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Abstract: 

The present paper of 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. 
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I. INTRODUCTION 

 

Polypropylene fibers 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 fiber has been improved further and is now 

used as short discontinuous fibrillated material for production 

of fiber reinforced concrete or as a continuous mat for 

production of thin sheet components. Further, the application 

of these fibers in construction increased largely because 

addition of fibers in concrete improves the tensile strength, 

flexural strength, toughness, impact strength and also failure 

mode of concrete Polypropylene  fiber  is a fiber  and can be 

divided into s mall particles then formed into continues fibers. 

Polypropylene fiber has a good resistance to chemical attack, 

impact load, and fire. Some of the potential applications of 

these polypropylene composites are: soil strengthening, 

bridges and highways, industrial floors, heat and sound 

insulation for residential and industrial buildings, bullet proof 

vests and retrofitting and rehabilitation of structures. 

Polypropylene fiber is fine-grained, ext rusive composed of 

with or without and containing not more than 53 Weight 

percentages of SiO2 and less than 5 weight percentages of total 

alkalis. Many types of polypropylene fiber are monofilament 

polypropylene fiber, fib rillated polypropylene fiber and 

microfilament polypropylene fiber.  The production of 

polypropylene fibers  gives more significance than any other 

synthetic fibers.Addition of polypropylene fibers decreases the 

unit weight of concrete and increases its strength. The process 

of producing fibers from polypropylene is  based on selecting 

the richest chemical properties with the use of quality tests, 

crushing the rocks and melting to high temperatures. The 

melted fibers falls  from a specific calcu lated hole where its 

temperature gradually decreased and form a yarn which  

thickness reduces over the cooling process where it gets rolled 

in a roving. Polypropylene fibers were formerly known as 

Stealthe,. These are micro reinforcement  fibers and are 100% 

virgin homopolymer polypropylene graded monofilament 

fibers. They contain no reprocessed Olifin  materials. The raw 

material of polypropylene is derived from monomeric C3H6 

which is purely a hydrocarbon. 

A.OBJECTIVES 

 The main objective of this investigation was 

  To Study the flexural behavior of polypropylene fibre 

reinforced concrete.  

 To compare Compressive strength of the Cube and 

the Split tensile strength of the Cylinder.  

 To investigate the load-deformation of polypropylene 

fiber characteristic and load carrying capacity. 

 

II. LITERATURE REVIEW 

 

1.B. Vijaya and Dr.S.Elavenil et al.(2015) state that The mix  

with  manufacturing  sand as  100%  fine  aggregate  gives  

initial workab ility of 170mm, which is much h igher 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  exhib ited  

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.  

 

2. 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 durat ion 

of 4.5 hours,   the   residual   ult imate   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.  

 

3. 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  
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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 workab le. The study indicates a reduction in 

plastic shrinkage with     increasing    amounts of   fibers.   The 

polypropylene fibers  decrease plastic shrinkage provided the 

water-cement rat io 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.  

 

4. Roohollah Bagherzadeh, Hamid  Reza Pakravan, Abdol-

Hossein Sadeghi, Masoud Latifi, Ali Akbar Merati et al. 

(2011):- The influence of polypropylene fibers has been 

studied in d ifferent proportioning and fiber length to improve 

the performance characteristics of the lightweight    cement 

composites. Fibers used in two different lengths (6mm and 

12mm) and fiber proportions (0.15% and 0.35%) by cement 

weight in the mixture design.  Compared  to unreinforced  

LW C,  polypropylene (PP) reinforced Lightweight  Cement 

Composites  (LW C)  with fiber  proportioning 0.35%  and 12 

mm  fiber length,  caused  30.1%  increase in  the  flexural 

strength and 27%  increase in  the  splitting  tensile  strength. 

Increased fiber availability in the LWC matrix, in addition to 

the ability of longer PP fibers to bridge on the micro cracks, is 

suggested as the reasons for   the   enhancement in mechanical 

properties.  All  reinforced  lightweight concrete specimens 

display improvement in their  mechanical strength as  a  result 

of  fibers  performance in  cement  matrix.  Among all  fiber 

proportions  and  lengths,  only  the PP  fiber  with 12mm  

length  and  proportion  0.35  %  performed  better in   all 

respects compared to the physical and mechanical properties of 

reinforced lightweight concrete. 

