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Abstract— Stabilization of soils is an effective method for 

improvement of soil properties and the pavement system 

performance. The poorest soil among all is Black Cotton 

Soil (BC Soil). In Indore area this BC Soil is spread over 

almost all parts of District. Rich proportion of 

montmorillonite is found in BC Soil from mineralogical 

analysis. High percentage of montomorillonite renders high 

degree of expansiveness. These property results cracks in 

soil without any warning. Stabilization of Black Cotton Soil 

(BC soil) is studied by using Sawdust and Cement.  The 

moisture changes in BC soils, and property and nature of 

soil has been greatly improved with the addition of Sawdust 

and Cement. This paper includes the evaluation of soil 

properties like Optimum moisture content, dry density, and 

strength parameter (California Bearing ratio value). 

Different quantities of Sawdust and Cement (% by weight) 

are added to the BC soil and the experiments conducted on 

these soil mixes. The result shows that the use of Sawdust 

and Cement increases the California Bearing Ratio values 

i.e. the strength of soil to a great extent. 
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I. INTRODUCTION 

Soil is defined as sediments or other accumulation of 

mineral particles produced by the physical or chemical 

disintegration of rocks plus the air, water, organic matter 

and other substances that may be included. Soil is typically a 

non-homogeneous, porous, earthen material whose 

engineering behaviour is influenced by changes on moisture 

content and density. Based on the origin, soil can be broadly 

classified as organic and inorganic. Organic soils are 

mixture derived from growth and decay of plant life and 

also accumulation of skeleton or shell of small organism. 

Inorganic soils are derived from the mechanical or chemical 

weathering of rocks. Inorganic soil that is still located at the 

place where it was formed is referred to residual soil. If the 

soil has been moved to another location by gravity, water or 

wind, it is referred to as transported soil. Black cotton soils 

are highly clay soil grayish to blackish in color. They 

contain montmorillonite clay mineral which has high 

expensive characteristics. BC soils have low shrinkage limit 

and high optimum moisture content. It is highly sensitive to 

moisture changes, compressible subgrade material. Hence 

the subgrade and its undesirable characteristics to be 

modified using a suitable stabilization technique. 

Stabilization involves the methods used for modifying the 

properties of a soil to improve its engineering performance. 

In the construction pf road and airfield prevents the main 

objective of stabilization is to increase the strength or 

stability of soil and to reduce the construction cost by 

making best use of the locally available materials. Therefore 

there is a need to go for suitable method of low cost road 

construction, followed by a process of stage development of 

the roads, to meet the growing needs of road traffic. thus 

apart from affecting economy in the initial construction cost 

of lower layers of the pavement such as sub-base course it 

should be possible to upgrade the low cost roads to higher 

specification at a later date without involving appreciable 

wastage, utilizing the principle of pavement construction in 

stages. The construction cost can be considerably decreased 

by selecting local materials including local soils for the 

construction of the lower layers of the pavement such as the 

sub-base course. If the stability of local soil is not adequate 

for supporting wheel loads, the properties are improved by 

soil stabilization technique. Stabilization of coarse-grained 

soils having little or no fines can often be accomplished by 

the use of SC (SC*- Sawdust+Cement) combination. 

Sawdust and Cement in combination can often be used 

successfully in stabilizing granular materials. SC 

stabilization is often appropriate for base and sub-base 

course materials. The water content of the SC stabilized soil 

mixture affects the strength. The maximum strength realized 

in soil-SC mixtures generally occurs at moisture contents 

below optimum moisture content for density. For silt and 

clay soils the optimum moisture content for strength is 

generally four to eight percent below optimum for 

maximum density. For granular soils are the optimum 

moisture content for maximum strength is generally one to 

three percent below optimum moisture for density. 

Therefore, it is crucial that moisture content be controlled 

during construction.  Cement reduces the potential of a 

plastic soil to undergo volumetric expansion by a physical 

cementing mechanism, which cannot be evaluated by the 

plasticity index. Cement in presence of Sawdust controls 

shrinks well by cementing the soil grading together. By 

bonding the soil grains together, soil particle movements are 

restricted.  The Sawdust-cement combination has been 

successfully used with granular and fine grained materials to 

improve soil characteristics, providing adequate support for 

pavements and improving working conditions where 

undesirable soils are encountered.  

II. OBJECTIVE OF STUDY 

 To study Black Cotton Soil.   

 To study the materials like Sawdust and Cement  

 To study the behaviour of strength gain in Black Cotton 

soil using process of Sawdust-Cement stabilization. 

