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Abstract— To prevent the casualties and collapse of
structures caused due to earthquake load, it is important to
design the safe structure which will sustain under the worse
load combination. Most of the structure designed as per the
current code of design is found to be very critical near the
joint core under the action of seismic loading resulting in
yielding of material. This paper deals with the simulation of
one-third exterior joint by using ANSYS. One model as per
conventional way of practice in India by using IS 13920-
1993 and other two model were provided with cross bars at
joint core. The seismic time-history record of EIl-Centro
E_ 11360 used to find the response of three models in terms
displacement, acceleration & vyield stress of joint. The
comparison indicated the use of 6mm cross bars at joint core
serve well in terms of parameters mentioned as compare to
the conventional way of design of joint.
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I. INTRODUCTION

Recent decades broad examination has been done on
concentrating on the conduct of joints under seismic
conditions through test and diagnostic studies.. It is
generally recognized that joints can be critical regions in
reinforced concrete frames designed for inelastic response to
severe seismic attack.

The different types of joints classified in structural
frame member such as exterior, interior & corner joint. The
basic requirement of design is that the joint must be stronger
than the adjoining beam or column member. The past
research indicated, most of the framed structures are not as
ductile as it is required under the severe seismic load. Every
structural engineer must design the structure in such a
fashion that the structure should not collapse under the
worse loading combination. A few overviews completed in
the fallout of significant late seismic tremors have
demonstrated that joints speak to one of the principle
wellsprings of powerlessness in existing fortified cement
(RC) developments. The present work is mainly focused on
to check the response of joint for displacement, yield, strain
and crack pattern by addition of cross bars at joint core of
various diameters. In order to minimize the cracking of
concrete which occurs due to severe seismic load, a cross
diagonal bars of different diameters are provided at joint
core and analyzed in ANSY'S. From research it is cleared the
ANSYS can be used as an analytical tool to model the joints
in least time and resources.

Under the action of gravity loads, the response of
joints is not so complex when compare to time-dependent
varying loads. ANSYS is the most suitable tool to
understand the complex pattern of time-varying load with
least time. It offers a comprehensive product solution for
structural linear/nonlinear and dynamic analysis. ANSYS

offers a complete set of elements behavior, material models
and equation solvers for a wide range of engineering
problems. A sound technical knowledge of dynamic is must
to achieve it. In ANSYS, to carry out the dynamic analysis
various options are available such as

1) Modal Analysis

2) Spectrum Analysis

3) Transient Analysis

4) Harmonic Analysis

A transient analysis is suitable option for time-

history analysis. In the case of transient analyses, ground
acceleration—time history data are used for seismic analysis.
ANSYS may be used to implement step by step
acceleration-time history data as input but it is not so easy to
achieve it. For the seismic analysis in ANSYS-APDL a
particular tool is not available. To achieve the seismic
analysis ANSeismic program is developed with the help of
matlab. Thus the response of acceleration-time history can
be easily sorted out by combination of ANSeismic &
ANSYS.

Il. LITERATURE REVIEW

In past two decades a lot of research is carried out to
understand the phenomenon of joints under the worse
loading combination. A lot of experiment is done on
different types of joints to make amendment in the design of
joint so that it can sustain under the worst loads. But the
experimental setup is quite expensive and time consuming
as compare to modern software tools like ANSYS whose
accuracy depends upon the input parameters provided while
modeling.

A behavior of exterior joint with addition of headed
bars at joint core shows a better solution for energy
dissipation under the action of gravity loads [1]. But the
research was restricted to gravity loads only. The work was
carried out experimentally for exterior joint.

Fig. 1: Experimental Setup for Exterior Joint. [1]
The results in [1] indicated the addition of cross
bars in joint region results in increase of shear stress
carrying capacity. The whole work [1] was based on M30
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grade of concrete. With the help of IS 13920-1993 and non-
conventional model the comparison were done.

