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Improving the Engineering Properties of Soil Using
Sisal Fibre with Rice Husk Ash
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Abstract: 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. To conclude the present experimental research work, it is suggested to use the combination of Rice husk Ash
and Sisal fibre to improve the various engineering properties of soil.
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I. INTRODUCTION
The process of Soil Stabilization is a modification of soil engineering properties. 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. These properties may involve mechanical strengths, aspects such as permeability, compressibility, durability,
and plasticity. Physical improvement along with mechanical improvement is simple and usual which is carried out by adding
chemical admixtures or by using some other kind of machine such as rollers etc.
The endurance of the soil is one of the imperative factors which affect the construction process of any structure. To obtain the
excellent performance of buildings built on such soils, the performance characteristics of the same soil need to be adjusted as per the
requirement of the construction project. The bad engineering behaviour and performance of soil have led engineers to make
different attempts to improve the poor engineering properties of soils. Stabilization of the soil is commonly needed when the soil
under the foundation for any type of construction (i.e. road or buildings) is not suitable to bear the super structural load. This method
is a remedial measure that helps in reducing settlement, permeability, and compressibility of the soil mass and increases its shear
strength.

Following are the methods through which soil is stabilized:

1) Mechanical Stabilization: The most traditional type of soil stabilization technique is mechanical stabilization. This method
entails altering the property of the soil physically so that its gradation, solidity, and other soil characteristics are affected.
Eventually, dense and well-graded soil can be obtained by proper mixing and compacting more than one soil of various grades.
In this process, the mixing, rolling, and compacting techniques are used.

2) Lime Stabilization: This process of stabilization is done by adding lime to the reactive soil that gives long-term strength to the
soil with the help of a pozzolanic reaction between the soil and lime. In this process, the production of calcium silicate hydrates
and calcium aluminate hydrates takes place. This method is being utilized throughout the world on a very large scale. It is a
form of chemical stabilization.

3) Cement Stabilization: the addition of cement to the soft soil at a predefined proportion (depending on the soil type) to stabilize
the soil. Cement, in soil, acts as a binding agent that adheres strength to the soil. Cement stabilization is very uneconomical
process and therefore, it is not used for small projects. It is a form of chemical stabilization.

4) Bituminous Stabilization: Bituminous soil stabilization is defined as a process by which a controlled proportion of bituminous
material is completely and properly mixed with an existing soft soil material to gain firm strength. with the help of Bitumen, the
cohesive and load-bearing properties of the soil increase and become impermeable.

5) Stabilization by Geotextile and Fabrics: Geotextiles are regularly applied to divide two layers of soil with different particle sizes
that retain their integrity and function between the layers. When water percolates, the geotextile prevents the soils from mixing
together. Having geotextile or fabric for the soil stabilizing process means enhanced tensile strength, permeability, permittivity
apparent opening size etc.
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6) Recycled and Waste Products: As the quantity of waste material in the world is increasing day by day, many researchers have
used such material in the soil stabilization process that gives phenomenon end-results. fly ash, rice husk ash, marble powder,
fibres, etc are being widely for stabilizing soft soils. this not only becomes economical but also enhances the soil properties and
reduces the impact of such waste material on the environment which results in eco-friendly material.

There are many benefits of soil stabilization and some of them are mentioned below:

a) It prevents erosion and sedimentation.

b) It creates barriers that prevent the movement of air and water over the soil which helps in binding of the soil particles.

c) It enhances the weak soil’s strength.

d) Facilitates keeping the soil intact, which facilitates the growth of plants that further helps in a more robust structure.

e) Longer lasting results of soil stabilization in road construction have positive influence on the environment, saving energy,
materials and equipment.

f)  Offers strength improvement including shearing strength and compressive strength

g) Mitigates and reduces volume instability and swelling potential and controlling shrinkage

h) Reduces plasticity index (PI), permeability, soil compressibility, deformation and settlement, clay/silt-sized particles, and
improves resilient modulus, durability to resist unfavourable environmental conditions such as freeze-thaw or wet-dry cycles,
erosion and weathering

i) It offers Dust control and waterproofing.