A. Characteristics of Black Cotton Soil with Sawdust and 

Cement 

BC Soil is considered as a very poor type of soil having 

black colour with very fine grain. This type of soil contains 

pure clay particles with about 85-100 percentages passing 

through 75 micron Sieve. Atterberg Limits tested in 

laboratory is tabulated in Table-1. The test shows the Liquid 

limit for BC Soil samples are ranging 55-60 and Plastic 

Limit for the same ranges 30-40. Thus Plasticity Index of 
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BC Soil found to the range of 20-35. At the liquid limit, the 

volume change is of the order of 200 to 300% and results in 

swelling pressure as high as 8 kg/cm2to 10 kg/cm2. As such 

BC Soil has very low bearing capacity and high swelling 

and shrinkage characteristics. Due to its peculiar 

characteristics, it forms a very poor foundation material for 

construction. 

Sr.No Property of B.C Soil % 

1. Liquid Limit 59.79 

2. Plastic Limit 36.8 

3. Plasticity Index 22.99 

Table1: Atterberg Limits 

Cement is a binder, a substance used in 

construction that sets, hardens and adheres to other 

materials, binding them together. Cement is seldom used 

solely, but is used to bind sand and gravel (aggregate) 

together. Cement is used with fine aggregate to produce 

mortar for masonry, or with sand and gravel aggregates to 

produce concrete. Cements used in construction are usually 

inorganic; often lime or calcium silicate based, and can be 

characterized as being either hydraulicor non-hydraulic, 

depending upon the ability of the cement to set in the 

presence of water (see hydraulic and non-hydraulic lime 

plaster). In this test the Ultratech Cement is used which is 

made in the Kodi in Madhya Pradesh. 

Sr. No. Property of Cement % by Weight 

1. Lime CaO 62% 

2. Silica SiO2 22% 

3. Alimina Al2O3 5% 

4. Calcium Sulphate  CaSO4 4% 

5. Iron Oxide Fe2O3 3% 

6. Magnesium Oxide,MgO 2% 

7. Sulphur 1% 

8. Alkalis 1% 

Table 2: Constituents of Cement of 43 grades 

1) Sawdust 

Sawdust or wood dust is a by-product of cutting, grinding, 

drilling, sanding, or otherwise pulverizing wood or any 

other material with a sawor other tool; it is composed of fine 

particles of wood. It is also the byproduct of certain animals, 

birds and insects which live in wood, such as the 

woodpecker and carpenter ant. It can present a hazard in 

manufacturing industries, especially in terms of its 

flammability. Sawdust is the main component of 

particleboard. In this test the Sawdust which is used is of 

Teak (Sagwan wood) of Grade -I which is retained from the 

4.75 mm sieve. 

 
Fig. 1: Black cotton Soil Cement and Sawdust 

III. METHODOLOGY 

It includes the process of Compaction, Unconfined 

Compressive Strength and California Bearing Ratio. 

Sawdust retained at 4.75 mm sieve 

A. Compaction 

Compaction means pressing the soil particles close to each 

other by mechanical methods. Air during compaction is 

expelled from the void space in the soil mass and, therefore, 

the mass density is increased. Compaction increases the 

shear strength of the soil, and permeability of soil. To assess 

the amount of compaction and the water content required in 

the field, compaction tests are done on the same soil in the 

laboratory. The tests provide a relationship between the 

water content and the dry density. The water content at 

which the maximum dry density is attained is obtained from 

the relationships provided by the tests. A curve was obtained 

between the dry density and the water content. IS: 2720 

(Part VII) recommends essentially the same specification as 

in Standard Proctor test, with some minor modifications and 

metrification. The mould recommended is of 100 mm 

diameter, 125 mm height. The rammer recommended is of 

2.6 kg mass with a free drop of 310mm and a face diameter 

of 50mm. The soil is compacted in three layers. The mould 

is fixed to a detachable base plate. The collar is of 60mm 

height. If the percentage of soil retained on 4.75mm sieve is 

more than 20%, a larger mould of internal diameter 150mm, 

effective height of 125 mm. 

B. Unconfined Compression Test 

The Unconfined compression test is performed as per the IS: 

9143.An Unconfined compression test is also known as 

uniaxial compression tests where confining pressure is zero. 

In this test, a cylinder of soil without lateral support is tested 

to failure in simple compression, at a constant rate of strain. 

The compressive load per unit area required to fail the 

cylindrical specimen as called unconfined compressive 

strength of the soil. It is not always possible to conduct the 

bearing capacity test in the field. Sometimes it is cheaper to 

take the undisturbed soil sample and test its strength in the 

laboratory. Also to choose the best material for the 

embankment, one has to conduct strength tests on the 

samples selected. Under these conditions it is easy to 

perform the unconfined compression test on undisturbed and 

remoulded soil sample. 

