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ABSTRACT: Flexible pavement system laid on the expansive soil subgrades show signs of continuous distress in the 

form of cracking, unevenness, rutting etc., during its service period.  Extensive laboratory, model and field studies have 

been carried out by various researchers have shown promising results with the utilization of industrial by-products i.e 

quarry dust, rice husk ash, blast furnace slag, flyash etc., for the stabilization of expansive subgrade.  These materials offer 

two folded advantage of effective utilization and solution for their safe disposal.  In this present work, an attempt has been 

made to study the efficacy of flyash in stabilizing the expansive soil subgrade.  Laboratory experimentation was 

conducted for finding the optimum content of flyash required for treating the expansive soil.   Model flexible pavement 

systems are prepared in circular tanks with different untreated and flyash treated subgrade layers.  Tests are conducted to 

study their cyclic load responses.  The experimental results show that model flexible pavement with 10% flyash treated 

subgrade is showing low heaving and low settlement to the applied cyclic loading.  The coefficient of elastic uniform 

compression, representing variation of elastic rebound of the model pavements is assessed for model pavements.  
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1  INTRODUCTION 

Many countries all over the world have huge 

accumulations of industrial byproduct like flyash.   

Flyash is an ash produced during the combustion of 

coal.  In many countries the flyash quantity has been 

accumulating day by day, causing severe problem for 

its disposal at the cost of environmental sustainability.  

The production of flyash in India is around 175 million 

tons (Kaniraj and Gayathri 2003).  The best solution 

for this problem is its utilization as a construction 

material, which may give a two folded advantage. In 

India, a developing country, an extensive road network 

is under construction.  Waste materials like flyash 

could be used in the road projects, particularly when 

the flexible pavements are laid on the expansive 

subgrade soils.  Flyash is effective because of its 

pozzolanic reactivity with soil and also its silty 

character.  Expansive soil exists in a typical state and 

its behaviour is sensitive to changes in their moisture 

content.  The swell pressures associated with changes 

in moisture content is responsible for the undesirable 

heave movements, which will contribute to significant 

damages to light weight civil engineering structures 

like light weight buildings, flexible pavements, 

pipelines, canal linings etc.  The financial loss due to 

these damages will generally exceed the loss due to 

natural hazards (Jones and Holtz 1973).  Practicing 

engineers are using different stabilization techniques to 

reduce these losses associated with expansive soils 

(Puppala et al 2006).  There was an appreciable 

increase in CBR and resilient modulus values of the 

soil with the addition of flyash (Edil et al 2006).  It was 

suggested to use flyash for the stabilization of native 

expansive soils of Oklahoma as addition of flyash 

content reduced the linear shrinkage of the expansive 

soil (Buhler  and Cerato 2007).  A stabilized flyash 

layer was used in the pavement design to provide more 

stiffness to the conventional pavements (Bin-Shafique 

et al 2004).  Stabilization of the subgrade soil using 

flyash may enhance the dynamic properties of the 

pavement constructed on it.  Model tests were 

conducted on square footings supported on sand beds 

and the variation of relative density of soil with 

coefficient of elastic uniform compression was 

reported (Moghaddas et al 2008).  In this present work 

an attempt is made to examine the effect of flyash as an 

additive in the stabilization of expansive subgrade soil.  
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Model flexible pavements have been prepared with 

untreated and flyash treated subgrade layers and 

evaluated their cyclic load responses.  

2 MATERIALS USED 

 

2.1 Expansive Soil 

The high swelling soil sample used in the  study was 

procured near Amalapuram town , East Godavari 

District, Andhra Pradesh, India.  Soil was collected 

from a depth of 1.5 m below ground level.  Soil was  

found to be fine grained and black in color.  Soil 

grading showed that it contains silt and clay content of 

23% and 65% respectively.  This soil got classified as 

inorganic clay of high compressibility (CH) as per ISC 

System.  The geotechnical properties of the soil are 

presented in Table 1.  

