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Abstract - Expansive soils form problematic sub-grade for
pavements due to its low bearing capacity and strength. Wheel
loads that are applied on the pavement may cause detrimental
settlements and failures when the pavements are laid down
above soft soils. This study investigates on the use of materials
like eggshell powder (ESP), coir fibre (CF) and steel fibre (SF)
for improving the mechanical strength of sub-grade soil
beneath the pavement. The influence of these materials on the
soil is manipulated and the proportions are determined for
stabilizing the sub-grade soil. An extensive laboratory study
has been carried out by conducting various tests like
unconfined compressive strength test (UCS) and the California
bearing ratio test (CBR). The optimum percentage of eggshell
was found to be 10% from the preliminary tests conducted.
The UCS and CBR tests values were found for a combination of
material proportions and their performances were considered
based on the effective mixing rates of stabilizers. The peak
value of the proportions were found separately for the
combinational proportions (i.e. steel fibres + eggshell powder
and coir fibres + eggshell powder) at varying percentage of
coir fibre and steel fibre. The combinations including these
effective mixing rates have been further investigated on the
UCS performance and stress-strain behaviour of pavements
under fatigue loading. The combinations of 0.5%SF + 10%ESP
and 0.5%CF + 10%ESP was found to have high UCS and CBR
performances with Ariyur soil. The combinations of 1.0% SF +
10% ESP and 0.5%CF + 10%ESP was found to have high UCS
and CBR performances with Madagadipet soil. Use of eggshell
powder increased the binding property of soil. Using steel
fibres and coir fibres enhanced the mechanical properties of
soil such as tensile strength, flexural strength etc. Thus,
stabilization of expansive soils using the above mentioned
proportions showed that the safe bearing capacity of the soil is
increased.

Key Words: Soil stabilization, Subgrade, Eggshell powder,
Steel fibre, Coir fibre.

1. INTRODUCTION

Pavements are subjected to various kinds of environmental
and mechanical actions which include earthquakes,
differential settlement, fatigue loads created by the traffic
etc. The lifespan of a pavement depends on the conditions
prevailing on the subgrade among many other factors. Soil
lying beneath the pavement layers is the load-receiving
material and hence it should be durable and stable to

withstand the weight of the pavement layers and also the
wear and tear action by the moving traffic. In India, the
population count residing is larger in number and the
availability of land is less hence these factors form the major
defect to execute the construction process. This problematic
situation makes engineers carry out construction on weak or
soft soils [11]. Lots of problems and issues have been
encountered when pavement structures were constructed
above expansive soils. India comprises of 20% of expansive
soil in the land areas. Hence, improving the properties of the
expansive soil by stabilizing agents is one of the most
important criteria for constructing durable pavements. To
achieve the required strength of pavements different
techniques such as physical method, mechanical methods,
mixing materials, electrical method grouting etc., are
adopted to strengthen the subgrade soil with different
stabilizing agents [6]. Reinforcing the expansive soil with
different fibre materials is found to be more effective and
efficient. Generally, the use of geosynthetic fibres has proved
to be more efficient than any other fibres. Geosynthetic
fibres have improved the tensile strength, flexural property
and also decreased the brittleness of the weak soils [13].
Usage of natural fibres like coconut coir improves the
maximum dry density, angle of internal friction and the
California bearing ratio (CBR) [17]. Humphrey Danso
investigated the properties of three natural fibres like
coconut coir, bagasse and oil palm to study their effects
when they are reinforced with soil and was found to be
ecofriendly and low cost stabilizing agents [10]. Austin T.
Sabu showed in his study that combinational mixing of
environmental waste like eggshell powder with coir fibre
was identifiable to a greater degree of soil stabilization [2].
By stabilizing the soil with locally availing materials
promotes the economy and also be non-hazardous to the
environment. The usage of environment-related materials
for stabilizing the soil would reduce the use of traditional
stabilizing ways [2]. Mengshan Lee estimated that recycling
and reusing had astounding environmental impacts like
marine  ecotoxicity, human toxicity, freshwater
eutrophication and freshwater ecotoxicity [12]. Eggshell
powder is a well-organized naturally calcified shells that
contain about 96% of calcium carbonate (CaCO3). Eggshells
can be used as a replacement for limestone (CaCO3) or lime
(Ca0) in various applications. As eggshells are rich in
calcium content and have alkaline properties they can be
utilized as a partial or total replacement for limestone
(CaCO3) orlime (Ca0) [7]. Mengshan Lee findings suggested
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a future attempt in the egg product industries to focus on
developing an efficient process of technologies for directly
reusing the eggshells in land applications which would
enhance favourable eco-friendly and efficient outcomes [12].
Anoop S P’s experimental study showed that eggshell
powder was able to replace 25% of lime which is usually
used for stabilizing process [5].

