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Abstract 
 
In this article, coir along with Polypropylene Fibre (PF) is used as a 
stabilizing agent to enhance the particle bonding. The fibres are added in 

percentage of 0.25 %, 0.50%, 0.75%, and 1%. The experiment shows that 

Maximum Dry Density, CBR and shear strength is obtained maximum at 
0.75% of fibre content and hence considered as the best ratio to enhance the 

soil properties. 

 
Keywords: Soil Stabilization, Polypropylene Fiber, Waste Coir Fiber, Dry 

Density, shear strength 

 

1 Introduction 
 

Various types of soils are available among them clay is most useful in 

road construction basically in the area of civil engineering. This kind of soil 
is a fine-grained naturally obtained product through rock or soil containing 

one or, higher clay minerals including residues of metal oxides and organic 

matter. Because of their water content, clays are porous and become stiff, 

brittle and non-plastic at drying or firing. Geological clay deposits consist 
mainly of phyllosilicate minerals which involve different quantities of water 

retained in the structure of the mineral. As per the content of the soil's 

material, clay may appear in different colours, from white to dull grey or 
brown to dark orange-red.  
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The general structure of clay soil is given in figure 1. Typical with their 

swelling and shrinking properties are the clay soils with differences in the 

moisture regime. By and large, this type of soil poses a significant challenge 
to the strength and integrity of the structures constructed over them and their 

action is undependable. Improving such undependable soils is imperative. 

In recent years the researcher on fibre-reinforced soil demonstrated that 
this might be a practical and cost-effective technique for reinforcement of 

shoulder soil of pavement. It is found from the literature that a significant 

amount of work reported on the performance evaluation of soil. Though 

many studies have been reported about the use of fiber to enhance 
engineering properties of soil, relatively less amount of work is reported 

concerning shoulder soil. Keeping given such gaps in literature the 

experimental investigations were undertaken to study the effect of coir fibers 
(natural fibers) and polypropylene fiber (synthetic fibers) on the strength of 

shoulder soil of roads. Use of the dissimilar percentage of fibers (0.2, 0.4, 

and 0.6) was considered to check the strength characteristics of shoulder soil, 
by performing Compaction Test, Direct Shear Test and Cbr Test. The use of 

fibers will result in erosion control of soil as it gets reinforced[1-9]. 

 

2 Materials 
 

The materials utilized in this research work are in varying number to 
perform the soil stabilization. The working performance of this material 

depends upon the areas where these materials are collected. To understand 

the soil response that is changed in stress level as well as in varying 

environmental conditions, the classification of these gathered materials is 
required based on their characteristics. Moreover, it is a better understanding 

of material properties that plays an important role to develop the appropriate 

stabilization methods. The used materials named as Clay soil, Polypropylene 
Fibre (PPF), and Coir Fibre in this research work are described briefly in 

provided below sub-headings. 

 

2.1 Clay Soil 
 

Clay soil is finely-grained natural rock or, soil material which combines 

one or more clay minerals with organic matters, possible traces of quartz 

SiO₂), metal oxides (Al₂O₃, MgO) etc. The amount of clay contains in 

topsoil is about 10 to 48%, in the weathered zone is 9 to 40% and varying 

from 10 to 39.5% in highly weathered soil profiles. The high clay content in 
top horizons is because of the illuviation process that occurs during soil 

development. 
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The soil sample in the amount of 5 kg is taken from Chandigarh 

Highways near Kharar and performing sieve analysis by following Indian 

Standard of soil classification by using the code IS 1498: the classification of 
soil is done into clay soil which included 29% of sand contents. Clay soil 

composed of manure mineral particles so the soil is much sticky due to the 

less space among particles. It has to be observed that water is not been 
soaked by clay soil and therefore can be used as a resistant material. To 

analyze the properties of soil that whether it is clay or not a simple soli test 

has been performed and the obtained values are provided in table 1 below.  
 

