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Abstract- The paper attempts shear strength of high strength 
concrete beam in shear with change shear to effective depth 
ratio (a/d=1, 1.5, 2, 2.5). The beams are modelled in ‘ANSYS’ 
model which is Finite Element Software. The shear capacity is 
evaluated using ‘ANSYS’ model for the beams. The paper also 
contains table which consists different shear strength capacity 
by using different codes. 
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I. INTRODUCTION 
 
 The shear strength of concrete beams mainly depends 
on the following variables: 
 

 Depth of member or size effect, 
 Longitudinal Reinforcement, 
 Shear span to effective depth a/d or moment to shear 

ratio, 
 Axial Force, 
 The tensile Strength of concrete. 

 
Fractography is widely used with fracture mechanics 

to understand the causes of failures and also verify the 
theoretical failure predictions with real life failures. The 
prediction of crack growth is at the heart of the damage 
tolerance discipline. In linear elastic fracture mechanics 
(LEFM) it is assumed that all of the fracture process happens 
at the crack tip and that the entire volume of the body remains 
elastic. Under this assumption, the questions of crack 
propagation and structural failure can be solved by methods of 
linear elasticity. It is convenient to distinguish three 
elementary fracture modes, Modes I, II and III (Fig. 01). 
 
There are three ways of applying a force to enable a crack to 
propagate: 
 

 
 

 
Figure. 01 Mode of Fracture 

 

 
Figure. 02 Formation of Diagonal Tension Cracks 

 

 
Figure. 03 Shear Compression Failure for Small Span 

 

 
Figure. 04 True Shear Failure 
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Depending upon the shear span, shear failure may be 
classified into three types i.e. diagonal tension failure, 
diagonal compression failure and splitting or true shear failure 
(Fig. 02, 03 & 04 respectively). The shear failure of reinforced 
concrete beams without web reinforcement is a distinctive 
case of failure which depends on various parameters such as 
a/d, ρ, aggregate type, strength of concrete, type of loading, 
and support conditions, etc. To estimate the shear resistance of 
beams standard codes and researchers all over the world have 
specified different formulae considering different parameters. 
 
OBJECTIVE 
 

 Calculate deflection for HSC with various a/d ratio 
for shear failures using ANSYS 

 Examine for the influence of the crack propagation 
path of shear stress for various a/d ratio on HSC 
member using ANSYS  

 Study the effect of a fracture toughness of beam 
specimens using ANSYS 

 Compare shear stress with ANSYS and shear stress 
with the new empirical equation for shear strength 
 

II. METHODOLOGY 
 

Eight reinforced high strength concrete (HSC) beams 
are cast and tested, under two-point loading (fig.05) (33), 
varying the shear span to effective depth ratio (a/d). The test 
specimens are divided into four series. Each series consisted 
of two high strength concrete beams without shear 
reinforcement with a/d ratio 1, 1.5, 2 and 2.5. For all the 
series, the parameters viz., concrete proportions and 
percentage of longitudinal steel are kept constant. The details 
of the beams cast are listed in Table 01. 
 

Table No. 01 Details of Beam 

 
 

 
Fig.05 Shear Span to Effective Depth Ratio 

 
About ANSYS 
 

Finite Element Analysis (FEA) is a method used for 
the evaluation of structures, providing an accurate prediction 
of the component’s response subjected to various structural 
loads. Finite element method is a numerical analysis method 
that divides the structural element into smaller parts and then 
simulates the loading conditions to evaluate the response of 
concrete. The accuracy and convergence of the solution 
depends on factors such as mesh density, constitutive 
properties of concrete, convergence criteria and tolerance 
values etc. The basic linear equation used to solve the static 
structural analysis in ANSYS is as given below in Equ-1. 

 
[K]{q} = {F} (1) 

 
Material Properties of Reinforced Concrete used for Beam 
Modeling in ANSYS 
 

Table No. 02 Material Properties 
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Table No. 04 Details of Grade of Concrete 

 
 

 
 

Percentage steel values taken from table no. 15 in IS 
456:2000. Design shear strength of concrete τc , N/mm2 (IS 
456-2000 clause 40.2.1, 40.2.2,40.3 ,40.4, 40.5.3, 41.3.2, 
41.3.3, 41. 4.3 and Table No. 19). 
 
The Griffith Theory Equation, 
 

 
 

Equation (6) states that, shear capacity of beams is 
inversely proportional to the depth of beams and directly 

proportional to modular ratio, longitudinal reinforcement and 
fracture toughness. From our experimentation, we are 
observing that shear capacity of beams is mainly depend upon 
a/d ratio, longitudinal reinforcement and grade of concrete.so 
by considering these parameters. 
 

