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Abstract- Soil Stabilization means alteration of soil properties
to meet the specified engineering requirements. Construction
of engineering structures on weak or soft soil is considered as
unsafe. Improvement of load bearing capacity of soil may be
undertaken by variety of ground improvement techniques.
From the recent studies it is observed that solid waste
materials such as Palm oil fuel ash and waste tires are used
for improving the properties of soil. In the present
investigation, shredded rubber tire from waste has been
chosen as the reinforced material and the Palm oil fuel Ash
(POFA) and Lime as binding agents. The Optimum
replacement of soil by POFA can be determined by conducting
Compaction test with proportions 5%, 10%, 15%, 20% by
weight of soil. Shredded rubber which is included in to the soil
mix (in which Optimum soil is replaced by POFA) at 3
different percentages of fibre content that is 1%,2%,3% by
weight of the soil . The investigation has been focused on the
strength behaviour of the soil reinforced with randomly
included optimal rubber fibre, optimal replacement of POFA
by soil and 2% lime as constant. The samples were subjected
to California bearing ratio (CBR) test and unconfined
compression test. The test results were noted and compared to
virgin soil properties and determining the optimum content of
stabilizers to improve the properties of soil.

Keywords- Black cotton (BC) soil, Shredded rubber, Palm oil
fuel ash (POFA), California bearing ratio (CBR), Unconfined
compressive strength (UCS).

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-
homogenous, porous, earthen material whose engineering
behavior is influenced by the changes in moisture content and
density.

TYPES OF SOILS Based on the origin: a) Organic soils b)
Inorganic soils
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Organic soils These soils are mixture derived from growth
and decay of plant life and also accumulation of skeleton or
shell of small organism. Inorganic soils These soils are
derived from the mechanical or chemical weathering of rocks.
Inorganic soils are again classified in to two types. They are
Transported soils Inorganic soil that has been moved to
another location by gravity, water or wind. Residual soils
Inorganic soil that is still located at the place where it was
formed. These are also known as sedentary soils. Example for
residual soil is Black cotton soil. Expansive soil is one among
the problematic soils that has a high potential for shrinking or
swelling due to change of moisture content. Expansive soils
can be found on almost all the continents on the earth.
Destructive results caused by this type of soils have been
reported in many countries. In India, large tracts are covered
by expansive soils known as Black cotton soils.

IMPORTANCE OF SOIL STABILIZATION

Soil stabilization is the process of improving the
engineering properties of the soil and thus making it more
stable. Stabilization in broad sense incorporates the various
methods employed for modifying the properties of a soil to
improve its engineering performance. Stabilization is being
used for a variety of engineering works, the most common
application being in the construction of roads and airfield
pavements, where the main objectives is to increase the
strength or stability of soil and to reduce the construction cost
by making best use of locally available materials.

PROPERTIES OF BLACK COTTON SOIL

ENGINEERING PROPERTIES The main engineering
properties of soil are permeability, plasticity, compaction,
compressibility and shear strength.

PERMEABILITY: The permeability is defined as the
property of a porous material which permits the passage or
seepage of water through its interconnecting voids.
PLASTICITY: It is defined as the property of a soil which
allows it to be deformed rapidly, without elastic rebound,
without volume change.
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COMPACTION: Compaction is a process by which the soil
particles artificially rearrange and packed together into a
closer state of contact by mechanical means in order to
decrease the porosity of the soil and thus increase its dry
density.

COMPRESSIBILITY: The property of soil mass pertaining
to its susceptibility to decrease in volume under pressure is
known as compressibility.

SHEAR STRENGTH: This is the resistance to deformation
by continuous shear displacement of soil particles or on
masses upon the action of a shear stress.

INDEX PROPERTIES The properties of soil, which are not
of primary interest to the geotechnical engineering, but are
indicative of the engineering properties are called index
properties. This includes

PARTICLE SIZE ANALYSIS: This is method of separation
soils into different fraction bases on particles present into
soils. It can be shown graphically on a particle size
distribution curve. The coal ashes can be classified as sandy
silt to silty sand as per this classification.

SPECIFIC GRAVITY: It can be classified as the ratio of the
weights of a given volume of soil solid at a given temperatures
of the weight of an equal volume of distilled water at that
temperature both weight being taken in air.

