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Abstract— In this study, crimped steel and polypropylene 

fibers are used to improve flexural and shear performance of 

reinforced concrete. The purpose of this work is to present the 

results of a study carried out to characterize the structural 

behavior of FRC beams under shear loading, considering 

fibers of different materials (steel and polymeric). Further, 

the study aims to evaluate the ability of predicting the 

ultimate shear capacity of concrete beams. At the same time, 

it is verified whether the design methods for SFRC can be 

extrapolated to polypropylene fiber reinforced concrete 

(PFRC). In order to improve its flexural strength and 

brittleness, a technique of mixing short fibers (similar to that 

used in conventional concrete) will be introduced to the 

concrete. In phase-I, the various literatures are learnt and 

various tests of cement, fine aggregate and coarse aggregate 

are handled. In this work, the polypropylene and steel fibers 

at the volume fractions of (0.4%, 0.7%, and 1%) added to the 

concrete and flexural & shear performance of the FRSC is 

carried out according to ASTM C1609.  
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I. INTRODUCTION 

A. General 

Both steel and polymeric fibers have been used to reinforced 

concrete and consequently increase its toughness and crack 

resistance. Fiber reinforced concrete can be used in some 

structural applications with a reduced amount or even without 

any conventional reinforcement. One application of the fibers 

is to increase the load-carrying capacity of concrete subjected 

to shear. Several design methods have been proposed that 

taken into account the increase in shear strength due to fibers 

(Al-Tann and Al-Feel, 1990; Casanova and Rossi, 1997; 

Campione and Mindess, 1999; RILEM 2000a; Dupont and 

Vandewalle, 2000; Italian Guidelines CNR-DT 204/2006, 

2006; among others). Each of the methods accounts for the 

fiber contribution by means of an index based on the 

toughness of the material. However, each formula uses a 

different index, obtained from different types of test 

configurations. Moreover, most of the design methods and 

test procedures have been developed only for the evaluation 

of steel fiber reinforced concrete. 

B. Polypropylene Fiber 

Polypropylene fibers were first suggested as an admixture to 

concrete in 1965 for the construction of blast resistant 

buildings for the US Corps of Engineers. The fiber has 

subsequently been improved further and at present it is used 

either as short discontinuous fibrillated material for 

production of fiber reinforced concrete or a continuous mat 

for production of thin sheet components. Since then the use 

of these fibers has increased tremendously in construction of 

structures because addition of fibers in concrete improves the 

toughness, flexural strength, tensile strength and impact 

strength as well as failure mode of concrete. Polypropylene 

twine is cheap, abundantly available, and like all manmade 

fibers of a consistent quality. 

 
1) Role of Polypropylene fiber: 

Cracks play an important role as they change concrete 

structures into permeable elements and consequently with a 

high risk of corrosion. Cracks not only reduce the quality of 

concrete and make it aesthetically unacceptable but also make 

structures out of service. If these cracks do not exceed a 

certain width, they are neither harmful to a structure nor to its 

serviceability. Therefore, it is important to reduce the crack 

width and this can be achieved by adding polypropylene 

fibers to concrete. 

2) Application of Polypropylene Fibers 

 Heads, piers, sea walls and dry docks. 

 Slip-formed cast-in-place tunnel linings. 

 RCC & PCC like lintel, beam, column, flooring and 

plastering walls. 

 Hollow blocks and precast. 

 Manhole cover, tanks and tiles. 

C. Crimped Steel Fiber 

Crimped Steel fibers are made from hard drawn steel wire, 

ensuring high tensile strength and close tolerances. It is glued 

into bundles, ensuring quick and easy mixing, with perfect 

homogenous distribution. The hooked end anchorage fibers 

slowly deforms during pullout. Steel fibers are made from 

prime quality hard-drawn steel wire to ensure high tensile 

strength and close tolerances. The wire is deformed with 

hooked ends and cut to lengths, for reinforcement of concrete, 

mortar and other composite materials. The tensile strength of 

the steel fiber may get vary on basis of the aspect ratio of the 

fibers. To make a true comparison between different products 

and ensure the correct selection is made, it is recommended 

that, each potential supplier be asked to supply accredited test 

results for their products in accordance with one of the 

internationally recognized standards. The strength of the steel 

fibers depend on the young’s modulus of the steel fiber. 



