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Abstract- In structural analysis, especially in indeterminate structures, it becomes essential to know material and initial guess of geomet-
rical properties of members. The codal provisions recommend elastic properties of concrete and steel separately. However the same prop-
erties in combination are not yet defined. There are various parameters which influence elastic properties of RCC as one material. Present 
paper is an attempt to determine the elastic properties of reinforced cement concrete beam using finite element approach. Non-linear be-
havior of RC beam is considered in analytical model of beam. The beam models used are of size 150x150x700mm with varying percentage 
of reinforcement ranging from 0.54% to 1.21% for M20 and M25 grades of concrete. The experimental investigation is also carried out for the 

same size models and the results are compared with FE analysis by ANSYS-12.  
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Introduction 

In order to get realistic behavior of RC material analytically, a lot of 
combinations are required in modeling the beam by ANSYS [1]. 
The various parameters which oversee the highly accurate non-
linear behavior of RC beam are invention of reinforcement in con-
crete, constitutive properties of concrete, mesh density, combina-
tion of boundary conditions for supports and symmetric planes, 
sculpting of loading and support areas, influence of shear rein-
forcement on flexural behaviour, effect of convergence criteria, 
effect of percentage of reinforcement and many others. Three dif-
ferent uniaxial constituents accomplished of tension and compres-
sion only, could be cast-off as a smeared reinforcement, each one 
in any direction [2]. But it has been observed that for tension rein-
forcement, finite element meshes with discrete reinforcement are 
more realistic. The results of the present study are verified with the 

experimental results. 

Analytical Model 

The realistic and practical modeling of steel and surrounded con-
crete is one of the most challenging problems in structural analysis. 
Such a modeling is unavoidable in studying structural behavior. 
The grades of concrete selected in the present study are M20 and 
M25. For concrete, the element used is SOLID65. The element is 
defined by eight nodes having three degrees of freedom at each 
node i.e. translation in x, y and z directions. This element is a high-
ly non-linear element and specifically used for materials like con-

crete and it takes into account cracking in three orthogonal direc-
tions due to tension, compression and plastic deformation. Strain 
ratio between the concrete and steel is supposed to be equal as-
suming perfect bond, therefore it is accepted that there is a unique 
adherence between the concrete and steel [4]. Hence there is no 

element defined between concrete and steel. 

For the main reinforcement and stirrups, LINK8 spar element with 
three degrees of freedom at each node is used. It considers the 
parameters like plasticity, creep, swelling, stress stiffening and 

large deflection.  

It was observed that the region of load and the supports are facing 
a problem of stress concentration. Hence in order to arrest this 
problem, the supports and loading region are modeled with a steel 
block. The element used for this is SOLID45 with three degrees of 
freedom (u, v, w) at each node. This element is treated as a linear 
element which handgrips plasticity, creep, bulge, stress stiffening 

and big deflection.  

The boundary conditions need to be applied at points of symmetry 
and where the supports and loading exist [5]. Taking the advantage 
of symmetry, only one-fourth part of the beam model is considered 
in the analysis. [Fig-1] shows the FE model for concrete. [Fig-2] 

shows FE model for main steel and stirrups. 

The stress-strain curve of the reinforcing bar is assumed to be 

elastic perfectly plastic as shown in [Fig-3] [6].  
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The models used in this analytical investigation for M20 and M25 
grades of concrete are shown in [Table-1] and [Table-2] respective-

ly. 

Fig. 1- FE model for concrete 

Fig. 2- FE model for main steel and stirrups 

Fig. 3- Elastic perfectly plastic model for steel reinforcing bar 

Material Properties 

Specimen shown in [Table-1] and [Table-2] are tested in Universal 
Testing Machine. The force and corresponding deflection are rec-
orded using Load cell and LVDT arrangement. The load-deflection 
graph is plotted for each specimen and modulus of elasticity for 
each specimen is determined from the graph. This modulus of 
elasticity for each specimen is given as input for the FE model. The 

load and deflection are substituted in [Equ-1] and E of RCC is eval-

uated. The values of W and δ are corresponding to first crack 

   

  (1) 

where w= Self-weight of the beam specimen in kN/m, W= Half the 
total load at first crack in kN, I= Moment of inertia of the beam 

cross-section in mm4. 