 

5. Prit i A.  Patel, Dr.  Atul K.  Desai and Dr.  Jatin A.  Desai et  

al. (2011) state   that,   research   program on   evaluating   the 

performance of polypropylene fibre reinforced concrete. The 

presence of fibres in concrete alerts the failure mode of 

material. It is found that the failure mode of plain concrete is 

mainly  due to  spalling,  while  the  failure  mode of  fibre 

concrete is  bulging in  transverse  directions.  Compressive 

strength enhancement ranges from 8% to 16% for PFRC. 

Strength  enhancement in  splitting  tensile  strength  due to 

polypropylene  fibre  addition  varies  from 5%  to  23%.  The 

maximum increase in flexural strength of PFRC is 36%.  

 

6. Slamet Widodo et al. (2010)state that, This research 

conducted to evaluate  the  effects of  polypropylene  fiber  

addition on  fresh state  characteristics of  Self-Consolidating  

Concrete  (SCC) mixes, and  investigate  the  effects of  

polypropylene  fiber onsome  hardened  p roperties of  SCC. In  

this research, concrete mixes were added with Polypropylene 

fiber of 0%, 0.05%, 0.10%, and 0.15% volume fract ion. Tests 

results indicate that polypropylene  fibers  tend to  reduce  the  

flow  ability  and passing  ability  but  will  increase  viscosity  

and  segregation resistance of  SCC.  Furthermore, it can be 

concluded that polypropylene fiber reduce deformability of 

SCC in the fresh state.  After 28  days of  curing,  concrete 

specimens’  tests indicate  that  polypropylene  fiber  addit ion 

up  to 0. 10% of volume  fract ion  tend to  improve  the  

compressive  strength, tensile strength, and  impact  Resistance 

of hardened SCC. It also can be suggested that polypropylene 

fibers allowed to be added into SCC mixes up to 0. 10% by 

volume of concrete 

 

 

III.EXPERIMENTAL PROGRAM 

 

A) Cement  

An OPC 33 grade sample was tested to obtain the following 

characteristics of the Specific Gravity 3.1 and Standard 

consistency 32%. 

 
B) Coarse Aggregate 

In the present investigation, locally  available crushed stone 

aggregate of size 20 mm and down, was used and the various 

tests, carried out on the aggregates in the test value on Specific 

gravity 2.754, Water absorption 1.23% and Fineness modulus 

2.263. 

 

C) Fine Aggregate 

In the present investigation, the river sand, which was 

available at Chennai, was used as fine aggregate and the test 

value on Specific gravity 2.641, Water absorption 1.84% and 

Fineness modulus 3.652. 

 

D) Propertiesof polypropylene Fibre 

 Length of fiber – 12mm and 24mm 

 Elongation – 1.1 

 Tensile strength - 1500 Mpa 

 Specific gravity – 0.91 

 Resistance to alkali - Excellent 

 Water absorption - 3 % 
 UV resistance – High 

 
Figure.1. polypropylene fibre 

 

IV.REINFORCEMENT DETAIL  

 

The longitudinal steel reinforcement and shear stirrups was 

provided using Fe415 steel rods. The proof stresses of the 

reinforcement are 0.2 %. Steel reinforcement tensile strength 

was determine according to IS code. Two tensile tests were 

made for each bar d iameter longitudinal tensile reinforcement 

(12mm), longitudinal compress ion rein forcement (12mm) and 

stirrups bars (8mm) and 150mm c/c. 

 

 
Figure.1. reinforcement detail 
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V.MIX DES IGN 

 

MIX DESIGN RATIO FOR M301:1.62:3.32 

 

Table: 1 M30 Grade of Concrete Quantity for 1m3 

 

CEMENT 352 kg  

FINE AGGREGATE 625 kg  

COARSE AGGREGATE 1265.82 kg  

W/c      0.4 

Polypropylene fiber      0.5% 

 

In size of beam 1200×150×200mm is selected. The fibre 

added(12mm and 24mm) at 0.5% in four number of beam 

casted. The control cube specimen  was casted in 150×150×150 

mm size is used to determine the compressive strength and 

cylinders in 100mm diameter × 300mm length size is used to 

determine the split tensile strength.  

 

VI.EXPERIMENTAL PROGRAM 

 

It is well known that fibres usually have effect on compressive 

strength, which slightly increases  the test results. From cube 

results it was found that compressive strength of the cubes 

keeps on increasing with the 0.5 percentage of polypropylene 

fiber getting added up. 

 
A) Compression Test  

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 p lacement 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. 