Experimental Study on Behaviour of Polypropylene & Crimped Steel Fiber in Concrete Beams 

 (IJSRD/Vol. 6/Issue 03/2018/074) 

 

 All rights reserved by www.ijsrd.com 299 

 
1) Application of Crimped Steel Fiber: 

a) Slabs and Overlays:  

Industrial and commercial slabs on grade, toppings on steel 

and precast decks, airport  runways and parking areas, roads, 

bridge decks and loading ramps. 

b) Structural Applications: 

Bridge deck joints, beams and slabs in conjunction with 

conventional reinforcing, frame connections requiring 

increased ductility (earthquake or explosion resistant 

structures) or punching shear improvement. 

D. Objective of the Study 

 To investigate the effect of shear span to effective depth 

“a/d” ratio and contribution of stirrups on the shear 

capacity of concrete slender beams. 

 To investigate the failure mechanism of reinforced 

concrete beam and Fiber reinforced concrete beams 

(Steel and Polypropylene). 

 To study the shear strength of reinforced concrete beam 

and Fiber reinforced concrete beams (Steel and 

Polypropylene). 

 To compare the shear strength of reinforced concrete 

beam and Fiber reinforced concrete beams (Steel and 

Polypropylene). 

II. MATERIALS USED 

A. Cement 

Selection of type of cement mainly depends on the specific 

requirements of concrete. It determines the strength and 

properties of fresh and hardened concrete. The Cement used 

for all the specimens were ordinary Portland cement (53 

grades) with a specific gravity of 3.12 and conforming to IS: 

8112-2013. 

B. Fine Aggregate 

In the present investigation, normal river sand quarried from 

Cauvery river near Musiri town was used as a fine aggregate. 

The fine aggregate was screened to remove deleterious 

materials and tested as per procedure given in IS 2386 - 1963. 

The fineness modulus of sand is 2.69 and confirms to Zone II 

grading. 

C. Coarse Aggregate 

In the experimental work the coarse aggregates of nominal 

size 20mm and 12.5mm are blended in the ratio of 60% and 

40% respectively and used so that the aggregates are well 

graded to give required workability, minimum paste content 

and maximum strength. 

D. Water 

The water used for concrete making and curing was tap water 

available in the laboratory and free from all types of harmful 

chemicals, organic material, oil, chloride, silt and suspended 

materials confirming IS 456-2000. No test on the quality of 

water has been carried out as the water available in the 

laboratory is of drinking water quality 

E. Fiber 

Properties Steel fiber Polypropylene fiber 

Length(mm) 30 15 

Diameter(mm) 0.5 0.1 

Shape Crimped Straight round 

Aspect ratio 60 150 

Density (g/cm3) 7.8 0.9 

Elongation at 

break 
3.2 8.1 

Tensile strength 

(MPa) 
1500 800 

III. MIX DESIGN FOR M25 CONCRETE 

Cemen

t 

content 

Kg/m3 

 

F.A 

conten

t 

Kg/m3 

 

Total 

C.A 

content 

Kg/m3 

 

60% 

0f 

20mm 

C.A 

conten

t 

Kg/m3 

 

40% of 

12.5m

m 

C.A 

content 

Kg/m3 

 

Water 

conten

t 

Kg/m3 

 

425.7 577.15 
1361.8

8 
817.13 544.75 191.6 

IV. EXPERIMENTAL INVESTIGATION 

A. Compressive Strength 

Sl.n

o 

Desi

gn 

mix 

Typ

e of 

fiber

s 

adde

d 

Percenta

ge of 

fibers 

added 

Avg. 

compressi

ve 

strength 

@ 7 days 

Avg. 

compressi

ve 

strength 

@ 28 

days 

1. M25 Nil Nil 17.44 26.05 

2. M25 CSF 0.4 18.47 27.61 

3. M25 PF 0.4 18.16 27.50 

4. M25 CSF 0.7 20.84 30.72 

5. M25 PF 0.7 20.38 30.17 

6. M25 CSF 1.0 17.48 28.95 

7. M25 PF 1.0 16.90 26.43 

B. Split Tensile Strength 

Sl.n

o 

Desig

n mix 

Type 

of 

fibers 

adde

d 

Percentag

e of fibers 

added 

Avg. 

tensile 

strengt

h in 

Mpa @ 

7 days 

Avg. 

