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Abstract:  Clayey soils usually have the potential to demonstrate undesirable engineering behavior, 

such as low bearing capacity, high shrinkage and swell characteristics and high moisture 

susceptibility. Stabilization of these soils is a usual practice for improving the strength. This study 

reports the improvement in the strength of a locally available cohesive soil by addition of Municipal 

Solid Waste (MSW) incinerator ash as a soil stabilizing agent and to evaluate its influence on soil 

properties and shear strength of the soil when used in different proportions. 
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1 Introduction 

The design and construction of rural roads 

requires engineers to use the locally available 

soils for the pavement foundation. This 

necessity is often dictated by the non-

availability of quality materials, haul distances 

and economic considerations. The poor-quality 

soils usually have the potential to demonstrate 

undesirable engineering behavior, such as low 

bearing capacity, high shrink and swell 

potential and high moisture susceptibility. 

Stabilization of these types of soils using 

different additives is a usual practice as it 

becomes uneconomical to replace the 

foundation material with good quality soils. 

Many additives such as lime, cement, fly ash, 

bitumen and different chemicals are being used 

for stabilization of these types of soils. Since, 

incinerator bottom ash is a waste material from 

MSW incinerator and shows pozzolanic 

characteristics(Charles et.al, 2010), it is always 

encouraged to use incinerator bottom ash for 

stabilization where easily and economically 

available. Its composition varies according to 

the nature of MSW burned. The strength 

characteristics of stabilized soils used in 

pavements are measured by means of 

unconfined compressive strength (UCS) and 

California bearing ratio (CBR) values. 

Depending upon the soil type, the effective ash 

content for improving the engineering 

properties of the soil varies between 15 and 

25%. 

 

2 Materials and Methodology 

 
2.1 Materials 

The clayey soil used in the study was collected 

from area in the vicinity of Renigunta Airport, 

India and   Incinerator bottom ash was procured 

from an MSW incinerator, Civil engineering 

Department, SVUCE, Tirupati.  

 

2.2 Methodology 

In order to find the strength of the soil after 
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stabilization with Municipal Solid Waste 

bottom ash, experiments were conducted in 

three stages. In  the first stage, characteristics of 

the soil were determined by conducting 

experiments like sieve analysis, specific gravity 

test and free swell index tests. In the second 

stage physical analysis of municipal solid waste 

and chemical analysis for Calcium oxide, 

Alumina and silica  of bottom ash were carried 

out. In the third stage, UCS and CBR values of  

the stabilized soil were determined by using 

UCC apparatus and CBR testing machine.  

 

3.Results and Discussion: 

 

Grain size distribution, specific gravity, 

Atterberg limits, maximum dry unit weight, 

optimum moisture content (OMC), UCS, CBR, 

free swell index (FSI) tests were performed on 

the soil sample and the same is presented in 

Fig.1 and Table 1. 

 
               Fig 1 Gradation curve for soil 

Property 

  
Value 

Gravel (%) 2.1 

Sand(%) 30 

Silt +clay(%) 67.9 

IS soil classification               CH 

Liquid limit(%) 98 

Plastic limit(%) 34 

Free swell index 210 

Specific gravity 2.69 

Optimum Moisture content 18.36% 

Maximum dry density 1.735g/cc 

Table 1 Soil Properties 

 

Physical analysis of Municipal Solid Waste 

were carried out physically and the same is 

presented in Table 2.Chemical analysis of 

Municipal Solid Waste ash were carried out in 

accordance to respective Indian standards and 

the same is presented in Table 3. 

Table 2 Physical components of the 

Municipal Solid Waste 

     Component 

 

Percentage 

(%) 

Organic materials 20 

Polythene covers 35 

Paper 36.1 

Clothes 5 

 

others 4.9 

Moisture content 10 
 

Table  3.   Chemical Properties of bottom ash 

 

Component Percentage 

Calcium Oxide 45 

Alumina  12 

Silica 28 

The general relationship between UCS and the 

quality of the sub-grade soils used in pavement 
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applications  is as given in Table 4. 
 

Table 4 Quality of subgrade based on UCS 

value 

UCS(KPa) Quality of 

Subgrade 

25-50 Soft subgrade 

50-100 Medium subgrade 

100-200 Stiff subgrade 

200-380 Very stiff subgrade 

380 Hard subgrade 

Soils with larger clay content show higher 

swelling and shrinkage characteristics causing 

differential settlements under various 

structures. The potential swell is a usual term 

used to classify expansive soils, from which 

soil engineers ascertain how good or bad the 

cohesive soils are.  

The degree of expansion and degree of severity 

for the soil can be determined from the 

guidelines laid down by Indian Standard code 

of Practice (IS:1498 1997)  
 
       As per the swelling characteristics of the 

soil, the soil can be categorized as an expansive  

Table 5. IS classification system, as per (IS:1498 
1997) 

 

soil with „very high‟ degree of expansion and 

„severe‟ degree of severity based on the 

 classification   given in Table 5. 

     Clay soil was stabilized with Municipal 

Solid Waste Incinerator ash at different 

percentages and experiments of liquid limit , 

plastic limit, UCS and CBR were carried out 

and the results are  presented in Table 6. 

Table 6.   Results of the geotechnical tests on 

soil blended with bottom ash. 

Sample LL 

(%) 

PL 

(%) 

UCS(KPa) CBR 

(%) 

0%ash 98 34 28.8 3.38 

5%ash 89 27 29.8 6.72 

15%ash 68 25 48.7 8.64 

25%ash 54 23 53.4 9.38 

50%ash 36 18 39.2 10.45 
 

From the table 5, it may be observed that, 

addition of ash from 0 to 25 % increased the 

Unconfined Compressive Strength of soil 

increased from 28.7kPa to 53.4 KPa and the 

same is presented in  fig. 2. Further increase in 

fly ash decreased UCS, indicating that 25 % is 

the optimum percentage of fly ash.. Addition of 

50% fly ash increased the CBR value of the soil 

from 3.38 to 10.45. 
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 All the UCS tests were carried out on fresh soil 

samples without any curing. The results will be 

much higher after curing, which has been 

indicated by several researchers earlier. 

It was also observed that liquid limit 

decreases and the plastic limit increases with an 

increase in bottom ash content.  

 

4 Conclusions 

 

In the study, the stabilization of a clayey soil 

with incinerator bottom ash was investigated 

and the effects of the stabilization on the 

geotechnical properties of a clayey soil were 

studied. The optimum bottom ash content was 

found at 25 % considering the unconfined 

compressive strength of treated soil. The UCS 

value increased to 53.4 KPa and CBR value 

increased to 9.38 by addition of 25 % ash . 

Stabilization using incinerator ash is proved to 

be effective when used in proper percentages 

for subgrades. 
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