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ABSTRACT 
In the present dissertation work, an attempt is made to investigate shear strength and ductility of fiber reinforced concrete 
beams by using hooked steel fiber without stirrups and the semi-empirical equations proposed by authors in past years, are 
compared to find which equation holds accurate results. For this investigation, the test beam specimens of 125 mm in width, 
250 mm in depth, and 1150 mm in length are cast and steel fibers are varied from 0.5 % up to 2 % volume fraction. The 
longitudinal steel is kept constant, while shear span-to-depth ratio (a/d) is varied in the range 1, 1.25, and 1.5. All the beam 
specimens are tested under two-point loading up to failure, and failure load, first crack load, and central deflection are 
recorded concisely and precisely. 
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1.0 INTRODUCTION 
Reinforced concrete members are normally designed 
for the limit state of collapse in flexure rather than in 
shear. Shear failure, which in reality, occurs under 
the combined action of shearing forces and bending 
moments, characterized by very small deflection and 
lack of ductility. This failure is many times, sudden 
and without any warning. For this reason, shear 
failure is considered very undesirable and is usually 
avoided.  
The problem of shear behavior and ultimate shear 
strength of reinforced concrete beams was examined 
many years ago. Several tests were carried out and 
various models were developed to describe the 
failure behavior of reinforced concrete beams under 
shear forces. Many suggestions are based on the cube 
strength of concrete, which is still the main parameter 
in design principles of many countries. The research 
in the high strength concrete fields showed that cube 
strength is less important than fracture energy for the 
description of the material behavior of structural 
elements. It is well known that use of steel fibers 
raises the ductility of concrete and the fractured 
energy. This phenomenon is transferable to the shear 
strength of concrete.  
In failure modes the addition of Fibers in a suitable 
percentage and geometry produces a significant 
increase in shear strength and in some cases can also 
change the failure mode from shear to flexure. Also 
the addition of fibers can partially substitute 
transverse stirrups and have the same effect in terms 
of shear strength. They also make easy manufacture 
of critical portions of R.C.Structures as well as allow 
highly effective control of the concrete cracking 
process particularly in low force levels.  
The SFRC is a composite material made of cement, 
fine and coarse aggregates and discontinuous discrete 
steel fibers. In tension SFRC fails only after the steel 
fiber breaks or pulled out of the cement matrix. The 
composite nature of SFRC is responsible for its 
properties in freshly mixed and hardened state. The 
SFRC possess many excellent dynamic performances 
such as high resistance to explosion and penetration 
as compared to traditional concrete. The mechanical 
properties of SFRC are influenced by the type of 
fiber, aspect ratio, and volume fraction of fibers and 
the size of the aggregates. One of the most important 
properties of SFRC is its ability to transfer stresses 
across a cracked section which increases toughness 
of concrete in hardened state.  

Shear failure of a reinforced concrete beam occurs 
when the principal tensile stress within the shear span 
exceeds the tensile strength of concrete and a 
diagonal crack propagates through the beam web. 
This failure is usually without any warning due to the 
brittle nature of plain concrete behavior in tension. 
The addition of small discrete steel fibers into the 
concrete mix helps to improve the post cracking 
tensile strength of hardened concrete, and, hence, 
significantly enhances the shear strength of 
reinforced concrete (RC) beams. 
2.0 EXPERIMENTAL PROGRAM 
A. Material Properties 
The test specimens were cast using cement, fine 
aggregate, coarse aggregate, water, and Hooked steel 
fibers. The materials, in general, confirmed to the 
specifications laid down in the relevant Indian 
Standard codes. For grading of fine and coarse 
aggregate, sieve analysis was carried out. 
Ordinary portland cement of 53-grade confirming to 
IS 12269:1987 was used throughout the experimental 
work. The maximum size of coarse aggregate used 
was 20 mm along with 12.5 mm of same parent rock 
in 60-40 % fraction. Locally available Krishna river 
sand was used as fine aggregate. The specific gravity 
of sand was 2.85 and fineness modulus was 2.7. 
Hooked end steel fibers of length 60 mm and 
diameter 0.75 mm were used throughout the 
experimental work. Reinforcing steel of grade Fe 500 
was used as tensile reinforcement. 
B. Concrete Mix Design 
The concrete mixes were designed in accordance 
with the D.O.E method of concrete mix design. The 
concrete mix was prepared for M-25 grade of 
concrete. The water-cement ratio is kept at 0.45was 
used to enhance the workability of mix throughout 
experimental work. The mix proportion is given in 
Table I. 

