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Abstract 
 
Increasing the road network is one the most prominent area for any 
government to decide its financial budget. Because of increment in 

expressway development there is lack of acceptable quality of soil at each 

place .Soil would we be able to supplant wherever as it is exorbitant and 

increment the undertaking cost. This issue can be overwhelmed with progress 
in properties of soli. For the most part squander materials are utilized to 

balance out soil with the goal that undertaking cost won't increment. The 

glass powder and fly ash are waste product in the glass and thermal industry 
respectively. Both fly ash and glass are included distinctive extent to 

discover suitable percentage of addition for optimum outcomes.   

 
Key words: Soil Stabilization, Fly Ash, Glass Powder, Optimization of 

Soil, CBR. 
 

1 Introduction 
 

Energy Clay soil has propensity to swell and shrink when it interacts 

with moisture. Shear quality of soil decreases with dampness contact. 

Cohesive soils can creep after some time under steady weight, especially 
when the shear force is moving closer its shear strength, making them slanted 

to sliding.They develop broad lateral weight.They tend to have low adaptable 

modulus values. Consequently, Clay soils are not suitable material to support 
the foundation. Fly ash was viably used for reinforced clayey soils. The 

quality ascribes of fly-ash mixed up with clayey soil were determined by 
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method of   unconfined compressive quality (UCS) or California Bearing 

Ratio (CBR) values.Dependent upon the clayey soil, the suitable fly ash 

content for upgrading the structure properties of the mud varies between 15 
to 30%[1-6]. 

Soil stabilization may be described as a change in constituents of a 

current soil so as to improve its bearing or load carrying capacity. Such an 
effect may be refined by mechanical consolidation.As far back as the start of 

street building, it has been perceived that a few soils were to a great degree 

unsteady, especially within the sight of dampness, and those different soils 

were steady and would bolster activity with less failure. An endeavor was 
made to characterize the properties which rendered clay "feeble, flimsy, 

yielding, and questionable. When all is said in done, soil stabilization is 

partitioned generally into two sections; one a physico-chemical procedure 
where the character of the clay is changed, and the other, the conservation of 

the clay's attributes of most extreme thickness by an expansion of some 

material. Ultimately, it is realized that instability of soils is connected 
straightforwardly to their water susceptibility. In the initial segment, a 

physico-chemical process bestowed by an expansion of chemicals, for 

example, lime, concrete, calcium chloride, fly ash, and different added 

substances enhances the heap conveying limit of the clay. In the last 
mentioned. a water sealing or water maintenance process bestowed by the 

expansion of black-tops and different bituminous materials, protects the 

attributes of that clay at its ideal conditions[7-12]. 
 

1.1 Fly Ash 
 

As we all know that fly ash is byproduct of thermal industry. During 

ignition, mineral polluting influences in the coal (mud, feldspar, quartz, and 

shale) combine in suspension and buoy out of the burning chamber with the 

fumes gases. As the combined material ascents, it cools and sets into round 
shiny particles called fly ash. Fly ash is gathered from the fumes gases by 

electrostatic precipitators or sack channels. The fine powder looks like 

Portland concrete however its properties are bit different from it. Fly ash 
synthetically react with the byproduct of calcium hydroxide delivered by the 

concoction response among concrete and water to shape extra cementitious 

items that improve numerous alluring properties of cement. Two kinds of fly 

ash are normally utilized in soil: Class C and Class F. Class C are frequently 
high-calcium fly remains with carbon content under 2%; though, Class F are 

commonly low-calcium fly cinders with carbon substance under 5% however 

in some cases as high as 10%. The percentage of fly ash used fluctuate 
contingent upon the type of fly ash and its reactivity level. Ordinarily, Class 

F fly ash is utilized at percentage of 15% to 25% by mass, and Class C fly 

ash at 15% to 40%. 
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1.2 Glass Powder 
 

The use of glass is increasing day by day. The wall window ratio has 
dramatically increased in in the past two decades which opened the door of 

new era of glass manufacturing. Although glass is 100 percent recyclable 

material unless it was treated. Moreover, small manufacturing units cannot 
utilize waste glass completely. The grinding and designing of glass tends to 

produce waste glass powder. Being from diamond family glass lies on the 

stronger side of scale of hardness which makes the glass a suitable load 
bearing material when used in correct order and direction. Under this portion 

of study the waste glass in powder form was used as stabilizing agent to 

clayey soil. The agenda behind using the glass powder in clay soil is the 

particle size. The clayey soil having particle size lesser than two micron and 
carries negative charge over it on the other hand glass powder are inert 

particles.   

 

2 Research Objective 
 

The soil behavior is heterogeneous at different places. Depending on 
requirement of project the suitable soil is generally extracted from nearby 

areas. But availability of good soil at every place is rare. Therefore 

strengthening of existing soil is one of most economical work for any project. 
Under this portion of study the motive is to use glass powder and fly-ash as 

additives to clay soil for better strength characteristics. The strength 

parameters are taken as per the CBR test and box shear test to meet the 

research objective. 
 

