
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 04, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1610 

Studies on Geotechnical Characteristics of Black Cotton Soil Stabilized 

With Stone Dust and Fibre 

Manu A. N.1 Dr. Sowmya N. J.2 Ravikumar BS.3 

1PG Student 2Associate Professor 
1,2Department of Civil Engineering 

1,2KVGCE, Sullia, India 

Abstract— Black cotton (BC) soil is a weak soil and results 

in periodic swelling and shrinkage during wet and dry season. 

In order to make deficient soil useful there is a need for the 

use of waste material in stabilization with that of traditional 

stabilizers. In the present study black cotton soil was 

stabilized with a mixture of stone dust and polypropylene 

fiber. First an optimum value of stone dust was determined 

on the basis of geotechnical properties of mixture of stone 

dust and black cotton soil. The stone dust was mixed 10 to 

40% by weight of soil with an increment of 5%. 

Polypropylene fiber was added to black cotton soil from 0 to 

1% at an increment of 0.25% to stabilize with optimum 

percentage of stone dust. Compaction, California bearing 

ratio (CBR) (soaked and unsoaked), unconfined compression 

strength (0, 7, 14 and 28days) tests were conducted on the 

mixture of stone dust and polypropylene fiber in soil. The 

study shows that 30% of stone dust with 0.75% 

polypropylene fiber in BC soil gives the optimum mix for 

stabilization. 
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I. INTRODUCTION 

Black cotton soil is fine textured clayey soil. The high clay 

content increases its shrinkage and swelling characteristics. 

In dry condition, the soil is very hard and in wet condition, it 

loses its strength. The shrinkage and swelling problems of the 

BC soil has become a great challenge for geotechnical 

engineers. The plasticity index and swelling potential can be 

reduced by stabilization of the soiland whichincreases the 

strength and durability characteristics. The stone crushing 

industry produces an abundant amount of stone dust which is 

a solid waste and needs to be disposed off. Instead the stone 

dust can be used in stabilizing the BC soil. Polypropylene is 

a polymer synthetic hydrocarbon material. Polypropylene 

fibers were first introduced in the year 1965 by US Corps of 

Engineers in concrete construction (Madhavi et al 2014). It is 

used in concrete in the construction of slab, roads, pavement 

cover layers and toppings, tanks and embankments.For the 

effective use of materials it is necessary to investigate the 

behavior of BC soil with the addition of stone dust and 

polypropylene fiber. 

II. LITERATURE REVIEW 

Abeer et al.,(2014) conducted an experimental to determine 

the geotechnical properties of poor soil with stone dust. The 

addition of stone dust to the soil was varied from 10 to 30% 

at an increment of 10% by dry weight of soil. The results 

showed that OMC of soil decrease from 19 to 16.5%, MDD 

increase from 1.45 g/cc to 1.8 g/cc and CBR of soil increase 

from 4 to 9% at an addition of 30% of stone dust to the soil. 

 Naman et al., (2015) conducted an experimental 

study to determine the geotechnical properties of soil with 

stone dust. Addition of stone dust to the soil was varied from 

10 to 50% at an increment of 10% by weight of soil. The 

results showed that MDD increase from 1.764 g/cm3 to 

1.89g/cm3 and OMC decrease from 16.5 to 13.25% at an 

addition of 50% of stone dust. CBR increase from 1.95 to 

2.91% at an addition of 30% stone dust and further the 

addition the CBR goes on decreases. 

 Bidula(2015)conducted an investigation to 

determine the engineering properties of fly ash with a mixture 

of quarry dust and polypropylene fiber. The addition of 

quarry dust to fly ash was varied from 0 to 60% at increments 

of 10%. The results showed that the soaked CBR increase 

from 3.21% to 6.1% at an addition of 40%.The addition of 

polypropylene with stabilized fly ash was varied from 0 to 

1.5% at an increment of 0.25%. The results showed that the 

soaked CBR increase from 6.1% to 22.38% at an addition of 

1% and further addition of polypropylene, showed decreased 

trend. 

 Twinkle and sayida(2011) conducted an 

experimental study to determine the properties of black 

cotton soil with randomly distribution of polypropylene fibers 

and lime. Addition of lime with soil was varied from 0 to 8% 

at an increment of 2% and polypropylene fiber was varied 

from 0 to 1% at an increment of 0.25%. The researchers 

concluded that increasing percentage of lime increase OMC 

with decreasein MDD. The CBR and UCS increased with 

addition of lime, maximum at 6% and polypropylene fiber 

at0.75%. . 

 In this study soil is stabilized using materials like 

stone dust and polypropylene fibers. 

III. OBJECTIVES OF PRESENT STUDY 

This study is undertaken to improve the soil available at 

construction site of Chittenahalli, Piriyapattana Taluk. The 

followingobjectives are considered for the study. 

 To study the basic properties of Black Cotton Soil. 