2. MATERIALS
2.1 Expansive soils

The samples of expansive soil were collected from Ariyur
and Madagadipet. At abouta depth of 2.0 m soil samples were
obtained. The properties of soil were determined by
conducting preliminary tests and main tests for the soil
samples.

Fig 1-Ariyur soil Fig 2-Madagadipet soil

2.2 Coir fibre (CF)

The extraction of this fibre is obtained from the husk of
coconut; their dimensions vary which are dependent on the

ESP mainly consists of limestone (CaCO3) and less percentage
of organic compounds; it is found that it acts as a good
replacement to lime because they have similar chemical
composition.

Table-2: Properties of eggshell powder

SNO PROPERTY VALUE
1 Specific gravity 1.04
2 Sieve used 425 micron
3 Free swell index 50
2.4 Steel fibre (SF)

The Steel fibre (SF) is a geosynthetic material used for our
experimental study was purchased from a chemical shop in
Pondicherry. The quantity bought for our experimental study
was about half a kilogram. These steel fibres have a wire
hooked end to increase their anchorage capacity with the soil.
The addition of steel fibres as a stabilizing agent has proved
to improve the CBR values and simultaneously the thickness
of pavement layer gets reduced. Steel fibres with aspect
ratios in between 40 to 80 are currently in use. The handling
of a fibre becomes difficult when the aspect ratio is higher.
These fibres are found to be available in various lengths from
20 mm to 40 mm but 30 mm and 35 mm fibres are currently
applied most successfully.

Table -3: Properties of steel fibre

type of species, location and maturity of the coconut tree. SNO PROPERTY VALUE
These fibres are used because they are cheap, locally o
available, biodegradable, eco-friendly and have greater 1 Lengt 30 mm
tearing strength among all natural fibres. They retain these 2 Diameter 0.55 mm
properties in wet conditions and it takes 20 years to -
decompose below the ground. Therefore, coconut fibre is 3 Density 7850 kg/m?
selected as a reinforcing material for the expansive soil used 4 Tensile strength 1050 Mpa
in our experimental study. 5 Elasticity modulus 200 Mpa
Table-1: Properties of coir fibre 6 Specific gravity 78
SNO PROPERTY VALUE

1 Diameter 0.5 mm 5

2 Length 10 mm
2.3 Eggshell powder (ESP)
The Eggshell powder (ESP) used for our experimental study )
was purchased from an eggshell dealer of IndiaMart. About Fig 3-Steel fibres
2.0 Kg of ESP was bought for using it in different proportions
for all the tests that were carried out. Eggshell powder is an
alkaline material and it is found to be rich in nitrogen content.
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3. METHODOLOGY

