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Abstract - Transportation satisfies a fundamental
human need. Since the beginning of time, people
have traveled for pleasure or nourishment. Because
the success of a country is closely linked to the
guality of its transportation infrastructure, everyone
has high expectations for these amenities. The need
for a transportation system that is economically
viable, environmentally benign, socially legitimate,
sustainable, and practically acceptable presents
significant issues for civil engineers today. The
current construction environment makes standard
procedures inappropriate, which is fueling interest in
technology such as ground improvement. Among all
forms of transportation, an affordable road network
is essential to the economic development of
developing nations like India. If the subgrade layer
of the pavement is weak in the case of a highway,
then more pavement thickness is needed, which
raises the cost of pavement construction. Basalt
fibers are utilized to fortify the subgrade soil
because they are practically acceptable, affordable,
and readily available regionally, and
environmentally friendly. Proctor Compaction tests
and California Bearing Ratio (CBR) testing were
performed on locally accessible soil that was
reinforced with basalt fiber and nano-silica in this
study. By dry weight of soil, the percentages of
basalt fiber and nano-silica were calculated to be
4%, 6%, and 8%. To determine the ideal amount,
basalt fiber was taken at 02%, 03%, and 04% in the
current study. From these experiments, it has
been analyzed that with the increase of Basalt
fiber content in addition to Nano-Silica, the
UCS increases and maximum value of UCS is
obtained at 8% of Nano-Silica with 03% of
Basalt fiber. The intermixing of Basalt fiber with
the soil acts as a reinforcing material in
binding the soil particles and the ‘bridge

effect’ of fiber reinforcement in soil impedes
the further development of tension cracks.

Key Words: Compaction test, CBR, UCS, Nano
Silica, Basalt Fiber

1. INTRODUCTION

Expansive soils are the soils which have high
shrinkage and swelling characteristics and lower
strength when it came in contact with water. These
soils are very sensitive to variations in water content
and show excessive volume changes and has high
compressibility. This highly plastic soil may create
cracks and damage the construction work done
above these types of soils.

In India, expansive soil covers nearly about 20% of
the land and includes approximately the entire
Deccan Plateau. They are mostly black and reddish
brown in colour and are generally found with layer
thickness between 0.5 m to 10 m below the surface.
Because the expansive soil is prone to volume
changes when it came in contact with the water by
rain or water table capillary action, it will get expand
and may cause lifting of the structures built over it.
So, these soils are not suitable for construction
works until they are properly stabilized which can
increase the low bearing capacity of expansive soils.

In India, nearly 46% of total land is covered by
Alluvial soil which is the most important soil type of
or country. Other soils such as Black cotton soil,
desert soil, laterite soil and marine soil are also the
important soil groups of India. The Alluvial soil and
the black cotton soil mainly consists of clay which is
very fine soil and it’s the main constituent of
expansive soils and due to the cohesive nature of
clay, these soils absorb large amounts of water and
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show swelling characteristics which create problems
such as bulging of soil, low bearing strength of soil,
and can cause cracks in the foundation.

2. Literature Review
Kumar et al. (2023)

The major goal of the study in this work is to
improve the geotechnical qualities of soil by the
effective usage of stabilization utilizing basalt fiber
and ground granulated blast furnace slag (GGBS) in
varied quantities. The study used 2%, 3%, and 4% of
basalt fiber and 5%, 10%, and 15% of powdered
granulated blast furnace slag in three different
amounts. Compaction and an  unconfined
compressive test (UCS) were performed on the
reinforced soil. The findings of the trial indicated
that the soil's compressive strength and shear
strength had been effectively improved.

Megha S. Mahaladkar et al. (2022)

The main objective of this study is to investigate the
effect of index properties of clayey soils when
blended with silica fume and basalt fiber. A series of
laboratory experiments have been conducted on
samples with 0%, 5%, 10%, 15% and 20% of Silica
fume and 0.05%, 0.1%, 0.15% and 0.2% of Basalt
fiber by weight of dry soil. The test results showed a
significant change in consistency limits of samples
containing Silica fume and basalt fiber. The
investigation showed that the Silica fume is a
valuable material to modify the index properties of
black cotton soil to make them suitable for different
construction activities. The addition of basalt fiber
gives a very good compressive strength to the BC
soil as compared to silica fume.

