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Abstract- The present work is an analytical study to see the 
effect of grade of concrete (fck), shear span to depth ratio 
(a/d) and percentage longitudinal reinforcement (ρ) on 
minimum shear reinforcement in reinforced concrete beams. A 
comparative study of limits of minimum shear reinforcement 
as given in various international codes has been worked out. A 
rectangular section beam is analyzed on the basis of shear 
strength criterion. After that curve fitting and regression 
analysis is done to fit a power curve and new formula for 
determining the minimum shear reinforcement is generated. 
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I. INTRODUCTION 
 
 The failure of beams is generally initiated with 
formation of cracks. The location of cracks depends on the 
direction of principal stresses which is combination of shear 
stresses and tensile stresses. Hence, in addition to flexural 
reinforcement, shear reinforcement also plays an important 
role in enhancing the strength and overall structural behavior 
of reinforced concrete members. Accordingly, the codes of 
every nation specify the requirement of shear reinforcement, 
its maximum limits and recommendation to adopt the 
minimum shear reinforcement. Different international codes of 
practice for reinforcement concrete recommend the minimum 
amount of shear reinforcement considering the various factors 
in different ways. Generally, minimum shear reinforcement is 
a function of characteristic compressive strength of concrete 
and yield strength of steel. The results, using these codes 
results show that the increase in grade of concrete increases 
the requirement of minimum shear reinforcement. In Indian 
code (IS 456:2000), percentage longitudinal reinforcement and 
characteristic compressive strength of concrete is used as a 
function of shear reinforcement design but that are not used as 
function of minimum shear reinforcement. 
 

II. LITERATURE REVIEW 
 
Minimum shear reinforcement is a function of many 

parameters such as grade of concrete, grade of steel, shear 
span to depth ratio and percentage longitudinal reinforcement 
but the Indian standard code IS 456 (2000) dose note consider 
all these parameters except yield strength of steel (fy) in 
determining minimum shear reinforcement. [1]Guney Ozcebe, 
et. al. (1994) gives an equation to determine minimum shear 
reinforcement for high strength concrete. [2]Young-Soo Yoon, 
et. al. (1996) presented evaluation of minimum shear 
reinforcement requirements in normal, medium and high 
strength reinforced concrete beams. A comparison and 
evaluation of minimum shear reinforcement provision of the 
1989 ACI code and the 1994 CSA standard are made. [3]Mark 
K. Johnson and Julio A. Ramirez (1989) investigated 
adequacy of minimum shear reinforcement in concrete beams. 
[4]S. Ahmad and A. Elahi (2003) studied the effect of 
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reinforcement ratio and shear span on shear strength of high 
strength concrete. [5]Mohamed Zakaria et. al. (2009) 
presented an experimental investigation to clarify shear 
cracking behavior of reinforced concrete beams. [6]N. 
Subramanian (sep., 2010) show the minimum and maximum 
limits on longitudinal and the Indian code provisions are 
compared with the ACI code, Eurocode, Canadian and New 
Zealand codes provisions, suitable modifications to the 
expressions are suggested for future editions of the Indian 
code. [7]L. Sudheer Reddy et. al. (2010) deals with review of 
available data base and predict shear strength of reinforced 
concrete beams without web reinforcement by different shear 
models. [8]G. Appa Rao and S. S. Injaganeri (2013) 
compared the minimum shear reinforcement provision of 
different nation codes. Also generate an equation of minimum 
shear reinforcement for high strength concrete. [9]B. K. 
Kohlapur (2013) an experimental investigation is carried out 
on HSC beams with constant size and effective length by 
varying the longitudinal reinforcement ratio and the web 
reinforcement ratio to understand the shear behavior of the 
beams with minimum web reinforcement as per IS CODE and 
ACI CODE and maximum web reinforcement. 
 