 To study the strength behavior of block cotton soil with 

10%, 15%, 20%, 25% , 30% ,35% and 40% of stone dust. 

 To determine the optimum addition of stone dust to block 

cotton soil. 

 To study the strength gain due to addition of 

0.25%,0.5%,0.75% and 1%of polypropylene fibers to the 

block cotton soil and optimum stone dust 

IV. MATERIALS USED IN THE EXPERIMENTAL STUDY 

A. Soil 

The Black cotton soil was collected from Chittenahalli, 

Piriyapatna Taluk by open excavation from a depth of 0.5m 
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below natural ground level. Table 1 shows the properties of 

the black cotton soil. 

B. Stone Dust 

Five different percentages of stone dust i.e 0%, 10%, 15%, 

20%, 25% and 30% were added to the soil for preparing the 

samples. The basic properties of the stone dust are shown in 

Table 2. 

C. Polypropylene Fibers 

Polypropylene fibers are the chemical fibers. The fibers used 

in the experimental were of length 12mm and aspect ratio 

300. The polypropylene fibres (Recron 3s) were collected 

from Reliance Industries Limited, Mangalore. 

Specific gravity 2.12 

Gravel % 0 

Sand % 23.2 

Silt and clay % 76.8 

Liquid limit % 44.5 

Plastic limit % 19.5 

Shrinkage limit % 15.42 

Plasticity index % 25 

Optimum moisture content % 22.10 

Maximum dry density kN/m3 15.90 

Unconfined compression test kN/m2 58.06 

CBR soaked % 2.6 

CBR unsoaked % 5.3 

Table 1: Properties of the Black Cotton Soil 

Specific gravity 2.6 

>4.75mm 0 

4.75-0.075mm 81% 

<0.075mm 19% 

Table 2: Properties of Stone Dust 

D. Method of Mixing & Tests Conducted 

Initially the basic properties of the soil were determined. 

Stone dust was added to the soil at a dosage of 10% to 40 % 

of dry weight of soil with an increment of 5%. The tests such 

as standard proctor test, CBR (soaked and unsoaked), 

unconfined compression test (at 0, 7, 14 and 28 days of 

curing) and free swell were conducted. Fixing the optimum 

of stone dust polypropylene fibers were added to the soil at a 

dosage of 0.25%, 0.5%, 0.75% and 1% by dry weight of soil 

and CBR (soaked and unsoaked) and unconfined 

compression tests were conducted. 

V. RESULTS & DISCUSSIONS 

A. Effect of Stone Dust on Black Cotton Soil 

The main objective of this study was to investigate the 

stabilization of black cotton soil using stone dust.  The details 

of the results are discussed in below. 

B. Specific Gravity 

The results of the specific gravity of black cotton soil with 

different dosages of stone dust are tabulated in Table 3 and 

are observed that specific gravity increases with increase in 

the percentage of stone dust. Stone dust is a coarser material 

which has higher specific gravity than the black cotton soil. 

Hence addition of stone dust in soil increases the specific 

gravity of the soil. 

% of stone dust Specific gravity 

0 2.12 

10 2.23 

15 2.28 

20 2.32 

25 2.41 

30 2.54 

35 2.62 

40 2.68 

Table 3: Specific Gravity of BC Soil with Various 

Percentages of Stone Dust 

C. Swell Index 

From Figure 1 it is observed that free swell index and 

differential swell index decreases with increase in the 

percentage of stone dust 

 
Fig. 1: Effect of Stone Dust on Swell Index of Soil 

D. Atterberg Limits 

The results of the Atterbergs Limits of black cotton soil with 

different dosage of stone dust are discussed in Table 4. From 

the Table 4it is observed that liquid limit, plastic limit and 

plasticity index decreases with increase in the percentage of 

stone dust. Addition of stone dust to the soil reduces clay 

particles which reduces the LL, PL and PI of soil. 

E. Compaction Test 

The standard proctor test was conducted on black cotton soil 

with different dosages of stone dust and the results are 

tabulated in Table 5.From the Table 5 it is observed that the 

Optimum Moisture Content (OMC) decreases and Maximum 

Dry Density (MDD) increases with increase in the percentage 

of stone dust. 
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Table 4: Effect of Stone Dust on Atterbergs Limits of Soil 

% of stone dust OMC % MDD kN/m3 

0% 22.10 15.90 

10% 21.87 15.72 

15% 21.67 15.95 

20% 21.02 16.01 

25% 20.91 16.10 

30% 20.31 16.70 

35% 19.38 16.90 

40% 19.10 17.24 

Table 5: OMC and MDD Values of Black Cotton Soil with 

various Percentage of Stone Dust 

F. Unconfined Compression Strength (UCS) 

From the Figure 2 it is observed that the UCS of the black 

cotton soil with stone dust increases up to 30% and then 

further increase in the percentage of stone dust it goes on 

decreasing.  Based on the 7, 14 and 28 days UCS, the 30% of 

stone dust by weight of soil is considered as the optimum 

percentage to be blended with black cotton soil. Presence of 

stone dust in soil results in pozzolanic reaction which may 

increase the strength of soil at different curing periods. 