Anju George (2022)

In this paper, the effects of basalt chopped fiber
with coir pith on geotechnical properties of clayey
soil in varying proportions are discussed. The
utilisation of waste material and natural fibers helps
to boost soil quality is beneficial, because they are
inexpensive, accessible locally and ecological.
Basalt fiber is a non - metal inorganic fiber which
acts as a reinforcement for soil. It has excellent
thermal, chemical, mechanical properties and
environmental friendly material. The stabilizing
effect of both the fibers on soil properties was
observed. Addition of fibers improved the soil

properties such as shear strength, and showed
significant effects on cohesion, shrinkage characters.
Also, it reduces desiccation and cracking.

P. Kulanthaivel et al (2021) The current study
presents the laboratory investigation on the use of
nano-silica (0.2, 0.4, 08 and 1.0%) and
polypropylene fiber (0.25, 0.50, 0.75 and 1.0%) in
problematic clayey soil to enhance the shear strength
and compaction characteristics. From  the
Transmission electron microscopy (TEM) analysis,
it is observed that the diameter of nano-particles
used in this study was in the range of 10-20 nm. The
nano-particles have a spherical shape and
amorphous in nature. Extensive laboratory tests such
as the standard Proctor compaction test and
unconfined compressive strength test have been
conducted on untreated and polypropylene fiber
along with nano-silica treated clayey soil. The
outcomes showed that the addition of polypropylene
fiber in poor soil, increase the maximum dry density
and reduce the optimum moisture content of the soil.
The optimum dosage of polypropylene fiber and
nano-silica added to the poor soil was 0.75% and
0.8%, respectively.

Samin et al. (2021)

In this study, PE and PP have been used in the form
of fibres. The effect of the stabilisation was
evaluated through carrying out standard laboratory
tests. These tests have been conducted on natural
and stabilised soils with four fibre contents (1%, 2%,
3%, and 4%) of the soil weight. The tests included
the standard compaction test, unconfined
compressive strength (UCS) test, California Bearing
Ratio (CBR) test, and resilient modulus (Mr) tests.
In all these tests, the fibre content was added in two
lengths, which were 1.0 cm and 2.0 cm. Laboratory
test results revealed that the plastic pieces decrease
maximum dry density (MDD) and optimum
moisture content (OMC) of the stabilised soils,
which are required for the construction of
embankments of lightweight materials. In addition,
there was a significant improvement in the UCS of
soils by 76.4 and 96.6% for both lengths of PE fibres
and 57.4% and 73.0% for both lengths of PP fibres,
respectively. Results of the CBR tests demonstrated
that the inclusion of plastic fibres in clayey soils
improves the strength and deformation behaviour of
the soil especially with 4% fibre content for both
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lengths 1.0 cm and 2.0 cm, respectively, to a figure
of 185 to 150% for PE and PP, respectively.
Furthermore, the results of the Mr tests
demonstrated that the mechanical properties
improved to an extent. For an increase in fibre
content, the resilient modulus increased by about
120% at 4% fibre content for PE. However, for PP,
improvement in resilient modulus declined at 3%
fibre content. Therefore, for soil stabilisation with
fibre material, optimum fibre content shall be
sought.

Adla Prathyusha et al. (2020)

The purpose of this study is to evaluate the
suitability of red soil from a nearby source with the
addition of basalt fiber for highway building. Basalt
fibers are added to the conventional red soil in
varying proportions (by weight of the raw soil, 0%,
0.2%, 0.4%, 0.6%, 0.8%, 1%, 1.2%, and 1.4%).
Proctor compaction tests and California bearing ratio
(CBR) testing were performed on stabilized soil in
addition to the preliminary tests. The experiment's
results show that strengthening the soil by adding
basalt fiber was greatly enhanced. By adding basalt
fiber to subgrade soil at a rate of 0.8% (by soil
weight), it is possible to dramatically boost the
strength of the soil, which also has a positive impact
on the design of highway pavement structures.