ATTERBERG’S LIMITS The water content at which the
soil changes from one state to other state are known as
consistency limits or Atterberg’s limit .The Atterberg’s limit
which are useful for engineering purposes are; Liquid limit,
plastic limit and shrinkage limit. These limits are expressed as
percent water content.

LIQUID LIMIT: It is defined as the minimum water content
at which the soil is still in liquid state but has a small strength
against flowing which can be measured by standard available
means.

PLASTIC LIMIT: It is defined as minimum water content at
which soil will just begin to crumble water rolled into a thread
approximately 3mm in diameter, Plasticity index is
determined as difference of L.L. and P.L.

SHRINKAGE LIMIT: It is defined as the maximum water
content at which a reduction in water content will not cause a
decrease in the volume of soil mass.

Il. REVIEW OFLITERATURE

Ghatge Sandeep Hambirao,Dr.P.G.Rakaraddi e-ISSN:
2278-1684,p-1SSN: 2320-334X Volume 11, Issue 1 Ver. V
(Feb. 2014), PP 20-27 In this journal shredded rubber from
waste has been chosen as the reinforcement material and
cement as binding agent. The tests results were clearly shown
a significant improvement in shear strength and bearing
capacity parameters of the soil. The low strength and high
compressible soft clay soils were found to improve by addition
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of waste rubber and cement. The tests are conducted for black
cotton soil with 2% and 4% cement with the varying rubber
percentages i.e.; 0%, 5%, 10%, and 15% and the results are
noted. The unconfined compressive strength and CBR ratios
increases with the increases in cement content at an optimum
fiber content of 5%.The unconfined compressive strength has
been increased from 15kpa to 74kpa for 2% of cement content
and 246kpa for 4%cement content for black cotton soil. It can
be concluded that shredded rubber fiber can be considered as a
good earth reinforcement material

S Sameer, K Giridhar, Y Murali Krishna ,ISSN 0973-4562
Volume 13, Number 22 (2018) pp. 15944-15950 Here rubber
is taken in three different dimensions 15mm*25mm,
20mm*40mm,25mm*50mm  is  mixed with  various
percentages 2.5%, 5%, 7.5%, 10%.Modified proctor test is
conducted to determine the compaction characteristics like
optimum moisture content, max dry density. When 5% of
rubber of dimension 25mm*50mm , the CBR has got the
improvement of 66.28% with comparison of plain soil
26.01%.

M. Siva Parvathi ,B. Anusha , G. Vimalatha , B. Shayam
Kumar,Volume 4, Issue 6, June 2019 Quarry Dust shall be
used as a partial replacement for sand in concrete works
Washed samples of Quarry Dust satisfied the criteria for fine
aggregates as per the BIS specifications.

The optimum replacement for natural sand by quarry
sand is60%. Washed quarry dust can be used for reinforced
concrete works

Jagtarsingh, ER. Jasvir Singh Rattan. VVolume 06, Issue 09
(September 2017) The journal soil stabilization of soil is done
by use of shredded rubber of sizes 10mm, 20mm, 30mm, in
width and 20mm, 40mm, 60mm in length are used for
experimental work. The percentages used are 1%, 2%, 3%.
Modified proctor test and unconfined compression strength
(UCS) tests were performed on the soil. It is found that when
soil mixed with 1% of shredded tire with size 20mm*20mm
its UCS value increases to 7.83% than the virgin soil.
Shredded rubber tire has water absorption capacity.

