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Abstract: Black cotton soil is considered to be problematic soil as it show major volume changes due to change in its moisture content. 
This volume change cause wide spread damages to building and roads necessitating stabilization of such soil prior to the construction. 
The present paper investigates the effectiveness of different stabilizing agent viz. lime, cement and fly ash with soil for improving its 
engineering properties. Soil samples were collected from district Morena, in state of Madhya Pradesh, in order to look in to the relative 
effectiveness, and arrive at appropriate proportion of stabilizing. (1) Lime, (2) Cement, (3) Fly ash alone and combination of (1) Lime–
Cement, (2) Cement–Fly ash, (3) Fly ash-Lime are used to stabilize the soil. Quantity of stabilizing agent varied from 2% to 10% of the 
soil weight and the performance is evaluated by observing variation in various engineering properties like Liquid Limit, Plastic Limit, 
and Plasticity Index. 
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1. Introduction 
 
Deposits of expansive soil are problematic to engineering 
structure because of their swelling and shrinkage property. 
The deformations caused by swelling or shrinking are 
significantly greater than elastic deformation leading to 
large scale damage to the structure founded on such soil. 
The commonly observed damages are in the form of 
ground cracks, building cracks, falling of canal lining, 
heave of beds of canal, heaving and rutting of pavement 
etc. (Prasanna Kumar, 2011). The problem may be 
overcome by proper structural design but it needs 
expansive efforts to estimate the expected stresses in the 
component and subsequently designing it. The better 
option is to improve engineering properties of these soils 
by suitable stabilizing techniques. The geotechnical 
engineer seeks the most efficient stabilizing method 
considering the environment, type of structure and 
establish the degree of treatment needed for the structure 
to survive under varying soil moisture conditions. This 
study deals with experimental investigation for arriving at 
suitable solution with regards to stabilization of soil. 
 

Yadu and Tripathi (2013) studied the soft soil of Raipur in 
state of Chhattisgarh, they used of Granulated blast 
furnace slag(GBS) and fly ash. The soil was class of CI-
MI as per Indian standard classification system. Different 
amount of GBS, viz 3%, 6% and 9% with varying amount 
of fly ash i.e. 3%, 6% and 9% were used to stabilize the 
soft soil. The performance of modified soil was evaluated 
with respect to compaction and CBR. Based on the 
performance of stabilized soil, author concluded that the 
optimum amount was 3% fly ash and 6% GBS. 
  
Kumar (2011) carried out investigation on the two 
extreme types of soils viz. (1) expansive type Black cotton 
soil (BC Soil) and (2) non expansive type Red earth soil 
(RE), Nyveli Lignite Fly ash (NFA) and non pozzolanic 
Raichur fly ash (RFA) mixed at different doses along with 
supplementing additives like lime and cement were used 
for stabilizing the soils. The geotechnical properties like 
compressive strength and compaction for both soils were 
evaluated. The maximum dry density (MDD) of the BC 
soil increased from 13.6KN/m3 to 15.2 KN/m3 for addition 
of 40% NFA. For R.E soil, MDD increased from 14.6 

KN/m3 to 17.8 KN/m3 for 40% NFA addition. Pozzolanic 
fly ash resulted into considerable improvement in 
compressive strength. The compressive strength enhances 
from 310 KPa to 1393 KPa for B.C. soil and from 590 
KPa to 2342 KPa for R.E soil, for addition of 30% of 
NFA. MDD of BC soil increased from 13.6 KN/m2 to 14.2 
KN/m2 for addition of 40% RFA. For R.E soil, MDD 
increases from 14.6 KN/m2 to 17.4 KN/m2 for 40% of 
RFA. Addition of 3% cement to non-pozzolanic fly-ash, 
RFA (30%), resulted in strength increase to four folds 
reaching 1317 KPa for 28 days curing periods. 
 
Bagui (2012) generated a chart for design of pavement 
using cement as a stabilizing agent for traffic upto 5msa. 
As the CBR increases design thickness for cement treated 
base and sub-base decreases. For cement treated base 
thickness is 200mm, 140mm, 115mm, 95mm for 3%, 5%, 
7% and 10% of C.B.R value respectively. Thickness of 
sub-base becomes 200mm, 150mm, 150mm and 150mm 
for 3%, 5%, 7% and 10% of CBR respectively. 
 
Hakari and Puranik (2012) uses fly ash to stabilize black 
cotton soil of Karnataka, India.They observed that Liquid 
limit and Plastic limit decreases and shrinkage limit 
increases with increase in fly ash content. MDD increases 
with decrease in OMC, CBR and UCS increases with 
increasing the content of fly ash. The optimum percentage 
of flyash is between 20% to 40%. 
 
Wu Li (2010) in his study used lime as stabilization 
material to stabilize the different soils from Tanzania. 
Author studied three types of soil viz (i) moderately 
plastic silty clay,(ii) moderately plastic tan clay and (iii) 
Heavy clay stabilized with 5% of hydrated Lime. Author 
designated them as N-11, N-12 and N-13 respectively. 
Plasticity Index decreases from 25% to 4% for N-11, 29% 
to 6% for N-12 and 36 to 9% for N-13. Unconfined 
compressive strength changes from 145KPa to 2770KPa 
for N-11, 280KPa to 3000KPa for N-12 and 163 to 
2200KPa for N-13. Resilient modulus changes from 
79MPa to 275MPa for N-11, 53MPA to 63MPA for N-12 
and 35.8MPA to 209MPA for N-13. 
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2. Materials Used 
 

In this experimental study, an attempt is made to observe 
the effectiveness of stabilizing agents (1)Lime, 
(2)Cement, (3) Fly ash alone and combination of (1) Lime 
-Cement, (2) Cement - Fly ash, (3) Fly ash - Lime in 
improving various engineering properties of soil like 
Liquid Limit, Plastic Limit, Plasticity Index. 
  
