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ABSTRACT: This paper discusses the use and efficacy of rice husk ash (RHA) as a stabilizing additive to problematic 

expansive soils. RHA is an agricultural industrial waste. It is abundantly available and therefore needs to be effectively 

disposed. The paper presents experimental results obtained from tests conducted on RHA-clay blends. Liquid limit, 

plasticity index, free swell index (FSI), compaction characteristics, strength parameters and CBR were determined on the 

expansive clay specimen to which RHA was added in different quantities such as 5, 10, 15, 20… 50% by dry weight of 

the soil. Test results indicated that FSI and PI decreased with increasing RHA content. Further, CBR and angle of internal 

friction increase while cohesion decrease. 
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1 INTRODUCTION 

Coastal areas of Andhra Pradesh are familiar with 

Black cotton soils. They present various challenges to 

engineers due to their characteristics of severe loss of 

strength, excessive swelling and shrinking with respect 

to changes in moisture regime, [1][2]. The primary 

problem that arises with regard to expansive soils is 

that deformations are significantly greater than elastic 

deformations and they cannot be predicted by classical 

elastic or plastic theory [4]. The damages caused to the 

pavement by the movements of expansive soils are 

well documented worldwide. Expansive soils are 

capable of absorbing large volumes of water due to the 

presence of montmorillonite. Recently Indian 

government announced Visakhapatnam, Kakinada and 

Tirupati as smart cities which are located along the 

costal belt, and also newly bifurcated AP government 

has been giving prime importance to connect these 

cities. These cities require new roads due to scarcity of 

lands and not possible further widening of the existing 

roads in the delta regions, so roads along canals have 

been gaining more importance but causes of failures of 

roads along the canals are quite common mainly due to 

seasonal variation of moisture in sub grade. Roads 

running through expansive soil subgrade are subjected 

to severe unevenness with or without cracking, 

longitudinal cracking parallel to the pavement centre 

line, rutting of pavement surface and localized failure 

of the pavement associated with disintegration of the 

surface. The losses due to extensive damage to 

highways running over expansive sub-grades are 

estimated to be in billions of dollars all over the world. 

To protect and safeguard the structures from distress 

caused by the inherent peculiar volume change 

behaviour of expansive soils under varying moisture 

content is a challenging task. Therefore there is a need 

to go for alternative solution to rectify these problems. 

Hence research is focused on potentially cost effective 

materials, admixtures and waste products like fly ash, 

rice husk ash and marble dust that can improve the 

properties of Expansive soil, [3][5].Rice Husk Ash 

(RHA) is an agricultural industrial waste which is 

major waste found abundantly in delta regions which is 

nearly 5.5 million tons, requires huge quantities of land 

for its disposal. Presence of very high quantities of 

SiO2 makes RHA a pozzalonic material. It high 

strength [6],[7] and has attains coarse grained, non-

plastic, porous and high volume. The use of RHA will 

reduce the importation of conventional materials like 

cement. The use of RHA in soil stabilization is 

therefore economic and environment friendly. 

2 MATERIALS 

The expansive soil was collected at a depth of 0.6m 

where road surface is frequently damaged at 

Yendagandi along the canal embankment of Major 

District road from Bhimavaram to Tadepalligudem. 

RHA was collected from Sesali, AP, India. The soil 

and the RHA were dried, pulverized into the required 

sizes and tested for properties like gradation, 

compaction and strength as per the relevant IS codes. 

Typical scanning electron microscope images are 

shown below and Table-1 shows the index properties 

and engineering properties of the expansive soil and 

the RHA. 
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   Image of SEM analysis for RHA particles 

Table-1 Geotechnical properties of soil and RHA 

 

 

Fig-1 Gradation curve of Black Cotton soil 

 

 

2.1 Expansive soil 

The soil contains 95% of fines in which 55% of silt and 

46% of clay particles. The presence of fines 

contributed for high liquid limit (LL) of 74% and 

plasticity index of 45%. The soil classify as CH. It also 

exhibited high swelling characteristics with FSI as 

115% and swell pressure as 90kPa.  Under soaking 

condition, the CBR was 1.22%. 

2.2 Rice Husk Ash 

Majority of RHA particles are under fine sand range 

and of angular shape with rough surface texture. It is 

non-plastic in nature and well graded with Cu=9.74 and 

Cc= 1.75 

The OMC and MDD were found to be 38% and 0.7 

g/cc. From the compaction curve it can be seen that 

Rice husk ash attained lower densities for wide 

variation in moisture contents. Regarding strength 

characteristics it has an angle of shearing resistance (Ø) 

as 36 degrees under un-drained condition and CBR of 

8% and has good drainage characteristics with 

coefficient of permeability as 3.4 * 10
-3

cm/sec .RHA 

attained low densities due to low specific gravity, 

porous nature and distribution of uniform size of 

particles. 

Chemical analysis of RHA was carried out using 

Scanning Electron Microscope (SEM). SiO2 is the 

major component (97%) and oxides of calcium, iron, 

potassium, sodium as minor compounds. 

3 RESULTS AND DISCUSSION 

3.1 Performance of CBR with seasonal 

variation of sub grade black cotton soil 

Both soaked and unsoaked CBR was determined for 

samples collected in mid-May, mid-Aug, mid-Nov,  

mid-Feb, mid-Apr at natural moisture content (NMC), 

optimum moisture content (OMC). Tables 2-3 and 

figures 2(a)-2(b) show the test results. 