Prof. P Vandana Rao, Prof. G Sudheer Kumar and Prof.
G Prasanna Kumar, Volume 2, Issue 22, PP: 01-10, April-
June 2018 conducted a research on stabilization of black
cotton soil using rice husk ash. As per the research and
analysis this paper represents that, Husk is a by-product in rice
milling industries. It is used as a fuel in rice mills which
contains 75% of volatile matter and 25% converted to ash
known as rice husk ash RHA. RHA contains 85-90%
amorphous silica, 10-15% iron oxide. In a manner conforming
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to experiments on black cotton soil MDD is decrease with
increasing dose of RHA, OMC increases with RHA contains,
UCS value and CBR value is increase up to RHA contains is
10% after that it decrease. The optimum dose of RHA is 10%.
In 2016, Gaus Makandar (3) conducted a research on
stabilization of black cotton soil using waste foundry sand and
lime. As per the research and analysis, this paper represents
that the pozzolanic properties of the waste foundry dust and
lime can be utilized in the construction industry. In metal
casting industry, metal foundries require large quantity of
sand. This sand is recycle and reused many times but after
that, this sand is removed as a waste foundry sand. It contents
more than 80% of high quality silica, 5-10% of bentonite clay,
2-5% of water and sea coal less than 5%. As per the estimate,
around 100 million tons foundry sand produced annually.
When WFS and hydrated lime added to black cotton soil, it
reacts with clay particles and converted into strong cementious
matrix. CBR increases whith constant percentage of WFS and
increasing percentage of lime. Combination of WFS and lime
is beneficial for control on OMC of the soil. Liquid limit is
decrease and increase in dry strength of black cotton soil.
WFS and lime is a good compound for stabilization and
improving engineering properties of black cotton soil.

1. METHODOLOGY

DETERMINATION OF MOISTURE CONTENT BY
OVENDRYING METHOD (IS: 2720 PART-2)

AIM: Determine the natural moisture content of the given soil
sample.

NEED AND SCOPE OF THE EXPERIMENT:

In almost all soil test natural moisture content of the
soil is to be determined. The knowledge of the natural
moisture content is essential in all studies of soil mechanics.
To cite a few, natural moisture content is used in determining
the bearing capacity and settlement. The natural moisture
content will give an idea of the state of soil in the field.

DEFINITION: The natural water content also called the
natural moisture content is the ratio of the weight of the water
to the solids in a given mass of soil. The ratio is usually
expressed as percentage.

PLANNING AND ORGANIZATION:

APPARATUS:

1. Non-corrodible airtight container.
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2. Thermostatically controlled electric oven with interior of
non-corroding material to maintain the temperature
between 105°C to 110°C

3. Desiccator with any suitable desiccating agent other than
sulphuric acid.

4. Balance of sufficient sensitivity to weigh soil samples to
an accuracy of 0.004per cent of the weight of all soil.

PROCEDURE:

1. Clean the container with lid, dry it and weight it (W1).

2. Take a specimen of the sample in the container and
weight with lid (W2).

3. Keep the container in the oven with lid removed. Dry the
specimen to constant weight, maintaining the temperature
between 105°C to 110°C for a period varying with the
type of soil but usually 16 to 24 hours.

4. Record the final constant weight (W3) of the container
with dried soil sample. Peat and other organic soils are to
be dried at a lower temperature (say 60°C) possibility for
a longer period. Certain soils contain gypsum, which on
heating loses its waste of crystallization. If it is suspected
that gypsum is present in the soil sample used for
moisture content determination it shall be dried at not
more than 80°C and possibly for the longer time

CALIFORNIA BEARING RATIO TEST

NEED AND SCOPE: The California bearing ratio test is
penetration test meant for the evaluation if subgrade strength
of roads and pavements. The results obtained by these tests are
used with the empirical curves to determine the thickness of
pavements and its components layers. This is the most widely
used method for the design of flexible pavements.

This instruction sheet covers the laboratory method
for the determination of C.B.R of the undistributed and
remoulded/compacted soil specimen both in soaked as well as
unsoaked state

THEORY: : Definition of C.B.R: it is the ratio of force per unit
area required to penetrate a soil mass with standard circular
piston at the rate of 1.25mm/min. to that required for the
corresponding penetration of a standard material.

C.B.R= (test load/standard load)*100
The test may be performed on undistributed
specimens and remoulded specimens which may be

compacted either statically or dynamically.

PREPARATION OF TEST SPECIMEN
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e Undistributed specimen

e Attach the cutting edge to the mould and push it gently
into the ground. Remove the soil from the outside of the
mould which is pushed in. When the mould is full of soil
remove it from weighing the soil with mould or by any
field method near the spot.

e  Determine the density

e Remoulded specimen

e Prepare the remoulded specimen at proctor’s maximum
dry density or any other density at which C.B.R is
requires. Maintain the specimen at optimum moisture
content or the field moisture as required. The material
used should pass 20mm 1.s sieve but it should be retained
on 4.75mm .S sieve. Prepare the specimen either by
dynamic compaction or by static compaction.