       Table 1 Basic Geotechnical properties of soil 

Property Value 

Liquid Limit (%)   85 

Plastic Limit (%)   29 

Plasticity Index (%)   56 

Shrinkage Limit (%)   12 

Differential Free Swell (%)  140 

Swell Pressure (kPa)  295 

Max Dry Density (kN/m3)  15.2 

OMC (%)   25 

UCS (kPa)   94 

California Bearing Ratio (%)  2.12 

 

2.2 Flyash  

The fly ash used in the study was collected from 

Vijayawada Thermal Power Station of Andhra Pradesh, 

India.  It has a specific gravity of 1.95 and liquid limit 

of 25%.  The maximum dry unit weight (MDD) and 

optimum moisture content (OMC) were found to be 

13.25 kN/m3 and 24% respectively.  The chemical 

composition of fly ash was SiO2 = 61.00%; Al2O4 = 

21.6%; Fe2O3=3.09 %; CaO =1.02%; MgO =0.50% 

and loss on ignition is around 0.2%.   The fly ash is 

class F type and it was abundant.    

2.3 Murrum   

Murrum was used as a subbase material for preparing 

the model flexible pavements.   The material is meeting 

the prescribed physical requirements.  It contains 

gravel and fine sand contents of 62% and 27% 

respectively.  The MDD and OMC were found to be 

18.15 kN/m3 and 18% respectively. 

2.4 Aggregates 

The coarse aggregate used is a crushable type 

aggregate of laterite having standard specification.   

3 EXPERIMENTAL WORK 

 

3.1 Test Setup 

Model tests are conducted using the test setup shown in 

Fig.1, which consists of GI tank containing different 

layers of flexible pavement, reaction beam, hydraulic 

jack, proving ring and dial gauges.  The dimensions are 

chosen so that the families of isobars formed under a 

uniformly loaded circular area placed on top of the 

model pavement are confined within the model system.  

The vertical load was applied on the pavement system 

by means of hydraulic jack placed centrally on a 

circular metal bearing plate of 100 mm diameter and 25 

mm thickness as shown in Fig.1.  Proving ring of 50 

kN capacity was used to record the applied load and 

the settlement of the plate is measured with dial gauges 

of   0.01 mm sensitivity.      

 

            Fig. 1 Schematic diagram of test setup 

3.2   Preparation of Subgrade, Subbase and    

            Base courses 

Air dried expansive soil passing 4.75mm sieve is used 

for preparing the subgrade.  For treated subgrade, 

optimum percentage of flyash content obtained from 

laboratory experimentation has been mixed to form a 

homogeneous mixture.  Water is added to the mix at 

optimum moisture content (OMC)  of the natural soil 

and prepared a wet mix.   Before laying the subgrade, a 

sand bed of 1 cm thickness was laid in the tank to serve  

as a drainage bed.  Similarly this drainage has been 

provided all round the subgrade, by filling the annular 

ring between the perforated metal grid and GI tank 

with sand.  This mix was placed in GI tank, compacted 

in layers of 2.5 cm thick to a final thickness of 20 cm.   

Each layer was compacted to MDD & OMC of natural 

soil.  On top of the prepared subgrade, subbase and 

base courses have been laid with murrum and course 
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aggregate for a thickness of 5 cm each and were well 

compacted.    

3.3  Saturation and Heave Measurement 

The prepared model flexible pavement systems has 

been connected to a water tank for saturation.    Water 

enters from all sides, making the subgrade to swell, 

thus heaving up of the pavement system.  The heaving 

of the system has been recorded at regular time 

intervals with the help of dial gauges fixed on top of 

the base course as shown in Fig. 2.  Recording were 

continued until the heaving ceased.     

 

         Fig. 2 Heave measurement of pavement  

3.4 Cyclic Load Testing 

As shown in Fig.3 the prepared model pavement 

system is subjected to model cyclic plate load testing.  

The pavement was placed on the pedestal of a 

compression testing machine and a jack was centrally 

placed between the bearing plate and the proving ring.    

