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Abstract— Clay soil urge many problems for geotechnical   

engineers commonly, there is low share powers combined 

with the magnitude of the proposed loads require the soil to 

be secured. The agricultural soil deposits are much unbound 

and experience more settlement. Depending on the structural 

load auctioning and the depth of the clay of layers, large 

settlement may happen in this deposits. And hence the insitu 

soil is treated to adopt the proposed loads with maximum 

efficiency. The soil used in this study was collected from 

Puzhakkal paddy field in Thrissur, Kerala, India. The soil 
was taken at 2m depth. 
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I. INTRODUCTION 

Rapid growth of civilization has forced the engineers to use 

the sites those are not ideal as per the geotechnical 

engineering. The main problem faced by the engineers in 

road construction is the presence of weak soil. The soil may 
also contain air, water, organic matter, consisting of more or 

less decomposed remain lot plants and animal organism and 

other substance which remain dispersed throughout the 

mineral particle of the soil. Thus soil is non-homogeneous, 

porous and extremely variable in its composition as well as 

in properties. 

Soil stabilization is the alteration of soil to enhance 

their physical properties. Stabilization can increase the shear 

strength of soil and/or control the shrink-swell properties of 

a soil, thus improving the load bearing capacity of a sub-

grade to support pavements and foundations. It is required 

when the soil available for construction is not suitable for 
the intended purpose. 

II. MATERIALS 

A. Soil 

The soil used in this project was collected from puzhakkal 

paddy field in Thrissur, Kerala. The sample was taken from 
depth of 2m below the ground level. 

B. Fly Ash 

The fly collected from alan hydraulics bricks, Ernakulam 

district. It belongs to class C. Fly ash is less than 50 microns 

in size. 

C. Polypropylene Geotextile 

Geosynthetics may be defined as a generic term which 

include geotextiles, geomembranes, geogrids, geonets, 

geocomposites. Source: V M polytex private Ltd. 

Kanjikode. Table 1 is showing the properties of 

polypropylene geotextile 

Properties Values 

Weight 177g/m² 

Color Milk White 

Tensile strength Warp 195kgf 

 
Weft 198kgf 

Elongation Warp 24% 

 
Weft 25% 

Mesh Warp 10 No. per inch 

 
Weft 10No per inch 

Table 1: Properties of Polypropylene Geotextile 

D. Jute Geotextile 

Jute is one of the most affordable natural fibers. Source: 

green cocomats, Alappuzha. Table 2 is showing properties 

of jute geotextile. 

Sl no. Properties Values 

1 Thickness 3mm 

2 Weight 400g/m² 
3 Tensile strength 2.82kN/M 
4 Punching strength 0.5kN 

5 Failure strain 30% 

6 Apparent opening size 0.05mm 

7 tenacity 4.2gm/denier 
Table 2: Properties of Jute Geotextile 

III. EXPERIMENTAL STUDY 

A. Determination of Moisture Content 

The weight of the container with lid is to be taken and keep 

the container with required quantity of soil inside the oven 

at a temperature of 110 ± 5 °c for 24 hours. After 24 hours, 

cool the container with soil in desiccators and final mass is 

to be recorded. 

B. Determination of Specific Gravity 

The specific gravity of soil soilds (a) density bottle or (b) 

specific gravity flask or (c) pycnometer. First find the empty 

weight of pycnometer (W1). Take about 400 gram of soil in 

pycnometer and determine the weight of bottle soil (W2). 

Fill the bottle with water and determine the weight of bottle 

with soil and water (W3). Clean the pycnometer and fill it 

with water and determine the weight of bottle with water 

(W4). 

C. Grain Size Distribution 

Grain size analysis of the soil was done based on the IS 

2720 (part 4)-1985. Most sieve analysis is carried out by wet 

sieving. This is the case when the sample which has to be 

analysed is a very fine powder which tend to agglomerate in 

a dry sieving process. 

