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Abstract— The project deals with the stabilization of soils 

using fly ash and lime. Stabilization means improving the 

engineering properties of a soil by admixtures. On specific 

engineering projects, soil additives may help to enhance sub 

grade or sub base properties. An experimental programme 

was undertaken to examine the effects of fly ash and lime on 

the compaction and strength performance of expansive soil. 

The soil samples are prepared with different proportions of 

fly ash (5%, 10%, 15%, and 20%) and lime (4%, 6%, and 

8%). A series of tests are conducted including Index 

properties, Standard Proctor test, and Direct Shear test. The 

probable variation in the strength of soil are observed and 

recorded. 
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I. INTRODUCTION 

Soil is the base foundation for any civil engineering 

structures. It is required to bear the loads without failure. In 

some places, soil may be weak which cannot resist the 

oncoming loads. In India about 30 million hectares of the land 

area are covered with expansive soils (Black cotton soils). 

The Black cotton soils are very hard when dry, but loses its 

strength completely when in wet condition. Expansive soils 

are a worldwide problem that possess several challenges for 

civil engineers. Various methods are adopted to improve the 

engineering characteristics of expansive soils. The 

problematic soils are either removed and replaced by good 

and better quality material or treated using additive. The 

stabilization of the problematic soils is very important for 

many of the geotechnical engineering applications such as 

building foundations, pavement structures, roadways, 

channels and reservoir linings, water lines and sewer lines to 

avoid damage due to settle of soft soil or to the  swelling 

action of expansive soil. 

The properties of Black cotton soils may be altered 

in many ways viz., mechanical, thermal, chemical and other 

means. Modification of Black cotton soil by chemical 

admixtures is a common stabilization method for such soils. 

II. MATERIALS AND METHODOLOGY 

Black Cotton Soil: 

The soil sample used for this experimental study was locally 

available Expansive soil in surroundings of JNTUACEP 

Pulivendula. Results of soil sample tested are given in Table-

1. Results are obtained by testing the soil in laboratory 

specific procedure for particular test as prescribed in Indian 

Standards.  

 

Fig. 1: Black cotton soil 

Soil properties Values 

Soil IS classification SP 

Sand (%) 91.5 

Cc 1.76 

Cu 2.75 

Liquid limit (%) 46.00 

Plastic limit (%) 24.62 

Maximum Dry Density  (g/cc) 1.79 

Optimum Water Content (%) 19.0 

Table 1: Properties of Soil 

Fly ash: 

Thermal power plants using pulverized coal or lignite as fuel 

generate large quantities of ash as by-product. The current 

production of ash is 184.14 million tonnes per year. This 

figure is likely to go up which may pose serious ecological 

problems. The engineering properties of fly ash are as below. 

 
Fig. 2: Fly ash 

Lime: 

White caustic alkaline substance consisting of calcium oxide, 

which is obtained by heating limestone and which combines 

with water with the production of much heat is known as lime. 

Commercial lime is collected from local market. 

 
Fig. 3: Lime 

Methods are adopted to improve the properties, as 

various materials are used in specific proportions and tested 

in laboratory to compute their properties. Details of material, 

test performed and proportion used is described below. 

A. Proportion:  

Proportions were selected based on study of previous 

literature as well as maximum further experimentation to get 

the specific knowledge about the improvement in soil 

properties and utilization of waste material. Proportion used 

is stated in Table along with the values of various materials. 

S.No. Material Description % Variation 

1. Expansive soil  
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2. 
 

Fly ash 

5 

10 

15 

20 

3. 
 

Lime 

4 

6 

8 

Table 2: Materialsused and their proportions 

Designation Soil-fly ash-lime mixture 

M0 Pure soil 

M1 Soil + 5%flyash 

M2 Soil + 10%flyash 

M3 Soil + 15%flyash 

M4 Soil + 20%flyash 

M5 Soil + 10%flyash + 4%lime 

M6 Soil + 10%flyash + 6%lime 

M7 Soil + 10%flyash + 8%lime 

Table 3: Designation of various mix proportion of soil- fly 

ash-lime 

B. Tests performed: 

Sieve analysis 

The Grain size analysis on natural soil were conducted 

according to I.S.2720 (part IV)-1985. 

