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Abstract
Recent trends of structural mechanics applications in finite
element analysis demonstrate an increasing demand for
efficient analysis tools. This paper presents finite element
analysis for modeling T-beams structure used in building
service system (mechanical, electrical, communications, and
plumbing). The experimental program reported in this paper
tested T-beams to failure effect on various beam behaviors.
Using ANSYS, finite element models were developed to simulate
beam deflection behavior. In reality, uncertainties exist in a
system and environment that may make the application of
deterministic design unreliable which causes the values of the
variables that are acting on the system cannot be predicted with
certainty. From the analysis results, it was observed that the
changes in prestressing force, elastic modulus of prestressing
steel, ultimate tensile strength of prestressing steel and beam
width tend to be the most influencing parameters, which need to
be tightly controlled.
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1.INTRODUCTION
Reinforced concrete structures are largely employed in
engineering practice in a variety of situations and
applications. In most cases these structures are designed
following simplified procedures based on experimental
data. Although traditional empirical methods remain
adequate for ordinary design of reinforced concrete
members, the wide dissemination of computers and the
development of the finite element method have provided
means for analysis of much more complex systems in a
much more realistic way. The main obstacle to finite
element analysis of reinforced concrete structures is the
difficulty in characterizing the material properties. Much
effort has been spent in search of a realistic model to
predict the behaviour of reinforced concrete structures.
Due mainly to the complexity of the composite nature of
the material, proper modelling of such structures is a
challenging task. Despite the great advances achieved in
the fields of plasticity, damage theory and fracture
mechanics, among others, an unique and complete
constitutive model for reinforced concrete is still lacking.
The shear failures in reinforced concrete (RC) structures
are highly brittle when compared with the flexural failures.
The addition of chopped steel fibers in the concrete matrix
is effective in mitigating the brittle failures of RC
structures. The addition of fibers in the matrix improves
the strength and post cracking tensile stiffness of the
concrete. The chopped fibers induce confinement effect in
concrete matrix, which contributes to the increase in the
strength characteristics of concrete. The toughening
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mechanisms, such as, fiber pullout, fiber bridging or fiber
fracture at crack interface improves the post cracking
tensile stiffness of the matrix. Thus, the presence of fibers
increases the strength and results in a relatively ductile
type of failure of RC beams. In the literature, the modeling
of various effects due to the addition of fibers in RC
structures has not been attempted extensively .The present
study addresses this lacunae and reports the details of the
finite element analysis of eleven shear critical partially
prestressed concrete T-beams having steel fibers over
partial or full depth. The finite element (FE) analysis of the
T-beams has been carried out in the ‘ANSYS’ program.
The predicted results, namely, loads, deflections and
cracking behavior using the ‘ANSYS’ model have been
compared with the corresponding test data
1.1 Objective
The purpose of this paper is to provide analytical data on
the response of beams. The analytical program aimed at
raising the strength of the shear deficient beams to that of
the fully strengthened for beams. The analysis aimed at
understanding the best wrapping style for retrofitting the
deficient beams. The objective of this investigation is to
study the effectiveness of increasing the flexural strength
of concrete beams. The objective is achieved by
conducting the following tasks:






Flexural testing of concrete beams
Calculating the effect of the flexural strength.
Evaluating the failure modes
Developing an analytical procedure to calculate
the flexural strength of concrete beams.
Comparing the two different experimental and
analytical results.

In the scope of the present study to FEM modelling of the
control beam under the static point loads have been
analyzed using ANSYS software and the results so
obtained have been compared to available result from the
work done. Finally, comparison between the analytical
results and experimental results the salient conclusion and
recommendations of the present study
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2.METHODOLOGY
Figure.1 shows methodology adopted in this study
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Method attention is mainly developed to the formulation of
properties of the constituent elements.
3.2 Element Types
Selection of proper element types is another important part
in Finite Element Analysis. For composite beams, the C-R
steel sheet trough and braces were modeled by using
SHELL 63 element in ANSYS. The Concrete
portion was modeled by using a special element developed
particularly for Concrete by ANSYS, SOLID 65 element.
The stud connectors and reinforcement were modeled by
using LINK 8 Element. SOLID 45 elements were used to
model the steel plates provided at support and loading
points.