Table Error! No text of specified style in document.11: Sieve Analysis 

 

IS Sieve Wt. of retaining 

soil (gm) 

Cumulative 

Weight retained 

(grams) 

Cumulative 

weight retained 

% 

% of 

passing 

80mm - - - - 

20mm - - - - 

4.75mm - - - - 

2.0mm - - - - 

1.18mm - - - - 

425µ 5 8 3.08 96.92 

75µ 68 76 29.230 70.73 

 
From the analysis, 29.23 % of sand content with 71.84 of slit and clay 

content have been examined. The soil sample is shown in Figure 1. 

 
Figure 1: Soil Sample 
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Particularly very small amounts of specific clay minerals composed a 

large effect on the physical properties of clay deposits. Here below provided 

the physical properties of soil in table 2. 
 

Table 2: Physical Properties of Soil 

Soil Properties Examined Values 

Specific gravity 2.16 

Liquid Limit (%) 29.86 

Plastic Limit (%) 28.17 

Plastic Index 0.68 

Optimum Moisture Content (OMC) % 16.317 

MDD 1.823 

 

2.2 Polypropylene Fibre (PPF) 
 

In the construction of building as well as other civil structure by using 

weak and soft soil is highly risky due to the reason for these kinds of soil 
having lower shear strength along with higher compressibility. These types 

of fibres are non-corrosive, hydrophobic, and resistant to chemicals, 

chlorides and alkalis. PPF is most widely utilized 100% synthetic fibre which 
is prepared by using 85% of propylene. This fibre is used in this research due 

to its properties such as low cost as well as chemically inert nature that 

blocks the moisture from the soil. The PPF utilized in this research is 

collected online from Ludhiana the sample is shown in figure 2. 

 
Figure 2:  White Recron 3s Polypropylene Fibre CTP2424, For Construction 

Purpose 
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2.3 Coir 
 

Coir is hard, versatile, natural fibres that are available in large amounts. 

For example, all over the world, its quantity is 0.78 million tons per year and 
in India, it produces around 0.16 million tons per year and is a renewable 

resource. Coir fibre is obtained through the de-husking of coconut and 

separating it from pithy material of fibrous mesocarp by a process of retting. 
The length of coir fibre is not very long (i.e. 0.15 to 0.28m) as compared to 

the average length of sisal fiber (i.e. 1.40 m). Its diameter varies from 0.1 to 

0.5 mm as a contrast to the diameter of sisal (i.e. 0.05 to 0.20 mm). The coir 

used in this research work is purchased from the local market of Kharar, 
Punjab, India. This is the outer region of the coconut used to protect coconut. 

Coir fibre is utilized here due to its bio-degradable and eco-friendly 

behaviour. From the existing, it has to be observed that coir fibre offered 
treating strength is higher instead of water as well as moisture areas. Because 

it is a biodegradable material and if it remains on the piles of earth surface it 

will take about 10 years to decompose in the soil. Therefore it is better to use 
this material to improve the strength of the soil. 

 
Figure Error! No text of specified style in document.: Coir Sample 

 

3 Results and analysis 
 

3.1 Standard Protector Test 
 

This test has been conducted to know the MDD of clay soil. It is used to 

determine the maximum/ peak value of soil compaction by plotting graph 

between MDD (y-axis) and Optimum Moisture Content (OMC) along the x-

axis. To examined MDD values standard protector test has been performed. 
MDD means that the soil (clay), when used in construction site maximum 

value of dry density that has been analysed, must be attained. Also, to know 

the OPC, compaction test has been performed on the soil sample. The 
analysed values obtained after adding the Coir fibre and the PF in different 

dosages of 0.25 %, 0.50%, 0.75% and 1%. 
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3.1.1 Maximum Dry Density (MDD) 
 

MDD of stabilized soil is an important parameter to analyze the 

suitability or unsuitability for stabilization of soil.  MDD is a quality of 
stabilized soil after compaction as well as before curing which could be 

utilized as a performance measure for soil stabilization. The MDD of soil are 

often computed from the number of laboratory tests corresponds to every 
new construction cases. The selection of appropriate chemical stabilizer is 

also a major issue for better soil stabilization. There it requires developing 

the mathematical framework having the ability to determine the value of 
MDD.  

It is obtained where the soil is compressed at relatively high humidity 

and approximately all the air is drawn is known as the optimum moisture 

content. The MDD can be achieved by plotting graph between the water 
content and dry density as abscissa and ordinate respectively. The procedure 

is a follows. 

