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Abstract - Building on soft soils continues to be a
challenge for civil engineers in the modern world,
despite the rapid development of infrastructure
projects and advancements in  construction
technology. They exhibit a large volumetric change
upon contact with water, which is the cause of their
limited bearing capacity. Various stabilization
strategies can be used to handle the soft clay's shear
strength issue. In this experiment, sisal fibers and
silica fumes were added in different amounts to the
clay soil in order to determine the ideal moisture
content and strength parameters for reaching the
maximum dry density of the soil. By adjusting the
amount of sisal fiber for each amount of silica
fume, the Unconfined Compressive Strength (UCS)
test has been used to examine the strength of both
natural clay and clay modified with silica fume
(6%, 12%, 18%) and sisal fibers (0.5%, 1.0%,
1.5%) separately, as well as the combination of all
the materials. Using a small compaction device,
standard proctor test was used to determine the
ideal moisture content and maximum dry density.
According to the test results, the maximum dry
density falls with increasing silica fume content
likewise, the maximum dry density increases with
increasing sisal fiber content. The addition of 12%
silica fume and 2.0% sisal fiber to the clay sample
results in a maximum strength when taking the

strength parameter into account.

Key Words: Compaction test, CBR, UCS, Silica
fume, Sisal Fiber

INTRODUCTION

The highest unconsolidated portion of the earth that
is naturally occurring in the universe is called soil.
It is created when rocks break down in the presence
of naturally occurring elements like heat, wind,
rain, and snow. It is the least expensive building
material and widely accessible. Due of its extremely
varied composition and features, it is a challenging
material. The location and geography of the soil
affect its properties. The characteristics of the soil
should align with the specifications of an
engineering structure's design for safer construction.
In this work, the geotechnical engineer is crucial in
determining whether or not the soil satisfies the
structural criteria. Building engineering structures
on unstable ground carries a significant risk.

Frequently, the soil that is readily available is
unsuitable for building. The primary characteristics
of soil that we have to deal with are strength,
permeability, and stability on slopes. In order to
investigate the engineering behavior of soil, we
must address issues related to slopes, earth dams,
foundations,

retaining structures, and pavement

building.
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2. Literature Review
Manjunath K.R. et al. (2013) studied the effect of sisal
fiber on compaction and strength characteristics of
black cotton soil treated with lime. They reported that
for a particular fiber percentage, the MDD of stabilized
soil increases and OMC decreases. The maximum dry
density and OMC of sisal fiber reinforced soil increased
with 3% lime. 3% of lime content and 0.75% sisal fiber
were considered as optimum percentage for black
cotton soil to increase the California bearing ratio value.

SavithaA.L. et al. (2013) conducted compaction tests
and UCS tests on Black Cotton soil using coarse and
fine fly ash. They varied the percentage of flyash from
5% to 25% with increase of 5% at a time. Curing was
done for 1,7,14,28 days. They reported that the strength
obtained by fine Sugarcane Bagasse Ashwas 25% more
than that of coarse fly ash.On increasing water
contentupto 30%, the dry density decreases and if water
content is increased further the dry density decreases
gradually.The MDD was 1.35 g/cc for 5% Sugarcane
Bagasse Ashmixed with 95% soil and lowest density
was 0.6g/cc for 30% Sugarcane Bagasse Ashmixed with

70% soil.

Agrawal M.L. et al. (2013) performed compaction tests
and CBR test on black cotton soil. They varied the
percentage of flyash from 10% to 50% with increase of
10% at a time.They investigated that the MDD
increases with increment in Sugarcane Bagasse Ashup
to 20% , and with more addition it decreases. The
increase in CBR value and dry density is maximum for
30% Sugarcane Bagasse Ashmixture with black cotton
soil. On increasing percentage of fly ash, there is
decrease in thethe liquid limit of black cotton soil,

resulting in reduced swelling of soil.

Ruprai B.S. et al (2013) conducted compaction test

and California bearing ratio test on black cotton soil.

They used varying percentages of Sugarcane Bagasse
Ashi.e. 10, 20, 30, 40, 50% and observed the effect of
Ashon
relationship and CBR value of soil. They reported that

Sugarcane  Bagasse moisture  —density
as compared to other mixes the CBR value is higher
for 20% fly ash.Moreover the dry density was also

more at 20% Sugarcane Bagasse Ashcontent.

