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Abstract— For improving clayey soil of intermediate 

compressibility industrial waste can be used. The Gypsum 

(CaSO2.2H2O) is the byproduct generated as waste during 

manufacture of ammonium phosphate fertilizer, phosphoric 

acid and hydraulic acid. The experiment was conducted with 

different percentages of gypsum 2%, 4%, 6% and 8% is used 

to stabilize the clayey soil. Tests conducted to evaluate the 

engineering properties of clayey soil are Liquid Limit, Plastic 

Limit, Free Swell Index, Optimum Moisture Content, 

Maximum Dry Density and California Bearing Ratio. 
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I. INTRODUCTION 

The engineering properties of soil used for building 

foundation and also for pavement base course, sub-base 

course and subgrade is improved by using Gypsum which is 

mixed into the soil to gain the desired improvement. Clayey 

soil is highly expansive soil. The soil is used for the testing is 

taken from the Malanpur, Bhind District in Madhya Pradesh. 

This soil is well known for its specific properties such as very 

small particle size, a great specific surface area and high level 

of cation exchange capacity. In heavy loading clayey soil is 

weak and have not enough stability. The concept of clayey 

soil can be utilized to include a significant amount of 

variation in volume describing in soil because of exchanging 

the amount of soil water content.  

II. SOIL STABILIZATION 

In geotechnical engineering, soil stabilization is the process 

to improve the one or more chemical and mechanical 

characteristics of soil which is used in engineering 

applications. In other words stabilization of soil is also 

defined as the technique in which the soil can be mixed with 

an appropriate amount of different stabilizers to eliminate 

volume changes and improve some physical and chemical 

characteristics of soil. Using of stabilizers to stabilize the soil 

is not a modern technique; actually there are varieties of 

additive materials which have been used in the past. Some of 

them are plant saps, animal dung, natural oils, and lime. 

(Khandaker and Hossain, 2011). 

There are different types of stabilization used to stabilize the 

soil are as follow: 

A. Mechanical Stabilization 

When the present soil zone is moderately expansive and near 

the surface than the mechanical method of stabilization is 

used. There are two different techniques by which mechanical 

method is practiced; 

The first one according to the engineering standards 

clayey soil is removed and replaced and then compacted. 

The second technique is applied by changing the 

nature of the soil, which is done by compaction or rewetting. 

 

B. Chemical Stabilization 

The chemical stabilization is the most common and oldest 

technique used in engineering field to improve the several 

properties of clayey soil. These methods enhance the 

geotechnical properties of soil, such as strength, bearing 

capacity of soil which depends on interaction between the 

clay particles. Chemical stabilization plays a vital role in the 

development of expansive clay and it strengthens the soil by 

modifying the structure of clay by producing a new material 

with different characteristics (Arash, et al, 2012). 

III. MATERIAL USED 

The soil sample is clear of debris, vegetation and roots. The 

soil is kept for 4-5 day, so that soil should be moisture free. 

According to Indian Standard Soil Classification System and 

Index Properties, the soil is broadly classified as CI (clayey 

soil of intermediate compressibility).  

The clayey soil sample were mixed with different 

percentages of Gypsum 2%, 4% , 6%  and 8% by weight. The 

experiment work is based on the percentage of Gypsum. 

IV. PROPERTIES OF SOIL 

Properties Soil 

Liquid limit (%) 43 

Plastic limit (%) 25 

Plasticity index (%) 18 

Free swelling index (%) 47 

Specific gravity 2.65 

Optimum moisture content (%) 18.66 

Maximum dry density (KN/m3) 17.59 

CBR Value (%) 2.73 

Grain size distribution(%)  

Gravel 0 

Sand (13.7+ 0.89)=14.59 

Silt and Clay 85.41 

Table 1: 

V. LABORATORY INVESTIGATION AND RESULT 

In this research work the methodology includes experiments 

to determine soil properties with different percentages of 

Gypsum. The tests are conducted according to Indian 

Standard Classification System (ISCS). Liquid limit, plastic 

limit, plasticity index, specific gravity, free swelling index, 

standard proctor compaction, California bearing ratio test 

were conducted on both treated and untreated soil sample. 

After seven days of curing tests are conducted on treated soil 

sample.   
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A. A. RESULTS OF SOIL SAMPLE AFTER MIXING WITH 

GYPSUM 

Content 
Claye

y soil 

2% 

gypsu

m 

4% 

gypsu

m 

6% 

gypsu

m 

8% 

gypsu

m 

MDD(KN/

m3) 
17.59 18.33 19.16 19.09 19.15 

OMC (%) 18.66 13.33 11.76 12.58 12.9 

Table 5-A.1: Compaction Test value for mix proportions of 

soil and Gypsum 

 
Fig. 5-A.1: Graph of Compaction Test value for mix 

proportions of soil and Gypsum 

Percentages of Gypsum Free Swell Index 

Clayey soil 47% 

2% of  gypsum 9.09% 

4% of  gypsum 4.16% 

6% of  gypsum 8.33% 

8% of  gypsum 19.04% 

Table 5-A.2: Free swell index value for mix proportions of 

soil and Gypsum 

 
Fig. 5-A.2: Chart of Free swell index value for mix 

proportions of soil and Gypsum 

Percentages of 

Gypsum 

CBR at 2.5 

mm 

CBR at 5 

mm 

Clayey soil 2.73 2.24 

2% of  gypsum 5.2 4.32 

4% of  gypsum 7.57 7.01 

6% of  gypsum 6.69 6.21 

8% of  gypsum 6.3 5.98 

Table 5-A.3: CBR Value for mix proportions of soil and 

Gypsum 

 
Fig. 5-A.3: Chart of CBR Value for mix proportions of soil 

and Gypsum 

VI. CONCLUSION 

In this study the gypsum of different percentages (2%, 4%, 

6% and 8%) is added to the soil sample and tests are 

performed after seven days of curing. At 4% of Gypsum the 

swelling of soil decreases from 47% to 4.16%, optimum 

moisture content (OMC) and maximum dry density (MDD) 

is 11.76% and 19.16 KN/m3 and CBR value is increase from 

2.73%  to 7.57%. 
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