Step 1: Take a metal mould and add 4 Kg of soil and then dry for 24 
hours in the oven.  

Step 2: The weight of empty mould has been checked using a weighing 

machine, which is about, 4000 gram. 

Step 3: Add 2 % of water into the soil sample. 
Step 4: The soil sample has been placed into the mould, and compacted 

with a hammer by applying total blows of 25. 

There are multiple samples are taken to compute the value of MDD 
(gm/cc) in this work. In sample (1) we have taken only coir fibre in 25% of 

the significant amount with water amount varying in percentage from 5 to 20. 
 

Table 3: MDD for 0.25% of coir 

Water Content (%) MDD (gm/cc) 

5 1.153 

10 1. 315 

15 1.291 

20 1.234 

 

The value of MDD for 0.25% of coir with four different amount of water 

content is shown in table 3. It is to be clear that the MDD of 10% water 

content is higher i.e. 1.315. 
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Table Error! No text of specified style in document.: MDD for 0.25% of PPF 

Water Content (%) MDD (gm/cc) 

5 1.172 

10 1.387 

15 1.254 

20 1.219 

 

In table 4 depicted the obtained MDD values for 0.25%of polypropylene 

fiber with four different amounts of water in percentage.  

The MDD values are computed against different water amount in soil, 
the varying content of water is given. The highest MDD i.e. 1.387 obtained 

corresponding to 10% of water content. 

 
Table 5: MDD for (0.25 % of Coir and PPF) 

Water Content (%) MDD (gm/cc) 

5 1.826 

10 1.846 

15 1829 

20 1.694 

 

The MDD value for sample (3) in which the coir and the polypropylene 
fiber content are mixed by 0.25 % is represented in table 5. 

The higher and lower value of MDD is 1.694 gm/cc corresponds to 20% 

and 1.846 gm/cc for 10% content of water. 
 

Table 6: MDD for 0.5 % of Coir 

Water Content (%) MDD (gm/cc) 

5 1.198 

10 1.231 

15 1.109 

20 1.176 

In table 6 represents another mixture of soil i.e. 0.5% of coir is mixed 

with total soil weight in the sample (4). The varying content of water is 
initiated from 5% with a difference of 5 up to 20%. 
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It is to be seen from the given represents the highest and lowest MDD 

values are 1.231gm/cc and 1.169 gm/cc corresponds to 10% and 20% of 
water contents. 

Table 7: MDD for 0.5 % of PPF 

Water Content (%) MDD (gm/cc) 

5 1.169 

10 1.287 

15 1.265 

20 1.187 

 

In table 7 represented the MDD for another sample of the mixture in 

which 0.5% of polypropylene fiber that forms sample (5). The MDD value 

for sample (5) in scattered graph form. In the graph along x-axis and y-axis 
plotted the different water contents (%) and obtained MDD values. As per 

the given graph, the highest MDD value is obtained through 10% of water 

content which is 1.287. 
 

Table 8: MDD for 0.5 % of Coir and PPF 

Water Content (%) MDD (gm/cc) 

5 1.802 

10 1.891 

15 1.834 

20 1.753 

  
Table 8 depicted the MDD values for sample (6) which forms by mixing 

0.5% of coir and polypropylene fibre (PPF) with complete soil weight. 
Table 9: MDD for 0.75 % of coir 

Water Content (%) MDD (gm/cc) 

5 1.157 

10 1.196 

15 1.189 

20 1.173 

 

Table 9 gives the representation of changes in MDD values of clay sol 
using coir fibre in the amount of 0.75% with total soil weight that forms 

sample (7). The MDD value is varying in the range of 1.196 and 1.157 

corresponds to 10% and 5% water content. Therefore, it is cleared from the 
given represents the highest value of MDD is 1.196 gm/cc for 10% water 

contents. 
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Table 10: MDD for 0.75 % of PF 

Water Content (%) MDD (gm/cc) 

5 1.175 

10 1.298 

15 1.192 

20 1.189 

 

Table 10 gives the representation of sample (8) in which only 
polypropylene fibre (PPF) by the amount of 0.75% is mixed with total soil 

weight to improve the values of MDD. The higher and lower value of MDD 

is obtained through 10% of water contents which is 1.298 gm/cc and 1.175 
gm/cc for 5% of water contents.  