Yanbin Li et al. (2014) performed compaction test
and triaxial shear test on silty clay. They used 0.5%,
1%, 1.5% sisal fiber with lengths 5mm, 10mm and 15
mm. They reported that the stress increased with
increase in strain when 1.0% fiber content is taken and
they observed no decrease in stress when the strain
exceeded 1.0%.They reported that silty clay reinforced
with sisal fiber has 20% more strength than non-
reinforced clay when 1.0% fiber content of length 10

mm is considered.

Kumar R. et al. (2014) studied the effect of sisal
fibers on the UCS value of bentonite. He reported that
there can be an increase in the UCS value of bentonite
by adding lime, phosphogypsum and sisal fibers. The
highest UCS value was obtained at 8% lime, 8%
phosphogypsum and 1% sisal fibers. UCS value

increased with increment in fiber from 0.5 to 2% fiber.

Abadi et al. (2014) conducted compaction test and
California bearing ratio test on clay. He varied the
percentage of flyash from 5% to 25% with increase of
5% at a time. He reported that the MDD of clay
increased with increment in ash till 15%, then
decreased to 1.53 at 20% ash. The OMC decreased
until 15 %,then after that it started to increase. CBR
value reduces slightly when soil ash mixture contains

more than 15% ash.

Swarup J. et al.(2015) performed compaction tests and

CBR tests on the black cotton soil. They used sisal fiber
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(0.25%, 0.5%, 0.75%, 1%, 2%, 3%), NaOH (3%, 6%,
9%, 12%,15%) and flyash 20% by weight of dry soil.
They concluded that optimum value of NaOH is 9%,
12N. Normal soil matrix gives the maximum CBR
values at nearly 11% of fiber content but due to this
stabilization technique,the maximum amount of CBR
value can be attained at less amount of fiber content i.e.
at 0.2%.

Bharathan et al., (2017) studied the effect of silica
fume and cement on clayey soil . The fixed ratio of
cement 10% added by varying the percentage of silica
fume from 5% to 20% at an interval of 5% with clayey
soil. The results showed that the increase in silica fume
upto 15% increases both unconfined compressive
strength and California bearing ratio. Further increase of
the silica fume will reduce both UCS and CBR value.

Kawther et al., (2018) studied the Remediation of
Clayey Soil Using Silica Fume. Different percentage of
silica fume added with soil sample are 0, 3, 5 and 7%.
Tests like Specific gravity, compaction characteristics,
swell and swell pressure, CBR and compressive
strength tests had been conducted on the prepared and
modified soils. Results clarified that by increasing silica
fume content leads to decrease the plasticity index and
liquid limit while causes an increase in plastic limit and
optimum water contents . The maximum dry unit
weight values also decreases. The compressive shear
strength, California Bearing Ratio (CBR), swell and

swell pressure is also improved by using silica fume.

Sharanakumar et al., (2018) The sisal fiber was
collected from Tokyo Engineering Corporation Private
Limited, Coimbatore (Tamilnadu).Soil stabilization is
done with the addition of sisal fiber with varying
percentages of sisal fiber are 0.2%, 0.5%, 0.9% and
1.2% with varying lengths of sisal fiber are 3cm,
3.2cm and 3.4cm length at the interval of 0.2cm.For

knowing the properties of soil laboratory tests are to be

done. They are Atterberg’s limits, Light compaction
test, unconfined compressive strength test, Specific
gravity test, California bearing ratio test, Moisture
content test and Sieve analysis test.

S.M Kavitha et al., (2019) Geotechnical engineers
face various problems while designing foundation
because of clayey soil due to poor bearing capacity and
excessive settlement. So, we rectify that with various
engineering works but in this project we choose fibers
for improving soil parameters, this method is cost-
effective and eco-friendly one. The clay sample was
collected from Devakottai, Tamil Nadu, and India.
Sisal, polypropylene, and hybrid of these two fibers
were used for soil stabilization. The sisal fiber was
mixed 0 .1%, 0.2%, 0.3% and 0.4% by weight of the
soil samples. Similarly, polypropylene fiber was mixed
0.5%, 1%, 1.5% and 2% by weight of the soil samples
and hybrid fiber mixed soil samples randomly
distributed.