C. CBR Test Procedure 

California Bearing Ratio is performed as per the IS: 2720 

Part 16.California Bearing Ratio is determined by 

conducting a load penetration test in the laboratory. The 

California Bearing Ratio test is penetration test meant for 

the evaluation of subgrade strength of roads and pavements. 

The results obtained by these tests are used with the 

empirical curves to determine the thickness of pavement and 

its component layers. This is the most widely used method 

for the design of flexible pavement. It is the ratio of force 

per unit area required to penetrate a soil mass with standard 

circular piston at the rate of 1.25 mm/min. to that required 

for the corresponding penetration of a standard material. 

C.B.R. = {(Test load/Standard load) *100} 
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The C.B.R. values are usually calculated for 

penetration of 2.5 mm and 5 mm. Generally the C.B.R. 

value at 2.5 mm will be greater that at 5 mm and in such a 

case/the former shall be taken as C.B.R. for design purpose. 

If C.B.R. for 5 mm exceeds that for 2.5 mm, the test should 

be repeated. If identical results follow, the C.B.R. 

corresponding to 5 mm penetration should be taken for 

design. 

D. Experimental Work 

In this project The project have conducted various 

experiment to find the stabilisation of the black cotton soil 

using the lime and Sawdust the various test conducted to 

find the stabilisation of the black cotton soil ,procedure are 

listed below: 

 Atterberg Limits  

 Sieve Analysis                                                                                

 Standard Proctor Compaction Test    

 California Bearing Ratio Test                

 Unconfined Compressive Strength 

1) Atterberg Limit: 

S. 

No. 
Composition of soil 

Plastic 

Limit 

liquid 

limit 

1 Black Cotton soil 43 % 59.79% 

2 
Black Cotton soil+3% 

Cement +3%Sawdust 
46% 42.30% 

2) Sieve Analysis 

For measuring the distribution of particle sizes in a soil 

sample, it is necessary to conduct different particle-size 

tests. 

Wet sieving is carried out for separating fine grains 

from coarse grains by washing the soil specimen on a 75 

micron sieve mesh. 

Dry sieve analysis is carried out on particles 

coarser than 75 micron. Samples (with fines removed) are 

dried and shaken through a set of sieves of descending size. 

The weight retained in each sieve is measured. The 

cumulative percentage quantities finer than the sieve sizes 

(passing each given sieve size) are then determined. 

The resulting data is presented as a distribution 

curve with grain size along x-axis (log scale) and percentage 

passing long y-axis (arithmetic scale). 

 
Graph 1: Dry Density vs. Moisture Content             

 
Fig. 2: Set of Sieve size 

Coefficient of Uniformity,(Cu) – 9.0,  

Coefficient of Curvature, (Cc) – 1.30 

 As per IS classification soil sample is poorly graded 

soil. 

3) Standard Proctor Test 

 The Maximum Dry Density by adding Sawdust and 

Cement has been increase to 1.9/cc 

 Optimum Moisture Content-22% 

 
Graph 2: Graph of Standard Proctor Test 

 
Fig. 3: Material Used by Weight Percentage 



Stabilisation of Black Cotton Soil Using Sawdust & Cement 

 (IJSRD/Vol. 5/Issue 09/2017/178) 

 

 All rights reserved by www.ijsrd.com 731 

4) California Bearing Ratio 

 
Fig. 4: Mixing of Sample 

 
Graph 3: Unsoaked Test 

 
Graph 4: Soaked Test 

 
Natural Black 

Cotton Soil 
Sawdust+Cement 

CBR(Unsoaked) 6.33 11.70 

CBR(Soaked) 4.22 9.40 

5) Unconfined Compaction Test 

 
Fig. 5: UCS Samples 

 

 
Graph 5: UCS Results 

IV. CONCLUSION 

On the basis of study and experimental investigations it was 

observed that the property of black cotton soil effectively 

improved by use of 1% Sawdust and 2% Cement contents. 

In this research 1% Sawdust and 2% Cement contents was 

used to stabilize the black cotton soil. Points which were 

drawn from this study are listed below-  

 It was observed that on addition of 2% of Cement and 

1% Sawdust decreases the liquid limit by 3.70% %.  

 M.D.D. was increased slightly by 6.29% and 5.59% at 2 

% of Cement and 1% Sawdust. 

 It was observed that there was a decrease in O.M.C. of 

3.4% at 2 % of Cement and 1% Sawdust content.  

 The C.B.R. value of black cotton soil improves 

considerably to 4.60 times with 2 % of Cement and 1% 

Sawdust content.  

 Unconfined Compressive Strength of black cotton soil 

improves considerably to 2.10 times with 2 % of 

Cement and 1% Sawdust 
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