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ABSTRACT 

The reinforcement of soil with fibre to increase its strength properties is a new trend gaining attention worldwide. The study 

analysis the stress strain relationship of Polypropylene fibre reinforced soils. The triaxial test was run obtain the values of φ and c. 

The test was conducted under three loading condition of 0.7 kg/cm
2
, 1.4 kg/cm

2
 and 2.1 kg/cm

2
 respectively to determine the 

stress strain relationship. The inclusion of fibre resulted in increased cohesion value while the changes in angle of friction is 

insignificant. The stress strain relationship was linear at the 2.1kg/cm
2
. 

Keywords: Fibre, Stress Strain Relationship, Triaxial Test, Cohesion, Angle of Friction.  

1. INTRODUCTION 

The concept of earth reinforcement is an ancient technique and 

demonstrated abundantly in nature by animals, birds and 

action of tree roots. Construction using this technique are 

known to have existed in the fifth and fourth millenniums 

BC(jones, 1985). This concept is used for improvement of 

certain desired properties of soil like bearing capacity, shear 

strength(c and φ), permeability characteristics, etc.  

Among the recent developments such as use of binding agents 

like cement, lime, bitumen, chemicals and processes like 

heating or freezing to improve the engineering properties of 

soil, earth reinforcements are effective, reliable and widely 

used as ground improvement technique. Nowadays this 

technique has variety of applications ranging from retaining 

structures and embankments to subgrade stabilization beneath 

footing and pavements. Reinforcement can vary greatly, either 

in form (strips, stets, grids, bars or fibres). Texture (rough or 

smooth) and relative stiffness (high such as steel or low such 

as polymeric fabrics). Polypropylene Fibres are extensively 

used in fibre reinforced concrete to enhance the mechanical 

properties of concrete (Saman Khan et. al. 2014) the study will 

incorporate polypropylene fibre to determine its effect on soil. 

Soil mass reinforced with randomly distributed discrete fibres 

(RDFS) resembles the conventional earth reinforcement in 

many of its properties. The preparation is quite similar to that 

of admixture stabilization. Mostly the discrete fibers are 

simply added and mixed with the soil, much the same as 

cement, lime or any other additives. It has been established 

that strength and deformations characteristics of soil can be 

improved by fibre inclusions (Charan H.D., 1995). The 

mechanical interlock effect of the fibers provides increased 

tensile strength and cohesion to the soil matrix. Laboratory 

tests measured and increase in the post-peak strength response; 

and an increase in the modulus of the soil. This reinforcement 

mechanism has potential in the construction of highways and 

slopes (Nataraj and McManis, 2002).  

EL-Sohby et. Al. (1989) conducted some quick triaxial shear 

test on expansive soil with varying the moisture content of the 

soil. Results show that the angle of shearing resistance always 

decreases with the increase of moisture content. The apparent 

cohesion increased as the moisture content increased to a 
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value near to the optimum moisture content, but at the same 

time the apparent cohesion started to decrease with the 

increase of moisture content.  

Maher and Gray (1990) performed triaxial compression tests 

to determine the static stress strain response of discrete, 

randomly distributed, fibre reinforced sand (RDFS). 

Randomly distributed fibre inclusions significantly increase 

the ultimate strength and stiffness of sand. The increase in 

strength and stiffness is a function of sand granulometry (i.e. 

gradation, particle size and shape) and fibre properties (i.e. 

weight fraction, aspect ratio and modulus). 

Boominathan (1999) carried some triaxial compression tests 

on sand reinforced with randomly distributed fibre and mesh 

elements. He used two types of geogrids, geotextile and glass 

fibre as reinforcement. As the discrete elements are not 

currently marked for soil reinforced purposes, short mesh 

elements were cut into small pieces from locally available 

continuous sheets. Results obtained are same as that of Gopal 

Ranjan et. Al. (1994). Strength improvement due to randomly 

distributed fibre increases in order of glass fibre, geogrid 2 and 

geogrid 1, which is same as order of increase of their tensile 

strength. It was found that increase in strength in case of 

Geotextile mesh reinforced soil is very less i.e. the ultimate 

strength of reinforced sand is higher that as compared to that 

of unreinforced sand. The small loss of post peak strength at 

wide range of strains could be an important consideration in 

design of reinforced soil structure where a sudden loss of 

strength could lead to catastrophic failure. 

2. METHODS AND METHODOLOGY 

The main objective of the triaxial tests on the RDFS were to 

study the stress strain behaviour of RDFS and influence of 

fibre content, fibre length and confining pressure on the 

strength of the fibre reinforced clay. All tests were conducted 

in consolidated undrained condition. All consolidated 

undrained triaxial tests were conducted as per IS2720 (part 

12):1981. 

