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ABSTRACT Worldwide, a great deal of research is currently being conducted concerning the 

use of fiber reinforced plastic wraps, laminates and sheets in the repair and strengthening of 

reinforced concrete members. Fiber-reinforced polymer (FRP) application is a very effective way 

to repair and strengthen structures that have become structurally weak over their life span. FRP 

repair systems provide an economically viable alternative to traditional repair systems and 

materials. Experimental investigations on the flexural and shear behavior of RC beams 

strengthened using continuous polypropylene  fiber reinforced polymer (PFRP) sheets are carried 

out.In this project  the experimental investigation conducted on the use of polypropylene fibre of 

length 12mm and 24mm, having an aspect ratio of around 800 was employed in equal 

percentages of 0.5 percentages by weight in cast concrete and tests like compressive strength, 

flexural strength and split tensile strength. Conventional concrete have very low tensile strength 

and small resistance to cracking. Internal cracks were inherently present in concrete and its poor 

tensile strength is due to the propagation of such micro cracks. Fibres added to a certain 

percentage of the concrete improve the strain value as well as crack resistance and flexure 

strength. 

Keywords: polypropylene  fiber reinforced polymer (PFRP), Conventional concrete, flexural 

strength and split tensile strength 

Introduction 

1.1 Historical Background and 

Development of Fibers 

Historically, much effort has been spent 

improving the behavior of concrete 

structures. Flexural, compressive, shear 

strength, ductility, and other properties have 

been the focus of many researchers who 

have tested concretes with added steel and 

other materials to improve the behavior of 
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concrete. The concept of adding fibers to 

improve brittle material behavior is ancient. 

For example, Mesopotamians used straw to 

reinforce sunbaked bricks. This ancient 

technology is still used to improve concrete 

characteristics. Nowadays, fibers are 

produced from different materials such as 

steel, glass, carbon, and synthetic material. 

Each one of these fibers has it specific 

benefits. However, steel fiber is the most 

common one. It has been reported [1] that 

the first experimental trial to improve 

concrete characteristics using discontinues 

steel reinforcing elements, such as nails 

segments, was done in 1910. However, it 

was not until 1963 [1] when major 

experiments were done to improve concrete 

characteristics using a real steel fibers. A 

typical length of steel fibers ranges from 

0.25 to 2.5 in ( 6 to 64 mm), and its diameter 

ranges from 0.02 to 0.04 in (0.5 to 1.0 mm). 

Steel fibers are produced in different forms 

as shown in figure1- 1. This type of fiber is 

available commercially in tensile strength up 

to 300 ksi (2068 MPa). 

In order to overcome problems with steel 

fibers such rusting, researchers have studied 

other types of fibers. Synthetic fibers 

(polypropylene and nylon) are some of these 

fibers. Polypropylene fibers were used for 

the first time in 1965 in the construction of 

blast resisting building for the United States 

Army Corps of Engineers (USACE). Earlier 

studies [1] showed that these fibers were not 

successful like steel and glass. However, a 

better understanding of fiber behavior, new 

types of fibers, and other factors led to 

successful synthetic fiber. 

In recent years, many studies have been 

conducted in the mechanical characteristics 

of reinforced fiber concrete. Such concrete 

is also used in retrofitting and repairing the 

covering of concrete structure, tunnels, etc. 

Polypropylene fibers (at relatively low 

volume fractions <0.3%) are used for: 

secondary temperature shrinkage 

reinforcement, overlays and pavements, 

slabs, flooring systems, crash barriers, 

precast pile shells and shotcrete for tunnel 

linings, canals and reservoirs [1].. According 

to the researches, the increase of formability 

and bending strength are the extra 

advantages of adding the fibers to the 

concrete. Two kinds of fiber that very often 

used in the concrete are: steel fiber and 

polypropylene fiber [2]. The evaporation of 

concrete surface water is a factor in creating 

the contract paste fracture in concrete which 

leads to the formation of tension stress since 

the concrete starts to strengthen [3]. Zeiml et 
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al. [4] mentioned that using polypropylene 

fibers can improve spalling behavior of 

concrete. The paste fractures are formed 

when the acceleration of water evaporation 

is more than the movement of concrete 

emulsion to the surface. Here, the negative 

pressure is generated in the capillaries 

through which the concrete paste flows and 

proportionately the tension stress is formed. 

Such stress is  eveloped during the concrete 

strengthening and the concrete is cracked 

where the stress is more than the concrete 

strength. The cracks caused by paste 

contracting in the concrete are formed in the 

first hours after pouring the concrete in the 

frames and before the concrete reaches its 

initial strength. Such cracks create critical 

points in the concrete sensitivity for 

attaching harmful materials to internal parts 

of concrete that finally can lead to corrosion 

and damaging the material in the concrete. 