3.1 Experimental procedure

3.2 Experimental values

Table-4: Properties of expansive soils

e Thesoil selected for the experimental study was collected TEST NAME TEST VALUES IS CODES
from areas inside Pondicherry such as Ariyur and
Madagadipet. The soil was collected from a depth of
about 2m. The soil was sundried to remove the Moisture Ariyur | Madagadi-
content and the soil lumps were powdered using a pet
rammer. Specific gravity | 2.72 2.78 IS 2720 -
e Literatures were collected related to our experimental . . 3(1980)
study; detailed study and review was made on soil Sieve analysis
stabilization techniques adopted, materials used and A)  Clay % 75% 65% IS 2720-4
. : P ) ; (1985)
equipment required for stabilizing the expansive soils.
B) Silt% 25% 35%
e The study disclosed various techniques like physical,
chemical and mechanical methods were adopted to
enhance the basic properties of the weak soils. Free swell index | 20 35 s 2720-
¢ From the study made from various sources, decision was 40(1977)
made to use materials like coir fibre (CF), eggshell Degree of High High IS 2720-
powder (ESP) and steel fibre (SF) as the stabilizing €XpansIveness 40(1977)
agents for expansive soils that were collected from Soil o CH CH IS 1490
different areas. classification (1970)
Liquid limit 52.04% | 50.67% IS 2720-
e The Engineering and Index properties such as specific 5(1985)
gravity, free swell index, sieve analysis, liquid limit, Plastic limit 23.37% | 22.45% IS 2720-
plastic limit, plasticity Index, Standard proctor test, 5(1985)
Unconfined Compressive Strength (UCS) and California Plasticity index | 28.67% | 28.22% IS 2720-
Bearing Ratio (CBR) were determined as per Indian 5(1985)
Standards (IS 2720) for the soils collected from different Compaction
areas. properties 14% 14% IS 2720-
7(1980)
e According to IS standards the soil collected are classified A) OMC
as CH because they have high plasticity. Hence it should 17.3kN/ | 19.2 kN/m3
be modified to improve the engineering properties of B) MDD m3

collected expansive soil. The specimens are prepared by
addition of various ecofriendly materials at various
proportions.

The proportions are designed under the knowledge of
literatures and specimens are made by adding various
materials collected with the expansive soil. Various tests
were conducted to determine the strength and
compressibility characteristic of the soil.

The Combinational proportions of materials were made
by the above tests conducted on the soil to improve the
strength, stability and compressibility characteristic of
soil. The materials are made in the combinational
proportions at varying percentage.

Thus, the results of the preliminary experiments to
determine index properties of the two soils collected are
given in table 4. According to the IS standards the following
tests given in table 4 are conducted and the test values are
tabulated. These tests results are further discussed and
summarized in the following chapter.

4.

4.1 UCS and CBR tests without materials

RESULTS AND DISCUSSIONS

The Unconfined compression test and California bearing

ratio testare conducted for the expansive soils collected. The
stress and strain values for each soil are calculated. The
optimum moisture content is found to be 14% for both the
soils through the preliminary test conducted. This test is
conducted according to IS-2720 part 10 (1991). Hence the

values of the soil samples are given in table 5.

| Unconfined Gomprossion’

la- (&l |

Fig 4-UCS testing machine
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Table-5: Main tests without adding stabilizers

UCS VALUES CBR
SOIL Stress Strain VALUES
AMPLE 9
S &N/m2) | (%) (%)
Ariyur 14.7 9.21 5.23
Madagadipet 20.8 9.87 4.65

4.2 UCS and CBR tests with materials

The Unconfined compression test (UCS) is conducted for
the expansive soils combined with the stabilizing materials at
different combinational proportions. The optimum content of
eggshell powder is found by conducting UCS test for different
percentage like 5%, 10%, 15% and 20% of eggshell powder
with the soil. The UCS test values for eggshell powder are
tabulated below:

Table-6: UCS test values for eggshell powder

Percentage | UCS values UCS values
of Eggshell | (kN/m2) with (kN/m?2) with soil
powder (%) | soil 1 (Ariyur) 2 (Madagadipet)
5 14.56 13.47
10 17.59 16.98
15 15.12 16.45
20 14.63 15.64

From table 6 it is observed that the UCS values after
addition of 10% percent of eggshell powder with soil
decreased steadily. Hence the optimum percentage of
eggshell powder is taken to be 10% for the experimental
study

25
20
15
w
£ 10
2
=
@ 5
g
& 0
M soil 1 (Ariyur) | 16.51 | 14.82 | 18.29 | 12.46
u soil 2
(Madagadipet) 167 | 102 | 153 | 22.6