Table I Mix Proportion 

 
C. Test Specimens 
Total 15 deep beams were casted. The span of the 
deep beam has been kept constant at 950 mm with 
100 mm overhangs on either side of the supports. The 
a/d ratio has been kept 1,1.25,1.5. The depths of 
beam selected were 250 mm desire a/d ratio. All 
beams were rectangular in cross section with 125 mm 
width. Standard cubes of size 150 mm x 150 mm x 
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150 mm were cast with each mix to know the 
compressive strength of concrete. The details of test 
beams are given in Table II. 

 
D. Test Procedure 
After 28-days curing period, the beam specimens 
were removed from the curing tank and both sides of 
the beams were white-washed to aid observations of 
the crack development during testing. All the beams 
were tested to failure under two-point loading test 
set-up as shown in Fig 1. The cube specimens were 
tested for compressive strength. 

 
Figure 1. Two point bending test set-up 

E. Shear Design Models 
Various shear strength models have been used to 
verify the strength of FRC deep beams in the present 
investigations. 
I. Narayanan and Darwish proposed Equation[3] 
By using steel fibers as shear reinforcement, 
Narayanan and Darwish have represented the 
cracking shear strength v cf as 
Vcf = 0.24f’spfc + 20ρ d/a + 0.5F 
The ultimate shear strength vuf of SFRC beams is 
Vuf = e [ 0.24f’spfc+ 80 ρ d/a]+ Vb 

where 
e = 1.0 when a/d> 2.8 
e = 2.8d/a. when a/d< 2.8 
Vb = 0.41 �F 
� = average fiber matrix interfacial bond stress, 
 = 4.15 MPa.. 
II. Sharma’s proposed Equation[6] 
The ultimate shear strength of FRC beams has also 
been studied by Sharma who proposed the 
followingempirical equation for determining the 
shear strength of FRC beams. 
Vuf = kft(d/a)0.25 
whereft= the tensile strength of concrete; and k = 1.0 
ifftis obtained by direct tension test,2/3 if ftis obtained 
by indirect tension test, and 4/9 if ftis obtainedusing 
the modulus of rupture of 100-mm beams. 
III. Khuntia’s Proposed Equation [1]  
The shear strength of FRC beams is governed by the 
concrete contribution in the shear without stirrups 
and contribution of fibers. The shear strength FRC 
beam is given as follows, 

bdfFV cfrc ')25.0167.0( 1    

where, frcV = Shear strength of FRC,  ��= 2.5(d/a), 
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in which  

fV = fiber volume fraction, ��=length of fiber 

and��=diameter of fiber.    
IV. Mansur’s Proposed Equation [33]  
The equation proposed by Mansur et al[10] for shear 
strength of FRC is follows 
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where,  
f’c =Characteristic compressive strength of concrete, � = 
Longitudinal reinforcement ratio,� and � = width and 
effective depth of beam, a = shear span,  
and 
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VF  = fiber factor in which  

fV = fiber volume fraction,��=length of fiber and 

��=diameter of fiber. 

