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ABSTRACT:  The engineering behavior of soil is affected by the presence of organic content in the soil. Previous studies 

have shown that organic content in clay is a key factor which affects the index properties, unconfined compressive 

strength and compaction behavior. Fly ash stabilization of clay is a commonly used stabilization method in pavement 

construction. Presence of organic content affects the stabilization of clay using fly ash, because organic content influences 

the pH of clay and hence the pozzolanic reaction is also affected. Kaolinite clay with different organic content (9%-25%) 

is stabilized using Class C fly ash. The variation in index properties, unconfined compressive strength and compaction 

behavior of clay with different organic contents which is stabilized with fly ash is presented. Optimum fly ash requirement 

is also affected by the presence of organic content in clay. The optimum fly ash content for stabilization of kaolinite with 

different organic content is also presented in this paper.  
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1 Introduction 

Organic content in the soil results in high 

compressibility, low shear strength and low unit weight 

(Saride et al., 2010, Kolay et al., 2010). It has a 

significant role in the engineering and index properties 

of soil (Thiyyakkandi and Annex, 2011). Fly ash can 

be used to stabilize organic soils also. But the resulting 

unconfined compressive strength depends on properties 

of soil and fly ash and the strength of soil-fly ash 

mixture decreases when organic content of soil 

increases (Tastan et al., 2011). Therefore organic 

content is an important factor to be considered during 

fly ash stabilization. Little is known about the 

engineering properties of organic soils when stabilized 

with fly ash. Hence the variation in physical properties, 

index properties, compaction behaviour and shear 

strength of fly ash stabilized kaolinite at different 

organic contents are determined in this paper. The 

percentage of fly ash required for the organic kaolinite 

to attain maximum shear strength was also determined. 

2 Material properties and Experimental 

Procedure 

Kaolinite used in the study purpose is moderately 

plastic and inorganic in nature. Table 1 shows the 

initial properties of kaolinite. Locally available biogas 

slurry was added to kaolinite to increase the organic 

content. The pH value of the slurry was obtained as 

7.5. Carbon: Nitrogen ratio was 12:1.  

Fly ash used in this study was of ASTM class C 

specifications (ASTM C618, 2015). Initial properties 

of fly ash are summarized in Table 2.  Table 3 shows 

the chemical composition of fly ash. Grain size 

distribution curves are shown in figure 1. 

Table 1 Properties of Kaolinite 

 

 

 

 

 

 

 

 

 

 

 

 

Slurry was initially air dried and then powdered for 

uniform mixing. It was added to kaolinite at different 

percentages (10%, 20% and 30%) to prepare kaolinite 

of different organic contents. Organic content of the 

mix was determined as per ASTM D 2974-14. On 

Properties of kaolinite Value 

Water content (%) 00.98 

Specific Gravity 02.42 

Organic content (%) 09.00  

Liquid Limit (%) 42.00 

Plastic Limit (%) 25.00 

Plasticity Index (%) 17.00 

Optimum Moisture Content (%) 23.47 

Maximum Dry Density (g/cc) 01.46  

pH 03.22 

Unconfined Compressive strength 

(kN/m
2
) 

72.00  

Clay Content (%) 75.00 

Silt Content (%) 23.00 

Soil Classification CI 
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addition of biogas slurry organic content of kaolinite 

was found to varying between 14-18%. 

Kaolinite mixed with biogas slurry was kept for 7 days 

for testing. Tests on index properties, compaction 

behavior and shear strength characteristics were 

conducted as per respective IS codes. 

Fly ash was added to kaolinite in different percentages 

to determine the optimum percentage for which 

maximum shear strength was obtained. 8% was 

obtained as optimum and this optimum percentage of 

fly ash was added to kaolinite of different organic 

contents. Further tests were conducted by preserving 

these samples for 7 without loss of moisture.  

Table 2 Properties of Fly Ash 

 

 

 

 

 

 

 

 

 

 

Table 3 Chemical Composition of Fly Ash (Laboratory 

Test Result) 

 

 

 

 

 

 

 

 

 

 

 

 

3 Results and Discussions 

Figure 2 shows the classification of soils as per 

plasticity chart. When the organic content of kaolinite 

is 14% and above, it is organic. Therefore 14% organic 

content is considered here as the boundary separating 

inorganic and organic soil. The properties of kaolinite 

added with different percentages of slurry are shown in 

table 4. 

3.1 Effect of Organic Content on Index  

Properties 

Figure 3 shows the variation in specific gravity with 

organic content. The specific gravities of kaolinite and 

fly ash were 2.42 and 2.1 respectively. Fly ash particles 

are light weight, hollow spheres compared to soil 

particles. Its specific gravity is much lower. Therefore 

the overall weight of the soil-fly ash mix will be less. 

Hence the resulting decrease in specific gravity is 

obtained on fly ash treatment. 

 
                                  (a) 

 
                                   (b) 

Fig.1 Grain size distribution curves (a) Kaolinite, (b) fly 

ash 

 

Fig.2 Soil classification as per plasticity chart 

 

Fig. 3 Variation in specific gravity with organic content 

Variation in liquid limit, plastic limit and plasticity 

index are represented in figure 4, 5 and 6 respectively. 