 
Table 11: MDD for 0.75 % of coir and PPF 

Water Content (%) MDD (gm/cc) 

5 1.769 

10 1.912 

15 1.736 

20 1.685 

 
Table11 shows another sample in which 0.75% of coir and 

polypropylene fibre (PPF) is mixed with complete soil weight to forms 

sample (9).  The obtained MDD in gm/cc that varies in the range of 1.685 
and 1.912 corresponds to 20% and 10% water contents respectively. 

 
Table 12: MDD for 1% of Coir 

Water Content (%) MDD (gm/cc) 

5 1.179 

10 1.201 

15 1.185 

20 1.159 

 
Here coir fibre and polypropylene fibre (PPF) fibre is mixed individually 

or combining both by different dosage i.e. 0.25%, 0.5%, 0.75% and 1%. In 

table 12 provided 1% of coir fibre mixed with soil to make a sample (10). 
The higher and lower value of MDD is 1.201gm/cc and 1.159 gm/cc 

corresponding to 10% water contents and 20% water contents respectively.   
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Table 13: MDD for 1% of PF 

Water Content (%) MDD(gm/cc) 

5 1.167 

10 1.211 

15 1.183 

20 1.171 

 

The representation of the sample (11) in which only polypropylene fibre 

(PPF) by the amount of 1% is mixed with soil. Table 13 shows MDD for 1% 
of PF. Table 14 shows MDD for 1% of Coir and PPF 

 
Table 14: MDD for 1% of Coir and PPF 

   Water Content (%)      MDD (gm/cc) 

5 1.167 

10 1.211 

15 1.183 

20 1.171 

 

3.2 California Bearing Ratio (CBR) 
 

In controlled density and humidity conditions the CBR test is used to 

determine the soil resistance to the credibility of the regular puncher. The 

"California Highway Division" investigated this test and used it for the 
classification and evaluation of soil and substratum materials for flexible 

pavements. The 5 kg soil was considered to carry out the CBR test using a 

CBR computer. 

This test is conducted to analyze the soil's penetration strength on-road 
or, pavement and is used to design flexible paving. The attributes tested for 

patent soil along with various doses of fiber, including such Coir and PF with 

soaked and unsoaked soil.  

 
Table 15: CBR for % dosages of Coir Fibre 

Sample Soaked  Un-soaked  

Clay Soil 0.43 0.78 

Clay soil +0.25 % Coir 1.83 2.14 

Clay soil +0.50 % Coir  1.98 2.32 

Clay soil +0.75 % Coir  3.12 5.78 

Clay soil +1 % Coir 2.19 3.56 
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In table 15, it represented that the obtained CBR values by utilizing 

different dosage (%) i.e. 0.25, 0.5, 0.75 and 1% of coir fibre. The complete 

samples that are clay soil, clay soil with adding 0.25%, 0.5%, 0.75% and 1% 
of coir fibre are divided into soaked and unsoaked as represented above. The 

highest soaked (3.12) and unsoaked (5.78) value is obtained corresponding to 

0.75% dosage of coir fibre.  
Table 16: CBR for % dosages of PPF 

Sample Soaked  Un-soaked  

Clay Soil 0.89 1 

Clay soil +0.25% PF 2.11 3.25 

Clay soil  +0.50% PF 3.19 3.98 

Clay soil +0.75% PF 4.52 5.94 

Clay soil +1% PF 3.23 4.28 

 
The CBR value by applying different dosage .e. 0.25, 0.5, 0.75 and 1% 

of PPF is represented in table 16. The complete samples that are clay soil, 

clay soil with adding 0.25%, 0.5%, 0.75% and 1% of coir fibre are divided 
into soaked and unsoaked as represented above. The highest soaked (4.52) 

and unsoaked (5.94) value is obtained corresponding to 0.75% dosage of 

PPFs. 

