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ABSTRACT: Ground improvement through fiber reinforced soil has been in practice in the recent past. However, with 

increasing concern for sustainable development, researchers are encouraged to investigate alternative forms of 

reinforcement than the mainstream synthetic fibers. Coir fibers have been in practice as an alternative natural fiber for 

ground improvement. In this study, fibers extracted from a local coconut plantation were used to improve the strength 

characteristics of a local hill soil. The strength characteristics of the soil-coir fiber composite have been compared with the 

same soil reinforced with synthetic polypropylene fiber. The study investigates the strength variation and change in 

ductility of both soil-fiber composite with respect to bare soil. The fiber percentage added to soil was selected at 0.5%, 

0.75% and 1% of the dry weight of soil. A series of unconfined compressive strength (UCS) tests were conducted to 

ascertain the strength characteristics of the soil. The reinforcement strength results of the soil-coir fiber composite show 

the efficacy of using such a natural fiber to improve the soil strength characteristics. 
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1 Introduction 

In the modern times, when the world is facing an acute 

problem of land shortage coupled with poor soil 

property, the need of soil reinforcement has gained 

traction. Reinforcement of such soils is required to 

improve the engineering properties, thus increasing the 

shear strength and ductility (Vidal 1969). In the past, a 

large range of tensile inclusions ranging from low-

modulus polymeric materials to high tensile strength 

metallic sheets has been used (Hejazi et al. 2012). 

However, the inherent disadvantages of such planar 

inclusions are the existence of an inherent plane of 

weakness. Fiber reinforcement has been popularly used 

in shallow depth soil reinforcement, due to its inherent 

advantages (strength isotropy, increased ductility), 

which is generally not provided by the aforementioned 

planar reinforcement (Maher and Gray 1990). This 

soil-fiber composite is conventionally discussed as 

randomly distributed fiber reinforced soil (RDFS). 

Among the fibers used in RDFS, they are briefly 

discussed as natural and synthetic fiber. The common 

synthetic fibers used are polypropylene fiber, glass 

fiber and nylon fibers. They are basically by-products 

of petroleum -thus exhaustive and relatively costly 

compared to natural fibers (Hejazi et al. 2012). The 

utility of using natural fibers over synthetic fibers in 

specific sites is due to its cheap cost, easy availability 

and its favorability to subsequent vegetation. Such 

sites, where the mechanical strength provided by this 

natural reinforcement is required for short term 

constructions (1-2 years) such as approach roads, 

landfill cover system, military roads; this form of 

reinforcement is ideal and cost effective. 

One of the natural fibers used in the current study is 

coir. Coir is derived from coconut, Cocos Nucifera, and 

is one of the most popular natural fibers used in soil 

reinforcement (Faruk et al 2012). It has remarkable 

property of adapting to various soil types, and can be 

found throughout the tropical and subtropical regions 

of the world. Coir contains high percentage of lignin, 

which leads to a relative high degradation life of the 

fiber. According to a study, the service life of coir fiber 

during its use in field is found to be from 4 to 10 years 

and thus makes it suitable for soil reinforcement. 

The objective of the work was to find out the strength 

characteristics of coir fiber reinforced soil. The results 

based on the stress-strain response from a series of 

unconfined compressive strength (UCS) test, are 
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compared with polypropylene (PP) fiber reinforced 

soil. The tests were carried out for three percentages 

for both fiber type in the soil viz. 0.5%, 1% and 1.5% 

of the dry soil mass. The effect of compaction state (i.e. 

the density and water content), on the strength and 

ductility of soil-fiber composite has been investigated. 

The density of soil-fiber composite was kept at 0.95 

MDD (Maximum Dry Density), MDD and 1.05 MDD; 

while the moisture content was selected at optimum 

moisture content (OMC), (OMC -5%) and (OMC + 

5%). Based on the results obtained from the tests 

conducted, the effect of compaction on strength 

characteristics of soil has been discussed. The inclusion 

of fiber reinforcement and its subsequent effect on the 

stress strain response has been discussed in detail. 

2 Materials and Methods 

The soil used in the tests was collected from a local 

construction site. The grain size distribution of the soil 

sample was done as per the provisions of IS-2720-Part 

4-1985. The percentage of silt in the soil was 53.07% 

whereas the clay percentage was found to be 24.34%. 

Various other physical properties of the soil are as 

listed in table 1. 

Table 1 Physical properties of soil 

Properties Values 

Specific Gravity, Gs 2.65 

Atterberg Limits  

Liquid Limit (%) 42.50 

Plasticity Index (%) 15.59 

Size Fraction  

Classification1 ML 

Compaction Characteristics  

Optimum Moisture Content (OMC) 16.72 % 

Maximum Dry Density (MDD) 1.75 g/cc 

1As per USCS 

Coir used as reinforcement in this study is a natural 

fiber. Mainly derived from plants, natural fibers are 

referred to as cellulosic and lignocellulose fibers 

(Methacanon et al. 2010). The three main constituents 

of natural fibers are cellulose, hemicellulose, lignin and 

ash. Cellulose is responsible for the tensile strength of 

natural fibers. The hemicellulose plays an important 

role in moisture absorption by fibers. Ash content acts 

as a measure of the mineral content and other inorganic 

matter in a biomass and also provides natural capacity 

of plant for metal adsorption. Due to relatively high 

amount of lignin and high resistance to biodegradation, 

coir is the one of the most popular fibers used for 

reinforcing soil. The general properties of coir fiber are 

given in table 2. 

