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Abstract— Polypropylene Fibre Reinforced Concrete is an 

embryonic construction material which can be described as a 

concrete having high mechanical strength, Stiffness and 

durability. By utilization of Polypropylene fibres in concrete 

not only optimum utilization of materials is achieved but also 

the cost reduction is achieved. The main aim of this 

experimental investigation is to study the strength properties 

of polypropylene fibre Reinforced Concrete of M20 grade 

with varying % of fibre of 0%, 0.25%, 0.5%, 0.75% and 1.0% 

by volume of concrete. This study consisted of compressive 

strength, shear strength and split tensile strength on 

polypropylene fibre Reinforced Concrete. Along with for this 

experimental investigation we replaced the manufactured 

sand with natural sand by 30% of mass of fine aggregate for 

the economical purposes and environmental friendly in 

nature. 
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I. INTRODUCTION 

Concrete can be formulated with high compressive strength, 

but always has lower tensile strength. For this reason it is 

usually reinforced with materials that are strong in tension 

.The advantages of using concrete include high compressive 

strength, good fire resistance, low maintenance, and long 

service life. The Disadvantages of using concrete include 

these points: - 1. Week in tension Concrete is week in tension 

so large amount of steel is required.2. Increased Self Weight 

Concrete structures have more self-weight compared with 

steel structures so large cross-section is required only to resist 

self-weight, making structure costly.3. Cracking Unlike steel 

structures concrete structures can have cracks. More cracks 

with smaller width are better than one crack of larger width 

4. Unpredictable Behaviour If same conditions are provided 

for mixing, placing and curing even then properties can differ 

for the concrete prepared at two different times. 5. Inelastic 

Behaviour concrete is an inelastic material; its stress-strains 

curve is not straight so its behaviour is more difficult to 

understand. 6. Shrinkage and Creep. 

Fibre Reinforced Concrete (FRC) may be defined as 

composite materials made with Portland cement, aggregates, 

and incorporating discrete discontinuous fibres. The use of 

polypropylene fibres has increased tremendously in 

construction of structures because addition of fibres in 

concrete improves the toughness, flexural strength, tensile 

strength and impact strength as well as failure mode of 

concrete. Polypropylene twine is cheap, easily available, and 

like all manmade fibres of a consistent quality. Concrete is a 

mixture of cementatious material, aggregates, and water. 

The design of concrete (M20) was done with locally 

available materials. Concrete added fibre by weight of 

volume (0%, 0.25%, 0.5%, 0.75% & 1.0%). three numbers of 

concrete cubes of 150 X 150 X 150 mm, cylinder of 150 mm 

dia and 300 mm length and shear cube of 90 X 60 X 150 mm 

were casted for each percentage. The cubes, shear cubes and 

cylinders were casted for compressive strength, Shear 

strength and split tensile strength. The compressive strength, 

Shear strength and split tensile strength of concrete of all 

mixes was determined at the ages of 7, 21 and 28 days of 

curing for addition of polypropylene fibre (0%, 0.25%, 0.5%, 

0.75% & 1.0%) by volume of concrete. 

II. POLYPROPYLENE FIBRES 

Polypropylene fibres are new generation chemical fibres. 

They are manufactured in large scale and have fourth largest 

volume in production after polyesters, polyamides and 

acrylics. About 4 million tonnes of polypropylene fibres are 

produced in the world in a year. 

Polypropylene fibres were first suggested for use in 

1965 as an admixture in concrete for construction of blast 

resistant buildings meant for the US Corps of Engineers. 

Subsequently, the polypropylene fibre has been improved 

further and is now used as short discontinuous fibrillated 

material for production of fibre reinforced concrete or as a 

continuous mat for production of thin sheet components. 

Further, the application of these fibres in construction 

increased largely because addition of fibres in concrete 

improves the tensile strength, flexural strength, toughness, 

impact strength and also failure mode of concrete 

Polypropylene when copolymerized with ethylene is 

generally tough and flexible, which allows polypropylene to 

be used as engineering plastic. Polypropylene is reasonably 

economical and when uncoloured appears translucent. It is 

generally not readily available transparent as acrylic, 

polystyrene or other plastics. It is often opaque or made 

coloured using colouring pigments. It has good resistance to 

fatigue. Perfectly isotactic Polypropylene has a melting point 

of 171 °C while Commercial isotactic Polypropylene has a 

melting point ranging from 160 to 166 °C. Polypropylene is 

used in hinges of flip flop bottles, piping, loud speaker units 

etc. Thin sheets of polypropylene are used as dielectric in 

capacitors. 