Dynamic compaction

e Take about 4.5 to 5.5 kg of soil and mix thoroughly with
the required water

e Fix the extension collar and the base plate to the mould.
Insert spacer disc over the base. Place the filter on the top
of the spacer disc.

e Compact the mix soil in the mould using either light
compaction or heavy compaction. For light compaction,
compact the soil in 3 equal layers, each layer being given
55 blows by the 2.6 kg rammer. For heavy compaction
compact the soil in 5 layers, 56 blows by the 4.89 kg
rammer.

¢ Remove the collar and trim off soil.

e Turn the mould upside down and remove the base plate
and the displacer disc.

¢ Weigh the mould with compacted soil and determined the
bulk density and dry density. Put filter paper on the top of
the compacted soil (collar side) and perforated base plate
on to it.

Static compaction Calculate the weight of the wet soil at the
required water content to give the desired density when
occupying the standard specimen volume in the mould from
the expression

W=desired dry density*(1+w) V Where W=weight of the wet
soil

w=desired water content

V=volume of the specimen in the mould=2250 cm3

Take the weight W of the mix soil and place it in the

mould. Place a filter paper and the displacer disc on the top of
soil.
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Keep the mould assembly in static loading frame and
compact by pressing the displacer disc till the level of disc
reaches the top of the mould.

Keep the load for some time and then release the
load. Remove the displacer disc. The test may be conducted
for both soaked as well as unsoaked conditions.

If the sample is to be soaked in both cases of
compaction put a filter paper in the top of the soil and place
the adjustable stem and perforated plate on the top of the filter

paper.

Put annular weights to produce a surcharge equal to
weight of base material and pavement expected in actual
construction. Each 2.5kg weight is equivalent to 7 cm
construction. A minimum of two weights should be put.

Immerse the mould assembly and weights in a tank of
water and soak it for 96 hrs. Remove the mould from tank.
Note the consolidation of the specimen

IV. RESULTS AND DISCUSSIONS

DETERMINING THE PROPERTIES OF THE BLACK
COTTON (BC) SOIL:- Experiments were conducted to
determine the properties of black cotton soil. The experiments
included are specific gravity test, free swell index test,
Standard proctor test, Atterberg’s limits determination,
California bearing ratio test, unconfined compressive strength
test.
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Table 4.1.3 MDD and OMC for 100%

soil
5.No. 51 52 53 54 5§ | Samples
(14%4) (1694) (18%4) 0% | @20 | (2408
) )
Weightof
Compacted
soilinmould | 1645 1835 1625 1985 |19 [1ess
(gm)
Volume -
ofmonldicg) | 746
g 043,60 04360 Jo43.60 [od3.60 | 04360
Bullz
denzity(gioc
) 174 1.04 203 |21 2,11 207
]
Weightofw
etvoil{zm)
3613 4202 4230 (4280 412 4028
Weight of
drysoil{zm)
34.60 30.63 3006 | 402 [424 4448
0 o
Weightofw
Ater{gm)
144 139 243 |27 173 | 48
Watercon te
nt{ta)
415 6.03 608 | 694 | 407 |ome
Dy
demsity{g/oc
) 1.67 1.83 181 186 | 202 | 136
2.5
:; 1.5
=
S 1
o
= 0.5
S
0
0 5 10 15 20 25 30
Water content(%)
Fig. 4.1.3 Compaction curve for 100% soil
Optimum moisture content = 22 %
Maximum dry density=2.02g/cc
Table 4.1.4 Results of Atterberg’s limits
J PLASTI SHRINKAGE PLASTICI
LIQUIDLIM C Iy
LIMD
I LIMIT
T INDEX
42% 21.38 17.10 20.62%
Page | 176

ISSN [ONLINE]: 2395-1052

CALIFORNIA BEARING RATIO TEST:-

Table 4.1.5 CBR readings for100% soil

Penetrationinm  Provingring Load inkg
m reading
25 1 17#1.176=19.99
7 2
5.0 2 23*1.176=27.04
3 3

LoadikM)

0 1 2

4 5

Fenetrationimm)

