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Abstract— Soil stabilization is always a challenging task for 

the engineers, in this project we are dealing with the 

stabilization of expansive soils with the help of Sugar Cane 

Bagasse Ash (SCBA), Hydrated Lime Powder and Bitumen. 

Different tests are carried out for the determination of the 

properties of the soil sample as well as the admixtures. The 

experiments carried out are Grain Size Analysis, Atterberg’s 

Limit, Optimum Moisture Content (OMC) and Maximum 

Dry Density (MDD), Free Swell Index (FSI) and California 

Bearing Ratio (CBR). In this paper we use all these 

mentioned admixtures so that their percentage play crucial 

role for stabilize the soil this will help in increasing the 

stability of soil mechanically. 
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I. INTRODUCTION 

For any land-based structure, the foundation is important and 

must be strengthened to support the entire structure. The 

surrounding soil plays an important role in keeping the base 

strong. Therefore, to work with soils, we need to have a 

proper knowledge of their properties and the factors that 

affect their behavior [10]. Soil stabilization process helps to 

obtain the required properties of the soil for construction 

purposes. Since the beginning of the construction process, the 

need to enhance the soil properties has emerged [6]. The 

ancient civilizations of the Chinese, Romans, and Incas used 

various methods to improve the strength of the soil, some of 

which were very useful, and their buildings and roads still 

exist. In India, the modern era of soil stabilization began in 

the early 1970s, when there was generally a shortage of 

petroleum and aggregates, and engineers had to replace the 

soil with poor soil. Look at the equipment. Soil stability was 

used but due to outdated methods and lack of proper 

technology, soil stability was lost [2]. In recent years, with 

the increasing demand for basic materials, raw materials and 

fuel, soil stability has begun to take on a new shape. With the 

availability of excellent research, materials and equipment, it 

is emerging as a popular and cost-effective means of soil 

improvement [4]. 

Expansive soils, which are also called as swell-

shrink soil, have the tendency to shrink and swell with 

variation in moisture content. As a result of this variation in 

the soil, significant distress occurs in the soil, which is 

subsequently followed by damage to the overlying structures 

[15]. During periods of greater moisture, like monsoons, 

these soils imbibe the water, and swell; subsequently, they 

become soft and their water holding capacity diminishes. As 

opposed to this, in drier seasons, like summers, these soils 

lose the moisture held in them due to evaporation, resulting 

in their becoming harder. Generally found in semi-arid and 

arid regions of the globe, these type of soils are regarded as 

potential natural hazard – if not treated, these can cause 

extensive damage to the structures built upon them, as well 

causing loss in human life [20]. Soils whose composition 

includes presence of montmorillonite, in general, display 

these kind of properties. Tallied in billions of dollars annually 

worldwide, these soils have caused extensive damage to civil 

engineering structures [18].  

Also called as Black Cotton soils or Regur soils, 

expansive soils in the Indian subcontinent are mainly found 

over the Deccan trap (Deccan lava tract), which includes 

Maharashtra, Andhra Pradesh, Gujarat, Madhya Pradesh, and 

some scattered places in Odisha. These soils are also found in 

the river valley of Narmada, Tapi, Godavari and Krishna. The 

depth of black cotton soil is very large in the upper parts of 

Godavari and Krishna, and the north-western part of Deccan 

Plateau [7]. Basically, after the chemical decomposition of 

rocks such as basalt by various decomposing agents, these are 

the residual soils left behind at the place of such an event. 

Cooling of volcanic eruption (lava) and weathering another 

kind of rock – igneous rocks – are also processes of formation 

of these type of soils [5]. Rich in lime, alumina, magnesia, 

and iron, these soils lack in nitrogen, phosphorus and organic 

content. Consisting of high percentage of clay sized particles, 

the colour of this soil varies from black to chestnut brown. 

20% of the total land area, on an average, of this country is 

roofed by expansive soils [12]. These soils are suitable for dry 

farming and for the growth of crops like cotton, rice, jowar, 

wheat, cereal, tobacco, sugarcane, oilseeds, citrus fruits and 

vegetables; the reason behind it is owed to the moisture 

retentive capacity of expansive soils, which is high [3]. In the 

semi-arid regions, just in the last couple of decades, damages 

due to the swelling-shrinking action of expansive soils have 

been observed prominently in form of cracking and break-up 

of roadways, channel and reservoir linings, pavements, 

building foundations, water lines, irrigation systems, sewer 

lines, and slab-on-grade members [13]. 

