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Abstract— Historically, much effort has been spent 

improving the performance 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 concrete. The concept of adding fibers to improve 

brittle material behavior is very old. For example, 

Mesopotamians used straw to reinforce sun baked bricks. 

This ancient technology is used to improve concrete 

characteristics.  Plain concrete acquire a very low tensile 

strength and limited ductility and little resistance to cracking 

internal micro cracks are inherently present in the concrete 

and its deprived tensile strength is due to the propagation of 

such micro cracks eventually leading to brittle fracture of 

concrete, and so to enhance the performance of concrete steel 

fibers are added to the concrete to gain required strength. The 

steel fibers are generally used as a resistance of cracking and 

strengthen of concrete, in this study hooked end steel fibers 

of length 30mm with thickness of 0.5mm diameter is used.   

Keywords: Concrete, Steel Fibers, FRC 

I. INTRODUCTION 

Concrete is weak in tension and strong in compression. The 

concept of using steel fiber in the concrete improve the 

mechanical characteristics. Earlier applications include 

addition of straw to the mud bricks, horse hair to reinforce 

plaster. Use of steel fiber reinforcement in concrete increases 

strength and ductility, but it require careful placement. 

Alternatively, introduction of fibers in discrete form in plain 

concrete or reinforced concrete gives better results. The 

recent development of steel fiber reinforced concrete (FRC) 

started in the early sixties. The steel fibers are mostly used 

fiber, in fiber reinforced concrete. Accordance by many 

researchers, the addition of steel fiber in concrete creates low 

workability to the concrete. Therefore to solve this problem 

super-plasticizer is added, without affecting other properties 

of concrete. Fiber reinforced concrete (FRC) reinforced with 

more or less randomly distributed fibers. In FRC, thousands 

of small fibers are dispersed and distributed randomly in the 

concrete during the mixing, and thus it improves concrete 

properties in all directions. It has been successfully used in 

construction during its excellent flexural-tensile strength, 

resistance to spitting, impact resistance and excellent 

permeability and frost resistance. It is an effective way to 

increase toughness, shock resistance and resistance to plastic 

shrinkage cracking of the concrete .Steel Fiber in concrete 

improves ductility and its load-carrying capacity. The 

mechanical properties of steel fiber reinforced concrete are 

much improved by the use of hooked fibers than straight 

fibers. Due to the addition of 1.0 percent steel fiber increase 

the flexure strength by 67 percent, the splitting tensile 

strength by 57 percent and the impact strength 25 times. The 

toughness index of FRC is increased up to 20 times (for 1.0 

percent hooked fiber content) indicating excellent energy 

absorbing capacity .The flexural toughness of specimens with 

high strength self-compacting concrete is more than that of 

the specimens with medium strength self-compacting 

concrete .with an fiber volume fraction of 2%, the energy 

absorbed by the specimen during the test was 33 times higher 

than the flexural toughness of plain concrete. 

II. EXPERIMENTAL PROGRAM 

A. Material Used 

1) Cement:  

Ordinary Portland cement, of specific gravity 3.15 

2) Sand:  

Locally available sand zone II with specific gravity 2.65, 

water absorption 2% and fineness modulus 2.92 

3) Fine Aggregate:  

Sand that is available in nearby locality has been used as fine 

aggregate. Other matter present in the sand has been alienated 

before use. The specific gravity of sand used in this 

investigation is 2.75 

4) Coarse aggregate:  

Crushed stone with a maximum size of 20mm (passing) and 

uniform quality having specific gravity 2.71 

5) Water:  

Potable water was used for the experimentation. 

6) Steel fiber:  

Fiber Glued steel fiber of length 35mm and 0.5mm diameter 

with aspect ratio 80. 

7) Super plasticizer:  

High range water reducing and is added to avoid formation 

flakes, due to less quantity of water and maintained 

workability. Super plasticizer of Gallium B-233 was used.  

B. Steel Fiber Reinforced Concrete:  

The use of steel fiber reinforced concrete has received much 

attention in concrete industry as more research is beading for 

formed and more is being understood about its material 

properties and behavior. When steel fibers are added to high 

strength concrete to increase the fiber volumetric ratio results 

in an increase in the compressive strength of the concrete and 

a considerable amount of increasing in the tensile strength of 

the fiber reinforced specimens is observed in split cylinder 

tests 

 
Fig. 1: Steel Fiber Reinforced Concrete 
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C. Advantages of Steel Fibers Used in Steel Fibers  

1) More ductile concrete with a high load bearing capacity 

resulting in thinner slabs with equal conformance than 

their mess counters parts.  

2) Efficiency of steel fibers crack control is about 3000 on 

average per kg.  

3) Quick and easy application added to the concrete directly 

at the site.  

4) Efficiency and cost is effective about 10 to 15% less than 

the actual concrete it is more durable.  