 
Fig. 1: Polypropylene fibres 
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III. EXPERIMENTAL PROGRAMME 

A. Concrete Mix Design (M20) 

Test Data for Materials used for this investigation  

1) Cement 

For this experimental investigation OPC 53 Grade was used 

as per IS: 8112-1989 

Compressive Strength of Cement at 7 days satisfies 

the requirement.  

2) Coarse aggregate 

The coarse Aggregate was used in this work is confirming as 

per IS: 8112-1989 

3) Fine Aggregate 

The fine aggregate was used in this work is confirming as per 

IS 2386 – 1963 

To get average strength of specimen’s 9Standard 

cubic specimens of size 150 mm and 9 standard cylindrical 

moulds for size 150 x 300mm (three for each percentage of 

marble powder) were cast. Concrete cube were cast for 

compressive and split tensile strength of concrete was 

undertaken at 28 days of age. All specimens were removed 

24 hrs before testing. 

B. Fresh Concrete Properties 

 
Fig. 2: Fresh Concrete Properties 

1) For 0.5 Water Cement Ratio 

Percentage of Fibre Slump (mm) 

0 100 

0.25 85 

0.50 75 

0.75 60 

1.0 50 

Table 1: Slump Values for various percentage of fibre 

By observing above table, different slump values with 

appropriate slump value for good workability was found 

considerably good to obtain proper strength of polypropylene 

fibre reinforced concrete. Also the percentage of fibre content 

was increases it gradually decreases the slump of concrete. 

Ratio 
Water Cement 

Fine 

aggregate 

Coarse 

aggregate 

0.5 1 1.8 3.0 

Table 2: Proportion of Concrete 

The following table was showing for different 

proportions of materials for specified grade of concrete. 

IV. RESULT 

Mix Proportions A mix M20 grade was designed as per 

Indian Standard method and the same was used to prepare the 

test samples. 

Compressive Strength Compressive strength of concrete is 

tested on cube at different percentage of polypropylene fiber 

content in concrete. The strength of concrete has been tested 

on cube and specimens at 7, 21 and 28 days. 28 days test gives 

the data of final strength of Concrete at 28 days curing. 

Compression testing machine is used for testing the 

compressive strength test on concrete. At the time of testing 

the cube is taken out of water and dried and then tested. The 

strength of concrete is very much dependant up on the 

hydration reaction. In this experiment, in all cases, i.e. for 

0.25% interval adding of volume by polypropylene fibre the 

test results as shown in table 3 and shows that 28 days 

compressive strength. The reduction of the strength increased 

with increasing percentage of polypropylene fiber after some 

specific limit (after 0.5%) 

 
Fig. 2: Testing the Cube Specimen 

% of Fibre 
Compressive Strength of concrete 

7 Days 21Days 28Days 

0 13.50 17.50 24.52 

0.25 14.90 19.40 24.96 

0.5 15.55 25.33 29.18 

0.75 11.33 15.55 22.15 

1.0 11.11 14.05 21.10 

Table 3: Compressive Strength of concrete  

The optimum compressive strength of 28 days is 

obtained at 0.5%. 

The compressive strength of polypropylene fibre 

reinforced concrete were plotted in following graph as 

considering different age of curing days. 

 
Fig. 3: Test result of Compressive strength of 7, 21 & 28 

days 

A. Split Tensile Strength 

Split Tensile strength of concrete is tested on cylinders at 

different percentage of polypropylene fiber Content in 

concrete. The strength of concrete has been tested on cylinder 

at 7, 21 & 28 days. 28 days test gives the data of final strength 

of concrete at 28 days curing. Compression testing machine 

is used for testing the Split Tensile strength. At the time of 

testing the cylinder taken out of water and dried and then 

tested. 
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Fig. 4: Testing the Cylinder Specimen 

% of  

Fibre 

Split tensile Strength of concrete 

7 Days 21Days 28Days 

0 1.70 2.12 2.57 

0.25 1.72 2.09 2.33 

0.5 1.77 2.22 2.87 

0.75 1.58 1.82 2.05 

1.0 1.41 1.57 1.9 

Table 4: Split tensile Strength of concrete  

The optimum Split tensile strength of 28 days is 

obtained at 0.5%. 

 
Fig. 5: Test result of Split tensile strength of 7, 21 & 28 days 

B. Shear Strength 

The fibres were first added in mixture of sand and aggregate 

thoroughly than cement was added. Water was added after 

proper mixing of all constitutes. The concrete was placed in 

each mould in three layers. The mould was placed on a 

vibrating table for compaction. Specimens were demoulded 

after 24 hours and then placed for curing in a room with 100% 

relative humidity and 27 º C temperatures until the day of 

testing. From each mixture, the following specimens were 

cast L- shape specimen for shear as shown in figure 6 

Specimens will be test at 7, 21 and 28 days. For testing the 

specimen, the loading arrangement is designed such that the 

intended plane for shear failure is in single shear. 