Il. RESEARCH METHODLOGY

This portion discusses the methodology of current experimental work i.e. stabilizing weak soil by using rice husk ash (fixed

proportion 10%) and sisal fibre (varying proportion 0.5%, 0.75% and 1%; varying length 20 mm and 40mm) as shown in table 1..

All the laboratory tests have been mentioned with which the effect of sisal fibre and rice husk ash was assessed. The research

methodology is mentioned as under:

1) Raw soil sample was obtained from the vicinity area.

2) Determination of Liquid limit, plastic limit and plasticity index was done to determine the type of soil.

3) The effect on dry density and optimum moisture content due to the addition of rice husk ash (fixed proportion 10%) and sisal
fiber (varying proportion 0.5%, 0.75% and 1%; varying length 20 mm and 40mm) to the soil.

4) The effect of rice husk ash (fixed proportion) and sisal fiber (varying proportion and length) on soil on its CBR value was
assessed.

5) The effect on Unconfined Compressive Strength (UCS) of soil was also determined.

Table 1. Different Soil Mixes.

Soil mix Rice Husk Ash (%) Sisal Fibre (%) Sisal Length

Virgin Soil - - -

Soil Mix 1 10 - -

Soil Mix 2 10 0.50 2cm
Soil Mix 3 10 0.75 2cm
Soil Mix 4 10 1.00 2cm
Soil Mix 5 10 0.50 4 cm
Soil Mix 6 10 0.75 4 cm
Soil Mix 7 10 1.00 4 cm

Following are the laboratory Tests that were conducted during the study:
a) Plastic limit

b) Liquid Limit

c) Plasticity index

d) Specific Gravity

e) Compaction Proctor Test

f) California Bearing Ratio (CBR)

g) Unconfined Compressive Strength (UCS)
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111.RESULTS

The collected raw soil was tested for its atterberg’s limit and other soil index properties to assess the classification of soil as per

Indian Standard Soil Classification System. The test results are shown in table: 2.

Table: 2. Soil Properties and Classification.

S. No. Test Name Obtained values
1 Liquid Limit (wL) 39.58 %
2 Plastic Limit (wp) 22.16 %
3 Plasticity Index(PI) 17.42
4 Classification of Soil as per 1S Cl
5 Percentage Finer 52.42 %
6 Specific Gravity 2.54

A. Test Results for OMC & MDD

From the table 3, it was observed that the optimum moisture content increases when the rice husk ash was added however, the
maximum dry density of the soil decreases after addition of RHA. Moreover, the addition of sisal fibre (2 cm and 4 cm long)
initially decreases the OMC value but then as the percentage of fibre increases, the OMC tends to increase as well. On the contrary,
the MDD value keeps on decreasing as the percentage of sisal fibre increases.

(seefig. 1 &2)

Table 3. Comparison of OMC and MDD of various soil mixes with raw soil.

Virgin - Mix1 Mix 2 Mix 3 Mix 4
Soil

Mix 5

Soil mix OMC (%) MDD (g/cc) Comparison of MDD (%)
Raw Soil 16 1.819 -
Soil Mix 1 16.5 1.804 -0.82
Soil Mix 2 16.2 1.765 -2.97
Soil Mix 3 16.9 1.753 -3.63
Soil Mix 4 17.5 1.731 -4.84
Soil Mix 5 16.7 1.759 -3.30
Soil Mix 6 17.5 1.745 -4.07
Soil Mix 7 18.1 1.720 -5.44
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17.5
17
R
g 165
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16 +
155
15
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Mix 6 Mix 7

Figure 1. Comparison of OMC between different soil mixes.
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Figure 2. Comparison of MDD between different soil mixes.