Consequently, the performance, servicing or 

profiting capability, duration, aestheticism 

and strength of the concrete structures are 

reduced. Controlling the paste contract 

tracks in the concrete is of great importance 

in more duration and resistibility of concrete 

in the shortest time of structural utilization 

[4–5]. In ordinary concrete, where vibration 

is necessary, the best and most acceptable 

method for preventing cracks formations 

caused by paste contract is by using fibers, 

particularly thin artificial ones with the 

volume of less than 0.5% 

[6,7].Polypropylene fibers have hydrophobic 

levels, which protect them against wetting 

with cement paste. The hydrophobic nature 

of polypropylene has no effect on the 

amount of water needed for concrete . The 

characteristics of different fibers are listed in 

Table 1 [8] In this study the influence of 

different amount of polypropylene fibers 

content on concrete properties were 

investigated by measuring compressive 

strength and splitting Tensile strength. 

1.2 Potential Uses of Fiber Reinforced 

Concrete FRC 

Steel fiber is used to improve the 

mechanical properties of concrete, 

especially the postcracking tensile resistant. 

Moreover, it has recently been used as an 

alternative engineering material instead of 

steel bars/steel stirrups in short-span 

concrete slabs. Steel fibers reinforced 

concrete (SFRC) construction is more 

economical than conventional construction. 

In addition to cost reduction, SFRC has 

other beneficial properties such as higher 

stiffness, higher ductility, lightweight, low 
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repair costs, and better post-cracking and 

dynamic behavior. 

SFRC has been used extensively in 

construction of industrial floors, bridge deck 

overlays, airport runways, highway 

pavements, tunnel linings, spillways, dams, 

slope stabilizations, and many precast 

products. An example of recent use of steel 

fiber is the Gotthard Base Tunnel. 

Nevertheless, relatively little use of SFRC in 

the building structure is mainly due to the 

lack of design provisions in building codes. 

Steel fibers can improve the characteristics 

of hardened concrete, and polypropylene 

fibers  an have a significant effects on the 

fresh concrete. Polypropylene fibers 

significantly reduce the slump of the fresh 

concrete resulting in an increase in the 

adhesion and cohesion of the concrete. 

Polypropylene fibers also reduce the plastic 

shrinkage cracks. Polypropylene fibers can 

increase concrete durability against fire, 

freezing, and chemical attacks. Due to its 

benefits, polypropylene fiber reinforced 

concrete (PPFRC) is used in pile 

foundations, piers, highways, industrial 

floors, bridge decking and others. 

Plain concrete has two major deficiencies; a 

low tensile strength and a low strain at 

fracture. The tensile strength of concrete is 

very low because plain concrete normally 

contains numerous microcracks. It is the 

rapid propagation of these microcracks 

under applied stress that is responsible for 

the low tensile strength of the material. 

These deficiencies have lead to considerable 

research aimed at developing new 

approaches to modifying the brittle 

properties of concrete. Current research has 

developed a new concept to increase the 

concrete ductility and its energy absorption 

capacity, as well as to improve overall 

durability. This new generation technology 

utilizes discrete steel or synthetic fibres from 

19 to 64mm in length. The fibres are 

randomly dispersed throughout the concrete 

matrix providing for better distribution of 

both internal and external stresses by using a 

three dimensional reinforcing network. (55) 

General requirements for the fibres used as 

temperature/moisture, shrinkage 

reinforcement include: high tensile strength, 

high bond strength (typically mechanical) 

and ease to incorporation into the matrix to 

ensure optimum distribution. The primary 

role of the fibres in hardened concrete at low 

volume is to modify the cracking 

mechanism. By modifying the cracking 

mechanism, the macro-cracking becomes 

microcracking. The cracks are smaller in 
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width; thus reducing the permeability of 

concrete and the ultimate cracking strain of 

the concrete is enhanced. Unreinforced 

concrete will separate at a crack, reducing 

the load carrying ability to zero across the 

crack. The fibres are capable of carrying a 

load across the crack, if all of the 

characteristics listed above are met by the 

fibres. Fibres reinforced concrete (FRC) 

specimens, unlike plain concrete specimens 

which fail at the point of ultimate flexural 

strength or the first crack, do not fail 

immediately after the initiation of the first 

crack. After first crack, the load is 

transferred from the concrete matrix to the 

fibres. Because of the flexibility in method 

of fabrication, fibres reinforced concrete is 

an economic and useful construction 

material. A major advantage of using fibre 

reinforced concrete besides reducing 

permeability and increasing fatigue strength 

is that Fibre addition improves the toughness 

or residual load carrying ability after the 

first crack. Additionally, a number of studies 

have shown that the impact resistance of 

concrete can also improve dramatically with 

the addition of fibres. Low modulus of 

fibres, like polypropylene, seems to be 

particularly effective in this regard. 

