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Abstract. For improving soil properties, use of natural fiber is advantageous
because they are cheap, locally available, biodegradable and eco-friendly.
Therefore, in the present investigation, coir fiber has been chosen as the
reinforcement material and randomly included in to the soil at different
percentages of fiber content, i.e. 0, 0.5, 1 & 1.5% by weight of raw soil. The
soil used for this research is highly compressible soil. Length of fibre is
considered as 20mm for this study. The objective of this investigation is
focused on the durability of soil reinforced with coir fiber. The compaction,
Unconfined Compressive Strength (UCC) and California Bearing Ratio (CBR)
tests are conducted for each percentage of natural fibre mixed with soil. For
finding the durability of coir reinforced soil, the specimens for UCC test is
prepared with optimum fiber content (OFC) by using concentrated Hydro
Chloric Acid (HCL) solution as pore fluid. The fibers with and without bitumen
emulsion coating are used in the study. Thus prepared samples are cured for 7
and 30 days. Based on the results obtained, it is observed that the inclusion of
coir fiber improves the strength of the soil and bitumen emulsion treated coir
fiber has more durability.
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1 Introduction

Soil is considered by the civil engineer as a complex material. Apart from the testing
and classification of various types of soil, in order to determine the stability and
physical properties, the knowledge of problems related to foundation design and
construction, pavement design, design of embankments and excavation, design of
earth dams are necessary. Problems faced before or after construction mainly due to
type of soil. Soil Stabilization is of major concern in the construction activities due to
rapid growth of urbanization and industrialisation. The term soil improvement is used
for the techniques which improve the index properties and other engineering
characteristic of weak (or problematic) soils.Stabilization can increase the shear
strength of a soil and/or control the shrink-swell properties of a soil, thus improving
the load bearing capacity.

The different types of method used for soil stabilization are like Soil
stabilization with cement, Soil stabilization with lime, Soil stabilization using
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bitumen, Chemical stabilization and a new emerging technology of stabilization by
Geo textiles and Geo synthetic fibers. Soil reinforcement is an effective and reliable
technique for improving strength and stability of the soil.

One of the soil stabilization methods considered as soil stabilization using
Natural fibers like coir fiber. Coir or coconut Fibre belongs to the group of hard
structural fibres. It is an important commercial product obtained from the husk of
coconut. The coir Fibre is elastic enough to twist without breaking and it holds a curl
as though permanently waved. Shorter mattress fibres are separated from the long
bristle fibres which are in turn a waste in the coir fibre industry. So this coir fibre
waste can be used in stabilization of soil and thus it can be effectively disposed off.

Durability is one of the major properties to consider in soil stabilization with
natural fibers. In order to increase the life of natural fibers, fibers have been
successfully treated with bitumen, copper based chemicals, phenol and some other
patented chemical compounds.

2 Materials

2.1 Soil

Natural soil is collected from Perumbakkam village near Cheran Nagar, Changalpattu
district, Tamil Nadu state. Then the soil was sieved through 4.75Smmsieve to remove
the gravel fraction. Soil was oven dried for 24 hours before execution of geotechnical
tests. By conducting laboratory tests, the following index properties of the soil were
evaluated.

Table 1. Index Properties of Soil

Property Value
Liquid Limit (%) 67
Plastic Limit (%) 21
Free Swell Index (%) 85
Specific gravity 2.6
Shrinkage limit (%) 13
Sand (%) 3
Silt (%) 16
Clay (%) 81
Soil classification CH

2.2 Stabilizer

Stabilizers used for this research is raw coconut coir fibers for the soil, the fiber
collected from the industry and after cutting into 20mm length are shown in figure 1.
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Fig.1. a) coir fiber, b) coir fiber of 20mm length

The properties of the coir fiber used in the present study are shown in table 2.