2.1 Soil 

 

Soil of Madhogar village of district Morena in M.P. is 
used for this study. The soil is tested for various 
engineering properties like Liquid limit (L.L), Plastic 
Limit (P.L) and Plasticity Index (P.I). Soil has L.L 36.7%, 
P.L 24.58% and P.I 12.12%. 
 

2.2 Cement 
 

Portland pozzolano cement (PPC) of Birla brand having 
15% to 35% of fly ash is used. 
 

2.3 Fly ash 
 

Fly ash of Singhaji thermal power plant of M.P. is used. 
Fly ash having specific gravity 2.4 and non plastic in 
nature is used in work. 
 

2.4 Lime 
 

Lime locally available on shops having specific gravity 
2.2 and pH 12 is used. 
 

3. Test Methods for Estimation of Soil 

Properties 
 

The soil is characterized by estimating its properties viz 
LL, PL and PI. These properties are investigated using 
methods prescribed in Indian Standard codes. These tests 
are performed for unstabilized soil and the soil stabilized 
with varying quantity of stabilizing agents. 
 

4. Results 
 

The values of considered properties of unstabilized and 
stabilized soil are analysed in following sections to 
discuss the effectiveness of different stabilizing agents.  
 

4.1 Effect of admixture on Liquid limit of soil 
 

Liquid Limit of soil is 36.7%. Graph 4.1 shows the effect 
of stabilizing agents on Liquid Limit of soil. 
 

 
Graph 4.1: Effect of admixture on Liquid Limit of soil 

The Liquid Limit of soil when lime, fly ash, lime + fly ash 
and cement + lime is used as admixture is continuously 
increases and becomes 47.63%, 49.9%, 49.9% and 
45.32% respectively at 10% of their content. The Liquid 
Limit of soil is increased at 2% of cement content then it 
decreases at 5% of cement content, at 8% of cement 
content it again increases and becomes 48.9% at 10% of 
cement content. The Liquid Limit of soil for fly ash + 
cement is continuously decreases from 2% to 10% of their 
content and becomes 48.85% at 10% of cement content.  
 
4.2 Effect of admixture on plastic limit of soil 

 

Plastic Limit of soil is 24.58%. Graph 4.2 shows the effect 
of admixture on Plastic Limit of soil. 

 
Graph 4.2: Effect of admixture on plastic limit of soil 

 

Plastic Limit of soil when lime, cement, lime + fly ash and 
cement + lime is used as admixture is continuously 
increases to 42.21%, 45%, 46.16% and 43.55% 
respectively at 10% of their content. The Plastic Limit of 
soil for fly ash and fly ash + cement is regularly decreases 
to 29.58% and 37.09% respectively at 10% of their 
content.  
 

4.3 Effect of admixture on plasticity Index of soil 

 
Plasticity index of soil is defined as the difference of 
liquid limit and plastic limit. It is the measure of plasticity 
of soil. It is the measure of the size of the range of water 
content where the soil exhibits the plastic property. 
 
Plasticity index of soil is 12.12%. Graph 4.3 shows the 
effect of admixture on Plasticity index of soil. 
 

 
Graph 4.3: Effect of admixture on plasticity index of soil 
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Plasticity Index of soil for fly ash is continuously 
increases to 20.32% at 10% of their content. Plasticity 
Index of soil when lime is used as admixture is increases 
from 4.78% to 7.23% for 2% to 8% increase of lime 
content. At 10% of lime content Plasticity Index of soil is 
decreases to 5.42%. Plasticity Index of soil is decreases 
from 3.3% to 1.85% for 2% to 8% increase in cement 
content. But for 10% of cement content Plasticity Index 
increases to 3.9%.Plasticity Index for lime + fly ash as an 
admixture is increases for 2% to 5% of their content but 
from 5% it is regularly decreases and becomes 3.74% at 
10% of their content. Plasticity Index for cement + lime as 
an admixture is increases for 2% to 5% ofi their content 
and changes from 3.44% to 3.51% but from 5% it is 
regularly decreases and becomes 1.77% at 10% of their 
content. Plasticity Index for fly ash + cement as an 
admixture is decreases for 2% to 5% of their content and 
changes from 7.76% to 5.34% but from 5% it is regularly 
increases and becomes 11.76% at 10% of their content. 
 
5. Conclusion 
 
i. The liquid limit of soil increases when lime, fly ash, 

lime + fly ash and cement + lime is used as a 
admixture. When cement is used L.L is first increases 
then decreases and again increases. When fly ash + 
cement is used L.L is increases at 2% of their content 
and then decreases. L.L of soil is minimum for 2% of 
lime content. At 2% of lime content L.L of soil is 
37%. 

ii. The plastic limit of soil is regularly increases when 
lime, cement, lime + fly ash and cement + lime is 
used as a admixture. When fly ash and fly ash + 
cement is used as a admixture P.L of soil is first 
increases then decreases. P.L of soil at 10% of fly ash 
content is minimum. At 10% of fly ash P.L of soil is 
29.58% 

iii. P.I. of soil has lesser value at 2% of cement content 
which is 3.2%. Soil having lesser value of P.I is good 
for engineering purposes. Hence compared to other 
combinations 2% of cement content is found to be 
more suitable. 
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