 
Fig. 6: Testing the Shear Specimen 

% of Fibre 
Shear Strength of concrete 

7 Days 21Days 28Days 

0 2.75 3.28 3.55 

0.25 2.84 3.55 4.08 

0.5 3.02 4.93 5.26 

0.75 2.93 3.64 4.71 

1.0 1.86 2.57 3.19 

Table 5: Shear Strength of concrete 

The optimum Shear strength of 28 days is obtained 

at 0.5%. 

 
Fig. 7: Test result of Shear strength of 7, 21 & 28 days 

V. DISCUSSION 

The following observations were made depending on the 

experimental results: 

1) As per the experimental investigation considering the 

fresh properties of concrete were measured by using 

slump cone, Vee – Bee consistometer and compaction 

factor test, go on increasing the percentage of 

polypropylene fibre it is go on decreasing the strength. 

 However it has also been observed that with 0.5% of 

polypropylene fibre is greater extent. 

 This may be due to the fact of as the percentages of 

polypropylene fibre go on increasing; the flow of 

concrete is going on down the FRC polypropylene fibre. 

 Thus it can be concluded that fresh characteristics of 

FRC using polypropylene fibre go on decreasing as the 

percentage of polypropylene fibre in it increases. 

2) It is observed that the compressive strength of FRC using 

polypropylene fibre increases as the percentage of fibre 

increases Upto 0.5% and then it’s gradually decreases. 

 This may be due to the fact that the added polypropylene 

fibres will act as aggregates and interlock with the 

cement matrix giving rise to higher compressive 

strength.  

 Thus it can be concluded that 7 days, 21 days and 28 days 

compressive strength goes on increasing with the 

increase in the percentage of polypropylene fibres. 

3) It is observed that the split tensile strength of FRC using 

polypropylene fibre increases as the percentage of fibre 

increases upto 0.5% and then its gradually decreases. 

 This may be due to the fact that the added polypropylene 

fibres will act as aggregates and interlock with the 

cement matrix giving rise to higher Split tensile strength. 

 Thus it can be concluded that 7 days, 21 days and 28 days 

Split tensile strength goes on increasing with the increase 

in the percentage of polypropylene fibres. 

4) It is observed that the shear strength of FRC using 

polypropylene fibre increases as the percentage of fibre 

increases upto 0.5% and then it’s gradually decreases.  

 This may be due to the fact that the added polypropylene 

fibres will act as aggregates and interlock with the 

cement matrix giving rise to higher Shear strength. 
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Thus it can be concluded that 7 days, 21 days and 28 days 

Shear strength goes on increasing with the increase in the 

percentage of polypropylene fibres. 

5) Thus it can be concluded that the strength parameters of 

FRC polypropylene fibre concrete is gives an optimum 

compressive strength, split tensile strength, shear 

strength as by increasing percentage of 0% to 0.5% with 

an interval of 0.25%.  

 By the continued investigation of this there is we also 

observed that increasing percentage of polypropylene 

fibre the strength parameters are gives an decreasing up 

to 0.5% to 1.0% with an interval 0.25%. 

VI. CONCLUSION 

The following conclusions can be drawn based on the study 

conducted 

1) The fresh characteristics with conventional concrete as 

well as fibre reinforced polypropylene concrete are goes 

on increasing the strength by varying percentage of 

fibres. 

2) This polypropylene fibre reinforced concrete was gives 

the optimistic strength properties while increasing the 

percentage of polypropylene fibres up to 0.5%, later it 

was goes on decreasing its strength. 

3) The workability of Polypropylene fibre reinforced 

concrete has been found to decrease with increase in 

Polypropylene fibre content.  

4) A polypropylene fibre does disperse properly in the 

mixing water. Addition of fibres to dry mix was found to 

be more practical. 

5) The polypropylene fibers (PPF) reduce early age 

shrinkage of the concrete mix even when low volume 

fractions of PPF are used. 

6) 7 days, 21 days, and 28 days Compressive Strength goes 

on increasing with increases in the percentage of 

Polypropylene Fibres up to 0.5% then it is gradually 

decreases. 

7) 7 days, 21 days, and 28 days Split Tensile Strength goes 

on increasing with increases in the percentage of 

Polypropylene Fibres up to 0.5% then it is gradually 

decreases. 

8) 7 days, 21 days, and 28 days Shear Strength goes on 

increasing with increases in the percentage of 

Polypropylene Fibres up to 0.5% then it is gradually 

decreases. 

9) The compressive strength Split tensile strength and Shear 

strength increase with the addition of Polypropylene 

Fibres content as compared with conventional concrete. 
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