II. LITERATURE REVIEW 

Kumar, S. M. V. S. P. et al. (2018) The paper intended to 

explain the utilization of agro waste such as rice husk ask ash 

(RHA) and sugar cane bagasse ash (SCBA) with various 

percentages (0%-12.5%) results in various properties at 

particular percentages described. The optimum percentages 

for RHA and SCBA were 7.5 and 10 percentages respectively 

with respect to the California bearing ratio (CBR) and 

unconfined compressive test (UCS). 

James, J. and Pandian, P. K. (2018) The paper 

represents the strength and microstructural behave of the soil 

by using Bagasse Ash (BA) as an Auxiliary Additive to Lime 

Stabilization. The paper detailed the explanation of 

combination of SB and lime. The Addition of BA produced 

maximum immediate, early, and delayed strength gains of 
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58.3%, 20.7%, and 32.7%, respectively. Higher proportion of 

BA was required when lime content was above ICL, for 

maximum strength. Addition of BA resulted in better 

utilization of quartz in lime-soil reactions leading to 

formation of CSH and CAH minerals. A dense compact 

matrix was seen on analysing the microstructure of the 

stabilized soil composite. 

Jha, A. K. and Sivapullaiah, P. V. (2015) The paper 

explains the effect on quality and volume change conduct of 

texture changes and new cementations compound 

development in an endless supply of different lime substance 

and with relieving periods. The Changes predictable with 

mechanical conduct have been controlled by scanning 

electron magnifying lens, X-beam diffraction and warm 

investigations, vitality dispersive X-beam spectrometer and 

pH esteem in microstructure, mineralogy, synthetic 

arrangement and alkalinity, separately. The adequacy of 

pozzolanic reaction is seen to be negligible with low lime 

content (up to 4%) and at long haul relieving period following 

28 days, even at higher lime content (6%). 

Anupam, A. K. et al. (2013) This paper intended to 

explain the utilization of industrial and agricultural waste in 

pavement construction. Here the key ingredients are fly ash 

(FA), rice husk ash (RHA) & bagasse ash (BA) and 

agricultural waste material rice straw ash (RSA) to improve 

the load bearing capacity of the soil. Clayey soil has been 

considered using four different types of stabilizer viz. FA, 

BA, RHA & RSA ranging from 5 to 35% by weight of soil. 

The physical and chemical properties of these stabilizers were 

ascertained and compared. Admixing of all these stabilizers 

improve soaked CBR values substantially and dramatic 

reduction in dry density was observed. 

Al-Taie, A. et al. (2016) This paper explains the 

Swell- Shrink Cycles. A set of cycles of swell-shrink tests 

were conducted on untreated and lime stabilized expansive 

clays. These tests were performed under a surcharge pressure 

of 25 kPa. These soils were stabilized with varying 

percentages of hydrated lime (2, 3, 4, 6 and 8 percent) and the 

swell-shrink paths of both untreated and treated soils were 

studied. Test specimens were compacted at optimum 

moisture content and maximum dry density. The samples 

were subjected to full swell-shrink cycles under a surcharge 

of 25 kPa to reach structural stabilization and to simulate the 

impact of climatic wetting and drying cycles. 

Oza, J. B. and Dr. Gundaliya, P. J. (2012) The paper 

explains black cotton soil characteristics with cement waste 

dust and lime. This study explains the three combination of 

1.cement dust 2. Cement dust +lime 3. Lime combination and 

concluded. The results, thus obtained in laboratory under 

standard conditions provide satisfactory reason to use the 

Cement dust as a stabilizing agent for the purpose to improve 

Plasticity Index of BC Soil compare to other two 

combinations. After satisfying result of Plasticity Index, 

Cylindrical Samples of BC Soil with all three combinations 

were prepared to check the compressive strength of stabilized 

soil. Moisture content taken was the optimum percentage of 

plastic limit in each combination. The cylinders of size 50 

mm in diameter and 60 mm height were tested after 3, 5, 7, 

14, 21, 28 days. The relations for these periods were 

established among the use of all three different agents. 

Compressive strength of Cement dust stabilized BC Soil 

found more reliable. 

Hasan, H. et al. (2016) This paper intended to 

explain the utilization of sugar cane bagasse ash and hydrated 

lime in respected ratios for Remediation of Expansive Soils. 

Samples were prepared using different contents of bagasse 

ash and hydrated lime (0%, 6%, 10%, 18% and 25% by the 

dry mass of soil), at a ratio of 3:1, respectively. The results of 

free swell ratio (FSR) test, unconfined compression strength 

(UCS) and California bearing ratio (CBR) tests are presented 

for untreated and treated samples after various curing time 

periods of 3, 7 and 28 days. The outcomes of these tests 

clearly demonstrate that stabilisation of expansive soils using 

bagasse ash and hydrated lime not only improves the strength, 

but also facilitates to cope with environmental concerns 

through reduction of sugar industry waste material. 