D. Determination of Atterberg’s Limits 

Adjust the penetrometer, Note the initial reading then 

release the vertical clamp allowing the cone to penetrate the 

soil paste. Note the penetration after 5seconds. 

Determination of liquid limit is done by plotting a graph 



Comparative Study of Geotextiles on the Properties of Fly Ash Stabilized Soil 

 (IJSRD/Vol. 8/Issue 2/2020/074) 

 

 All rights reserved by www.ijsrd.com 287 

between water content and penetration. Water content 

corresponding to the penetration of 20mm represents the 

liquid limit of soil. 

E. Determination of Optimum Moisture Cont 

20 kg of soil and sieved through 20 mm and 4.75 mm. A 

100 mm diameter Proctor mould is to be used if the soil 

fraction that passes 4.75 mm sieve is greater than 80% by 

weight. Take about 2.25 kg of the soil sample and add water 

to get the moisture content round 8%. Place first batch of 
soil inside the mould and apply 25, each given 25 blows of 

the standard rammer weighing 2.6 Kg and having a drop of 

310 mm. Remove the collar, and trim of the excess soil. 

Take a representative sample from the mould and determine 

its water content. 

F. Determination of Unconfined Compressive Strength 

Force is applied to produce axial train at a rate of 0.5 to 2 

percent per minute causing failure with 5 to 10. Failure 

pattern is sketched carefully and shown on the graph. From 

the graph unconfined compressive strength is obtained. 

G. Determination of California Bearing Ratio 

Usually the CBR value is calculated for 2.5mm and 5mm 

penetration. Generally the CBR value at 2.5mm penetration 

will be greater than that at 5mm. 

H. Determination of Free Swell Index 

Glass cylinder of 100ml capacity, Pour distilled water in 

cylinder up to 100ml mark. Remove entrapped air by gently 
shaking or stirring with a glass rod. Final volume of soil in 

the cylinder should be read out. The expanded volume is 

termed as free swell index. 

IV. RESULTS & DISCUSSIONS 

A. Index Properties of Soil Sample 

Simple tests which are required to determine the index 
properties are known as classification tests. The soils are 

classified and identified based on index properties. Water 

content, Specific gravity, Particle size distribution are the 

index properties of soil. The table 3 shows the index 

properties of soil. 

Soil property values 

Natural water content (%) 11.5 

Specific gravity 2.67 

Percentage of gravel .40 

Percentage of sand 40 

Percentage of clay 32.20 

Percentage of silt 27.40 

Liquid limit (%) 54 

Plastic limit (%) 25 

Shrinkage limit (%) 14.30 

IS classification CH 

Table 3: Index Properties of Soil 

B. Engineering Properties of Soil Sample 

The engineering properties of different soil samples are 

given in Table 4. The engineering properties are compaction 

characteristics, unconfined compressive strength and 

California bearing ratio. 

Soil property value 

Maximum dry density (KN/m³) 17.6 

Optimum moisture content (%) 18 

Unconfined compressive strength (KN/m²) 46 

CBR value (%) 1.32 

Table 4: Engineering Properties of Soil 

The unconfined compressive strength of collected 

sample is 46 kN/m. So the collected sample is soft. The 

CBR value of collected sample is 1.32. If the CBR value is 
less than 2.0, it means subgrade soil is weak. 

C. Properties of Fly Ash 

Fly ash used in this study was collected from alan hydraulic 

bricks near angamali. The properties of fly ash are shown in 

Table 5. 

Fly ash property values 

Specific gravity 2.10 

Percentage of gravel 0 

Percentage of sand 0 

Percentage of clay 8 

Percentage of silt 92 

Liquid limit 35 

Plastic limit Non plastic 

Shrinkage limit Non plastic 

Optimum moisture content 42% 

Maximum dry density 1.03g/cc 

Table 5: Properties of Fly Ash 

D. Effect of Fly Ash on Soil 

1) Compaction Characteristics 

The Proctor compaction test is a laboratory method of 

determining the optimal moisture content at which a given 

soil type will become most dense and achieve its maximum 

dry density. The table 6 is shown in OMC and MDD of soil. 