Table-2 seasonal variation of sub grade CBR at OMC 

 

 

 

 

 

 

 

 

 

 

Property 
Black 

cotton soil  
RHA 

Gravel (%) 0 0 

Sand (%) 4 84 

Silt (%) 50 16 

Clay (%) 46 0 

Liquid Limit (%) 74 NP 

Plastic Limit (%) 29 NP 

Plasticity Index (IP) 45 --- 

IS Classification CH SM 

Optimum moisture content (%) 26 38 

Maximum dry density (g/cc) 1.52 0.7 

California bearing ratio (%)  1.22 8 

Angle of shearing resistance (Ø) 15 36 

Cohesion  (t/m2) 10 --- 

BULK DENSITY ρ (g/cc) 2.016 

DRY DENSITY ρd (g/cc) 1.68 

 

MONTHS 

OMC 

% 

CBR  % 

Soaked Unsoaked 

MID MAY 20 1.28 2.17 

MID AUG 20 1.21 2.1 

MID DEC 20 1.26 2.15 

MID FEB 20 1.28 2.18 

MID APR 20 1.24 2.12 
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Table-3 variation of CBR sub grade with NMC 

 

 

 

 
Fig-2(a). Comparison of moisture contents with seasons               

 

Fig-2(b).Variation of CBR values with moisture 

Based on NMC variation, monsoon arrives in mid-Aug 

monsoons arrives and in mid-Apr (pre summer) canals 

over flow for summer storage purpose.  

As NMC was found to be greater than OMC, CBR at 

NMC was observed to be less than that at OMC. 

However, CBR value in mid-May was high due to less 

moisture content. 

3.2 Performances of RHA soil matrix  

To study the effect of RHA on expansive soil, various 

amounts of RHA such as 5%, 10%... 50% by dry 

weight of soil were added, effectively mixed and tested 

for plasticity, compaction, strength, CBR and swell. 

Table-4 and fig-4(a), 4(b), 4(c), 4(d), 4(e), 4(f) and 4(g) 

shows the results 

 

 

    Fig -4(a) RHA% Vs plasticity characteristics 

 

Fig-4(b) RHA% Vs OMC          Fig-4(c) RHA% Vs MDD 

 

  Fig-4(d) RHA% Vs C                     Fig-4(e) RHA% ɸ 

 

Fig-4(f) RHA % Vs CBR       Fig-4(g) RHA % Vs FSI % 
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MONTHS NMC ρ 

(g/cc) 

ρd  

(g/cc) 

CBR % 

Soaked 

Un 

soaked 

MID MAY 5.8 1.63 1.54 1.22 18.56 

MID AUG 28.4 1.72 1.33 1.26 1 

MID DEC 12.86 1.92 1.65 1.23 12.9 

MID FEB 17.79 1.96 1.66 1.28 5.4 

MID APR 24 1.95 1.57 1.25 1.02 
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Table-4 Effect of RHA on properties of expansive soil 

Consistency limits showed that liquid limit decreased, 

plastic limit values increased and plasticity index 

decreased with increasing percentage of RHA up to 

25%. At higher RHA contents, the blends became non-

plastic. The decrease in liquid limit is due to the 

decrease in diffused double layer by replacement of 

clay particles by RHA particles. Increase in plastic 

limit is due to development of shear resistance at inter 

particle level, and the soil-RHA matrix requires high 

moisture content to roll. 

Compaction test data showed that with increasing 

percentage of RHA, OMC increased and MDD 

decreased. At lower percentages of RHA this 

phenomenon is steady and at higher percentage, it is 

rapid. The increase in OMC is due to the development 

of flocculated structure which resists the compaction 

effort and requires more water to mobilize and offers 

low dry densities.  

CBR test data showed that the increase in percentage of 

RHA increased the CBR values. The increased CBR 

values are due to the development of shear resistance 

generated against penetration. 

Shear test data showed that with increasing percentages 

of RHA, cohesion decreased and angle of shearing 

resistance increased. The decreased cohesion and 

increased angle of shearing resistance are due to 

replacement of fines by RHA particles. 

4 CONCLUSIONS 

Rice Husk Ash is an industrial agricultural waste of 

light weight porous and high volume material with 

high strength values can be individually used as 

subgrade, fill and embankment material. 

 It is also used as admixture with black cotton soil 

for a subgrade, fill and embankment material at a 

dosage of 30-40% by maintaining CBR values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8-10%, density 1.24-1.32 g/cc and ɸ values in the 

range of 32-36 degrees. 
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RHA % 

Consistency limits 
Compaction 

parameters 
Strength parameters 

  Swell 

parameter 

WL(%) WP(%) IP(%) 
OMC 

 (%) 

MDD 

(g/cc) 

CBR 

(%) 

C' 

(t/m
2
) 

Ø 

(deg) 
FSI 

0 74 29 45 26 1.52 1 10 15 115 

5 70 30 43 26.5 1.5 1.5 9 16 100 

10 63 31 32 27.2 1.47 2.5 7.5 18 85 

15 56 32 24  28 1.43 3.5 6 20 70 

20 42 34 8 28.8 1.4 5 4 24 55 

25 32 NP NP 29.8 1.36 6 1.5 28 35 

30 NP NP NP 30 1.32 7 0.5 30 20 

40 NP NP NP 31.8 1.24 8.5 0 32.5 0 

50 NP NP NP 33.2 1.15 9.5 0 34 0 