Etim, R. K. et al. (2017) The paper explained that 

Black cotton soil belongs to the smectite group, and includes 

montmorillonite, a highly expansive and the most 

troublesome clay mineral when encountered in construction 

Black cotton soils are poor materials to employ in highway or 

airfield construction because they contain high percentages of 

plastic clay. Therefore the utilization of iron ore tailings and 

hydrated ore reduces the industrial waste and sustainable for 

environment the study of Compaction Strength Durability 

Scanning electron microscopy Batch Equilibrium Studies the 

characteristics of the mixed iron ore tailings and tailings are 

determined. 

Kumar, A. K. et al. (2017)  This paper concerned 

with the stabilization of subgrade soil using different types of 

locally available materials such as rice husk ash (RHA), 

sugarcane bagasse ash (SCBA) and cow dung ash (CDA). 

The RHA, SCBA and CDA were mixed by partial 

replacement of soil by weight in 0%, 2.5%, 5%, 7.5%, 10% 

and 12.5%. The natural soil was found as intermediate plastic 

clay which reduces the dry density and increases the optimum 

moisture content after stabilization. The trend of CBR and 

UCS are increasing and then decreasing, it indicates a peak 

point which shows an optimum content of ash (7.5%). This 

study shows that there is a significant improvement in CBR, 

UCS and also able to control the volumetric change. 

Singh, V. K. et al. (2016) This paper intended to 

explain the Geotechnical properties of Natural soil, stabilized 

with different percentages (5, 10, 15, 20, 25 & 30) of SCBA 

individually, for the construction of sub grade soil. To study 

the variation of Grain size distribution, Liquid Limit, Plastic 

Limit, Plasticity Index, Specific Gravity, Optimum Moisture 

Content, Maximum Dry Density, Swelling Pressure and CBR 

for both conditions of natural soil with and without SCBA 

with above percentages. 

Al-Mukhtar, M. et al. (2012) The paper explains that 

the improvisation of geotechnical properties treated with lime 

and compare with normal expansive clayey soils. The 

Scanning Electron Microscopy (SEM) and Transmission 

Electron Microscopy (TEM) methods. The TEM was found 

to be a useful tool in the identification of microscopic changes 

that arise in the lime-treated FoCa clay in comparison to 

untreated soil. Based on these studies it was identified that the 

treated FoCa clay has a greater of packed layers in 

comparison to untreated or natural FoCa clay. The TEM 

technique was also useful to observe the appearance of a 
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cementitious phase or pozzolanic phase that is constituted of 

a hydrate of calcium silicate aluminate (CSAH). SEM results 

show changes in the morphology of the clay particles and the 

concentration of calcium is higher on the border of the 

particles. The focus of this paper is to provide an explanation 

of improvements of geotechnical properties that arise in the 

expansive soil behaviour due to the lime-clay reactions, 

mainly a pozzolanic reaction, using microscopic analysis.  

Gonawala, R. J. et al. (2019) This paper deals with 

the Stabilization of Expansive Clay with Corex Slag and 

Lime the Corex slag, waste from iron and steel industry 

mixed with expansive soils and lime. The soil was blended 

with Corex slag in percentages of 10, 15, 20, 25, 30, 35%, and 

lime of 2, 4, and 6% by dry weight of soil. Apart from routine 

laboratory investigation, the cyclic triaxial test was 

conducted. Analysis using X-ray diffraction (XRD) and 

scanning electron microscopy (SEM) showed the breaking 

the montmorillonite structure of expansive clay when it 

stabilized and led to the formation of stable calcium silicate 

hydrate (CSH) gel. The UCS value of the soil increased from 

240 kPa to 989 kPa and the CBR value increased from 1.86% 

to 98.28% at the maximum. Laboratory resilient modulus 

(MR) of the stabilized mix after 28 days varied from 195 MPa 

to 518 MPa. 

Anupam, A. K. et al. (2017) The paper did the 

investigation on the behavioural aspect of soils mixed with 

industrial waste materials viz. Fly Ash (FA), & Bagasse Ash 

(BA) to improve the load bearing capacity of the soil. Clayey 

soil has been considered using two different types of 

stabilizer viz. FA and BA ranging from 5 to 35% by weight 

of soil. The physical and chemical properties of these 

stabilizers as curtained and compared. Admixing of all these 

stabilizers improve soaked CBR and compressive strength 

(UCS) values substantially and dramatic reduction in dry 

density was observed. Stress-strain characteristics of these 

ashes admixed with clayey soil is similar and showed mark 

influence of compacted density on angle of internal friction 

and cohesion. Microstructural investigation by using SEM 

technique, morphological properties of soil-FA and soil-BA 

mixtures was studied. From the SEM image analysis, 

presence of enormous quantities of amorphous compounds is 

also confirmed. 