The strength of the RDFS was measured using conventional 

triaxial testing machine. It consists of a circular base that has a 

central pedestal has two holes which were used for the 

drainage of the specimen in a drained test and for pore 

pressure measurement in an undrained test. A triaxial cell was 

fitted to top of the base plate with the help of three wing nits. 

The triaxial cell was Perspex cylinder which is permanently 

fixed to the cap and the bottom brass collar. There were three 

tie rods which support the cell. The top cap was a bronze 

casting with its central boss forming a bush through which a 

stainless steel ram can slide.  

The ram was so designed that it has minimum friction and at 

the same time did not permit any leakage. There was an air 

release valve in the top cap which was kept open when the cell 

was filled with water for applying the confining pressure. The 

deviator stress was applied to the specimen from a strain 

controlled loading machine through the ram. The loading 

system consists of a screw jack operated by an electric motor 

and a gear box.   

3. RESULT AND DISCUSSION 

The stress-strain relationship of unreinforced soil and soil 

reinforced with polypropylene fibres are drawn. Patterns of 

stress-strain curves for all reinforced samples indicate 

improvement in the deviator stress while fibre is included in 

different proportions in different lengths. The deviator stress 

versus strain curves for the unreinforced clay and reinforced 

clay under CU triaxial tests are shown in Figure 3.1 to Figure 

3.7. Figure 3.1 shows effect of confining pressure on the peak 

deviator stress of the unreinforced clay; while Figure 3.2 to 

Figure 3.7 are for RDFS with different FC and length of Fibre. 

These figures indicate that the peak deviator stress of the 

unreinforced as well as reinforced clay increases with increase 

in the confining stress (σ3). The values of failure stress 

observed at 20% strain level as a bulge failure.  

 

Figure 3.1 Deviator Stress versus axial strain cure for Triaxial 

test on unreinforced clay 
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Figure 3.2 Deviator Stress versus Axial Strain Curve for 

Triaxial test (Fibre Content = 0.1%, Fibre length = 6mm)  

 

Figure 3.3 Deviator Stress versus Axial Strain Curve for 

Triaxial test (Fibre Content= 0.1%, Fibre Length=12 mm)  

 

Figure 3.4 Deviator Stress versus Axial Strain Curve for 

Triaxial test (Fibre Content= 0.2%, Fibre Length=6 mm)  

  

Figure 3.5 Deviator Stress versus Axial Strain Curve for 

Triaxial test (Fibre Content= 0.2%, Fibre Length=12 mm)  

   

Figure 3.6 Deviator Stress versus Axial Strain Curve for 

Triaxial test (Fibre Content= 0.3%, Fibre Length=6 mm)  

   

Figure 3.7 Deviator Stress versus Axial Strain Curve for 

Triaxial test  (Fibre Content= 0.3%, Fibre Length=12 mm)  
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The graph 3.1-3.7 indicates that the c values of the reinforced 

clay is more than that of unreinforced clay, however there is 

no significant effect of reinforcement on angle of shearing 

resistance. It is generally agreed that reinforcement does not 

have a significant influence on the improvement of angle of 

shearing resistance.  

The increase in cohesion of soil-fibre matrix may due to the 

increase in the confining pressure due to development of 

tension in the fibre and moisture in the fibre helps to form 

absorbed water layer to the clay particles, which enables the 

reinforced soil to act as a single coherent matrix of soil fibre 

mass. It is observed that, for 0.1%, 0.2% and 0.3% fibre 

content c values are 0.654, 0.615, 0.912 kg/cm
2
 while φ values 

are 33.77
o
, 34.73

o
 and 34.09

o
 respectively for 6mm length 

fibre. Also, it can be observed that for 12mm length fibre, c 

values are 0.834, 0.870 and 1.063 kg/cm
2
 while φ values are 

33.36
o
, 33.86

o
, and 31.40

o
 with respect to 0.1%, 0.2% and 

0.3% fibre content. So, it can be concluded that as fibre 

content as well as length of fibre increases cohesion of soil 

increases however there is no significant effect on angle of 

shearing resistance.  

4. CONCLUSION 

 The value of cohesion (c) is increased due to 

inclusion of polypropylene fibres. Increase in 

length of fibres increases the value of cohesion and 

this variation is linear. 

 Upto 0.3% FC, the cohesion is said to be improved 

linearly with increase in FC. But for the same fibre 

content of different length of fibre, the amount of 

increase in cohesion is quite less. There is no 

specific trend in the variation of friction angle (φ) 

with fibre length as well as fibre content. 

 The increase in length of fibre as well as fibre 

content does not affect the φ value significantly.  

 The stress strain behaviour linearity was lowest at 

0.7kg/cm
2
 while it was highest at 2.1kg/cm

2
. 

 The increase in loading condition the linearity in 

stress strain relationship increases. 

 Further research work is required to establish the 

optimum loading condition. 
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