Organic content raises the liquid limit and plastic limit. 

Since the organic particles are colloidal in nature, their 

water adsorption capacity will be very high.   

Properties Value 

Water content (%) 00.72 

pH 08.50 

Specific Gravity 02.10 

Clay content (%) 04.00 

Silt content (%) 70.00 

Sand content (%) 26.00 

Parameter Type I 

SiO2 (%) 38.40 

Al2O3 (%) 14.60 

Fe2O3 (%) 04.50 

CaO (%) 22.70 

MgO (%) 04.80 

CaO/SiO2 00.59 

Loss on ignition (%) 00.80 

Classification Class C 
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Table 4 Properties of Organic Soil 

 

Therefore the addition of organic matter increases the 

demand for water. (Malkawi et al., 1999). Soil behaves 

as plastic or liquid at higher water contents. 

Fly ash particles are coarse grained with lower surface 

area. Therefore fly ash treatment reduces the liquid 

limit. Lime content in the fly ash increases the plastic 

limit. Variations in liquid limit and plastic limit are 

reflected in plasticity index also. Plasticity and 

cohesion of organic matter are very low compared to 

soil. 

 

Fig.4 Variation in liquid limit with organic content 

 

Fig.5 Variation in plastic limit with organic content  

3.2 Effect of organic content on Compaction 

characteristics 

Variations in optimum moisture content and maximum 

dry density are plotted in figure 7 and 8 respectively.  

 

 

The water adsorption capacity of organic matter is 

high. Therefore it demands more water, thus raising the 

optimum moisture content. Presence of broken hollow 

spheres in fly ash also increases the optimum moisture 

content. 

The decrease in dry unit weight on fly ash addition 

may be due to lower specific gravity, poor gradation 

and immediate formation of cemented products on fly 

ash treatment. 

 

Fig.6 Variation in plasticity index with organic content 

 

Fig.7 Variation in optimum moisture content with organic 

content  

3.3 Effect of organic content on Shear strength 

characteristics 

Variation in unconfined compressive strength is shown 

in figure 9.Treatment with 8% of fly ash increased the 

Property Kaolinite 

   

Kaolinite +  

10% slurry  

Kaolinite+ 

20% slurry 

Kaolinite+  

30% slurry 

Organic content (%) 09.00 14.00 16.00 18.00 

Specific Gravity 02.42 02.08 01.98 01.93 

pH 03.22 03.75 04.17 05.24 

Liquid Limit (%) 42.00 43.20 48.60 52.40 

Plastic Limit (%) 25.00 27.22 36.19 40.35 

Plasticity Index (%) 17.00 15.68 12.41 12.05 

Optimum Moisture Content (%) 23.47 26.12 27.20 29.00 

Maximum Dry Density (g/cc) 01.46 01.36 01.29 01.20 

Unconfined Compressive Strength (kN/m
2
) 72.00 65.00 62.00 48.00 

Classification CI OI OI OH 
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shear strength of kaolinite by 87.5%. This 8% was 

obtained as the optimum fly ash above which shear 

strength goes on decreasing. 

 

Fig.8 Variation in maximum dry density with organic 

content 

 

Fig.9 Variation in unconfined compressive strength with 

organic content 

Kaolinite of different organic contents was treated with 

this optimum percentage (8%) of fly ash. But the rate 

of increase was reduced with increase in organic 

contents. Even the shear strength of fly ash treated 

sample was lower than that of untreated kaolinite at 

higher organic content. A notable variation in all the 

properties was obtained in the organic region whereas 

in the inorganic region the variation is gradual. 

4 Variation of optimum fly ash with organic 

content 

Different percentages of fly ash were added to kaolinite 

samples (varying organic content). Table 5 shows the 

unconfined compressive strength of kaolinite samples 

treated with respective optimum percentage of fly ash. 

Table 5 UCC strength at optimum fly ash 

5 Conclusions 

From the laboratory test results, the following 

conclusions were made: 

 Optimum percentage of fly ash for stabilisation of 

kaolinite decreases with increase in organic 

content. Also the maximum shear strength of fly 

ash stabilized kaolinite is decreasing with increase 

in organic content.  

 Index properties, compaction behaviour and shear 

strength of kaolinite are affected by the presence 

of organic content. Below 14% of organic content 

(inorganic region) the variation is gradual whereas 

a prominent variation is obtained for higher 

organic contents (organic region).   

 Index properties , compaction behaviour and shear 

strength of fly ash treated kaolinite also varies with 

organic content 

 Organic content is an important parameter to be 

considered during fly ash stabilisation. There is 

possibility for shear strength of fly ash treated 

samples to be lower than that of untreated samples 

if, the presence of organic content is not taken care 

of. 
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Organic content 

(%) 

Optimum Fly 

Ash (%) 

UCC Strength at 

Optimum Fly Ash 

(kN/m
2
) 

9 8 135 

14 6 120 

16 4 101 

18 4 92 