Sharma, A. K. et al. (2015) This paper intended to 

explain regarding the industrial waste disposal and to make 

environmental sustainable therefore author utilized 

granulated blast furnace slag. The main objective of the 

present study is to improve various engineering properties of 

the soil by using waste material Ground Granulated Blast 

Furnace Slag (GGBS) as an alternative to lime or cement, so 

as to make it capable of taking more loads from the 

foundation structures. This paper reports the findings of 

laboratory tests carried out on local Indian expansive black 

cotton soil with GGBS mixed with the expansive soil in 

different proportions. The specimens compacted to their 

respective Proctor’s optimum moisture content and dry 

density (which varied from mixture to mixture) were cured 

for a period of 7, 14 and 28 days and their unconfined 

compression strengths were determined. It is observed that 

the strength improvement depends on the amount of GGBS 

used and the effect of curing period is less pronounced. 

Further it was shown that the initial tangent modulus values 

generally increases with increase in GGBS content. 

Al-Mukhtar, M. et al. (2010) This paper explains the 

this study allow determination of the minimal concentration 

of lime reacting with clay minerals in order to induce a 

substantial long term improvement in the treated clay soil. 

The tests were performed with different percentages of 

hydrated lime (0–20%) at the room temperature of 20 °C. 

Plasticity Index, swelling pressure, unconfined compressive 

strength, wave velocity, pH, electrical conductivity and lime 

consumption were used to monitor the progression of the 

lime–clay reactions. X-ray diffraction tests were carried out 

in an attempt to identify the mineralogical changes and the 

reaction products formed in the treated soil. The experimental 

results indicate that 5% lime is sufficient for a short term 

reaction involving cation exchange, in this soil. This quantity 

corresponds to the amount needed for optimum change in soil 

properties after treatment. The excess of lime added promotes 

pozzolanic reactions and produces new minerals, such as 

calcium aluminate hydrates (CAH). This new mineral is 

identified by X-ray diffraction and its characteristic 

reflections intensities increase with lime added and curing 

time. Soil properties continue to be improved with lime 

addition. Finally, this study shows clearly that lime treatment 

can be used even for extremely expansive soil. 

Dang, L. C. et al. (2016) The paper explains 

influences of bagasse fibres on the engineering behaviour of 

expansive soil, varying proportions of randomly distributed 

bagasse fibres of 0.5%, 1.0%, and 2.0% were added to 

expansive soil and hydrated lime-expansive soils mixed with 

different bagasse fibre proportions were also investigated. 

Although, an array of experimental tests have been 

undertaken on untreated and treated expansive soil samples, 

merely the outcomes of linear shrinkage, unconfined 

compressive strength (UCS) tests after various curing periods 

of 3, 7 and 28 days are presented in this paper. Other test 

results have been identified as follow up research. The 

findings of this experimental investigation indicate that 

bagasse fibre reinforcement blended with hydrated lime 

increased the compressive strength of expansive soil with 

increase in curing time and additives contents, whereas the 

linear shrinkage of stabilized expansive soils decreased with 

increasing hydrated lime and bagasse fibre proportions and 

curing periods. Based on the reasonable laboratory test 

results, it can be noted that the expansive soils can be 

successfully stabilized by combination of hydrated lime and 

bagasse fibres. 

III. DISCUSSION 

Sub grade may be defined as a compacted soil layer, generally 

of naturally occurring local soil, assumed to be 300 mm in 

thickness, just below of the pavement crust. It provides a 

suitable foundation for the pavement. So it is very important 

to improve strength of Sub grade soil, it may be done by 

replacing good soil or by stabilization of existing soil. To 

check the Sub grade soil stability CBR test is very commonly 

used test. 
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IV. CONCLUSION  

From this study it is clear that there is a considerable 

improvement in California Bearing Ratio (CBR) of sub-grade 

due to use of following materials like Hydrated Lime, Sugar 

Cane Bagasse Ash and Bitumen if proper mixing is done. In 

each state of condition it was found that CBR value has 

increased. In this particular experimental study CBR value 

has increased up to fifty percent of the unmodified soil CBR. 

Observing its economic cost and quality of stabilization 

improvement, it is clear that this type of stabilization may be 

applicable in clayey soil. As we increase the amount of 

mentioned stabilizers CBR value of soil is increased. But the 

cost of certain materials used is so high so the amount of 

materials also depends upon budget and importance of 

structure. 
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