Although every type of fibre has been tried 

out in cement and concrete, not all of them 

can be effectively and economically used. 

Each type of fibre has its own characteristic 

1.3 Necessity of FRC 

The use of concrete as a structural material 

is limited to certain extent by deficiencies 

like brittleness, poor tensile strength and 

poor resistance to impact strength, fatigue, 

low ductility and low durability. It is also 

very much limited to receive dynamic 

stresses caused due to explosions. The 

brittleness is compensated in structural 

member by the introduction of 

reinforcement (or) pre-stressing steel in the 

tensile zone. However it does not improve 

the basic property of concrete. It is merely a 

method of using two materials for the 

required performance. The main problem of 

low tensile strength and the requirements of 

high strength still remain and it is to be 

improved by different types of reinforcing 

materials. Further concrete is also deficient 

in ductility, resistance to fatigue and impact. 

The importance of rendering requisite 

quantities in concrete is increasing with its 

varied and challenging applications in pre-

cast and pre-fabricated building elements. 

The development in the requisite 

characteristics of concrete will solve the 
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testing problems of structural engineers by 

the addition of fibers and admixtures. 

The role of fibers are essentially to arrest 

any advancing cracks by applying punching 

forces at the rack tips, thus delaying their 

propagation across the matrix. The ultimate 

cracking strain of the composite is thus 

increased to many times greater than that of 

unreinforced matrix. Admixtures like fly 

ash, silica fume, granulated blast furnace 

slag and metakaolin can be used for such 

purposes. However addition of fibers and 

mineral admixtures posses certain problems 

regarding mixing, as fibers tends to form 

balls and workability tends to decrease 

during mixing. 

1.4 Behavior of Fiber in Concrete 

Fibers contribute towards reducing the 

bleeding in fresh concrete and renders 

concrete more impermeable in the hardened 

stage. Contribution of certain percentage of 

fibers in concrete towards flexural strength 

is smaller compared to the strength given by 

the rebars. Most importantly fiber restricts 

the growth of crack under load thereby 

arresting ultimate cracking. Non metallic 

fibers like alkali resistant glass fiber and 

synthetic fibers provide resistance against 

chemicals. Reinforcing capacity of fiber is 

based on length of fiber, diameter of fiber, 

the percentage of fiber and condition of 

mixing, orientation of fibers and aspect 

ratio. Aspect ratio is ratio of length of fiber 

to its diameter which plays an important role 

in the process of reinforcement. 

1.5 Advantages of fiber reinforced 

concrete 

• Reinforcement can be positioned 

where it is needed. Extra amount of 

fibres can be added to any part of the 

member, when excess load would be 

coming on that particular part 

• As the fibres are uniformly dispersed 

all over the member the surface wear 

characteristics of concrete are 

considerably improved. 

• The joint edges of a FRC member do 

not spall and chip away easily under 

heavy service loads. 

• FRC products give more resistance 

to impact. 

• FRC can be pumped and sprayed like 

ordinary concrete.  

• It is very light, so requires less 

craneages for lifting, and being 

thinner they give greater use able 

floor area.  

• It cracks less extensively in severe 

fires than ordinary concrete.  
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• Wide range of surface finishes is 

possible. 

Literature review 

 B. Vijaya and Dr.S.Elavenil et al.(2015) 

state that The mix with manufacturing sand 

as 100% fine aggregate gives initial 

workability of 170mm, which is much 

higher than that of the mixes with 100% 

river sand(RS) and crusher dust. The 

standard mix with 100% manufactured sand 

has exhibited much higher compressive 

strength 53 MPa. The standard mix with 

100% of river sand has exhibited 

compressive strength of 49MPa, 7.5% lower 

than that of manufactured sand. Research 

findings concluded that, compared to 

concrete made from river sand, high fines 

concrete generally had higher flexural 

strength, improved abrasion resistance, and 

higher unit weight & lower permeability due 

to fillings the pores with micro fines. 

 

BYRajendra P. Mogre, Dr. Dhananjay K. 

Parbat et al. (2014) :- Weconcludes that, 

the replacement of natural sand with 

artificial sand is fissile and behavior and 

strength of reinforced concrete will 

improved. Also the use of polypropylene 

fibre will enhance strength and behavior of 

reinforced concrete also improves resistance 

against impact loading and fire. 

Polypropylene fibers have a positive impact 

on ultimate strength of heated beams. For a 

heating duration of 4.5 hours, the residual 

ultimate strength is larger than the 

corresponding strength of beams without 

polypropylene fibers by more than 60 %. No 

sudden failures are observed in all beams 

containing polypropylene fibers. 