III. THEORY 
 

1.1 Comparative study of different nations codes for minimum 
shear reinforcement 

 
Minimum shear reinforcement provisions given in 

different nations codes are different due to considering the 
different parameters. These provisions are generally similar in 
formulation but their coefficients are different. This is due to 
the different approaches and different definitions are used in 
different codes. 

 
Table-1: Minimum Shear Reinforcement by various Codes of 

Practice 

 

Value of minimum shear reinforcement index (MSRI 
or r*fy) calculated as per various codes are shown graphically 
in Figure 1. It has been observed that the minimum 
reinforcement calculated by different codes is nearly close to 
each other up to M-40 grade of concrete. 
 
Table 2: Minimum Shear Reinforcement Index (r*fy or MSRI) 
for Different Grades of Concrete as per Various Codes 

 
 

 
Figure 1: Variation of MSRI for Different Grade of Concrete 

for Different Nations Codes. 
 

As the grade of concrete increases the effect of fck 
becomes dominant for calculation of minimum shear 
reinforcement. It realizes that the factor fck should be 
considered in determining the minimum shear reinforcement 
particularly for high strength concrete. In general the Indian 
standards compared to other Nation’s code gives higher value 
of min. shear reinforcement for low grade of concrete and low 
values for higher grade of concrete 

 
IV. NUMERICAL STUDY 

The basic concept of determining minimum shear 
reinforcement is that when diagonal shear failure occurs then 
shear resistance of cracked section should be more than the 
cracking shear. Minimum shear reinforcement is 
corresponding to the limiting condition in which shear force 
resistance by cracked section is equal to the cracking shear. 
Shear resistance of beam is combination of shear force 
resistance provided by uncracked concrete, aggregate 
interlock, dowel force and resistance provided by 
reinforcement as stirrups. 
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Here, ϒ is higher for light weight concrete.  
 
Final equation of minimum shear reinforcement for different 
grade of concrete is as below: 
 

 

 
 

 



IJSART - Volume 4 Issue 4 – APRIL 2018                                                                                     ISSN [ONLINE]: 2395-1052 
 

Page | 2053                                                                                                                                                                   www.ijsart.com 
 

 

 

 
 

 

 

 



IJSART - Volume 4 Issue 4 – APRIL 2018                                                                                     ISSN [ONLINE]: 2395-1052 
 

Page | 2054                                                                                                                                                                   www.ijsart.com 
 

 
V. RESULT AND DISCUSSION 

 
 

 
Figure 2: MSRI vs Grade of Concrete at a/d=1 

 

 
Figure 3: MSRI vs Grade of Concrete at a/d=2 

 
Figure 4: MSRI vs Grade of Concrete at a/d=3 
 

IV. CONCLUSION 
 

Asvmin is a function of grade of concrete, a/d ratio and 
percentage longitudinal reinforcement (ρ). Requirement of 
Asvmini increases with grade of concrete. This is true for all 
amounts of ρ and a/d ratio. This may be due to the in higher 
grade of concrete aggregate interface force is smaller due to 
smooth crack surface. Requirement of Asvmini decrease with 
increases in ρ because of indirect contribution of longitudinal 
reinforcement in resisting the shear of any section. This is true 
for all grade of concrete. Requirement of Asvmini increases with 
increase in a/d ratio for all grade of concrete and for all 
amount of ρ provided. This can be viewed as size effect of 
beam. Which effect the strength of reinforced beam due to 
arch action. Deep beams resist more load due to arch action, 
so beam require less amount of Asvmin. It has been revealed 
that most of codes gives the requirement of Asvmin which is 
closely corresponding to ρ = 1.5%, a/d= 2 and grade of 
concrete M-40 to M-50. Beyond these values of ρ, a/d ratio 
and grade of concrete the variation in Asvmin determined by 
different codes becomes large. It has also been observed that 
Asvmin also depends on grade of steel. For all grade of concrete 
and all a/d ratio Asvmin increase with increase in grade of steel. 
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As using higher grade of steel reduces an amount of tension 
steel required, hence the dowel force which contribute to shear 
strength also decrease. 
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