 
Table 17: CBR for different Dosages of Coir Fibre and PPF 

Sample     Soaked  Un-soaked  

Clay Soil 1.14 1.75 

Clay soil +0.25 % Coir+0.25% PF 4.99 5.25 

Clay soil +0.50 % Coir +0.50% PF 5.12 6.14 

Clay soil +0.75 % Coir +0.75% PF 8.66 10.35 

Clay soil +1 % Coir +1% PF 6.21 8.53 

 
The CBR values for soaked and un-soaked soil sample for different 

percentages along with the parent soil is shown in table 17. With the increase 

in the percentage of fibre content, the CBR values increases and becomes 

maximum at Clay soil +0.75 % Coir +0.75% PF after that starts decreasing. 
Thus, it is considered as the optimum content where the soil can bear 

maximum penetration. CBR values decrease thereafter because the weight of 

soil decreases as the pours are filled with the fibre contents and hence 
penetration reduces while performing the CBR test. 
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3.3 Direct Shear Test 
 

It utilized to understand the strength of the soil through applying force 
including a predefined plane to the prepared samples. Through this test, the 

ability of the direct shear force at a specific condition was determined along 

with the angle of internal friction and cohesion. Shear stress can be defined 
as the resistance produced along the predefined plane or on the prepared soil 

sample section region. 

 
Table 18:  Examined Values of Direct Shear Test (Cohesion) 

Fiber Dosages (%) Cohesion (C) 

0 0.05 

Clay soil +0.25 % Coir 0.09 

Clay soil +0.50 % Coir  0.12 

Clay soil +0.75 % Coir  0.15 

Clay soil +1 % Coir  0.07 

 

The quality of mixing fiber in the soil has a major impact on the cohesion 

as well as the angle of internal friction. The obtained values of direct 

cohesion test are shown in table 18 along with the computed value of 
cohesion. The mixed clay soil improves the bearing capacity for optimum 

moisture content merely by increasing the cohesion of the mixture. If the 

moisture exceeds the optimum content of moisture then this improvement 
cannot be achieved. 

 
Table 19: Examined Values of Direct Shear Test (Angle of Internal Friction) 

Fiber Dosages (%) The angle of Internal Friction () 

0 35085 

Clay soil +0.25 % Coir+0.25% PF 38.24 

Clay soil +0.50 % Coir +0.50% PF 38.94 

Clay soil +0.75 % Coir +0.75% PF 41.35 

Clay soil +1 % Coir +1% PF 40.01 

 
Table 19 shows that Examined Values of Direct Shear Test (Angle of 

Internal Friction )For patent soil, the minimum value of the internal angle of 

friction was obtained. It is evident that there is a small decrease in the angle 
of cohesion and internal friction at 0.75% of the fiber material. 
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4 Conclusion 
 

From this research, we have analyzed that coconut coir fibre and 
polypropylene fibre (PPF) can be used fruitfully to stabilize clay soil. The 

utilization of these waste polypropylene fibre (PPF) and coir fibre is 

increasing day by day. Removal of plastic wastes without causing 
environmental hazards has become a serious problem for this modern era. 

Thus, using plastic bottles as a soil stabilizer is economical and profitable. 

Therefore, this research contributes to reducing the amount of PPF 

generating useful material from non-useful waste materials that lead to the 
sustainable community of society. Several tests have been carried out to 

determine the effects of randomly. After performing different tests as 

discussed in the previous section, the following points are drawn: 
1. Based on sieve analysis, the soil is defined as clay soil that is 

inorganic clay carrying low-medium plasticity. 

2. Standard protector test has been performed to know the 
Maximum Dry Density along with the optimum water content. 

3. Coir and polypropylene fibres can be used as a stabilizing agent 

for clay soil. 

4. The strength of clay soil has been increasing with the increase in 
the percentage dosages of coil and PF up to a certain limit and then 

decreases. 

5. MDD and CBR values increase with the increase in the content 
of fibres. 

6. Maximum enhancement in the soil stabilization has been 

achieved at 0.75% of coir and PF content. 

7. Also, the optimum percentage of fibre content at which CBR 
provided better load intensity is observed at 0.75 5. 

8. Therefore, 0.75 % of coir and PF is advised to use as a 

stabilizing agent during the road construction.  
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