Finite element modeling of reinforced joint by using
ANSYS [2], indicated the use of cross bars of size 8mm in
beam region provide better performance as compare to 6mm
bars in beam region. The loading considered in this research
were the monotonic loading. The research was not done on
seismic loading for the same model prepared in ANSYS.
Both the linear as well as non-linear material properties
were taken into consideration for concrete & reinforcement.
For concrete element solidé5 and for reinforcement element
link-spar8 was used. The effects of time-history analysis
were not performed in the research [2].

A high-strength fiber reinforced joint modeling [3],
indicated the results obtained from ANSYS program are in
good agreement with the experimental results. Therefore,
the analytical modeling can be done in case of lack of
experimental setup & expense. The main intention of
research was only on the volume fraction to be added in
concrete with different element in ANSYS. In paper [4], the
research was based on to understand the response of joint
when wrapped with GFRP in ANSYS. The results [4]
indicated the wrapping of GFRP to joint portion increases
the efficiency up to 37% when the joint were unwrapped. In
this research [4] the concrete was modeled using Solid 65
element & reinforcement by Link 180. The whole analysis
was done for static-steady loading condition by application
of lateral load for generating the moment.

ANSesimic program developed to incorporate the
ANSYS for finding the response of structure under the
action of seismic time-history data [5]. In this work of
research the program is developed with the help of mat lab
& Simulink user community. This program linked with the
PEER strong ground motion database system to download
the ground acceleration-time history data which is used for
seismic analysis in ANSYS.

I11. MODELLING IN ANSYS

ANSYS is one of the better options to find the exact
response of structure with least time & resources. The main
thing in ANSY'S is the sound technical knowledge for the
user to be friendly with ANSYS. For the present work of
study, for modeling the concrete element Solid 65 available
in ANSYS library is used. For reinforcement element Link
180 is used.

In the present work, concentric exterior joint is
modeled to find the response under the action of
acceleration-time history data. For this work three model
were prepared as given below;

1) Conventional model as per IS 13920-1993

2) Cross bars in joint of 6mm size

3) Cross bars in joint of 8mm size
Geometrical properties for all three models remain the same.
The geometrical properties are as.

Size of Size of Length of Height of
Column Beam Beam Column
0.2X0.3 M 0.2X0.3 M 1.0M 20M
Table 1:

Reinforcement details in all three model remains
the same except the cross bars of 6.0mm & 8.0mm cross
bars near the joint region. Reinforcement details are as per

the 1S-456-200 & detailing as per the 1S-13920-1993.
Reinforcement details are shown as:

Beam Main Bars= 4# of 12mm @

Beam & Column Stirrups Spacing= 75mm near joint region
& 100mm at further end of beam from joint region.

Beam Stirrup & Column Stirrups= 6mm @

Column Main Bars = 6# 12 mm ®.

Modeling of joint can be done before input of any
element type or material properties with the help of volume
command in ANSYS. It is preferred to input all data before
modeling of joint section. In present research work M25
grade of concrete is used.

For concrete mechanical properties as;

E =2.5x10e10 N/m?, p=0.15, p = 2500kg /m®.

Multi-linear properties as;

Shear transfer for open crack is taken as 0.2;

Shear transfer for closed crack is taken as 0.9;

Uniaxial cracking stress =3.5 x 10+06 N/m?