B. Test Results for California Bearing Ratio

From the table 4, after determining the CBR values of raw and other soil mixes, it was observed that with the addition of RHA and
Sisal Fibre, the CBR value of different soil mixes increases when compared to the CBR value of raw soil. The CBR value increases
approximately 55% when 10% RHA was added when compared to the CBR value of Raw soil. The maximum CBR value was
attained for the soil mix 6 (10% RHA + 0.75% sisal fibre of length 4cm) i.e. 6.9, approximately 113%. After soil mix 6, the CBR
value slightly decreases. (see fig. 1 & 3)

Table 4. Comparison of CBR of various soil mixes with raw soil.

Soil mix CBR Comparison (%)
Raw Soil 3.28 -
Soil Mix 1 5.06 +54.49
Soil Mix 2 5.88 +79.42
Soil Mix 3 6.30 +92.34
Soil Mix 4 6.06 +85.10
Soil Mix 5 6.17 +88.30
Soil Mix 6 6.98 +113.10
Soil Mix 7 6.25 +90.89
8.00
7.00
6.00
5.00
3
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Figure 3. Comparison of CBR between different soil mixes.
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C. Test Results for Unconfined Compressive Strength

From the table 5, after determining the UCS of raw and other soil mixes, it was observed that with the addition of RHA and Sisal
Fibre, the UCS of different soil mixes increases when compared to the UCS of raw soil. The UCS increases approximately 7.5%
when 10% RHA was added when compared to the UCS of Raw soil. The experimental work on the sample having 10% RHA and
0.75% sisal fibre of length 4cm sisal fibre shows the maximum UCS i.e. 4.209 kg/cm? that is approximately 40% more than the
UCS of raw soil. (see fig. 4)

Table 5. Comparison of UCS of various soil mixes with raw soil.

Soil mix UCS (kg/cm2) Comparison (%)
Raw Soil 3.026 -
Soil Mix 1 3.253 +7.50
Soil Mix 2 3.594 +18.75
Soil Mix 3 3.707 +22.50
Soil Mix 4 3.632 +20.00
Soil Mix 5 3.934 +30.00
Soil Mix 6 4.209 +39.08
Soil Mix 7 3.721 +22.94

4.500

4.209
4.000 T34
; 3.721
3.500 = 632
253
3.000 026

2.500
2.000
1.500
1.000

Compressive tTrength (kg/cm?)
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Figure 4. Comparison of UCS between different soil mixes.

IV. CONCLUSIONS

After conducting various laboratory tests on various samples of soil, the present study has arrived to the following conclusions:

1) The values of Optimum Moisture Content (OMC) and Maximum Dry Density obtained for the raw soil were 16% and 1.819
g/cc respectively

2) It was concluded that the optimum moisture content increases when the rice husk ash was added however, the maximum dry
density of the soil decreases after addition of RHA. Moreover, the addition of sisal fibre (2 cm and 4 cm long) initially
decreases the OMC value but then as the percentage of fibre increases, the OMC tends to increase as well. On the contrary, the
MDD value keeps on decreasing as the percentage of sisal fibre increases. The maximum decrease in MDD was approximately
5.5% when compared to the MDD of raw soil.

3) It was concluded that with the addition of RHA and Sisal Fibre, the CBR value of different soil mixes increases when compared
to the CBR value of raw soil. The CBR value increases approximately 55% when 10% RHA was added when compared to the
CBR value of Raw soil. The maximum CBR value was attained for the soil mix 6 (10% RHA + 0.75% sisal fibre of length
4cm) i.e. 6.9, approximately 113%. After soil mix 6, the CBR value slightly decreases.

4) It was concluded that with the addition of RHA and Sisal Fibre, the UCS of different soil mixes increases when compared to the
UCS of raw soil. The UCS increases approximately 7.5% when 10% RHA was added when compared to the UCS of Raw soil.
The experimental work on the sample having 10% RHA and 0.75% sisal fibre of length 4cm sisal fibre shows the maximum
UCS i.e. 4.209 kg/cm?2 that is approximately 40% more than the UCS of raw soil.

To conclude the present experimental research work in the gist, it is suggested to use the combination of Rice husk Ash and Sisal

fibre to improve the various engineering properties of soil.
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