Figure.1 Methodology

3. ABOUT SOFTWARE
3.1.Finite Element Modelling
ANSYS computer program has been used for the finite
element modeling. SOLID65 element is used to model the
plain concrete material, since it has a capability of both
cracking in tension and crushing in compression. The
Finite Element Method (FEM) is a numerical analysis for
obtaining approximate solutions to a wide variety of
engineering problems. This has developed simultaneously
with the increasing use of high-speed electronic digital
computers and with the growing emphasis on numerical
methods for engineering analysis.
3.1.1 General Description Of The FEM
The basic concept behind FEM is that a body or structure
is divided into smaller elements of finite dimensions called
„finite elements . The original structure is then considered
as an assemblage of these elements at a finite number of
joints called „nodes . The properties of the elements are
formulated and combined to obtain the solution for the
entire structure. The shape functions are chosen to
approximate the variation of displacement within an
element in terms of displacement at the nodes of the
element. The strains and stresses within an element will
also be expressed in terms of the nodal displacement. The
principle of virtual displacement is used to derive the
equations of equilibrium for the element and the nodal
displacement will be the unknowns in the equations. The
boundary conditions are imposed and the equations of
equilibrium are solved for the nodal displacement. From
the values of the nodal displacement for each element, the
stresses and strains are evaluated using the element
properties. Thus instead of solving the problem for the
entire structure in one operation, in this Finite Element
Volume 6, Issue 3, May – June 2017

SOLID65 element is defined by 8 nodes with three degrees
of freedom at each node; translations in the nodal x, y, and
z directions. The element material is assumed to be
initially isotropic. The most important aspect of this
element is the treatment of nonlinear material properties,
where concrete is capable of directional cracking and
crushing besides incorporating plastic and creep behavior.
The LINK8 element used to model the reinforcing steel
bar. It is a uniaxial tension-compression member that can
include nonlinear material properties. The element
comprises two nodes with three degree of freedom at each
one. The elastic-perfectly plastic representation is assumed
for the reinforcing steel bars. The SOLID46 layered
structural solid element is used to model the CFRP
materials. The element comprises 8 nodes with three
degree of freedom at each node. The element material is
assumed to be orthotropic and no slippage is assumed
between the element layers (perfect interlaminate bond).
Whereas, CFRP sheets are brittle materials, the stressstrain relationship is roughly linear up to failure.
Consequently, in this study it is assumed that the stressstrain relationships for the CFRP laminates are linearly
elastic.
3.3 Material Properties
From the experiments conducted, the following values are
found out and listed.
 Compressive strength of concrete cubes
 Yield stress of C-R steel sheet
 Yield stress of reinforcing bars.
Coupon tests are done in order to determine the yield stress
and modulus of elasticity of C-R sheet and reinforcing
bars.

