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Abstract: Most of the reinforced concrete (RC) structures get damaged during earthquakes and they need
replacements. Presently several studies have been conducted to investigate the flexural strengths of reinforced
concrete members with fiber reinforced composites. This paper presents the finite element analysis of beam
retrofitted with different fiber reinforced polymer (FRP) composite sheets carried out using ANSYS software.
Three RC beams with different FRP composite sheet specimens were modeled using Pro-E software. The first
RC beam wrapped with carbon fiber reinforced polymer (CFRP) sheet, the second with glass fiber reinforced
polymer (GFRP) sheet and the third with Kevlar fiber reinforced polymer (KFRP) sheet. The performances of
the above three retrofitted beams were compared with the controlled specimen and the results are presented
in this paper.
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INTRODUCTION capacity [6-7]. In this research, analysis of the reinforced

In general FRP composite materials have good reinforced polymer (FRP) composite sheets has been
physical and mechanical properties like high strength, carried out by using ANSYS software.
good  damping  capacity, light weight and easy to
fabricate and also high corrosion-resistant. Moreover Model of the Reinforced Concrete Beam
application-wise the composite materials have the Mechanical Properties: The mechanical properties of the
potential of reducing costs in construction, operation and specimen models are given in Table 1. 
development while improving structural reliability and
enhancing safety [1]. Because of these unique Dimensions: Details of Reinforced Concrete Beam
specifications, they are widely used in high technology dimensions  Beam  cross-section  280mm  x  280 mm,
structural applications [2-4]. Length = 3600mm. Longitudinal steel bars: 4 nos. of 10mm

Much fiber reinforced polymer sheets are  available diameter each, FRP has 6mm thick each.
in the market for strengthening reinforced concrete
structures [5]. The carbon fiber composites are the
frequently used system by many researchers and also this
retrofitting method finds wide field applications. All the
three fibers used in this research has unique advantages.
Carbon fibers known for their high tensile strength, glass
fibers for their relatively low modulus of elasticity and
low-cost and the Kevlar fibers for their high damping

concrete beam retrofitted with the above-mentioned fiber

Table 1: Mechanical properties of RC Beam and FRP materials

Sl. no Material Young’s Modulus(E) in GPa Poisson’s ratio

1 Concrete 26 0.15
2. Steel 200 0.30
3 CFRP 230 0.20
4. GFRP 80 0.22
5. KFRP 130 0.35
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Fig. 1: RC Beam retrofitted with FRP part model

Fig. 2: RC Beam retrofitted with FRP part model imported to ANSYS

Fig. 3: SOLID65 Element

Fig. 4: SHELL45 Element
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The model of the beam retrofitted with FRP was crack, dowel action of the reinforcing steel crossing a
created by Pro-E modeling software and this model was crack,  etc.  Composite  layered concrete being a
imported to ANSYS. The model was created using solid 65 composite  material  by  itself.  Numerical  modeling  of
elements for concrete, the steel bar was modeled using this is still an active area of research. Nonlinear finite
link eight element and the FRP was modeled using solid 45 element  analysis  based  on advanced constitutive
elements. Then meshing was done for the created models. models can be used well for the simulation of composite

Finite Element Analysis: Finite element analysis is a robust tool for checking the performance of concrete
numerical method for analyzing complex structural and structures in design and development. Such simulation
thermal problems. Like homogeneous materials, can be regarded as virtual testing and can be used to
Composite materials can also be analyzed using Pre- and confirm  and  support the structural solutions with
post-processor facilities of ANSYS to study its behavior complex  details  and  also serve to find an optimal and
under different load conditions. cost effective design solution. Hence, the aim of the

The displacements of the concrete structures are present  study  is  to  conduct a  finite  element analysis
small compared to the dimensions of the structure and for  the  nonlinear  analysis  of  composite layered
hence in the present study geometric nonlinearity is concrete through elastic, inelastic, cracking and ultimate
neglected. Since the concrete is a non-homogeneous load ranges. This chapter describes in detail the finite
material and behaves linearly over a small percentage of element simulation of the composite layered concrete
its strength, material nonlinearity is considered [8- 10]. beam [13].
Nonlinear finite element analysis is a powerful tool in
determining the internal stress, strain distribution in Element Used for Discretizing Concrete: SOLID65 is
concrete structures. With the aid of nonlinear finite used for the 3-D modeling of solids with or without
element analysis, it is possible to study the behavior of reinforcing bars. The solid is capable of cracking in
composite layered concrete structures up to the ultimate tension and crushing in compression.
load range. This leads to the optimum design of the
concrete structures [11-12]. Element Used for Discretising FRP: SHELL 45 has both