3 Basic Properties of soil  
 

3.1 Field Moisture Content 
 

The field water content was determined by oven drying method (IS 
2720-2:1973) and it was found to be 6.83 percent. 

 

3.2 Liquid Limit 
 

22.9 percent liquid limit was determined by”Casagrande’s Apparatus” 

according to IS2720 (Part V). 
 

3.3 Plastic Limit 
 

The plastic limit was found 17.8 percent when soil stopped behaving as 
plastic material. 
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3.4 Particle Distribution Curve  
 

The sieve analysis was done for soil classification and particle 
distribution curve. Based on test the results can be plotted on semi log graph, 

the values of Cu and Cc are found to be 4 and 0.49 respectively. Therefore it 

is to mention that the soil is poorly graded soil.  
 

3.5 Optimum Moisture Content 
 

According to IS 2720 Part VIII the optimum moisture content of soil is 

15.3 percent.  

 

3.6 Box Shear Test 
 

The box shear test was conducted on reference specimen the value for 

angle of internal friction observed in test was 13.40 and coefficient of 
cohesion observed as 0.25 kg/cm2. sq.cm. 

 

3.7 Soil Classification 
 

The identification was done according to IS code IS 1498 and it was 

observed that soil consist of mud and sand content. Therefore the chunk can 

be classified as CL-ML. 
 

4  Experimental Study 
 

The experimental study was divided into three steps i.e based on test 

results. The virgin soil was tested with same working conditions and 

parameters to streamline the results in appropriate manner.  
 

4.1 Modified Proctor Test 
 

The various proportions of fly ash was added in soil as 10, 15, 20 and 25 

percent based on the literature review.  
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Figure 1: Modified Proctor Test Results (Soil +Fly Ash) 

 
The obtained results can be summarized as shown in figure 1. Further, It 

was observed that the optimum percentage of fly ash could be added to 

clayey soil is 10 percent, which has given the maximum dry density of 1.985 

gm/cc which is approximately 11 percent increase in strength. For 
subsequent testing this 10 percent fly ash added sample was taken as 

reference sample to optimize the addition of glass powder. The results with 

added different percentage of glass powder can be summarized in figure 3. 
An observation was made that the maximum value of dry density was 

achieved at 5 percent of glass powder. 

 

 
Figure 2: Modified Proctor test (Soil+ Fly Ash + glass powder). 
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4.2 CBR Test 
 

The same percentage of additives were test for CBR test also to obtain 

the clearer picture of strength improvement in clayey soil. The soaked CBR 

test was done with 10, 15, 20 and 25 percent of fly ash and results can be 
represented as shown in figure 3, which again shows that the maximum value 

of CBR is when 10 percent of fly ash was added to the soil. By taking this 

sample as reference sample for various percentage of addition of glass 

powder the following results were obtained as shown in figure 4. From the 
graph drawn in figure 4. It was observed that the clay soil possesses 

maximum strength when treated with 10 percent fly ash and 5 percent glass 

powder. 
 

4.3 Box Shear Test  
 

Based on previous results of modified proctor tests and CBR test, the box 
shear test represent the same set of results the graph (as shown in Figure 5) of 

clayey soil possesses shear strength after addition of 10 percent of fly ash and 

5 percent of glass powder respectively.    
 

 
Figure 3: CBR trend with added fly ash 
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Figure 4: CBR trend with added fly ash and glass powder 

 
The values of internal friction was observed as 32.6 and cohesion is 0.03 

which is approximately 41 percent increase in angle of internal friction which 

indicates the betterment of soil after addition of both fly ash and glass 

powder as additives.   
 

 
Figure 5: Box Shear test results 
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5 Conclusion  
 

The following statement might be found true based on the current 

investigation.  

A. The maximum increase i.e. 78 percent in CBR value was found when 
soil mixed with 10 percent fly ash by weight. 

B. The extreme increase in CBR value was found as 9.6 percent 

which is almost 153 percent increase from the original soil added with 5 

percent glass powder.  
C. Angle of internal friction increases from 13.4 to 32.3 and cohesion 

decreases from .29 to 0.03 with the increased amount of glass powder. 

 

6 Recommendation  
 

i. The use of fly ash can make the expansive soil much better for 
construction and filling for embankments. 

ii. The optimum value of fly ash can be ranged from 8 to 12 

percent. Further increase in fly ash may cause inter- particle slip.  
iii. Glass powder can also be used if available in the vicinity of site 

to improve the bearing capacity of soil with range 4 to 6 percent.    

 

7 Future Scope  
 

The application area of using fly ash and glass powder in clayey soil 
become wider nowadays. Various proportionate of materials can be test to 

calculate the exact value of additives. Also, the results of this study can be 

validated through analytical techniques. 
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