Singh et al. (2019) The main motive of this
research is to investigate the optimal combination of
Nano-Silica and Polypropylene fiber with clay soil.
The engineering properties such as liquid limit,
plastic limit, maximum dry density and unconfined
compressive Strength (UCS) are analyzed with
virgin soil, the soil with Nano-Silica and
combination of soil with Nano-Silica and
polypropylene fiber. The Durability test is
performed to understand the durability of stabilized
soil by analyzing wetting—drying cycles Also,
Scanning Electron Microscopy (SEM) test is carried
out and images are obtained to understand micro-
structural modification towards mixture of Nano-
SiO2 and PPF. Four different combinations of Nano-
Silica at different percentages 1%, 3%, 5% and 7%
are used in integration with polypropylene fiber is
used in different percentages such as, 0.1%, 0.4%,
0.7%, 1%, and 1.3%. From these experiments, it has
been analyzed that with the increase of PPF content
in addition to Nano-Silica, the UCS increases and

maximum value of UCS is obtained at 7% of Nano-
Silica with 0.7% of PPF. The intermixing of PP fiber
with the soil acts as a reinforcing material in binding
the soil particles and the ‘bridge effect’ of fiber
reinforcement in  soil impedes the further
development of tension cracks.

Sharma et al. (2019)

In the present study, therefore we have investigated

the influence of waste polypropylene fibers on the
resilient modulus of clay soil. Under this
investigation, several cyclic CBR tests were
performed on soil specimens by reinforcing the clay
soil with polypropylene fibers which were added in
different percentages i.e. 0.3%, 0.4%, 0.5%, 0.6% by
weight of soil. The outcomes show that the
experimented technique is very effective to improve
the resilient modulus of clay soil. It is found that for
the best results, optimum percentage of waste
polypropylene fibers to be added is 0.4 % by weight
of soil. Finally, it has been concluded that
reinforcing the clay soil with polypropylene fibers
provides positive influence on resilient modulus of
the soil.

Suresh et al. (2018) This review paper presents an
investigation of behavior of clayey soil stabilized
with varying percentages (0.5-10%) of coir fiber and
Nano silica, by carrying out the index and
engineering properties of soils. Coir is a natural
biodegradable material abundantly available in some
parts of south and coastal regions of India. Nano
silica is small filler size materials increase ductility
with no decrease of strength. The induced of the
nano silica acted as a hydraulic binder with lesser
swelling potential. The combination of coir fiber and
Nano silica are used in expansive soils for
sustainable development purpose.

Faseela M et al. (2018)

In order to strengthen the sub grade soil, jute fibre is
used because they are economically sound, locally
available, biodegradable, environment sensitive and
practically acceptable. On the basis of CBR value of
the subgrade and traffic on the proposed road,
flexible pavements design being done.In this study a
series of Proctor Compaction tests and California
Bearing Ratio (CBR) tests were carried out on
locally available soil reinforced with jute fibre and
basalt. The percentage of Jute fibre and basalt by dry
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weight of soil was taken as 0.4%, 0.8%, 1.2% and
1.4%. In the present investigation the lengths of
fibre was taken as 6mm and 12mm for each fibre
length to find out the optimal quantity.

Anjana V. et al. (2018)

Fibre reinforced soil has advantages such as low
cost, light weight, capability of maintaining strength
isotropy etc. Fibre reinforced soil can be used can be
effectively used as subgrade material for pavements
where the available soil at subgrade is lacking the
desired strength. Basalt fibre which is similar to
glass fibre, is a newcomer in the field of
geotechnical engineering. It is more resistant to
alkaline, acid and salt attack when compared with
glass fibre. This study aims at evaluating the effect
of Basalt fibre on the strength characteristics of soil.

C.P. Ndepete et al. (2016) Soil reinforcement with
natural and man-made fibers is one of the technigques
to improve a number of mechanical and physical
properties of soils. Although basalt originated fibers
are currently being used for concrete, it is not an
easy task to find a source in literature concerning the
use of basalt fibers for soil improvement. In this
study, basalt fibers have been used for this new aim.
This study is an investigation into evaluation of the
increase in soil strength, which is reinforced, in
different percentages, by basalt chopped fibers. A
silty soil sample has been chosen for this study and
has been mixed, with 6, 12, and 24 mm long basalt
fiber at wvarying contents. The unconsolidated
undrained triaxial tests show that the addition of 24
mm long fibers into soil gives the maximum
improvement in strength and the optimum fiber
content (by dry weight of soil) is 1.5%.