Atterberg’s limits 

The tests on the Liquid limit (L.L), Plastic limit (P.L), and 

Plasticity Index (P.I) of the soil and soil-additive mixture 

were conducted according to I.S.2720 (Part V)-1985. 

Compaction characteristics 

The compaction tests to obtain the moisture-density 

relationship of the soil and soil-additive mixtures were 

conducted according to I.S.2720 (Part VIII)-1983. 

Designation OMC (%) MDD (g/cc) 

M0 19 1.79 

M1 20 1.76 

M2 16 1.804 

M3 17 1.77 

M4 12 1.79 

M5 16 1.76 

M6 14 1.82 

M7 15 1.74 

Table 4: Index properties of different proportions of soil and 

fly ash 

III. RESULTS AND DISCUSSION 

 

Desig-nation 

 

LL (%) 

 

PL 

(%) 

 

PI 

(%) 

M0 46 24.62 21.38 

M1 49 23.5 25.5 

M2 48 23.33 24.67 

M3 50 22.61 27.39 

M4 46 22 24 

Table 5: Values of OMC and MDD 

 
Graph 1:Bar graph showing variation of Liquid limit 

 
Graph 2: Bar graph showing variation of plastic limit 

 
Graph 3: Graph showing variation of OMC 

 
Graph 4: Graph showing variation of MDD 

IV. DIRECT SHEAR TEST 

The Direct shear test was performed on soil sample and soil+ 

fly ash+ limeand the results were as follows: 

Case-1: Black cotton soil 

Calculation of “C” and “ ∅" values: 

For black cotton soil: 

Graph5.shows the variation of Normal stress and Shear 

Stressfor block cotton soil  
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Graph 5: 

From the above graph, C=0.75 KN/m2 

   ∅=70.330 

For Black cotton soil +10% fly ash+ 6% lime 

Graph 6.shows the variation of Normal stress and Shear 

Stressfor soil and additives  

 
Graph 6: 

From the above graph, C=1.85 KN/m  

∅=60.310 

Calculation of shear strength: 

Case-1: for Black cotton soilτ =1.51 KN/m2 

Case-2: for Black cotton soil+ 10% fly ash +6% limeτ =2.33 

KN/m2 

V. CALCULATION OF BEARING CAPACITY OF SOIL 

Considering a 2*2 m square footing at a depth of 2.0 m from 

ground level. 

From IS 6403, for a cohesive soil  

qu= CuNcScdcic + ƳDf 

Case-1:For pure soil:qu=46.57 KN/m2 

Case 2 :  For soil+10%FA+6%L:  

 qu=58.03 KN/m2 

VI. CONCLUSIONS 

Based on the experimental study of the soil stabilized using 

fly ash and lime, the following conclusions can be drawn: 

1) With an increase in fly ash and lime-fly ash content, the 

maximum dry density increases and optimum moisture 

content decreases. Addition of lime results in filling the 

voids of the compacted fly ash thus increases the density. 

2) The maximum dry density value increased from 17.9 

KN/m3 to 18.2 KN/m3. 

3) With the addition of fly ash and lime, the shear strength 

of soil increased from 1.51KN/m2 to 2.32 KN/m2. 

4) The highest bearing capacity for pure soil and soil-fly 

ash-lime mixture were found to be 46.57 KN/m2 and 

58.03 KN/m2 respectively. 

VII. FUTURE SCOPE 

From above discussion it can be said that industrial waste 

material which is cheaply and easily available in abundant 

amount i.e., fly ash can improve the soil with the help of 

admixture like lime. This solution for soil improvement is 

environmental friendly and further research can be carried out 

to improve more techniques and various proportions of 

admixtures to improve the expansive soil properties. Other 

types of additives like geotextiles, bitumen can also be added 

to increase the engineering properties of soil and a further 

study can be carried out on these materials. 
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