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In the seismic design of structures, important indicators such as stiffness, ductility, as well
as the capability of high energy dissipation, have always been considered by designers.
Extensive studies by researchers showed that these frames have the desired characteristics. In
this type of bracing, the link beam as a fuse keeps the ductility and seismic behavior of the
structure. The philosophy of designing systems with eccentric bracing is to limit inelastic
deformations only in the connection beam. In Iran, the using of EBFs consisting of middle
and side shear link beams is much more common than other eccentrically braced frames. In
this research, at first, a laboratory frame sample was verified by ABAQUS finite element
software. In the following, the seismic performance of a frame sample consisting of a middle
shear link beam was evaluated in comparison with a frame consisting of a side link beam.
The results of the research showed that under the cyclic load, the frame equipped with the
middle link beam has a better energy dissipation capability compared to the frame equipped
with the side link beam. So, the final capacity and lateral elastic stiffness of the frame
consisting of the middle link beam was 240% and 300% higher than the frame consisting of
the side link beam, respectively. Also, in the frame equipped with side link, the maximum
values of Von-Misses stress and equivalent plastic strain were 14% and 131% higher,
respectively, than the frame equipped with middle link. On the other hand, in the frame
equipped with lateral link, the maximum values of stress and strain were concentrated at the
end of the link member and in the vicinity of the column. In other words, the index of
occurrence of damage and as a result failure in the frame consisting of the side link is more
than the frame consisting of the middle link. Based on the obtained results, it can be said that
the frame consisting of the middle link beam has better seismic performance compared to the
frame consisting of the side link beam.
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Introduction
The history of eccentrically braced systems (EBF) dates back to the 60s and 70s. At that time,

the only systems resistant to lateral loads were steel structures with bending-resistant frames
and axial bracing frames. Frames with axial bracing had relatively high stiffness. Their main
weakness was the ability to absorb less energy in the inelastic range. Also, in some cases, they
conflicted with the architectural needs of the plan. The bending-resistant frame systems had
good plasticity. Their main weakness was their low level of stiffness. Design engineers were
always looking for a suitable system that would provide two seismic design indicators
(suitable stiffness and high ductility for proper energy consumption). Frames with eccentric
bracing were proposed as a suitable alternative to frames with axial bracing. These systems
were introduced in 1972 by Fujimoto in Japan. Most of the studies conducted by researchers
have been conducted separately on each type of system with eccentric bracing. In the
meantime, the use of eccentrical frames consisting of double and single braces is much more
common than other eccentric frames. So far, the seismic performance of these two types of
frames has not been compared. The use of a frame with shear link beam is preferable due to
more suitable performance in terms of energy consumption, stiffness, and formability
compared to bending link beams. Based on this, this study aims to investigate the seismic
performance of systems with single eccentric braces compared to systems with double
eccentric braces. ABAQUS nonlinear finite element software was used for this purpose.

Method

Two one-story single-span frames consisting of middle and side shear link beam were
considered. In both systems, the length of the link beam was considered equal to 75 cm and
with shear performance. The specifications of the frames were exactly in accordance with the
test sample of Malik et.al. 2011. Based on this, at first, in order to validate the software, the
frame was modeled in the ABAQUS software. Shell element was used in the modeling of all
the parts except the bases.

Results

From the comparison of the results, it can be seen that the distress index of the indicators
considered in the frame with single brace is more than the frame with a double brace. In other
words, the probability of failure in a frame with a single brace is higher than a frame with a
double brace. Based on this, it can be said that the extent of damage in the frame with a single
brace, due to the proximity of the beam to the column, can be much more than the frame with
a double brace.

Conclusions

The area under the hysteresis curve of the shear force- lateral displacement in the eccentrically
frame with middle link beam was much higher than the frame with side shear link beam. This
indicates the ability to absorb and dissipation more energy of the frame consisting of middle
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shear link beam compared to the frame consisting of a side shear link beam in cyclic loads. The
final capacity and lateral elastic stiffness investigated in this research in the eccentrically frame
with middle link beam were 240% and 300% higher than the frame with side link beam,
respectively. The values of the maximum Fan-Mises stress index and the maximum equivalent
plastic strain index investigated in this study in the frame with a side link beam were 14% and
131% higher than the frame with middle link beam, respectively. In other words, the
probability of damage and failure in the frame with a side link beam (especially due to the
proximity of the beam to the column) is much higher than in the frame with middle link beam.
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