 
Fig. 2: Effect of stone dust on UCS of soil 

G. California Bearing Ratio 

The results of the soaked and unsoaked CBR of black cotton 

soil with different dosage of stone dust are tabulated in Table 

7. 

% of stone dust Unsoaked CBR % Soaked CBR % 

0% 5.3 2.60 

10% 5.82 3.35 

15% 6.18 4.10 

20% 6.42 4.76 

25% 7.40 5.47 

30% 8.24 6.42 

35% 7.68 5.32 

40% 6.92 4.97 

Table 6: CBR Test Results of Black Cotton Soil with 

various Percentage of Stone Dust 

 It is clear from Table 6 that the both soaked and 

unsoaked CBR values increases with increase in the 

percentage of stone dust up to 30% and then with further 

increase in the percentages of stone dust, the CBR value 

decreasesin both conditions. 

VI. EFFECT OF POLYPROPYLENE FIBER (PPF) ON BLACK 

COTTON SOIL BLENDED WITH OPTIMUM STONE DUST 

CONTENT 

The details of the results of stabilization of block cotton soil 

with optimum stone dust (30%) and different dosage of 

polypropylene fiber are discussed as below. 

Fiber 0.25% 0.5% 0.75% 1% 

OMC % 22.03 23.07 23.5 24.1 

MDD kN/m3 15.91 15.78 15.61 15.55 

CBR unsoaked % 8.98 9.20 9.76 9.36 

CBR soaked % 5.82 5.96 6.90 5.76 

Table 7: Tests Results of Black Cotton soil with Optimum 

Stone Dust and various Percentages of Polypropylene Fibers 

 From the Table 7 it is observed that optimum 

moisture content increases and maximum dry density 

decreases with increase in the percentage of polypropylene 

fiber. Also it is clear that CBR value of soaked and unsoaked 

soil increases with increases in the percentage of 

polypropylene fiber up to 0.75% .Further the addition 

decreases the CBR with increase in the percentage of 

polypropylene fiber. 

 
Fig. 3: Effect of Polypropylene Fiber on UCS of Stabilized 

of Soil 

 From the above Figure 3 it is observed that the UCS 

of the black cotton soil with optimum stone dust and 

polypropylene fiber increases up to 0.75% of fiber and then 

further goes on decrease with increase in the percentage of 

polypropylene fiber. Addition of fibers imparts shear 

resistance to the soil through interlocking which in turn helps 

to transfer of stress from soil to fibers may increase the 

strength of BC soil. 

 

 

Table 4. Effect of stone dust on Atterbergs 

Limits of soil. 

 

% of 

stone 

dust 

Liquid 

limit % 

Plastic 

limit % 

Plasticity 

index % 

0% 44.05 19.5 24.55 

10% 42.1 18.9 23.2 

15% 38.3 18.3 20.0 

20% 36.28 17.9 18.38 

25% 33.10 17.1 16.0 

30% 29.01 16.85 12.16 

35% 26.21 16.35 9.86 

40% 21.1 16.08 5.02 
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VII. CONCLUSIONS 

From the results of experimental investigations, following 

conclusions are drawn 

Increase in CBR with addition of fiber is because 

 The geotechnical properties of soil based swelling and 

plasticity index shows that the present black cotton soil 

requires soil stabilization. 

 The addition of stone dust to BC soil decreases the OMC 

from 22.10 % to 19.38%  with 13% of reduction and 

MDD value was increased from 15.90 to 16.90 kN/m3 

with an increment of 8.8% when stone dust was varied 

from 0% to 40%. 

 The addition of stone dust increases the UCS value from 

79.12 kN/m2 to 169.31 kN/m2at 28 days of curing results 

113.97% improvement and soaked and unsoaked CBR 

value increases by 55.47% and 145% respectively, when 

stone dust varied from 0% to 30% and further the 

addition of stone dust results in decreased strength 

indicating 30% stone dusty weight of soil is the optimum 

content to blend the soil. 

 When PPF added by weight of soil and stone dust to soil 

it shows increase in OMC and decrease in MDD values. 

 Addition of 0.75% of PPF by weight of soil and 

30%stone dust blend resulted improvement in UCS by 

95.5% at 28 days of curing  compared to 0 day and 

soaked and unsoaked CBR value increased by 73.33% 

and 23.18% respectively. Further the addition of PPF 

resulted in decreased strength indicating 0.75% PPF by 

weight of soil is the optimum content to blend the soil 

with 30% optimum stone dust. 

 Addition of 30% stone dust increases the UCS from 

58.06 kN/m2 to 79.12kN/m2 and 96.32kN/m2 with 0.75% 

of PPF at 0days, and it increases as curing period 

increases indicates that chemical reaction between soil 

and additives may increase the strength. 
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