Fig.4.1.5 Load vs Penetration curve for 100% soil

CBR at 2.5 mm penetration=1.46%
CBR at 5.0 mm penetration=1.31%

UNCONFINED COMPRESSIVE STRENGTH OF SOIL:-

Table 4.1.6 UCC values for100% soil

Deflection l]’l'm‘ingri oadikg) Corrected [UCC
() ngreadin Strain  |area(cml) [(kglc
m2)
023 12 04032 [0.0034 (1020 0,039
0.50 ] 00408 00066 (1024 0.092
0,73 36 12026 (00104 1028 0.118
1.00 142 14112 00138 1031 0136
125 000 3.024 00173 [1033 0292
1.50 14.6 40056  [0.0208 (103D 0.472
1.75 138 46368 (00243 (1042 0.445
200 148 49728 (00277 (1046 0475
225 142 47712 00312 (1050 0.454
250 G4 31584 00347 (1053 0280
273 122 ENTEE] 00382 (1037 0387
3.00 108 3628 00416 (1061 0342
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Fig. 4.1.6 Stress vs Strain curve for 100% soil

gc =unconfined compressive strength=0.475kg/cm?
c= cohesive strength=(0.475/2)= 0.23kg/cm2

DETERMINATION OF OPTIMUM REPLACEMENT
OF SOIL BY POFA:-

To assess an amount of compaction and water
content required the compaction tests are done on the
expansive soils in the laboratory. The test provide a
relationship between the water content and the dry unit
weight. The water content at which the maximum dry unit
weight is obtained from the relationship provided by the tests.
The compaction curve for soil and POFA percentages ranging
from 5% to 20% are presented from fig 4.4 — 4.7. The MDD
and OMC values are observed from the compaction curves for
all different mix proportions of expansive soil and POFA are
given in table 4.4. It is noticed that the optimum MDD and
OMC values are obtained at 15% of POFA by weight of soil.

SOIL +15%POFA

Table4.2.3 MDD and OMC values for15% POFA

5., Samplel Samplel Sample | Sampled
(16%) (18%) 3 (22%)
(20%)

Weightof
Compacted
soilinmonld{
m) 1760 1835 1920 1885
Volume
ofmouldied) | 943 60 043 60 94360 | 04360
Bull
d it
IS | g6 104 205 |Loo
‘i\'_rightufwet
soilizm) 50.62 4490 60.63 | 478
‘i\'righ_.tnf
arrselllsm) | 4304 40.67 5827 |43.68
Weightofrat
erizm) 6.68 123 236 413
WWatercomte

(¥
nHe 1520 10.42 405 | 950
Drg.'_
demsityigiend |1 61 1.76 195 | 181
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Fig. 4.2.3 Compaction curve for 15% POFA

Optimum moisture content = 20% Maximum dry density =
1.95 g/cc

Table 4.2.5 Summary of results for Optimum amount of

POFA
Optimum Maximu
S.No Description .
moisturecon m
temt( %) dryvdensi
ty(gfec)
1 Forl(®:8oil 22 2.02
2 For 18 1.53
03%%:50il+3
¥ POFA
3 For20%s 20 1.76
Seoil+10%:P
OFA
4 For83%: 20 1.95
Seoil+132%:P
OFA
5 For80%: 22 1.67
Seoil+20%:P
OFA
From the result,The optimum soil content

replacement by Palm oil fuel ash (POFA) is 15% by the
weight of the soil.

DETERMINATION OF OPTIMUM ADDITION OF
RUBBER TO THE SOIL:-To assess an amount of
compaction and water content required the compaction tests
are done on the expansive soils in the laboratory. The test
provide a relationship between the water content and the dry
unit weight. The water content at which the maximum dry unit
weight is obtained from the relationship provided by the tests.

The compaction curves are drawn for soil with
replacement by POFA and with addition of percentages of
waste rubber shreds 1%, 2%, 3% by weight for getting an
optimum values respectively are presented from fig 4.8 — 4.10.
The MDD and OMC values are observed from the compaction
curves for all different mix proportions of expansive soil and
POFA are given in table 4.5. It is noticed that the optimum
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MDD and OMC values are obtained at 15% replacement of
soil by POFA and with 2% of addition of rubber by weight of
soil. Optimum soil mix is: - 85% soil + 15% POFA + 1% of
rubber by weight of soil.