3. Materials
3.1 SOIL

Source of soil

The soil required for the project is taken from an
empty field in Jammu. The soil is alluvial in nature
and contains high amounts of clay. The total
quantity of soil collected is about 120 Kg.

All the soil that is used is sieved using 4.75mm sieve
before start of the tests. The soil is oven dried for 24
hours before use to eliminate presence of any

moisture in the soil. Firstly, Virgin soil without any
admixture is tested for its properties and strength
value and after that it is tested along with the
addition of various proportions of Nano silica and
Basalt Fiber.

Table no. 1 Properties of soil used in the study

S.No. Properties Result
1. Liquid limit (%) 36
2. Plastic limit (%) 21
3. Plasticity Index (%) 15
4, Specific Gravity 2.63
5. Maximum Dry Density| 17.50
(KN/m3)
6. Optimum Moisture| 14.6
Content (%)
7. Soil Classification Cl  (Intermediate
Compressive Clay)
8. CBR (%) (soaked) 2.3
9. CBR (%) (Unsoaked) | 3.7
10. UCS (kN/m? 240

3.2 NANO SILICA
Source of NANO SILICA

Nano Silica used in this research work was collected
from Ludhiana.

Table 2: Physical properties of Nano Silica

Physical properties Value
Diameter (nm) 20-30
Surface volume ratio (m2| 193
/9)

Density (g/cm3) 1.7
Purity (%) >99
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Table 3: Chemcial properties of Nano Silica

Sr. No. Compound Value (%)
Silicon

1 Oxide(SiO2) 99.88

2 AlO; 0.05
Iron Oxide

3 (Fe203) 0.01

4 Carbon content | 0.06
Chloride

5 content 0.09

3.3BASALT FIBER
Source of Basalt Fiber

In the test, 6mm Basalt Fiber of various lengths will
be used. The basalt fiber is equally distributed
throughout the clay soil sample prior to dispersion.
The filamentous Basalt Fiber is bought online from
Delhi.

Table 3:- Properties of Basalt Fiber

4. EXPERIMENTAL RESULTS
4.1 STANDARD PROCTOR TEST

Table no. 4: MDD and OMC for soil- Nano Silica—
Basalt Fiber mix

SOIL:NS:BF | MDD (kN/m?) | OMC (%)
100:00:00 17.50 146
90.0:08:02 16.10 156
89.5:08:2.5 16.90 15.1
89:08:3.0 17.80 14.4

Density 2.65g/cm3
Elastic modulus 85.9Gpa
Elongation at break 3.12%
Tensile at strength 2611Mpa
Length 6mm

Fig:-1 Variations b/w MDD and OMC of Nano
Silica, Basalt Fiber & soil with different proportions

B MDD (kN/m3) OMC (%)

18

20 175 6o 178

100:00 | 90.0:0 | 89.5:0 | 08:03.
:00 8:02 | 8:2.5 0

B MDD (kN/m?)| 17.5 16.1 16.9 17.8

OMC (%) 14.6 15.6 15.1 14.4
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Table 5: Results of UCS of Nano Silica and Basalt
Fiber Mix with Soil

Fig:-3 Variations b/w CBR Values of Clayey soil,
Nano Silica and Basalt Fiber with different
proportions

SOIL:NS:BF Curing Period| UCS (kN/m?)
(Days)

100:00:00 7 240

90.0:08:02 7 340

89.5:08:2.5 7 410

89:08:3.0 7 470

Fig:-2 Variations b/w UCS Values of Clayey soil,
Nano Silica and Basalt Fiber

proportions

with different

B CBR (%) (Soaked) CBR (%) (Unsoaked)

7.6

6.8
5.9

OFRNWARUIOIN0
[

100:00:/90.0:08 | 89.5:08

00 02 | 25 (08030
= CBR (%)
(Soaked) 23 | 39 | 45 | 54
CBR (%)
(Unsoakeq)| 37 | 59 | 68 | 76

500

m UCS (kN/m2)

470

450

H
=
o

400
350

340

300

250

240

200
150
100

50

100:00:
00 02

90.0:08: | 89.5:08:

25 08:03.0

|ucs (kN/m2)