% of fly ash OMC (%) MDD (g/cc) 

0 18 17.6 

5 22 16.9 

10 25 15 

15 29 14.4 

20 35 14 

Table 6: OMC & MDD of Soil with Different Percentage of 

Fly Ash 

 
Fig. 1: Variation in Optimum Moisture Content 

Compaction characteristics as described by 

Maximum Dry Density (MDD) and Optimum moisture 

Content (OMC) for soil samples stabilized with cement-fly 

ash are sho+wn in Figure 1 and Figure 2. 
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Fig. 2: Variation in Maximum Dry Density 

The compaction characteristics as described by 

Maximum Dry Density (MDD) and Optimum Moisture 

Content (OMC) for soil samples stabilized with cement-fly 

ash are shown in Figure 1 and Figure2. From the Fig.1. It 

was found that as the percentage of fly ash increases, the 

optimum moisture content increases. 

% of fly ash UCC value (KN/m³) 

0 46 

5 85.5 

10 108 

15 116 

20 112 

Table 7: Variation in Unconfined Compressive Strength 

2) Unconfined Compressive Strength 

The variation in UCC strength with different percentages of 
fly ash is tabulated in Table 7 observed that UCC strength 

value increases. 

 
Fig. 3: Variation in Unconfined Compressive Strength 

3) California Bearing Ratio Value 

The variation in CBR value with different percentages of fly 

ash is tabulated in Table 8. It is observed that CBR value 

increases. 

% of fly ash CBR value (%) 

5 4.13 

10 4.2 

15 4.67 

20 4.45 

Table 8: CBR value of Soil with Different Percentage of Fly 

Ash 

 
Fig. 4: Variation in CBR Value 

E. Effect of Geotextules on Properties of Fly Ash Stabilized 
Soil 

1) Standard Proctor Test 

Results of standard proctor test when geotextiles are placed 

in different depths are given in Table 9 and 10. 

Position of Polypropylene Geo-

textile (PGT) 

OMC 

(%) 

MDD 

(g/cc) 

¼ depth 29 15.9 

½ depth 29 16.5 

¾ depth 30 16.9 

Table 9: Variation of compaction characteristics in different 

depth of PGT 

 
Fig. 5: Variation of MDD Value using Polypropylene 

Geotextile at Different Depth 

Position of Jute Geo-textile 

(JGT) 

OMC 

(%) 

MDD 

(g/cc) 

¼ depth 31 14.2 

½ depth 32 15.8 

¾ depth 32 16 

Table 10: Variation of OMC and MDD Value using Jute 

Geotextile at Different Depth 

 
Fig. 6: Variation of MDD value using Jute Geotextile at 

Different Depth 
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2) Unconfined Compressive Strength Test Results with 

Geotextiles 

Position of 

polypropylene geo-textile 
UCS Value (kN /m2) 

¼ depth from top 162 

½ depth from top 157 

¾ depth from top 151 

Table 11: UCS Test Results with Polypropylene Geo-Textile 
Results of UCS value when jute geotextile is reinforced at 

different layer are shown in Table11. Table 12 shows the 

UCS value when jute geotextiles are reinforced at different 

depth from surface. When the geotextiles are reinforced at 

½H, ¼H the distance of geotextiles from surface is more 

than when placed at ¼H. UCS value increased by 40% using 

polypropylene geotextile in optimum fly ash mix. UCS 

value increased by 45%. 

Position of polypropylene 

geo-textile 
UCS value (kN /m2) 

¼ depth from top 169 

½ depth from top 164 

¾ depth from top 156 

Table 12: UCS Test Results with Jute Geotextile 

The comparison of UCS value using polypropylene 

geotextile and jute geotextile are shown in Figure7. The 
results shows that the UCS value is more f r jute geotextile 

than polypropylene geotextile. The UCS value for jute 

geotextile at ¼ depth is 169 kN /m² and the UCS value for 

polypropylene geotextile is 162 kN /m². The tensile strength 

of jute geotextile is 25 kN/m and the tensile strength of 

polypropylene geotextile is 19 kN/m. 