Chart 1: UCS Test values with materials

By trying different combinational proportions like 1) 10%
ESP +0.5% CF, 2) 10% ESP + 1.0% CF, 3) 10% ESP + 0.5% SF,
4) 10% ESP + 1.0% SF the UCS values are determined and the
peak values are calculated. The final combination of
proportion is adopted to determine the UCS value and CBR
value for all the three materials combined together in a
proportion. The calculated combination from the peak value
obtained from the above combination is tabulated below:

20
15
10 —
5
0
soil 1 (Ariyur) (Mads:gi!a\f:lipet)
B Stress (kN/m2) 16.6 171
B Strain (%) 14.21 7.12
5 CBR value (%) 9.64 10.7

Chart 2: UCS and CBR values for final combination
Discussion

The attempt of different proportions improved the
strength of the expansive soil with different percentage of the
stabilizing materials. By calculating the UCS values for
different proportion of materials the peak values were
obtained, 10% ESP + 0.5% CF + 0.5% SF for Ariyur soil
sample and 10% ESP + 0.5% CF + 1.0 % SF for Madagadipet
soil sample.

Fig 5- Ariyur sample

Fig 6- Madagadipet sample
5. CONCLUSION

The main objective of this present experimental study is
to upgrade the index properties and the soil characteristics.
The main purpose of making use of these materials is that
they have high tendency to improve the properties of soil
economically, eco-friendly and efficiently. The outcome of the
results shows improved stress-strain property of the soil and
thus bringing in quality construction of pavements. This
experimental study also focused on the reduction of
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pavement thickness by improving the quality of the subgrade
soil beneath the pavement.

o Free swell index is calculated for both the soil samples
collected. The value is found to be 40 for Ariyur soil and
35 for Madagadipet soil. Hence from the values it is
observed that both the soils have high degree of
expansiveness.

e Dry sieve analysis is conducted for both the soils. The
results from table 4 show that more amounts of soil
particles passes through 75 micron sieve hence
sedimentation analysis is carried out.

e Atterberg limits are determined according to procedure
mentioned in IS standards for both the soil samples. The
liquid limit of Ariyur soil was found to be 52.04% and
50.67%for Madagadipet soil. The plastic limit for Ariyur
and Madagadipet soil samples are 23.37% and 22.45%.
The plasticity index of Ariyur and Madagadipet soil
samples are 28.67% and 28.22%.

e Standard proctor compaction test was carried out to
determine the optimum moisture content (OMC) and
maximum dry density (MDD). The OMC of 14% was
obtained for both Ariyur and Madagadipet soil samples.
The maximum dry density for Ariyur and Madagadipet
soil samples are 17.3% and 19.2%.

e The unconfined compression strength test (UCS) and
California bearing ratio test (CBR) tests values are
determined for both the soil samples without mixing of
materials. The UCS values for Ariyur and Madagadipet
soil samples are 14.7 kN/mZ2and 20.8 kN/m2. The CBR
values are 5.23% and 4.65%.

e The optimum mixing content of eggshell powder with soil
is calculated by conducting UCS test with different
percentage of eggshell powder (i.e. 5%, 10%, 15%, 20%)
with soil. From the test results the optimum content of
ESP to be combined with both the soil samples is 10%.

e UCS test was conducted for different combinational
proportions of ESP, CF and SF. Combinational
proportions like 10% ESP + 0.5% CF, 10% ESP + 1.0%
CF, 10% ESP + 0.5% SF, 10% ESP + 1.0% SF the UCS
values are determined. The peak values of UCS were
determined from the stress values.The final proportion
for Ariyur and Madagadipet soil samples are 10% ESP +
0.5% CF + 0.5% SF and 10% ESP + 0.5% CF + 1.0 % SF.
From the results obtained it is observed that strength is
acquired in Ariyur soil sample is comparatively higher
than that of Madagadipet soil sample and percentage of
materials used are effective and efficient.

e Coconut coir and steel fibres were found to be the best
suitable stabilizing materials for improving tensile and
flexural properties of the expansive soil. Eggshell powder
improves the binding property of the soil. Steel fibres

provides an interlocking system by holding the soil stiff
and prevents looseness of the soil. Addition of coir fibre
decreased the swelling potential of the expansive soil.
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