240 340

410 470

Table 6: Results of CBR of Nano Silica and Basalt
Fiber Mix with Soil

SOIL:NS:BF CBR  (%|CBR (%
(Soaked) (Unsoaked)

100:00:00 2.3 3.7

90.0:08:02 3.9 5.9

89.5:08:2.5 4.5 6.8

89:08:3.0 5.4 7.6

5. DISCUSSIONS
5.1 STANDARD PROCTOR TEST:

. There is an increase of MDD from 17.50 to
17.80kN/m?® and decrease of OMC from 14.60 to
14.4% when the percentages of Basalt Fiber vary
from 2% to 3% and Nano Silica is fixed at 8%.

o There is an increase in MDD of modified
soil with increase in percentage of Nano Silica, due
to the lower specific gravity of Nano Silica as
compared to the unmodified soil and OMC of
modified soil is decrease as the percentages of Nano
Silica increases, due to the increase in cohesive
property of soil.

———MDD (kN/m?) ==—0MC (%)
20 17-5 17.8
18— 164 722
16 1w'4
14
12
10
8
6
4
2
% T100:00: [ 90.0:08 | 89.5:08
00 02 25 |08030
MDD (kN/m?)| 175 | 161 | 169 | 17.8
OMC (%) 146 | 156 | 151 | 14.4

Fig:-4 Variations b/w MDD and OMC values of
Nano Silica and Basalt Fiber Mix with Soil
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5.2 CBR TEST:

° The CBR value of untreated soil is 2.3 and it
increases to 1.78 times with addition of 8% Nano
Silica when observed in soaked conditions.

° The CBR value of untreated soil is 2.3 and it
increase to 2.34 times when Nano Silica 8% and
Basalt Fiber 3.0% is added to untreated 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.

=== CBR (%) (Soaked)
CBR (%) (Unsoaked)

cg 68
Y
B
,
100:0 | 90.0 ﬁzjg: 08:03
0:00 [08:02| .| 0
CBR (%) (Soaked)| 23 | 3.9 | 45 | 5.4
CBR (%)
(Unsoaked) 37 | 59 | 68 | 76

Fig:-5 Variations b/w CBR Values of Nano Silica
and Basalt Fiber Mix with Soil

5.3 UCS TEST:

. The UCS values of untreated soil also
improve considerably with expansion of Nano Silica
8% and Basalt Fiber 3.0%. The value increases from
240kN/m2 to 470kN/m2 with addition of Nano Silica
and Basalt Fiber.

. The reason behind of this when Nano Silica
and Basalt Fiber comes in contact with water,
Because Nano-silica wraps the outer surface of
the Fiber and hence form better bond between
the soil particles and the Fiber surface which
results in improving soil characteristics.

= UCS (kN/m2)

500

400 4/
300 240

200

100

0 100:00: | 90.0:08 | 89.5:08 | (o o o
00 :02 :2.5 A

|UCS (kN/m2)| 240 340 410 470

Fig:-6 Variations b/w UCS Values of Nano Silica
and Basalt Fiber Mix with Soil

6. CONCLUSIONS

Following conclusions can be inferred on the basis
of the experiments performed:

In present time, there has been an investigation
into the use of recycled fiber. It is a hot issue
due to environmental benefits and cost
efficiency. Past studies had shown that the
addition of waste chemicals can improve the
strength properties of soft clay. This study
investigates the effects of recycled Nano Silica
and Basalt Fiber on the mechanical properties of
clay based on the results a number of series of
tests like — LL, PL, PI, Compaction, CBR, and
UCS. The following conclusions can be drawn;

.Based on the test results achieved from UCS

after the curing periods of 7 days, the optimum
mixing stabilizing agent for clay soil is 8% of
Nano-silica and at 3.0% of Basalt Fiber.

.Because nano-silica wraps the outer surface of

the fiber and hence form better bond between
the soil particles and the fiber surface which
results in improving soil characteristics.