The load - deformation relationships can be used to bending and membrane capabilities. Both in-plane and
forecast the behavior of the structures pragmatically. normal loads are permitted.
Nonlinear analysis gives enhanced data of serviceability
and ultimate strength. The computational time and RESULTS AND DISCUSSION
solution costs of nonlinear analysis are extremely high
compared to linear analysis. Hence, the technique should Both ends fixed FRP-strengthened reinforced
be as efficient as possible and the numerical method concrete beam with the uniformly distributed load of
adopted should reduce the computational requirements. 5KN/m was applied at a regular interval. It is used to
The  finite  element analysis is adopted with the different analyze the strength and deflection of the RC beam
material nonlinearities such as stress-strain behavior of retrofitted with different FRP sheets using finite element
concrete,  cracking  of  concrete,  aggregate interlock at a method.

layered concrete Structures. Computer simulation is a

Fig. 5: Finite Element Mesh of RC Beam with FRP
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Fig. 6: Finite Element Nodes of RC Beam with FRP

Fig. 7: Load Condition for RC Beam with FRP

Fig. 8: Deflection of the of RC Beam with FRP
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Fig. 9: Nodal von-mises Stress of the Beam

Fig. 10: Nodal von-mises Strain of the Beam

Fig. 11: Stress-Strain plot for FRP-strengthened beam resulted from the FE analysis
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Fig. 12: Load-deflection plot for FRP-strengthened beam resulted from the FE analysis

According to the above sample details, the stress, 4. Schubbe, J.J. and S. Mall, 1999. Investigation of a
strain and deflection of the FRP-Strengthened beam can cracked thick aluminum panel repaired with a bonded
be plotted as follows. The performance of the RC beam. composite patch. Engineering Fracture Mechanics,
Specimen was compared to different FRP wrapped beam 63: 305-323.
specimens [14]. 5. Choudhary, S.S. and V.B. Tungikar, 2011. A simple

CONCLUSION plates, International Journal of Engineering Science

From the analysis of RC beam retrofitted with 6. Saadatmanesh, H. and M.R. Ehsani, 1991. RC beams
different FRP sheets the following conclusions were strengthened with GRFP plates, I: Experimental study,
obtained. Journal of Structural Engineering, 117(11): 3417-3333.

When the RC beam is wrapped with carbon fiber beams strengthened with FRP Plates II: analysis and
reinforced polymer (CFRP), the deflection of the beam parametric study, Journal of Structural Engineering,
is 73% minimized. 117(11): 3434-3455.
When wrapped with glass fiber reinforced polymer 8. Nanni, A., 1993. Flexural behavior and design of RC
(GFRP), the deflection of the beam is 65% minimized. members using FRP reinforcement, Journal of
When wrapped with Kevlar fiber reinforced polymer Structural Engineering, 119(11): 3344-3359.
(KFRP), the deflection of the beam is 60% minimized 9. Saadatmanesh, H. and M.R. Ehsani, 1991. Repair of
compared to the RC beam specimen. earthquake damaged R/C columns with FRP wraps,
The load carrying capacity of the RC beam retrofitted ACI Structures Journal, 94(2): 206-215.
with different FRP is more than the RC beam 10. Sharif,   A.,    G.J.    Al-Sulaimani,   I.A.  Basunbul,
specimen. M.H Baluch and B.N. Ghaleb, 1994. Strengthening of
It can be concluded that the strength of the RC beam initially loaded reinforced concrete beams using FRP
is increased by retrofitting with fiber reinforced plates, ACI Structures Journal, 91(2): 160-167.
polymers. 11. Chajes,    M.J.,      T.F.     Januszka,     D.R.   Mertz,
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