The concrete solid65 element is allowed to crack. The
stress-strain curve taken as;

MISC Table Preview

Fig. 2: Stress-Strain Curve for M25 Grade Concrete
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Fig. 3: Indicates Solid65- 3D Concrete Solid [6]

This element used to model the concrete. It has 8 nodes with
3 degrees of freedom at each node i.e. translation in X,y & z
directions with no rotation. Solid65 element is capable of
cracking & crushing under the action of tension &
compression. Cracking is shown with a circle outline in the
plane of the crack, and crushing is shown with an
octahedron outline. Finally, if more than one integration
point has cracked, the circle outline at the element centroid
shows the average orientation of all cracked planes for that
element. For non-linear analysis the multi-linear properties
are required to be as input in material properties. For linear
material behavior it requires to provide the young’s modulus
& poison’s ratio.
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B. Element Link 180

This element in ANSYSS library used for modeling the steel
reinforcement. It consist of 2 nodes with three degress of
translation in the nodal x,y& z direction. Creep,large strain
& large deflection capabilities are included. For the present
work, the modulus of elasticity is taken= 2.10x10e+11
N/m?,
u=0.3 & p=7850 kg /m®

Once the complete input data filed as per the
requirement the model is created with volume command.
Meshing is one of the important aspect in ANSYS in order
to obtain a desired results. After number of trials in the
current work, 25mm meshing is fixed for all three models.
Reinforement are developed with the help of nodes of
solid65. These nodes acts as unit for both the elements. It is
assumed in the work, the bond between the concrete and
steel element remains the perfect.
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Fig. 4: Meshing of Solid65 Element
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Fig. 5: Reinforcement With Cross Bars
In these models, the bottom portion is constrained
in all three directions while the top portion of the column is
constrained in only two directions Uy & UZ.

IV. ACCELERATION-TIME HISTORY ANALYSIS IN ANSYS

Although ANSYS may be used to implement step by step
procedure for time-history analysis, but it’s not easy to
achieve it from user interface. From the previous research it
is clear that a particular tool is not available in ANSYS.

To execute the seismic analysis in ANSYS
program developed called as ANSeismic. In carrying out the
time-history analysis one thing which is important to be
remember is density of materials. Without the density of
materials the solve command cannot be executed. It will
results in error file in output window. In order to implement
a seismic analysis through ANSY'S a chart developed which
guide the user to carry out the work successfully. It is given

as;
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Fig. 6: Flowchart for Seismic Analysis in ANSYS [5]

In the present research work, ANSeismic program
is used to develop the acceleration-time data via PEER
strong ground base motion. The EI-Centro is used for
seismic analysis in ANSYS whose time period is taken as
7sec. The maximum peak ground acceleration in this
earthquake occurs at 0.44sec of about -0.31g. In ANSYS,
time history analysis requires a lot of time depending on the
time step size. So in order to reduce the time of processing,
the time step size is taken as 0.01 sec in present work and
total time of earthquake is 7sec.

V. RESULTS

Comparison on parameters such as displacement,
acceleration, and yield stress for the models is done in order
to know the significance of non-conventional model.

The results for time-displacement variation are;,
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Fig. 8: Time Vs. Displacement Curve
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The time-displacement curve indicates the impact

of 6 mm cross bars in reducing the displacement is effective,
while the 8 mm cross bars in joint region indicates a similar
pattern as that of 6 mm cross bars. Only 1-2 % reduction in
displacement between the 6 mm & 8 mm cross bars.

The results for time-acceleration variation are;
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Fig. 9: Time Vs. Acceleration Curve
The results for time-yield stress variation are;
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Fig. 10: Time Vs. Yield Stress Curve

VI. CONCLUSION

From the results obtained on seismic analysis indicates
the addition of cross bar of 6 mm diameter reduces the
displacement nearly 8-10% in comparison to
conventional 1S-13920-1993 model.

The cross bars of 6 mm diameter at the joint region
reduces the peak acceleration to 0.63g which is quite
less than conventional 1S-13920 model acceleration of
0.73g at 6.43 sec.

Acceleration reduces to nearly 9-13% in cross bar
model of 6 mm diameter.

Due to addition of cross bars in joint region also help in
reducing the yield stress in the steel nearly 10-12% as
compare to 1S-13920 model.

In acceleration-time analysis, it is better to provide the
cross bars in exterior joint in order to minimize the
failure of joint due to excessive shearing stress and
yielding of materials.
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