 
Fig. 7: Variation of UCS Value using Polypropylene 

Geotextile and Jute Geotextile 

3) CBR Test Result with Reinforcement 
The table it is understood that the maximum CBR value is 

obtained when jute geotextile is reinforced at ¼ depth from 

surface. This is because when polypropylene geotextile is 

reinforced at ¼ H from surface. But when the geotextile is 

reinforced at ½H, ¾H the distance of polypropylene 

geotextile from surface is more than when placed at ¼H. 

The table 13 is CBR test result. 

Position of polypropylene geo-textile CBR value 

¼   depth 7.59 

½  depth 7.2 

¾   depth 6.9 

Table 13: CBR Test Results with Polypropylene Geo-

Textile 

From the Table 14 it is understood that the 
maximum CBR value is obtained when jute geotextile is 

reinforced at ¼ depth from surface. But when the jute 

geotextile is reinforced at ¼H, ¾ H the distance of jute 

geotextile from surface is greater than when placed at ¼ H. 

CBR value increased by 65% to 75% using jute geotextile in 

optimum fly ash mix. 

Position of polypropylene geo-textile CBR value (%) 

¼   depth 8.10 

½ depth 7.88 

¾ depth 7.20 

Table 14: CBR Test Results with Jute Geo-Textile 

 
Fig. 8: Variation of CBR Value using Polypropylene 

Geotextile and Jute Geotextile 

Figure 8 shows the comparison of CBR value using 

polypropylene geotextile and jute geotextile The CBR value 

for jute geotextile at ¼ depth is 8.10 % and the CBR value 

for polypropylene geotextile is 7.59 %. It is clear that more 

effective is jute geotextile than polypropylene geotextile. 

The tensile strength of jute geotextile is 2.82 kN/m and the 

tensile strength of polypropylene geotextile is 1.92 kN/m. 

F. Soaked CBR 

Depth CBR (%) 

Fly ash stabilized soil without reinforced 3.59 

Jute geotextile reinforced @¼ depth 5.20 

Table 15: Soaked CBR Value 

The soaked CBR value for fly ash stabilized soil is 

decreased by 30%. The soaked CBR value for jute 

geotextile is decreased by 55%. 

G. Strength Benefit Ratio 

SBR=CBR reinforced-CBR unreinforced CBR 

unreinforced×100 

Depth SBR 

Reinforced @¼ H from surface 62.52 

Reinforced @½ H from surface 54 

Reinforced @¾ H from surface 47 

Table 16: SBR Values when Polypropylene Geotextile is 

reinforced at various Depths 
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Depth SBR 

Reinforced @¼ H from surface 73.94 

Reinforced @½ H from surface 68.73 

Reinforced @¾ H from surface 54.17 

Table 17: SBR Values when Jute Geotextile is reinforced at 

various Depths 

V. CONCLUSION 

Sample was collected from Puzhakkal. The unconfined 

compressive strength results show that the soil is soft 

stiffness. The CBR value shows the subgrade is weak. We 

should provide suitable treatment option such as use of fly 

ash, lime or cement stabilization and conventional treatment. 

Soaked CBR test was conducted on fly ash stabilized soil 

with reinforced by jute geotextile. 

The OMC increases MDD decreases with the 

increasing the percentages of fly ash, the unconfine 
compressive strength and CBR value increases with 

increasing the percentages of fly ash up to optimum 15%. 

The maximum CBR value  for polypropylene and  jute 

geotextile are reinforced at ¼  depth  from surface and  the  

max  UCC value  is  ¼ depth  from surface. CBR value 

increased to 75% and UCC 45%. The CBR and UCC value 

for jute geotextile is more than that of polypropylene 

geotextile. The jute offers a better reinforcing efficiency as 

compared to the polypropylene geotextile and can be used 

for low cost road projects in rural areas. 
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