Using equation (I) through (IV) shear strength are 
computed and compared with those of present 
investigation. 
3.0 RESULTS AND DISCUSSION 
The results obtained from experimental investigation 
are tabulated in Table III. From the results obtained, 
the effect of various parameters on shear strength of 
concrete deep beam are analyzed and discussed 
below.  
A. Effect of Depth of Beam in Terms of Shear 
Span-to-Depth Ratio and Fiber Volume Fraction: 
The compressive strength, ultimate and cracking 
shear stress of concrete for different fiber volume 
fractions and shear span-to-depth ratios at 28 days of 
curing age are given in Table III. The variation of 
ultimate shear strength of deep beam with respect to 
fiber volume fraction for beam series I and II are 
given Table III. It is evident that the ultimate shear 
strength of deep beam increases with increase in fiber 
content. Fig 2 shows the effect of a/d ratio on 
ultimate shear strength of concrete. It is evident from 
the figure that the higher shear strength is developed 
at lower value of shear span-to-depth ratio. 
Ultimate shear stress at diagonal cracking, which is 
obtained by dividing measured failure load to the 
nominal cross sectional area (b x d). In deep beams, 
the significant portion of the shear is transmitted 
directly to the support by inclined strut. This 
mechanism is frequently referred to as arch action 
and the magnitude of the direct load transfer 
increases with decreasing a/d ratio.  
B. Influence on Cracking Shear Stress: 
Results of cracking shear stress are presented in 
Table III. It is concluded from Table III that cracking 
shear strength of deep beam increases with increase 
in fiber content and decreases with increase in a/d 
ratio. 
C. Influence on Cube Compressive Strength: 
Cube compressive strength of concrete for different 
fiber content is given in Table III. Cube compressive 
strength of concrete increases with increase in fiber 
content. 
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Table III Details of Test Results 

 
 
E. Comparison of Test Results with Shear Design 
Equation: 
Four design equations, namely, the Narayanan, 
Sharma, Khuntia and Mansur are used to estimate 

ultimate shear capacity. Comparison of test results 
with shear design is provided in Table IV. 

Table IV. Comparison of Test Results with Shear Design Equations 

Shear strength obtained from Sharmais lower and 
Narayanan is higher compared with test results, since 
contribution of fibers toward shear strength is not 
considered in above equations. Thus, Sharmaand 
Narayananare not applicable to compute shear 
strength of fiber reinforced concrete deep beams. 
Results obtained from Khuntia’s equation are 
approximately similar to test results, since 
contribution of fibers toward shear strength is 
considered. Mansur’s equation gives approximate 
shear strength as obtained in test for higher volume 
fractions. From Table IV, it is evident that, Khuntia’s 
equation holds good to calculate shear strength of 
fiber reinforced concrete deep beams.   
4.0 CONCLUSION 
Based on the test results following conclusions can 
be drawn, 
 The significant increase in compressive and 

split tensile strength is observed with the 
addition of hooked end steel fibers in plain 
concrete. However, this increase depends on 
addition of amount of fiber content.  

 The split tensile strength went on increasing 
with the addition of fibers. The optimum fiber 
content for increase in compressive strength is 
1.5%.  

 The addition of steel fibers also decreased crack 
spacing and sizes, increased deformation 

capacity and also changed the mode of brittle 
failure to ductile.  

 The ultimate shear stress is directly proportional 
to Percent fiber content and inversely 
proportional to shear span to depth ratio. 
Maximum percentage increase in ultimate shear 
stress is 60.70% for shear span-depth ratio of 
1.0 and fiber content of 2.0%.  

 The cracking shear stress is also directly 
proportional to fiber content and inversely 
proportional to shear span to depth ratio. The 
maximum increase in value of cracking shear 
stress is 54.54% compared to normal RC beams 
which are obtained for shear-span depth ratio of 
1.0 and 2.0 % fiber content.  

 The equation proposed by Khuntia et.al. gives 
fair results for shear strength of SFRC beams. 
This equation seems to be appropriate to 
estimate shear strength of normal strength 
concrete to high strength concrete, which shows 
the uniqueness of this equation. Thus, it can be 
proposed to include this equation in design 
codes of practice in case of fiber reinforced 
concrete beams.  
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