
IJSRSET1736218 | Received : 16 Oct 2017 | Accepted : 31 Oct 2017 | September-October-2017 [(3)6: 981-985] 

 

© 2017 IJSRSET | Volume 3 | Issue 6 | Print ISSN: 2395-1990 | Online ISSN : 2394-4099 
Themed Section: Engineering and Technology 

 

985 

Experimental Study on Performance of Expansive Soil 

Stabilized with Treated Wheat Husk 
Pragati A. Damke

1 
, Vaibhav S. Umap

2 

1
P.G. Student, Department of Civil Engineering, DRGIT&R, Amravati, Maharashtra, India 

2
Assistent Professor, Department of Civil Engineering, DRGIT&R, Amravati, Maharashtra, India 

 

ABSTRACT 
 

The improvement of unstable soil is thus called soil stabilization.The effect of use of waste material available in 

Amravati region such as wheat husk, Marble waste, coir fibers, iron oxide, etc. Wheat husk is one of the waste 

materials which can be used for expansive soil stabilization. It is a lignocelluloses waste product which is about 15–

20 % of wheat and some extents of wheat husk uses as a scattle food. For better results it is necessary to treat wheat 

husk. It is treated with Sodium Hydroxide (NaOH) and Potassium Permanent (KMnO4) chemicals at different 

percentages. In order to improve the charateristics of expansive soil the treated wheat husk is used. In this 

experimental study,by experimenting wheat husk with various treatment such as NaOH and KMnO4 that improve 

the CBR values, reduce environmental hazards as well be very cost effective. Also the results obtained from the 

compaction properties and C.B.R. values between original soil sample and sample using treated waste material. 

Based on it, the conclusions will be made for effective, economical and ecofriendly method of soil stabilization.  
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I. INTRODUCTION 

 

Construction is a very vital stage in execution of civil 

engineering structures. The expansive soil known as 

black cotton soil seem to be the most challenging type 

of soil encountered by engineer due to presence of 

montmorrillonite which is a mineral that is highly 

unstable thus leading to shrinking incineration are put 

back into the soil to improve engineering properties 

such and swelling of this type of soil on slight change in 

moisture content of black cotton soil. Since it not only 

uneconomical to excavate soil with poor engineering 

characteristics and replace from borrow sites with soil 

having better engineering properties but as well 

constitute environmental hazards, the use of material 

wastes but would have constituted such environmental 

hazards to the society through indiscriminate disposal or 

wrong method of the as California Bearing Ratio (CBR), 

Unconfined Compressive Strength (UCS), plasticity, 

liquid limit, Maximum Dry Density (MDD), Optimum 

Moisture Content (OMC)etc. 

 

Soil stabilisation should performed to eliminate the risk 

of environmental concern, therefore there has to be a 

way to control the damage to the environment. 

 

Scarcity of land with good bearing capacity is one of the 

major problems the word faces now. This leads to the 

construction of building on the available land which 

may not be good with respect to bearing capacity. For 

safety of the structure, it is necessary to improve the 

quality of soil by adopting of some ground improvement 

technique. The method of ground improvement 

technique adopted depends on the soil to be treated and 

availability of materials required for improving the soil 

and also on the cost effectiveness. 

 

By using a particular waste material individually, a 

number of investigations have been performed by 

different researchers to improve the engineering 

properties of expansive soil such as index properties, 

compaction properties and C.B.R. value etc. 

 

The soil which exhibit high volume change in moisture 

content are called expansive soil .Engineering 

classification of such soil is be done by various 
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mechanical parameters. In India expansive soil are 

heavy clay with montmorrillonite as the predominant 

clay mineral, exhibiting excessive swelling and 

shrinkage resulting in high volume changes. 

 

Soil can be improved by using various wastes materials 

such as wheat straw, coir fiber, wheat husk etc. 

 

II. METHODS AND MATERIAL 

 

A. Methodology 

Following test were carried out to determine the 

properties of virgin soil and wheat husk. 

 

Determination of all index properties and engineering 

properties of soil. 

 

1. Water Content (oven drying method)  

This method covers the determination of water 

content of soil expressed as a percentage of the oven 

dry method. IS 2720 (part-2) 1973. 

2. Differential Free Swell index – IS 2720 Part-XI, 

1972. 

3. Grain size analysis – IS 2720 Part 4, 1985 

4. Specific gravity - IS 2720 Part-3, 1980 

5. Liquid limit and plastic limit - IS 2720 Part-5, 1985 

6. Proctor Compaction – IS 2720 Part-8, 1983 

7. CBR test – IS 2720 Part-16, 1987 

  

B. Materials 

Soil:  

 

In this project, the soil was collected from Rahatgaon 

Village, Taluka Amravati, District Amravati, 

Maharashtra, India.  

 
Figure 1. Photo-view of Virgin soil 

 

 

Wheat Husk:  

 

Wheat is planted to a limited extent as a forage crop for 

livestock and straw can be used as fodder for livestock 

or as a construction material for roofing thatch. 

 

Wheat husk is a lignocelluloses waste product which is 

about15–20 % of wheat and some extents of wheat husk 

uses a scattle food and fuel .Also it contain some 

amount of light yellow colour fibers. 

 

 
Figure 2.: Wheat Husk 

 

 

Sodium Hydroxide (NaOH): 

 

Sodium hydroxide is highly caustic base alkali, that 

decomposes protinns at ordinary ambient tempreture 

and may cause severe chemical burns. It is highly 

soluble in water and readily absorbs moisture and 

carbon dioxide from the air. 

