associated with the mix proportion of 3L + 6B, 3L + 

2B. 

 

From overall observation, it is concluded that the optimum 

combination of Bagasse ash and Lime content, as in the case 

of all the tests performed under this study are 3L+6B, 3L+2B, 

2L+2B, 3L+4B. This results conforms that the sample become 

harden, such that it possess less settlement or damage to the 

building  in site, when the soil was mixed with these 

percentage as compare to of virgin soil strata. 
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