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Abstract: - Use of natural fibers as soil reinforcement is gaining
much attention by geotechnical engineers as it has inherent
advantage with regard to its availability, cost and does not pose
environmental hazard on the long run. Natural fibers when used
as a soil reinforcement is found to increase peak compressive
strength, shear strength, and ductility of the soil. In the present
experimental study, undrained triaxial tests were conducted on
black cotton soil (BC Soil) mixed with coir fibers and the effect of
lime treatment and length of the fibers on peak deviator stress
and shear parameters were studied. The results of the
experimental investigation found that coir fiber as reinforcement
to BC soil causes significant increase in peak deviator stress.
Increase in length of coir fiber increases cohesion and angle of
internal friction. When the length of the fiber exceeds 20mm,
mixing difficulty to obtain a uniform soil-fiber mixture causes
marginal decrease in shear parameters.

Keywords—coir fibers; peak shear stress, angle of internal
frictionr,cohesion.

1. INTRODUCTION

“Black cotton soil,” cover an area of more than 200,000
square miles and constitute about 20% of the total area. Since
the soils are expansive in nature, the problems of construction
increase due to low shear strength, high compressibility, high
swelling potential.

Reinforcing soil with natural fibers are used frequently with
the attention of increasing peak compressive strength, shear
strength, and ductility and reducing post peak strength loss.
The main advantages of using short fibers over planar
reinforcement are: absence of potential plane of weakness,
feasibility of application within a limited space compared with
the use of planar reinforcement such as geotextiles and
significant cost savings because of the availability of fibers at
lower cost and no need for a specific design. Among natural
fibers, fibers obtained from coir in proven to be most durable
when used in soils because of it having high lignin content.
Hence the use of coir fibers in black cotton soil is examined in
this context. Coir is abundantly available in most parts of
south and costal India, Sri Lanka, Philippines, Indonesia,
Malaysia, Brazil, and others [1]. Considerable information on
the properties of coir fibers compared to other natural fibers is
its high initial strength, stiffness, and hydraulic properties.
Direct shear tests were carried out [2] on dry sand reinforced
with fibers to evaluate the effect of different parameters on
shear strength. A series of triaxial compression tests on sand
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reinforced with continuous, oriented fabric layers and also
with randomly distributed discrete fibers. Unconfined
compression test were conducted on sandy clay soil [3] to
study the effect of fiber inclusion on unconfined compressive
strength at different water contents. Mechanical properties of
kaolinte-fiber soil composite [4] were evaluated by conducting
a series of unconfined compression and splitting tension test.
The effect of fiber content that can be added varied
significantly. In one of the study, it was varied from 0.05 to
0.25% [5] while in other study[6] it was varied upto 2.0%
Applications of synthetic and natural fibers were studied
[7,8,9,10,11,12] using randomly distributed fiber (RDCF) and
found that the RDCF increases the shear and compressive
strength along with improvement in ductility of clayey soils.
Since fiber to soil particle interaction is significantly
affected by length of extensible fibers in soil, the objective of
present study is to explore the influence of length of fiber on
shear strength characterization fiber reinforced Black cotton
soil (BC soil). The results have been analyzed in terms of
effect of length of fiber and conclusions have been drawn.

2. EXPERIMENTAL WORK

2.1 Material Used

Black cotton soil (BC soil) was collected from Davangere
Dist., Karnataka state, India by an open excavation from a
depth of 1 meter below natural ground level. Black cotton soil
was air dried and pulverized in a ball mill after separating the
pebbles. The pulverized soil which is passing through 300
micron BIS sieve was used in the present investigation. The
physical properties of the collected BC soil are as shown in
Table 1.

Coir fibers cut into various lengths were used as a natural
reinforcing material. Coir fibers, brownish in color, were
obtained from the local small scale factory in Gubbi,
Karnataka, India.
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Table 1. Properties of black cotton soil used was 38 mm diameter and 76 mm high. Sufficient care
was taken so that coir fiber distribution was uniform thought
Properties Values the mixed soil. Tests were conducted for fiber contents of

0.5%, 1.0%, 1.5%, 2.0%, 2.5% and 3.0% by dry weight of
soil, The specimens were subjected to three levels of
Plastic Limit, PL(%) 22 confining pressures (o3 of 100kPa, 200kPa, and 300kPa). The
tests were repeated by mixing BC soil with fiber Lengths