Table 2. Properties of coconut coir fiber

PROPERTY VALUE
Density 1.4g/cc
Breaking Elongation 30%
Tensile strength 252MPa
Young’s modulus 0.67Gpa

2.3 Bitumen

For increasing the life of fiber the bitumen emulsion is used, which has water content
46%, and brownish black colour. The bitumen emulsion used for this study is
collected from industry.

2.4 Concentrated HCL

For finding the durability of coir reinforced soil, the specimens for UCC test is
prepared with optimum fiber content (OFC) by using concentrated Hydro Chloric
Acid (HCL) solution as pore fluid. The HCL solution is prepared by mixing the 5ml
of HCL acid with 600ml of tap water.

3 Test Results and Discussion

The interpretations of tests result from the laboratory tests have been discussed in
following sections with graphical results.

3.1 Compaction test

The standard Proctor compaction test has been conducted for various samples; the
variation of optimum moisture content (OMC) and maximum dry density (MDD)with
fiber content are shown in Figures 2& 3 respectively.
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Fig. 2.Variation Optimum moisture content for coir stabilised soil
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Fig.3.Variation of Maximum dry density for coir stabilized soil.

It is observed that addition of 0.5% coir to the soil increased the OMC and decreased
the MDD. Because fibers have tendency to obsorb moisture and this can be attributed
to the increase in OMC. And also because used of materials has weight less than the
weight of soil particles at the same volume which leads to decrease MDD, but further
increase the fiber content leads to replace the soil particles, it leads to reducethe soil
moisture absorption, so OMC for soil mixture (soil + fiber) decreases. Further
increase of fiber content fill up the interlocking spaces within the soil matrix and held
the particles together.
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3.2  California Bearing Ratio test

The CBR test has been conducted for various samples. The test results are shown in
Figure 4. It is noticed that the addition of coir fiber increased the CBR value. Addition
of 1.5% of coir fiber increased the CBR value by nearly 50%.

CBR
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Fig.4. CBR for soil stabilized with coir fiber

3.3  Unconfined compression test

The Unconfined Compression test has been conducted on various samples of size 3.6
cm diameter and 7.5 cm length. The coir stabilised soil specimens are prepared at
their respective MDD and OMC using water as the pore fluid. The unconfined
compressive strength of the soil is increased by the addition of coir fiber. The
variation of unconfined compressive strength with the fiber content is shown in
Figure 5. With the addition of 1% fiber, the unconfined compressive strength of the
soil is increased by about 17%. The unconfined compressive strength remained nearly
the same for further increase in fiber content. Hence, 1% fiber content is taken as
optimum fiber content, that is the minimum fiber content required to achieve the
maximum strength gain.
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Fig.5. UCC for soil stabilized with coir fiber (pore fluid is water)

For finding the durability of coir reinforced soil, the specimens for UCC test is
prepared at MDD and OMC with optimum fiber content (OFC), which is 1% in the
present study, by using concentrated Hydro Chloric Acid (HCL) solution as pore
fluid. The fiber is coated with bitumen. The prepared samples are cured for 7 & 30
days. The unconfined compressive strength of natural soil, soil stabilised with
untreated fiber and soil treated with fiber coated with bitumen is shown in figure 6.
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Fig.6. UCC for HCL solution as pore fluid.
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From Figure 6, it is inferred that the inclusion of coir fibers in to the soil as
reinforcement shows higher unconfined compressive strength and bitumen treated
coir fiber has more durability compared to untreated coir fiber.

4 Conclusions

Based on the laboratory investigations, it can be concluded that the compaction
characteristics of soil is influenced by the addition of coir fiber. The CBR value
increases with increase of coir fiber content in soil. The unconfined compressive
strength of soil is increased with coir fiber addition and even 0.5% of fiber content is
able to increase the strength by about 17%.

As far as the durability of coir fiber stabilized soil is concerned, it is witnessed that
the bitumen coated fiber are more durable than uncoated fiber in the acidic
environment.
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