 
 
Example of ANSYS Modeling of HSC Beam: 
 

 
Figure. 06 Cracked Specimen of Longitudinal 

Reinforcement (ρ %) =1 & M50 (Length 24.2cm) 
 

  
Figure. 07 Normal Stress a/d =1 

 

 
Figure. 08 Equivalent Stress a/d =1 
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Figure. 09 Shear Stress at Ratio a/d =2 

 

 
Figure. 10 Equivalent Stress a/d =2 

 
III. RESULTS 

 
 Effects of Loads on HSC Beam with Various a/d Ratio 
 
Table No. 05 and Graph. 01 shows the results of deflection for 
M50. 
 

Table No. 05 Load v/s Deflection for M50 

 
 

 
Graph. 01 Load v/s Deflection for M50 

 
Table No. 06 and Graph. 02 shows the results of deflection for 
M60. 
 

Table No. 06 Load v/s Deflection for M60 

 
 

 
Graph. 02 Load v/s Deflection for M60 
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Calculation of shear stress by ANSYS and by new empirical 
equation 
 

Table No. 08 and Graph. 04 shows the results error of 
shear stress values for M50 by ANSYS software and by new 
empirical equation for a/d = 1, 1.5, 2, 2.5. It showed that 
values of shear stress with% error are varying; (i.e. 
2.531792%, -0.035587%, - 3.010753%, 0.542636%, 
respectively). 

 
Negative indicates decreasing values. 
 

Table No. 08 Shear Stress (N/mm2) for M50 with 
% error 

 
 

 
 

Table No. 09 and Graph. 05 shows the results error of 
shear stress values for M60 by ANSYS software and by new 
empirical equation for a/d = 1, 1.5, 2, 2.5. It showed that 
values of shear stress with % error are varying; (i.e. 
2.500000%, 0.280374%, - 1.909722%, -0.168350%, 
respectively). 

 
Negative indicates decreasing values. 
 

Table No. 09 Shear Stress (N/mm2) for M60 with 
% error 

 
 

 
Graph. 05 Values of Shear Stress (N/mm2) for Grade M50 
 
 Effects on various beam specimen’s length with crack 

length values 
 

Table No. 10 shows the results of crack length in 
various specimens. It showed that length decreased. 
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 Determination of Fracture Toughness of Beams  
 

Table No.10 and Graph. 06 shows the results of 
fracture toughness of beams for M50 and M60 grade concrete 
calculated by using Griffith Irwin’s equation. 
 
Table No. 10 Stress Intensity Factor of M50 & M60 Grade 

Specimens 

 
 

 
Graph. 06 Fracture Toughness Factor (K) v/s a/d ratio 

 
IV. DISCUSSION ON TEST RESULTS 

 
The test results are discussed under different 

categories as follows, 
 

 Effects of loads on HSC Beam with various a/d ratio 
 

An increasing in the load was observed with an 
increasing in deflection for M50 and M60. It is due to 
the shear span to depth ratio (a/d). 
 

 Calculation of shear stress by ANSYS and by new 
empirical equation 
 

An increasing in the shear span to depth ratio (a/d) 
was observed with a decreasing shear stress of HSC. 

It is due to the ANSYS software. It is also due to the 
new empirical equation 
 

 Effects on various beam specimen’s length with cracked 
length values 
 

A decreasing in the length of beam was observed 
with change with various beam specimens. It is due 
to the various loads. 
 

 Determination of Fracture Toughness Factor of Beams 
Fracture toughness factor of beams varies with the 
various beam specimens. It is due to the shear span to 
depth ratio (a/d). 

 
V. CONCLUSION 

 
Based on the results of this experimental 

investigation, the following conclusions are drawn 
 

 The load increases in interval of 5000KN as the deflection 
increased for a/d = 1, ,1.5, 2, 2.5. 

Hence, it is recommended that increase in deflection 
for various a/d ratio is beneficial. 

 The shear stress for HSC reduced or increase by varying 
% error (i.e. for M50 = 2.531792%,-0.035587%, -
3.010753%, 0.542636%; and for 
M60 = 2.500000%, 0.280374%, -1.909722%, 
-0.168350%) as the 50% shear span to depth ratio (a/d = 
1, 1.5, 2, 2.5, respectively) increased. 

Hence, it is recommended that variation in shear 
stress for HSC with a/d ratio is beneficial. 

 The length reduced as cracked length for M50 and M60 as 
the change with various beam specimens. 

Hence, it is recommended that cracked length for 
shear stress for HSC is beneficial. 

 The shear span to depth ratio (a/d = 1, 1.5, 2, 2.5) 
increased by 50% interval as the fracture tough- ness 
factor of beams varies for various beam spec- imens. 

Hence, it is recommended that beam specimen 
variation is beneficial for fracture toughness factor. 
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