Vishal Kumar et al., (2022) In the field of civil
engineering, stabilization of soil is a procedure to
improve and enhance the engineering properties of soil
in such a manner that it can withstand heavy loads
without any failure. In current work, the behaviour of
soil after adding the rice husk ash (fixed proportion
10%) and sisal fibre (varying proportion 0.5%, 0.75%
and 1%; varying length 20 mm and 40mm) was studied
at different proportions and then different soil
properties like, OMC, MDD, CBR value and UCS

values were determined.
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3. Materials

3.1SOIL

Source of soil

The soil used in this study was obtained from

village. As per IS classification of soil, the soil

used is

low compressibility silt.

The soil

properties are given in the table as under:

Table no. 1 Properties of soil used in the study

S.No. Properties Result
1. Liquid limit (%) 33
2. Plastic limit (%) 21
3. Plasticity Index (%) 12
4. Specific Gravity 2.55
5. Maximum Dry Density | 17.10
(KN/m3)
6. Optimum Moisture | 14.25
Content (%)
7. Soil Classification Cl  (Intermediate
Compressive Clay)
8. CBR (%) (soaked) 2.40
9. CBR (%) (Unsoaked) 4.30
9. UCS (kN/m? 290

3.2 SILICA FUME

Source of SILICA FUME

The silica fume used in this study for stabilizing

clayey soil was

Chemicals Enterprises, Delhi.

procured from Mahalaxmi

The density of silica

fume is 2.0-2.5 mg/m3, and its bulk density is 0.3—

0.5 mg/m3. Silica fume consists primarily of
amorphous (non-crystalline) silicon dioxide and it is
produced in electric furnace. The raw materials are
quartz, coal and woodchips. The ash that results
from this process is collected and sold as silica

fume.

Table 2: The properties of silica fume are given

below;

S.No | Parameters Mass (%)
01. Silica as SiOy, 85-95%
03. | Limeas CaO 0.8-2%
04. | Magnesia as MgO 1-2%

05. | Alumina as Al;O3 1-3%

06. Iron Oxide as Fe;Os; | 0.5-1%
07. | Density , kg/m® 600kg/m?®

3.3 SISAL FIBRE
Source of sisal fiber

The sisal fiber used in this study was obtained from
Jindaram Exports, Sirsa. Sisal is a natural fiber having
greater tensile strength and can be used as an effective
reinforcing material in soil stabilization. Sisal Fiber
length 40mm is used in this study. The properties and
composition of sisal fiber are discussed in table no. 3
and 4
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Table 3:- Properties of Sisal Fiber oportion PD MC
No pperty lue Soil Silica N/m?3) b)
. me: Sisal fiber
lour nite
scific Gravity (Kg/m?) 70 0:00:00 10 25
ater Absorption (%) D 12:1.0 9 8
ngth of fiber (mm) 5:12:1.5 9 5
ameter of sisal fiber (mm) 112:2.0 4 1
nsile Strength(MPa) v
ddulus of elasticity (GPa) = MDD (kN/m3) = OMC (%)
20 179 179 &4
18 1 17.1
. - . . 16 1 3.8 3.5 31
Table 4:- Chemical Composition of Sisal Fiber 14 - :
12 - —
: 10 - —
5.No )mponent rcentage g | B
6 - -
llulose 5 4 —
2 - -
micelluloses 1 % T00:00: 86.5:12:
0o | 12010 | 7T 12:02.0
ynin ) MDD (kN/m3)| 17.1 17.9 17.9 18.4
OMC (%) 1425 | 13.8 13.5 13.1
ctin ]
Fig:-1 variations b/w MDD and OMC of Silica
AXes
Fume, Sisal Fiber & soil with different proportions
ater Soluble Matter f

4. EXPERIMENTAL RESULTS

4.1 STANDARD PROCTOR TEST

Table no. 5: MDD and OMC for soil— Silica Fume— sisal

fiber mix
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Table 6: Results of UCS of Silica Fume and Sisal Table 5: Results of CBR of Silica Fume and Sisal