 

The influence of NaOH concentration in the range of 

4M to 18M was systematically studies using Fourier 

Transform Infrared Spectroscopy (FTIR) for structural 

elucidation Scanning Electron Microscope (SEM) to 

observe the morphology and determination of 

mechanical properties (flexural strength) was carried out 

by Universal Testing Machine (UTM). 

 

 
Figure 3. : Sodium Hydroxide (NaOH) 
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Potassium Permanganate (KMnO4): 

 

Potassium permanganate is a strong oxidizing agent. It 

dissolves in water to give intensely pink or purple 

solutions. 

 

 
Figure 4.: Potassium Permanganate (KMnO4) 

 

Experimental Programme 

 

Preparation of soil sample for test  

 

Soil sample as received from the field is dried in the air. 

In wet weather a dying apparatus may be used in which 

case the temperature of the sample should not exceed 60 

deg C. The organic matter like tree roots and pieces of 

bark is removed from the sample. Similarly matter like 

oil, shells is separated from the main soil sample, such 

sample taken for the testing. 

 

 
 

Figure 5 . : Preparation of soil sample 

Expansive soil having various engineering properties 

such as liquid limit, plastic limit, specific gravity, 

optimum moisture Content (OMC), calofornia bearing 

ratio (CBR) etc. According to various test performed on 

expansive soil, it is observed that expansive soil have 40% 

to 100% liquid limit and plastic limit is found to be in 

the range of 20% to60%. 

 The soil which is collected from Rahatagaon village at 

Amravati various test performed on it and following 

engineering properties were obtained 

 

Table 1: Engineering Properties of Virgin Soil 

 

 

Preparation of KMnO4 and NaOH solution for test 

The standard molar (M) concentration of KMnO4 and 

NaOH for 24 hour are taken in a beaker from the 

chemistry lab so as to treat them with wheat husk, the 

solution so obtained is called treated wheat husk.  

   

 
 

Figure 6. Preparation of KMnO4 and NaOH 

 

Studying the engineering properties of virgin soil, it 

needs stabilization. Hence, CBR test is performed on 

such soil at different percentages of wheat husk that is 

0.5%, 0.75%, 1%, 2%, 3%. After that effective 

percentage of wheat husk is taken so that effective 

percentage of wheat husk is treated with standard molar 

(M) concentration of KMnO4 and NaOH for 24 hour, 

such treatment of wheat husk is called treated wheat 

husk. Then CBR test is performed on virgin soil and 

treated wheat husk. 

Sr.No. Engineering Properties Values 

1 Liquid Limit 49.01 

2 Plastic Limit 37.50 

3 Plasticity Index 11.51 

4 Specific Gravity 2.61 

5 Optimum Moisture 

Content(OMC)% 

14.04 

6 Maximum Dry 

Density(MDD)(gm/cm
3
) 

1.94 

7 IS soil classification CH 

8 California Bearing Ratio (%) 

(Unsoaked) 

  

 

4.83 
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III. RESULTS AND DISCUSSION 
 

According to engineering properties of virgin soil, it is 

found that the virgin soil is expansive in nature and IS 

classification is CH. By stabilizing such soil with 

different percentages of wheat husk and treated wheat 

husk CBR values are obtained. 

Following compaction test results and CBR values are 

obtained by treating original soil with effective 

percentage of wheat husk and standard concentration of 

NaOH and KMnO4. 

 

Table 2: Compaction and CBR results 

 

From the above table, as the quantity of wheat husk is 

added to the virgin soil sample the dry density increases 

up to 1.85 gm/ml further addition of wheat husk shows 

that dry density decreases. Hence 1% wheat husk is 

effective. 

 

When wheat Husk is added in the virgin soil, CBR 

value is increases. Also Wheat Husk is treated with 

NaOH and KMnO4 CBR value shows the better results. It 

is found that, CBR value is maximum when Wheat 

Husk is treated with NaOH solution. 

 
Figure 7. Unsoaked CBR values of untreated and treated 

wheat husk 

 

The unsoaked CBR value of original soil sample is 

found to be 4.83%.When soil is treated with 1% wheat 

Husk  CBR value increase by 8.35%, further it is treated 

with NaOH and KMnO4concentration CBR value 

increase by 16.39% and 10.98% ; which is represented 

by following graph. 

 

According to observe results were performing the 

various test on expansive soil. It is found that 1% wheat 

husk is sufficient to increase the CBR value of original 

soil, also standard concentration of NaOH shows more 

remarkable effect on original soil sample than that of 

KMnO4concentration. 

 

IV. CONCLUCION 

 

 Wheat husk is biodegradable, low cost and easily 

available waste product. 

 The effect of 1% Wheat Husk on California Bearing 

Ratio is remarkable. 

 After treating wheat husk with NaOH and KMnO4 

gives better results than that of untreated wheat 

husk. 

 The treatment of NaOH shows better results than 

that of KMnO4. 

 The standard concentration of NaOH and 

KMnO4are helpful to increase the CBR values. 
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OMC 

(%) 

MDD(g

m/cm
3
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Unsoak

ed  

1 Original Soil 14.04 1.94 4.83 

2 Soil+0.5%WH 15.82 1.68 7.98- 

3 Soil+0.75%WH 16.77 1.74 8.29 

4 Soil+1.0%WH 12.59 1.85 8.35 

5 Soil+2.0%WH 13.51 1.78 8.30 

6 Soil+3.0%WH 10.49 1.79 8.10 

7 Soil+1.0%WH+ 

NaOH 

- - 16.39 

8 Soil+1.0%WH 

+KMnO4 

- - 10.98 
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