4.EXPERIMENTAL PROGRAMME
The experimental program was designed to investigate the
failure behavior of T-beams under static loading
conditions. Testing was intended to evaluate the flexural
strength. Therefore, all beams were designed such that
shear strength exceeded flexural strength. Accordingly,
flexural failure was expected.The materials used, design
and fabrication of T beams are described below. The
experimental program was carried out at the Hume
Concrete Product Research Centre (HCPRC) and Tenaga
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Nasional Research Berhad (TNBR) for testing facilities
and analysis assistance of prestressed beam with web
openings.
4.1 Materials
The average 28 days concrete cube strength in compression
was 55 MPa for all four beams, as evaluated by tests on
three cubes specimens for each beam. The prestressing
steel and shear reinforcement location in the prestressed
concrete beams. Straight, 3 show the prestressing steel and
shear reinforcement location in the prestressed concrete
beams. Straight, bonded, seven-wired super high tensile
strand with 12.9 mm diameter were used as prestressing
tendons, with ultimate strength of 1,860 MPa. The stirrups
for shear reinforcement were made from 10 mm rebars
with minimum specified yield strength of 250 N/mm2.The
elastic modulus of the prestressing steel is taken as 195
103 N/mm2. Figure 4 shows the fabricated prestressed
beams used in the test program.
4.1.1 Testing Set-Up
All tests were conducted with a close loop hydraulic servocontrolled MTS testing system. The 360 KN jack was
capable of both displacement and load control for
monotonic or cyclic loading. A four-point loading scheme,
with an effective span of 4,000 mm and a distance of 1,200
mm between the loads points was used to limit the
presence of shear stress in the mid-span zone.
4.1.2 Finite Element Models:
In this study, the finite element analysis of the model was
set up to examine three different behaviors: initial cracking
of the beam, yielding of the steel reinforcement, and the
strength limit state of the beam. The Newton-Raphson
method of analysis was used to compute the nonlinear
response. The application of the loads up to failure was
done incrementally as required by the Newton-Raphson
procedure. After each load increment was applied, the
restart option was used to go to the next step after
convergence. The two convergence criteria used for the
analysis were force and displacement.
4.1.3 Element Types
Concrete part was modeled using a three dimensional solid
element, SOLID65, which has the material model to
predict the failure of brittle elements. SOLID65 is defined
with eight nodes each with three degrees of freedom:
translations in nodal x, y and z directions. This element is
capable of cracking in tension and crushing in
compression. Plastic deformation and creep can also be
captured. The cracking is determined by the criterion of
maximum tensile stress, called `tension cutoff `. Concrete
crushes when the compressive principal stress (Von Mises
stress) on the failure surface surpasses the Willam-Warnke
failure criterion dependent on five materials parameters .
The SOLID 45 element was used for the supports for the
beam. This element has eight nodes with three degrees of
freedom at each node with translations in the nodal x, y
and z directions. To simulate the behaviors of prestressing
steel, a truss element, LINK8, were used to withstand the
Volume 6, Issue 3, May – June 2017
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initial strain attributed to prestressing forces, by assuming
perfect bond between these elements and concrete. LINK8
requires users to input `real constants` to define
reinforcement geometry, material behavior, and
prestressing strain. Note that this truss element cannot
resist neither bending moments nor shear forces. The
descriptions for each element type were laid out in the
ANSYS element library
4.2 Material Properties
4.2.1concrete
The SOLID65 element requires linear isotropic and multilinear isotropic materials properties to properly model
concrete. Concrete is a quasi-brittle material and has very
different behaviors in compression and tension. The tensile
strength of concrete is typically 8-15% of the compressive
strength.
In tension, the stress-strain curve for concrete is assumed
to be linearly elastic up to the ultimate tensile Poisson`s
ration for concrete was assumed to be 0.3 and was used for
all beams. The value of a shear transfer coefficient,
representing conditions of the crack face, used in many
studies of reinforced concrete structures varied between
0.05 and 0.25.The shear transfer coefficient used in this
study is equal to 0.2. Steel reinforcement and prestrssing
steel:
Steel reinforcement in the experiment beams was
constructed with typical steel reinforcing bars fy = 1000
MPa.
Elastic modulus and yield stress for the steel reinforcement
used in this FEM study follow the design material
properties used for the experimental investigation. The
steel for the finite element models is assumed to be an
elastic-perfectly plastic material and identical in tension
and compression. A Poisson`s ratio of 0.3 is used for the
steel reinforcement.
The SOLID 45 element is being used for supports on the
beam. Therefore, this element is modeled as linear
isotropic element with a modulus of elasticity for the steel
Es = 1000 MPa and Poisson`s ratio v = 0.3. The LINK8
element is being used for all the steel reinforcement in the
beam and it is assumed to be bilinear isotropic. Bilinear
isotropic material was also based on the Von Mises failure
criteria.

5.RESULTS
5.1 FE Analysis of the T-beams using the ‘ANSYS’
The partially prestressed concrete T-beams have been
analyzed using the ANSYS. The ‘ANSYS’ model accounts
for the nonlinearity, such as, bond-slip of longitudinal
reinforcement, post-cracking tensile stiffness of the
concrete, stress transfer across the cracked blocks of the
concrete, load sustenance through the bridging action of
steel fibers at crack interface and yielding of
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reinforcement. The analysis was carried out in stages using
Newton-Raphson technique.
5.2 With Reinforcement

Figure.5. Strain

Figure.2 Deformation
Figure.2 shows Deformation. Figure.3. shows Meshed.
Figure.4. shows Imported. Figure.5. shows Strain.
Figure.6. shows Stress.

Figure.6.Stress
5.3 ANSYS Report

Figure.3. Meshed

Figure.4. Imported
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Figure.7.Ansys report
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Figure.7. shows Ansys report. Figure.8.shows Ansys report

Figure.10 Imported

Figure.8.Ansys report
5.4 Without Reinforcement
Figure.9 shows Deformation. Figure.10 shows Imported
Figure.11 shows Meshed. Figure.12 shows
Strain
Figure.13 shows Stress

Figure.11 Meshed

Figure.9 Deformation

Volume 6, Issue 3, May – June 2017

Figure.12 Strain
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Figure.13 Stress
5.5Ansys report
Ansys result shown in Figure.14 & Figure.15

Figure.15. Ansys result

6.CONCLUSION
Based on results of prestressed beams with the
corresponding experimental data, following conclusions
were drawn.

The predicted load in of T-beams at various
stages was found to be in good agreement with
the test data.

The proposed model predicted slightly softer
results in post-cracking regime of the loaddeflection response of T-beams. This variation
is due to the difference in the bond-slip model of
reinforcement used in the analysis when
compared with that present in the test.

The ‘ANSYS’ model correctly predicted the
diagonal tension failure and shear compression
failure of prestressed concrete beams observed
in the experiment.

It is expected that the modeling strategy for the
finite element analysis proposed in this study
will be used for designing/ analyzing SFRC
members.

Figure.14. Ansys result
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