Table 1- Reinforcement model for M20 grade of concrete 

Table 2- Reinforcement model for M25 grade of concrete  

As it is very well known that concrete is a highly non-linear materi-
al, for accurate modeling in ANSYS-12, there is a provision of multi
-linear isotropic hardening constant (MISO). This property has been 

utilized in this FE model. 

For the main steel, the bilinear kinetic hardening constant (BKIN) 

property has been used. 

Loading and Restraints 

Simply supported beam is chosen for FE model. The support as 
well as the load has been modeled as a steel block shown in [Fig-
1]. The nodes in XY and YZ plane were restrained along Z and X 
axes respectively. Along the length of the steel block on its top 
surface, the center line nodes are given a deflection observed dur-
ing the experiment for each specimen. The load corresponding to 
this deflection is seen in the ANSYS results. It is observed that the 

experimental load and load from ANSYS was nearly the same.  

Results 

ANSYS provided the results like load corresponding to first crack, 
deflection plot of the model, stresses in x, y and z directions. The 
results are verified with the experimental investigation. It is ob-
served that all the results are in close relationship with each other. 
First crack pattern is shown in [Fig-4]. The comparison of the crack 
pattern predicted to that observed in the experimental results indi-
cated that the ANSYS model predicts the zones of critical cracks 
quite accurately [3]. [Fig-5] shows a typical deflection profile for the 

beam specimen. 

All the outcomes are briefed in [Table-3] and [Table-4] as shown. 

For both grades of concrete, graph between modulus of elasticity 

and % of reinforcement is plotted in [Fig-6] and [Fig-7]. 

The equation of the curve is of second degree curve and is of the 

form given by [Equ-2]. 
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Model No. Main Steel % of Reinforcement 

1 Plain Concrete 0 

2 2-8Φ 0.54 

3 2-8Φ + 1-6Φ 0.69 

4 3-8Φ 0.8 

5 2-10Φ 0.84 

Model No. Main Steel % of Reinforcement 

1 Plain Concrete 0.00 

2 2-8Φ 0.54 

3 2-8Φ + 1-6Φ 0.69 

4 3-8Φ 0.80 

5 2-10Φ 0.84 

 2-12Φ 1.21 
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   (2) 

The equation of the curve is of second degree curve and is of the 

form given by [Equ-3]. 

  (3) 

Fig. 4- First crack pattern for model 2 of M25 grade of concrete 

Fig. 5- Deflection profile for model 2 of M25 grade of concrete 

Table 3- ANSYS results for M20 grade of concrete models 

Table 4- ANSYS results for M25 grade of concrete models 

Fig. 6- Modulus of elasticity vs % of reinforcement for M20 grade of 

concrete 

Fig. 7- Modulus of elasticity vs % of reinforcement for M25 grade of 

concrete 

Conclusions 

 The modulus of elasticity of reinforced concrete section in-
creases with the increase in percentage of steel reinforcement 
in the concrete section. The graph plotted between modulus of 
elasticity and the percentage of steel reinforcement becomes 

parabolic.  

 The increase in percentage of steel reinforcement increases 

the flexural rigidity of the beam specimens. 

 The formulae of ERCC are useful for RCC designers to design 
various RC sections. Also these can give idea regarding how to 
bear maximum loads safely by using minimum quantity of steel, 
thus resulting in the reduction of the total cost of construction of 

structures. 

 The software ANSYS is extremely suitable for modeling of 
reinforced concrete beam specimens and gives fairly accurate 
results. Hence the cost of labour, material, testing equipments 

and time can be saved. 
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