tensile 

strengt

h in 

Mpa @ 

28 days 

1. M25 Nil Nil 1.96 2.94 

2. M25 CSF 0.4 2.43 3.42 

3. M25 PF 0.4 2.21 3.08 
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4. M25 CSF 0.7 2.54 3.59 

5. M25 PF 0.7 2.49 3.45 

6. M25 CSF 1.0 2.28 3.39 

7. M25 PF 1.0 2.16 3.26 

C. Flexural Strength 

Sl.n

o 

Desig

n mix 

Type 

of 

fibers 

adde

d 

Percentag

e of fibers 

added 

Avg. 

flexural 

strengt

h in 

Mpa @ 

7 days 

Avg. 

flexural 

strengt

h in 

Mpa @ 

28 days 

1. M25 Nil Nil 2.08 3.56 

2. M25 CSF 0.4 2.72 4.2 

3. M25 PF 0.4 2.16 3.71 

4. M25 CSF 0.7 2.96 4.91 

5. M25 PF 0.7 2.76 4.72 

6. M25 CSF 1.0 2.26 3.92 

7. M25 PF 1.0 2.00 3.64 

D. Casting and Preparation of Beam 

All the reinforced beam specimens were cast at the structural 

laboratory. The raw materials for concrete mixes already 

described in the previous section which is mixed by using a 

rotary mixer. 

The wooden mould were prepared and lubricated 

with oil before the concrete was poured. The reinforcement 

bars were cut to the required lengths. The longitudinal bars 

and stirrups were secured to each other at correct spacing by 

means of binding wires. 

A mixing time of 3 to 5 minutes was given to ensure 

uniform mixing. Then the steel rebar’s were tied and put into 

the mould. The specimens were remolded after 24 hours and 

cured for 28 days using gunny bags. 

After drying they were cleaned with sand paper to 

remove all grit and dirt. Then all the specimens were prepared 

by white washing on all sides 

 
Fig. 4.1: Beam mould with reinforcement. 

 
Fig. 4.2: Addition of Fibers into the concrete 

 
Fig. 4.3: Finished stage of beam 

 
Fig. 4.4: Curing process (with gunny bags) 

 
Fig. 4.5: Experimental Setup 

 
Fig. 4.6: Load Deflection Plot for RCC beam 

 
Fig. 4.7: Load Deflection Plot for SFRC beam 



Experimental Study on Behaviour of Polypropylene & Crimped Steel Fiber in Concrete Beams 

 (IJSRD/Vol. 6/Issue 03/2018/074) 

 

 All rights reserved by www.ijsrd.com 301 

 
Fig. 4.8: Load Deflection Plot for PFRC Beam 

V. RESULTS AND DISCUSSION 

A. Comparison of Compressive Strength 

Compressive strength of the concrete is marginally improved 

due to the incorporation of fibers in the concrete. 

Compressive strength is maximum for SFRC than PFRC. 

 
Fig. 5.1: Compressive Strength of Concrete Cubes 

B. Comparison of Split tensile Strength 

 
Fig. 5.2: Split Tensile Strength of Concrete 

C. Comparison of Flexural Strength 

Both flexural and split tensile strength is maximum for SFRC 

than compared to normal and PFRC. From the Fig 5.2& 5.3 

we can clearly see that the flexural and tensile strength is 

maximum for SFRC. 

 
Fig. 5.3: Flexural Strength of Concrete 

D. Comparison of beam Results 

 
Fig. 5.4: Load-Displacement Response under Shear Loading 

VI. CONCLUSION 

1) It has been observed that the incorporation of fibers to 

the mix increases the material toughness both in tension 

and compression, as represented by the toughness 

indexes of the ASTM and JSCE standards. 

2) Compressive strength concrete increased at 28days as 

compared with control mix. There is an increase of 

17.5% using CSF (0.7%) with control mix and also there 

is an increase in 15.8% strength using PF (0.7%). 

3) Increase in the split tensile strength is observed up to 

22% using CSF (0.7%) and 17.3% using PF (0.7%) 

compared to normal concrete. 

4) The Flexural  strength results for concretes is also 

increased as below 

 38% using CSF (0.7%) 

 32.5% using PF (0.7%) 

5) 5. First crack occurs earlier in PFRC when compared to 

SFRC. In SFRC beams, the maximum load increased by 

approximately 20% of the plain concrete. The length and 

width of the crack is reduced due to the incorporation of 

fibers in the concrete. 
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