 

                Fig. 3 Cyclic plate load test setup 

Cyclic plate load test is carried out corresponding to 

different pressure increments such that the ultimate 

load is reached in five to six increments.  In this testing 

pressure intensities ranging from 0 to 1200 kPa were 

applied.  Load was applied at a rate of 1mm per 

minute.  At each applied pressure the total settlement   

of the plate has been recorded which is incidentally 

followed by measurement of elastic rebound on 

unloading.  The cycles of incremental loading, 

unloading and reloading were continued until the 

bearing capacity failure of the model pavement occurs.  

4 EXPERIMENTAL RESULTS AND   

            DISCUSSION 

 

4.1   Effect of flyash on different parameters  

The summary of results of laboratory testing on the  

soil samples treated with different percentages of 

flyash contents are shown in Table 2.  With the 

increase in flyash content liquid limit was found to 

decrease while plastic limit increases, causing a net 

reduction in plasticity index (PI).   The differential free 

swell (DFS) value decreased with increase in flyash 

content.  The increase in the Maximum dry density 

(MDD) and California bearing ratio (CBR) and 

unconfined compressive strength (UCS) is significant 

up to the addition of 10% flyash content and it became 

nominal afterwards.  Considering an optimum amount 

of 10%, the CBR and UCS values have got increased 

by thrice and twice their original value respectively.             

       Table 2 Summary of the results of testing  

 Sample PI 

(%) 

DFS 

(%) 

MDD 

kN/m3 

CBR 

(%) 
UCS 

(kPa) 

Untreated soil 56 140 15.2 2.12 94 

Soil+5% FA 51 110 17.1 4.23 140 

Soil+10% FA 48 100 17.5 6.14 195 

Soil+15% FA 44 90 17.0 6.65 160 

Soil+20% FA 37 80 16.6 6.72 155 

4.2  Heaving of Model Pavement 

Heaving of the model pavements measured during the 

subgrade saturation period is shown in Fig. 4.   

 

Fig.4 Variation of heaving of the pavement 

Significant reduction in heaving has taken place for the 

pavement containing treated subgrade.  The percentage 

reduction in heaving at the end of saturation period has 

been found to be close to 40% of that of the heaving of 

model pavement with untreated subgrade.      
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4.3   Results of Cyclic Load Testing 

The variation of the total settlement versus the applied 

pressure for untreated and flyash treated subgrades of 

model pavements is shown in Fig. 5.  It is evident that 

the total settlement reduces for model pavement 

containing flyash treated subgrade.  

 

     Fig.5 Pressure-settlement curve for both loading and   

             unloading phases 

 

 

   Fig.6 Variation of elastic settlement with pressure 

The elastic rebound of the model pavements with 

corresponding pressure intensity is as shown in Fig. 6.  

It is seen from the figure the slope of elastic line 

increased for subgrade soil treated with flyash.  Slope 

of the elastic line, representing coefficient of elastic 

uniform compression (Cu) (IS: 5249-1992), was found 

to be more (0.19 N/mm3 for untreated and 0.26 N/mm3 

for soil treated with flyash) for model pavement system 

provided with flyash treated subgrade.  The coefficient 

Cu is found to be in close relation with the elastic and 

shear modulus of soil (Barkan D.D).  Increase in the 

value of Cu obviously enhances the elastic properties of 

the pavement.    

5   CONCLUSIONS 

Addition of flyash to the soil caused a reduction in 

plasticity index and differential free swell,  while dry 

density and california bearing ratio and unconfined 

compressive strength of the soil have got increased.  

Considering an optimum amount of 10% flyash 

content, the dry density increased from 15.2 kN/m2 

(Original value) to 17.5 kN/m2 (After addition of 

flyash).  Similarly, the CBR and UCS values increased 

to thrice and twice their original value respectively.  

Model flexible pavement systems have shown 

significant reduction in heaving of the model pavement 

provided with flyash treated subgrade.  A constant Cu 

used to define the elastic properties of the pavement 

and has been found to be greater for the model 

pavement with treated subgrade.       
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