Liquid Limit, LL (%) 67

Shrinkage Limit, SL(% 11 . .
finkage Limit, SL(6) 10mm, 20mm, and 30mm. Deviator stress was applied up to
Specific gravity, G 2.62 15% axial strain level or up to the failure of specimen which
Silt+ clay size (%) 79 ever occurred earlier. Figu_res 2 to 4 shovv_s typipal _stress—str_ain
_ curves for black cotton soil reinforced with coir fibers having
Sand size (%) 21 different lengths of 10 mm, 20mm and 30mm, sheared at a

confining pressure of 100 kPa, 200kPa and 300kPa. It can be
seen from these typical plots, that the effect of addition of
fibers increases peak deviator stress. The peak deviator stress
Proctor compaction test on BC soil as per BIS 2720 part increases with increase in fiber content only up to a specified
V1 (1980) were conducted to obtain the maximum dry density ~ Percentage of fiber content, for all length of fibers used.
(MDD) and Optimum Moisture Content (OMC). Fig. 1 shows The improvements of the deviator stress is attributed to the
the compaction curve for BC soil used in the bresént study reduction of void ratio in the coir fiber reinforced soil due to
The BC soil was admixed with coir fibers and compacted to' confining stress and contribution of pull out resistance in the

97% of MDD with water content corresponding to OMC form of frictional effecF of induced cohesion_parameters.
obtained from the compaction test. It was seen from figures 2 to 4 for a given length of the

fiber and fiber content, and at constant confining pressure,
increase in length of the fiber increases peak deviator stress. It
was also noted that, mixing of coir fibers beyond a fiber

2.2 Test procedure

L7 content of 2% was found to form lumps, which may have
16 contributed to reduction in peak deviator stress beyond the
L] ’
L5 fiber content of 2%.
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Fig. 1 Compaction curves of black cotton soil. é
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3. RESULTS AND DISCUSSIONS é 200 - 3%
3.1 Effect of Length of Fiber on Deviator Stress. %
Fiber-reinforced soil samples were prepared by g 150
mixing BC soil and different percentage of coir fibers on dry A
weight basis using maximum dry density and water content 100 -
corresponding to OMC obtained from compaction test. Fibers
were mixed with wet soil randomly, place in the mould and 50 88
compacted to get 97% of the desired density. [ :
ol
Different percentage of coir fibers were added to BC soil and 0 0.050.10.150.20.2503
tested in triaxial compression testing machine. Parameters Strain (%)
such as percentage of reinforcement and length of coir-fibers
were considered for investigation. Samples were prepared by
adding coir fibers at different percentage and with different
length viz., 10mm 20mm and 30mm. Undrained triaxial tests Fig. 2 Stress vs. strain curves for black cotton soi_l + coir fiber with different
were conducted in a standard tri-axial apparatus, with and percentage (o5= 100 kPa, Length of fiber L=10mm)

without coir fibers, to study the improvement in the shear
strength parameters of black cotton soil. Size of soil specimen
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3.2 Effect of Fibers on Shear Strength Parameters
Black coton soil Shear parameters were d_et_ermm_ed from modlfled_fallure
Lf=20mm envelope. Fig. 5 show modified failure envelopes obtained for
' BC soil admixed with coir fiber. It can be seen that modified
500 - 6;=100kPa failure envelopes of soil with different fiber contents are
parallel to each other. Using the modified failure envelopes
450 the shear parameters such as cohesion (c) and angle of internal
400 friction (@) were calculated.
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Fig. 3 Stress vs. strain curves for black cotton soil + coir fiber with different .
percentage (o3= 100 kPa, Lf=20mm) (0“03)[21!1](133
Black cotton soil Fig.5. Modified failure envelope for BC soil admixed wirth Coir Fiber
Lf=30mm, y . . e
6.=100kPa Fig. 6 shows the variation of cohesion with fiber content for
3 € different length of fiber for BC soil admixed with coir fiber. It
450 - can be seen that, increase in length of the fiber increases
cohesion. However, when length of the fiber becomes large
400 than 20mm, there is marginal decrease in cohesion. This is
attributed to the fact that, increase in length beyond 20mm of
350 coir fiber induces difficulty in uniform mixing with the
— formation of soil lumps
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Fig.4. Stress vs. strain curves for black cotton soil + coir fiber with different . . o L
percentage (o5= 100 kPa, Lf=30mm) Fig.6 Cohesion values for Black cotton soil + different percent of coir fiber

with different lengths
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Table 3 shows variation of angle of internal friction (@)
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found to be about 2% for the BC soil used in the
present study. The strength of expansive BC soil is
thus improved by the inclusion of coir fibers

ii. Fiber content beyond 2% poses mixing difficulty as
soil lumps are formed during mixing. This has led to
decrease in peak shear strength with addition of fiber
content beyond 2%.Hence, there exists a speific fiber
content to get optimum strength benefits.

iii. Increase in length of fiber increase peak deviator
stress for a given percentage of fiber content.
However when the length of fiber exceeds 20mm,
there is marginal reduction in peak deviator stress.

iv. Marginal reduction in cohesion occurs when the
length of fiber becomes larger than 20mm for BC
soil. Similar trends have been observed with regard to
angle of internal friction where in increase in the
length of coir fiber beyond 20mm length decreases
the angle of internal friction marginally.

V. Thus, when the averasge length of fibers distributed
randomely in soil varies from 10mm to 20mm, the
optimum benefit with regard to increase in shear
parameters such as cohesion and angle of internal
friction can be obtained.
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