I11.Surface cracks in the form of narrow and Nano-

cracks on the compressed soil surface are
visibly observed. The minimization of cracks in
the soil shows that the Nano silica and Basalt
Fiber material acts as bridge between the
particles of soil and hence results in increasing
soil strength. As a result, the Basalt Fiber
material strengthens the spreading soil site and
maintains it during load transfer condition.
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I\VV.The C.B.R value increases with increase of Nano 8) Adla Prathyusha, Harish kumar (2020)
Silica along with increasing quantity of Basalt Fiber. “Experimental Study on the Suitability of Basalt
It increased 2.34 times from the untreated soil. Fiber Reinforced Red Soil for Highway
V.Thus the optimum ratio of mixture of 89% soil/ Construction”. 2020 NRTI | Volume 5, Issue 1 |

8% NS/ 3.0% Basalt Fiber is suggested for usage
as soil stabilization process.

References

1) Karan Kumar, Anoop Sharma (2023)
“Evaluation of Strength Characteristics of Clayey
Soil Using Basalt Fiber and Ground Granulated
Blast Furnace Slag”. International Journal of
Scientific Research in Engineering and Management
(NSREM) Volume: 07 Issue: 12 | December — 2023.
2) Mrs. Megha S. Mahaladkar, Mrs. Megha
Mayuri B G (2022) “Comparison of Soil Stability
Using Silica Fume and Basalt Fiber on Black Cotton
Soil”. International Research Journal of Engineering
and Technology (IRJET) Volume: 09 Issue: 07 | July
2022

3) P.Kulanthaivel, S.  Selvakumar, B.
Soundara, V. S. Kayalvizhi - S. Bhuvaneshwari
(2021) “Combined effect of nano-silica and
randomly distributed fibers on the strength behavior
of clay soil”. Nanotechnology for Environmental
Engineering https://doi.org/10.1007/s41204-021-
00176-3. The Author(s), under exclusive licence to
Springer Nature Switzerland AG 2021.

4) Anuj Tomar, Tarun Sharma, Sandeep Singh
(2019) “Strength properties and durability of clay
soil treated with mixture of nano silica and
Polypropylene fiber”. Materials Today: Proceedings
journal homepage: www.elsevier.com/locate/matpr
5) Faseela M, Jisna sherin K C, Nafla C H,
Rahib P (2018) “ COMPARATIVE STUDY ON
FIBRE AMENDED SOIL”. International Research
Journal of Engineering and Technology (IRJET)
Volume: 05 Issue: 05 | July 2018

6) Anjana V. Niranjana K. (2018) “Strength
Characteristics of Basalt Fibre Reinforced Soil”.
JSRD - International Journal for Scientific Research
& Development| Vol. 5, Issue 12, 2018 | ISSN
(online): 2321-0613

7) G. Ramachandran (2019) “experimental
study on soil stabilization using basalt fiber and
ground granulated blast furnace slag in organic soil”.
International Journal of advance and Research and
innovation. VVolume: 06, Issue: 04. ISSN 2347-3258.

ISSN: 2456-3315.

9) Kavita Pawar, Ganesh Handibagh (2022)
“Influence of steel slag addition on strength
characteristics of clayey soil”. International Journal
for Research in Applied Science & Engineering
Technology (IJRASET) ISSN: 2321-9653; IC
Value: 45.98; SJ Impact Factor: 7.538, Volume 10
Issue 1V Apr 2022.

10) R Suresh, V.Murugaiyan (2018)
“Improvement of Clay Soil Using Natural Fibers and
Nano Silica”. Indian J.Sci.Res. 17(2): 252 - 256,
2018, Issn: 0976-2876 (Print).

11) P.Bharat Goud (2018) “Stabilization of
Black cotton soil with Copper slag and Rice husk
ash- An Environment Approach”. International
Journal of Science and Research(lJSR). ISSN
(online) 2319-7064, ICV 79.57.

12) Sharana Kumar B.M (2018) “the Use of
copper slag and Polypropylene fibre to strengthen
the engineering properties of soil”. International
Research Journal of Engineering and Technology
(IRJET), e-ISSN: 2395-0056, VVolume: 05, Issue: 06,
p-ISSN: 2395-0072

13) Pooja Upadhyay, Yatendra singh (2017)
“Soil stabilization using natural coir fiber”.
International Research Journal of Engineering and
Technology (IRJET), e-ISSN: 2395-0056, Volume:
04, Issue: 12, p-ISSN: 2395-0072.