Table 2 Properties of Coir fiber 

Properties Values 

Bio-chemical Characteristics  

Cellulose 48.2% 

Hemicellulose 14.7% 

Lignin 39.5% 

Ash Content 2% 

Physical Characteristics  

Specific Gravity 0.67 

Thickness of fiber 0.4mm 

Tensile strength 250N 

2.1 Sample Preparation and Test Procedure 

The fibers of length 15mm and required fiber content 

were taken and uniformly mixed with dry soil, and 

subsequently water was added to the mixed soil. The 

composite was kept in desiccator for 24 hours before 

UCS samples were made in an in-house developed 

mould at the selected compaction density. The 

Proctor’s light compaction technique was used for soil 

sample testing and determination of MDD and the 

OMC. The UCS test was performed at a constant strain 

rate of 1.25mm/minute in accordance with IS-2720 

part-10-1991, to determine the strength of the 

reinforced soil. The addition of fibers was restricted to 

1%, to avoid formation of low density pockets in the 

soil-fiber composite. 

3 Results and Discussions 

Figure 1 shows the stress-strain curves of plain soil and 

soil reinforced with coir and PP fibers at 0.5% fiber 

content. It is evident that the peak strength of the soil is 

higher after fiber inclusion. This was because fiber  
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Fig. 2 UCS variation of soil-fiber composite with density and fiber content in (a-c) Coir Fiber reinforced soil and 

(d-f) PP fiber reinforced soil 
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interface. Failure of the UCS sample occurs when the 

applied shear stress exceeds the interparticle friction 

inclusion increased the friction at the fiber-soil causing 

the soil to fail at a particular failure plane. The increase 

in friction resisted the shear stress and increased the 

strength of the fiber reinforced soil samples leading to 

bridging effect of the fibers (Figure 1(a) and (b)). This 

bridging effect restricts soil particles to roll over in the 

shear plane. Randomly distributed fiber reinforcement 

also prevented the formation of a single failure plane 

thus delaying the failure of the UCS sample. 

The drop in post peak strength in unreinforced sample 

was much higher (83%) than coir (16%) and PP (22%). 

This is because in the absence of fibers, once the 

unreinforced sample fails, it loses its resistance against 

shear stress as the only friction acting is due to rolling 

of the soil particles against each other. The fibers help 

in interlocking the surrounding soil and resisting 

slippage. Hence, even after the soil loses its strength, 

the fiber-soil composite shows residual strength due to 

the tenacity of the fibers. The peak strain 

corresponding to the peak strength of the soil increased 

from unreinforced, PP-reinforced to coir-reinforced 

indicating the increase in ductility of the samples. Coir 

sample had higher peak strength and peak strain as well 

as a lower drop in post peak strength than PP sample. 

The variation of mean unconfined compressive 

strength with density for coir and polypropylene fiber 

reinforced soil in comparison to unreinforced soil is 

presented in Figure 2. It could be observed that the 

strength of reinforced soil was much higher than that of 

unreinforced soil for the corresponding water content. 

UCS of soil increased with the density of the soil 

sample. As density increased, the packing of soil 

articles becomes closer which led to a higher abrasion 

between the particles. Denser packing also increased 

matric suction, hence, the strength of the sample. 

Similar trend could be noted with a variation of 

moisture content in the soil. The strength of soil 

decreased with increasing water content and the 

maximum strength values were that of the samples 

with OMC-5% water content. At a micro level, water 

present in the voids reduced the friction between the 

soil particles because water cannot resist shear force. 

So as water content increased, the strength of the soil 

decreased. 

From Figure 2 it can be observed that there is no 

specific trend followed by the varying fiber content of 

the soil. However, optimum fiber contents at which the 

reinforcement was at its highest efficiency for coir and 

PP fibers were found to be 1% and 0.75% respectively.  

 

While both fibers showed improvement of strength 

over unreinforced soil samples, coir reinforced samples 

exhibited relatively higher values of strength than that 

of polypropylene reinforced samples. Due to the 

rougher surface of the natural fiber, coir fibers offered 

more shear resistance than the polypropylene fibers and 

enhanced the strength of the soil sample. Coir also has 

lesser specific gravity than PP. Therefore, the number 

of discrete coir fibers in unit volume of the sample was 

higher than the number of PP fibers. This led to higher 

friction and cohesion in the coir reinforced samples. 

With higher UCS, ductility and tensile strength, coir 

fibers indicated better reinforcement than PP fibers, 

reaching its maximum efficiency at OMC-5% water 

content. 

4 Conclusions 

In this study, UCS tests were done on unreinforced, 

coir-reinforced and PP-reinforced samples with varying 

moisture contents, densities and fiber contents. It was 

observed that fiber inclusion increased not only the 

peak strength of the samples but also its ductility. It 

was also noted that water content of 5% dry of 

optimum moisture content showed the maximum 

strength. Moreover, soil samples reinforced with coir 

fibers were equally efficient (if not more) in resisting 

shear stress and showed higher strength characteristics 

than conventional polypropylene-reinforced soil 

samples. Thus, this study concludes that coir as natural 

fiber reinforcement could be successfully employed in 

field where short-term and effective fiber 

reinforcement is desired.  
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