III. PREPARATION AND CASTING OF SPECIMENS  

The different concrete specimens such as cubes 

(150mmX150mmX150mm) to determine compressive 

strength, cylinders (100mm diameter and 300mm length) to 

determine split tensile strength and beams 

(100mmX100mmX500mm) to determine flexural strength 

were cast. The specimens were prepared in according to 

Indian Standard Specifications IS: 516-1959.  The moulds 

were cleaned and oiled properly. These were securely 

tightened to correct dimensions before casting. Care was 

taken that there is no gaps left from where there is any 

possibility of leakage of slurry. Additional beams were 

prepared for the calculation of toughness properties. Also 

beams prepared in such a way that fiber added in the below 

neutral axis A careful procedure was adopted in the batching, 

mixing and casting operations. Vibrations were stopped as 

soon as the cement slurry appeared on the top surface of the 

Mould. The specimens were removed from mould after 24 

hours and cured in water for 28 days as per requirement of the 

test. 

 Reference mix (M) was prepared for M25 grade of 

concrete as per IS: 10262-2009. Three concrete mixes were 

prepared  were prepared where steel fiber added 

homogenously with a percentage of 1% and 2% volume 

fraction of concrete, and again three concrete mixes were 

prepared where steel fiber added with a percentage of 1% and 

2% volume fraction of concrete. 

A. Concrete mix Proportion for Test: 

Materials Control 
1% steel 

fiber 

2% steel 

fiber 

Cement(kg) 27.5 27.5 27.5 

Fine aggregate(kg) 25.5 25.5 25.5 

Coarse 

aggregate(kg) 
45.0 45.0 45.0 

Water(kg) 9.9 9.9 9.9 

Super 

plasticizer(kg) 
0.275 0.275 0.275 

Steel fibers(kg) 0.0 0.275 0.55 

IV. RESULTS  

A. Compression Strength Test 

Casting, curing and testing of cylindrical concrete specimens 

for each pair of beam specimens single beam specimen, the 

cylindrical specimens with a size of 150x150x150mm were 

casted. However, because main intension of the cylinder test 

was to determine compressive strength which is not 

extensively affected by the presence of fibers, the use of a 

smaller cylinder size was believed to be adequate. To endure 

those cylinders were uniformly loaded. The cylinders were 

tested using a compression testing machine. 

1) Compressive strength of concrete 

 
% of steel 

fiber 

Compressive 

strength(N/mm2) 

Plane 

concrete 
0 24.3 

SFRC-1 1 27.2 

SFRC-2 2 29.1 

B. Flexural Strength Test  

For flexural strength test beam specimens of dimensions 

100×100×500mm were cast. The specimens were remolded 

after 24 hours of casting and were transferred to curing tank 

wherein they were allowed to cure for 7 days. These flexural 

strength specimen were tested under two points loading as per 

I.S.516-1959, over an effective span of 600mm divide into 

three equal parts and rest on flexural testing machine . The 

load increased & failure load is noted at cracking of beam 

specimen. In each category two beams were tested and their 

average value is reported. The flexural strength was 

calculated as follows. Flexural strength (Mpa) = 

(P×L)/(b×d2), Where P=failure load, L=centre to centre 

distance between the support=600mm, b=width of specimen 

=100mm, d=depth of specimen=100mm. 

1) Flexural strength of concrete  

 
% of steel 

fiber 

Flexural strength 

(N/mm2) 

Plane 

concrete 
0 3.30 

SFRC-1 1 4.2 

SFRC-2 2 4.86 

C. Experimental Data of Test Beams  

1) Ultimate Load of Concrete 

Beam 

designation 

Plane 

concrete 

1% steel 

fibers 

2% steel 

fibers 

Ultimate 

load(KN) 
23.412 28.4 31.845 

Yield 

load(KN) 
15.415 16.25 17.73 

Deflection 

(mm) 
11.25 8.75 9.52 

 

 
Fig. 2: Ultimate load of concrete 
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V. CONCLUSIONS  

Based on experimental results, the following             

conclusions are as follows-  

 The steel fiber volume fraction of 2% considerably 

improves the overall performance of fiber strength 

reinforced concrete beams.  

 The increase in critical load was found to be high 

strength concrete is compare to the steel fiber reinforced 

high strength beams.  

 The high strength steel fiber reinforced concrete beam 

exhibit greater reduction in crack width and propagation 

of cracks at all load levels when compared to the control 

beam.  

 The maximum reduction in crack width at ultimate load 

was found to be when compared to the control beam 

beater performance. 

 Beam reinforced with steel fibers developed more cracks 

than the controls beams, which points to a better stress 

redistribution. In addition, hooked-end steel fiber shifted 

the failure modes from diagonal tension, which was 

observed in the control specimen. 
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