 

Table: 2 Compression Test Graph of control  mix and 0.5% 

polypropylene fibre added mix 

 

Type of 

concrete  

 

Speci

men 

 

Initial 

Crack 

Load 

(kN) 

Compre

ssive 

Strength 

(N/mm2) 

 

Avg. 

compre

ssive 

Strengt

h 

N/mm2  

 

Conventional 

concrete 

1 800 30.65 32.76 

2 850 32.24 

3 870 34.45 

0.5% 

polypropylene 

fiber 

1 900 36.45 37.87 

2 920 38.55 

3 950 39.61 

 
B) Split Tensile Strength Test 

For tensile strength test, cylinder specimens of dimension 150 

mm d iameter 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 for 7, 14 and 

28 days. These specimens were tested under compression 

testing machine. In each category, three cylinders were tested 

and their average value is reported. Tensile strength was 

calculated as follows as split tensile strength:  

Tensile strength (MPa) = 2P / π  DL, Where, P = failure load, D 
= diameter of cy linder, L = length of cylinder  

 
 

Figure. 3. S plit Tensile Test Graph 

 

Table. 3. Split Tensile Strength 

 

AGE OF CONCRETE SPLIT TENS ILE 

STRENGTH (MPa) 

 

7 days 

 

1.18 

 

14 days 

 

2.06 

 

28 days 

 

3.17 

 
C) 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. 

 

 
Figure. 4. Flexural strength test 

 

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. Table 4 and 5 

shows the results on flexural testing.  

 

0 

2 

4 

7 days 14 days 28 days 

cylinder 

cylinder 
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Table.4. Load vs Deflections for control mixand 0.5% 

polypropylene fibre mix S pecimen Beams 
 

LOAD DEFLECTION 1 DEFLECTION 2 

0 0 0 

3 0.3 0.1 

5 0.5 0.2 

7 0.7 0.4 

11 0.8 0.6 

14 0.9 0.7 

17 1 0.8 

19 1.2 0.9 

21 1.3 0.9 

23 1.4 1 

25 1.5 1.1 

27 1.7 1.2 

29 1.8 1.2 

33 2.0 1.3 

36 2.3 1.3 

39 2.4 1.4 

41 2.5 1.6 

43 2.6 1.7 

44 2.7 1.8 

46 2.8 1.9 

48 2.9 2 

49 3.0 2.1 

50 3.1 2.2 

 

 
Figure. 5. Load vs Deflection between control mix and 

0.5%  of polypropylene  fiber added 
 

Strain Response 
 

 
 

Figure.6. strain behaviour  

Table: 6strain response 

 

S.No  initial strain (mm) final strain(mm) 

1 0.06 3.57 

2 0.16 4.40 

3 0.22 6.56 

4 1.36 6.60 

 

The strain behaviour of the specimens containing 

polypropylene fibre up to 0.5% behaves in a similar trend to 

the control specimen. For these cases which contain 0.5% 

polypropylene fibre behaves like a brittle material of which  the 

total energy is generated is elastic energy. There is significant 

change in strain of the concrete due to addition of fibres. 

Descending portion of the curve becomes more and more 

flatten as the fibre volume fract ion increases. The relationship 

with d ifferent volume fract ion of nylon fibre is shown in Fig. 

8. Two different behaviour patterns are obtained as shown in 

stress strain curve. However, non-linear behaviour is seen for 

the other specimens which contains more than 0.5% of 

polypropylene strands fibre. Here, once the peak stress is 

reached the specimen continues to yield. Therefore it can be 

stated that concrete with higher percentage of basalt chopped 

strands fibre possess higher toughness, since the generated 

energy is mainly  plastic. Also it  was found that as fibre volume 

increase failure strain also increases, which leads to more area 

under the curve, thus enhancing the toughness of the concrete. 

 

VII.CONCLUS ION 

 

This paper has been concerned with the investigation of some 

mechanical behaviour o f concrete with po lypropylene fibres. 

The experiments were done on compressive, tensile and 

Flexural behaviour of fiber reinforced concrete. Hence the 

conclusions summarized as: From the result, it is found that 

i.Fibre reinforced concrete gives more strength 

compared to normal concrete. The following quantity of fibre 

0.5% 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. 

ii. Thus, with the addition of fibres the compressive 

strength was increased even if, it was insignificant. 

iii. The addition of polypropylene fibres to concrete 

also improved the tensile strength compared to plain concrete. 

iv. 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. 

v. 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.  
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