14) Jheelu Bajaj, Vikash kumar singh (2016)
“Performance Evaluation of Block Cotton Soil
Stabilized with Sugarcane Bagasse Ash and
Randomly Distributed Core Fibres”. IJIRST —
International Journal for Innovative Research in
Science & Technology,Volume 2, Issue 11 , April
2016 ISSN (online): 2349-6010.

15) Anil kumar Sharma, P.V. Sivallaiah
(2016) “Ground granulated blast furnace slag
amended Bagasse Ash as an expansive soil
stabilizer”. Soil and Foundations.

16) Abhijith R.P. (2015) “Effect of Natural
Coir fibers on CBR Strength of Soil Sub grade”.
International Journal of Scientific and Research
Publications, Volume 5, Issue 4, April 2015.

17) Ayininuola G.M. and Oladotun P.O.
(2016) “Geotechnical Properties of Coconut Coir
Fiber Soil Mixture “. Journal of Civil Engineering

© 2024, IJSREM | www.ijsrem.com

| Page 8


http://www.ijsrem.com/
https://doi.org/10.1007/s41204-021-00176-3
https://doi.org/10.1007/s41204-021-00176-3
http://www.sciencedirect.com/science/journal/00380806

g‘! \33
&JSREM‘%
% gﬁnternatlonal Journal of Scientific Research in Engineering and Management (IJSREM)

K Volume: 08 Issue: 09 | Sept - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

Research, 6(4), pp.79-85. International, D5550-14, West Conshohocken, PA,
18) Gyanen.  Takhelmayum, Savitha.A.L, (2014).
Krishna Gudi(2013) — Laboratory study on soil 29) ASTM D6913-04R2009. “Standard Test
stabilization using Bagasse Ash  mixtures, Methods for Particle-Size Distribution (Gradation)
International Journal of Engineering Science and of So_ils Using ~ Sieve  Analysis.”  ASTM
Innovative Technology (IJESIT) Volume 2, Issue 1. International, West Conshohocken, PA, 04, no.
19) Priyank Goyal, Ashutosh Shankar Trivedi, Reapproved 2009 (2004): 1-35.

Manoj Sharma(2015) “Improvement in Properties of
Black Cotton Soil with an Addition of Natural Fiber
(Coir)  Derived from  Coconut Covering”
International Journal of Engineering Research and
Applications (IJERA), Vol:5 Issue No:3, 36-37.

20) ASTM  International. — “Standard  Test
Methods for Laboratory Compaction Characteristics
of Soil Using.” ASTM Standard Guide. West
Conshohocken, PA: ASTM International, (2003).
21) Davis, Tim. “Geotechnical Testing,
Observation, and Documentation” (September
2008): 25. d0i:10.1061/9780784409497.

22) ASTM International. Standard Test Methods
for Laboratory Compaction Characteristics of Soil
Using. ASTM Standard Guide. Vol. 3. West
Conshohocken, PA: D698-12e2, (2003).

23) ASTM International. Standard Test Method for
CBR (California Bearing Ratio) of Laboratory-
Compacted. Methods. Vol. i. West Conshohocken,
PA: D1883-16, (2005).

24) MRD (2001). PMGSY Scheme and
Guidelines: Programme Obijectives. Ministry of
Rural Development, Government of India, No. P-
12025/8/2001-RC.

25) AP.W.R.D. Schedule of Rates for Rural
Roads for All Divisions under PWRD, Assam.
Commissioner and Special Secretary Public Works
Roads Department, Assam Dispur, Guwahati, India,
2017-2018. Available online:
https://pwdroads.assam.gov.in/information-
services/schedule-of-rates (accessed on May 2021).
26) Caragca, Oana. “Soil Improvement by
Mixing: Techniques and Performances.” Energy
Procedia 85 (2016): 85-92.
doi:10.1016/j.egypro.2015.12.277.

27) ASTM D4318, ASTM D 4318-10, and
ASTM D4318-05. Standard Test Methods for Liquid
Limit, Plastic Limit, and Plasticity Index of Soils.
Report. Vol. 04. West Conshohocken, PA: ASTM
International, (2005).

28) ASTM. Standard Test Method for Specific
Gravity of Soil Solids by Gas Pycnometer, ASTM

© 2024, IJSREM | www.ijsrem.com | Page 9


http://www.ijsrem.com/