Table 4.3.4 Summary of results for optimum amount of

Rubber
Op timum MMaximum
S.No  [Description mois tureconte |drvdensityv(g/|
nt{ %) cc)
1 Forl(¥aS ol 22 2.02
For83%ebel+13%P0
2 F A+0%aRubber 20 1.93
3 For3i%eSeil+13%P0 (13 2.03
FA+1%
Fubhber
4 For83%:5eil+13%P0 (16 2.43
FA+2%%
Fubher
5 For83%:5el+13%P0 (16 2.40
F A+3%:Rubber

From the result, The optimum amount of addition of rubber to
soil mix is 2% of rubber by weight of soil.

CONDUCTING TESTS ON OPTIMUM MIX OF SOIL

For the optimum soil mix, taking 2% lime as constant
due to lack of cementitious properties of POFA, samples were
prepared and subjected to California bearing ratio test and
unconfined compressive strength test

CALIFORNIA BEARING RATIO TEST:-

Table 4.4.1 CBR values for Optimum mix of soil

Penetrationinm |gyingyin Load mkg
m
g
reading
"= 38 38%1.176=44.68
25 g
- 53.5 33.5%1.176=62.9
0 16
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4
|

50 0

Load(kN

0 1 2 3 <

%]
=y

Penetration(mm})

Fig. 4.4.1 Load vs Penetration curve for optimum mix of
soil

CBR at 2.5mm penetration = 3.26%
CBR at 5.0mm penetration = 3.06%
CBR =3.26%

UNCONFINED COMPRESSIVE STRENGTH OF SOIL
(OPTIMUM MIX):-

Table 4.4.2 UCC values for optimum soil mix

[DeflectiodProvingLoad(ks) Correct[UCC
{mm} ringrea S ed (kg/cm

ding train areacn

2

3.6 TI096 00034 I0I0 [0IIE
0.25

Ex TATIZ 0.00ee [I0I4 [I37
0.50

T ! EIZ04 00104 JI0IE [0.I0%

.00 5.5 Z5Z68 .03 IO3T [0.I%6

21 Q059 00173 03Iy 0306
1.25

106 [.3616 [00Z0F [[0.3% 0343
1.50
.75 44 HEE WEE I O S N T

66 [F377 00T [I0de 0333
[2.00

154 [B.IEI 0.0ITI [I030 [0.55E
[2.50 X6 [1.303 00347 I0ET [0TIT

4T [EI31 00352 [I03T 077

L5  [F.004 00416 [IOET B4R
3.00

208 [E9EE 0.045T [I0EY [06%E
3.25

196 [6.356 00456 [[0.67 [0.6I6
3.50
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0.04 0.06

Strain

Fig. 4.4.2 Stress vs Strain curve for optimum soil mix

qu= unconfined compressive strength = 0.848 kg/cm?
c=cohesive strength=(0.848/2)=0.424kg/cm?

SUMMARY OF RESULTS

Table 5.1 Summary of results

SNo |[Experiment [Symbal Lllﬂﬂ Yo ptimumsoilm
i i
StandardproctedtIDD 202 Z43gcc
1 test OLIC  |glec 16%
[22%
CalifornisbeardfCER T4d6% [F.I6%
2 E
ratiotast
Tneonfinadeom
[prassive lquC 0.473kg). B4 Bkglem’
3 strengthof sodl cm”®  |0.424kglem’
0.237k
em”®

V. CONCLUSIONS

From the results of the investigation carried out

within the scope of study, the following conclusions can be
drowned.

Swelling potential of clay gets reduced with the addition
of Admixtures. Thus the compressibility of soil also gets
reduced with the addition of POFA and lime.

Maximum dry density of virgin soil is 2.02 g/cc, for
optimum soil mix it is increased by 20% i.e., 2.43 g/cc.
Optimum moisture content of virgin soil is 22%, for
optimum soil mix it is decreased by 27% i.e., 16%.
California bearing ratio of virgin soil is 1.46%, for
optimum soil mix it is increased by 123% i.e., 3.26%
Unconfined compressive strength of virgin soil is 0.475
kg/cm?, for optimumsoil mix it is increased by 78% i.e.,
0.848 kg/cm?.
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