Fiber Mix with Soil Fiber Mix with Soil

oportion Curing Period |UCS (kN/m?)
portion CBR (%)|CBR (%)
Soil : Silica fume: [&YS)
of fiber S0il : Silica fume:|(Soaked)  |(Unsoaked)
| fiber
0:00:00 0
:00:00 2.40 4.30
12:1.0 o)
12:1.0 4.5 7.2
5:12:1.5 0
b:12:1.5 5.3 8.5
:12:2.0 0
|12:2.0 5.9 9.4
= UCS (kN/m2)
700
600 195 540 B CBR (%) (Soaked) CBR (%) (Unsoaked)
500 10 gs 94
400 290 3 I — —
300 7 59 _
200 g : ~
100  — -
0 . 2 - -
so 1 :l ~
Silica | 100:0 | 12:01 ?gi 12:02 Soil - o5,
fume: | 0:00 | .0 . .0 Silica | 100:0|12:01| 7" 12:02
Sisal fume:| 0:00 | .0 .0
fiber Sisal 5
|UCS(kN/m2) 290 | 495 | 540 | 620 fiber
CBR (%) (Soaked) 24 | 45 | 53 | 59
Fig:-2 Variations b/w UCS Values of Clayey soil, CBR (%) (Unsoaked) 23172185 | 94
Silica Fume and Sisal Fiber with different Fig:-3 Variations b/w CBR Values of Clayey soil,
proportions Silica Fume and Sisal Fiber with different

proportions
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5. DISCUSSIONS
STANDARD PROCTOR TEST:

e There is an also decrease of OMC from 14.25 to
13.1% and increase of MDD from 17.10 to 18.4%
when the percentages of Sisal Fiber vary from 1.0%,
1.5% and 2.0% and Silica fume is fixed at 12%.

e With Silica fume kept constant at 12% MDD
increases with an addition of Sisal Fibre content in soil
and Silica fume mix. The reason behind such
behaviour is silica fume is lighter in weight and it has
high water absorption properties because of the
presence of silica oxide and hence OMC increases with

the increase of silica fume content.

CBR TEST:

e The CBR value of virgin soil is 2.40 and it increase
to 2.45 times when silica fume 12% and Sisal Fiber
2.0% is added to virgin soil. This enhancement in CBR
may be because of the gradual formation of hydration

compounds in the soil due to the reaction between the

stabilizers and the essentials particle present in the soil. 6.

UCS TEST:

« UCS value of virgin soil enhances fundamentally 7

with expansion of silica fume contents. The UCS value

increment from 290kN/m?2 to 530kN/m?2 with expansion 8.

of silica fume upto 18% in the wake of curing time of
7 days. The expansion in U.C.S. value might be
increases with addition of Silica Fume and Sisal Fiber

+ The UCS values of virgin soil also improve
considerably with expansion of silica fume 12% and
Sisal Fiber 2.0%. The value increases from 290kN/m?2
to 620kN/m2 with addition of silica fume and Sisal
Fiber.

6. CONCLUSIONS

Following conclusions can be inferred on the basis of

the experiments performed:

1. The silica fume changes compaction parameters of
clayey soil. The maximum dry unit weight decreases
with the increase of the SF content, while optimum
moisture content increases with increasing SF content.
2. Sisal fiber on the other hand is a cheaply available
material which can be added to soil in less quantity to
make big changes in its strength parameters.

3. The addition of the fixed quantity of silica fume
12% with changing the content of Sisal Fiber decrease
the value of optimum moisture content and increases the
value of maximum dry density.

4. The C.B.R value increases with increase of Sisal
Fiber along with fixed quantity of silica fume. It
increased 2.45 times from the untreated soil.

5. The optimum value of Sisal Fiber and silica fume
required for soil stabilization is 2.0% and 12% by
weight of soil respectively.
Unconfined compressive strength increases with
increase of quantity of Sisal Fiber and with fixed
guantity of silica fume.

Silica fume value of unconfined compressive strength
is increased 2.54 times from the untreated soil.

Hence, the addition of Sisal Fiber and silica fume makes
the soil mixes durable, economical and effective for soil
stabilization process if these two materials are easily

available near to the site.
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