James E. Shoenberger, Joe G. Tom et 

al.(2012) investigated that PFRC does 

provide improved impact resistance with 

increasing volumes of fibers. A PFRC 

mixture does provide reductions in 

permeability provided that the water-cement 

ratio remains below 0.5. Increased 

percentages of fibers further decreased the 

permeability provided the mixture remained 

workable. The study indicates a reduction in 

plastic shrinkage with increasing amounts of 

fibers. The polypropylene fibers decrease 

plastic shrinkage provided the water-cement 

ratio remains below 0.5. 4. Wear resistance 

of PFRC has not been widely studied, but 

one study found an increase in the wear 

resistance with increasing fiber contents. 

RESULTS AND DISCUSSION  
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Compressive strength of Cube  

PolypropyleneFiber Reinforcement 

concrete 

The compression test was conducted on 

cube specimens cured for 28 days. The test 

cubes were removed from the moist storage 

24 hours before testing. The top and bottom 

bearing plates of the compression testing 

machine were wiped and cleaned before the 

placement of the specimen. Cube moulds of 

size 150 x 150 x 150 mm were casted and 

allowed for curing in a curing tank for 28 

days. These cubes were tested on 

compression testing machine as per I.S.516-

1959. The compressive strength was 

calculated as follows: Compressive strength 

(MPa) = Failure load / cross sectional area 

 

Compression Test Graph of control mix 

and % polypropylene fiber added mix 

% of 

Polypropylen

Compressiv

e Strength 

(N/mm2) 

Compressiv

e Strength 

(N/mm2) 

e Fiber  After 7 

Days 

After 28 

Days 

0 % 14.56 29.3  

0.5 % 15.34 29.35 

1.0 % 17.34 32.62 

1.5 % 16.86 32.12 

2.0 % 16.13 31.31 

2.5 % 15.13 29.93 

3.0 % 15.97 29.54 

 

 

Compressive Strength plot 

From the above figure Concluded That the 

Compressive strength of the cube increased 

0.5 % to 1.5 % of Polypropylene fiber by  

weight of the cement. After The 1.5 % of 

Fiber adding is Decreased some percentage. 

When we compared with the Nominal 

concrete mix The adding of polypropylene 

fiber is achieved good compressive strength.   
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 Split Tensile strength 

Split tensile Strength of each concrete mix 

was determinedand compared with standard 

concretemix at 0% fibre and comparison 

with all mixes. Three specimens for each 

mix were tested todetermine the average 

split tensile strength of concrete mixes at 28 

days. The specimens were tested as per IS: 

5816-1999 For tensile strength test, cylinder 

specimens of dimension 150 mm diameter 

and 300 mm length were cast. The 

specimens were demoulded after 24 hours of 

casting and were transferred to curing tank 

wherein they were allowed to cure 28 days. 

 

 

% Polypropylene 

Fiber Content 

 

 

Split Tensile 

Strength (MPa)  

After 28 Days 

0 % 3.12 

0.5 % 3.19 

1.0 % 3.26 

1.5 % 3.13 

2.0 % 3.09 

2.5 % 2.98 

3.0 % 2.89 

 

 

Split Tensile Strength 

Flexural Strength Test 

The flexural strength of concrete beam was 

determined based on IS: 516 –1959.Beam 

specimens of size 1200 mm x 150 mm x 200 

mm were casted. The samples were 

demoulded after 24 h from casting and kept 

in a water tank for 28 days curing. The 

specimens were placed in loading frame and 

tested for flexural strength.The load shall be 

increased until the specimen fails and the 

maximum load applied to the specimen 

during the test. The flexural test was 

performed on beams on universal testing 

machine according to IS: 516-1959. The 

failure load to each beam was noted for 

finding flexural strength.  
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Flexural Strength Test 

Conclusion 

.Fibre reinforced concrete gives more 

strength compared to normal concrete. The 

following quantity of fibre 0.5% to 1 % was 

added in concrete and their strength was 

compared with normal mix concrete and 

hence found that the concrete with 

polypropylene added is more stronger than 

normal mix. Thus, with the addition of 

fibres the compressive strength was 

increased even if, it was insignificant The 

addition of fibres improved the flexural 

strength of concrete significantly. The fibre 

reinforced concrete has the ability to hold on 

the crack of the concrete and resist the 

concrete beams from falling apart As the 

concrete is a fundamental material in the 

field of construction engineering, the 

improvement of its mechanical properties by 

the addition of this fibre will certainly 

increase the use of this composite material 

which will offer more strong and durable 

structures in the future and will open a new 

era in the field of construction materials So 

on an average to gain maximum 

compressive and tensile strength with mono-

filamentmacro fibre the optimum dosage be 

limited 1%to 1.5%, after further increase 

these strength properties decreases So we 

can say that the increased compressive 

strength due to fibre percentage is due to 

fibre and aggregate bonding and not due to 

cement paste bonding. The fibres are acting 

as anchors between the cement paste and the 

fine and coarse aggregates which results 

inincreased durability of concrete before 

failure.  
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