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Fig.1. General flowchart of the research
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Table.3. Properties of the beams’ sections in the studied

frames
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The length of the link beams (cm)

Type of Link Beam
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Shear- Flexural Link 110 110 120
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Table.1. Length of link beams in the studied frames
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Abstract

Studies have shown that conventional concentrically braced frames, despite the fact that they are able to
economically keep displacements within the allowable range using the truss performance, but they do not
have a stable mechanism for energy loss caused by earthquakes, so the seismic performance of these frames
is considered unsuitable. On the other hand, moment resistant frames usually have sufficient energy
dissipation capacity to provide the required ductility, but since it is difficult to satisfy the displacement-
control conditions in these frames, they require the use of large-sized members and expensive reinforcement
plates for panel zones making the moment frames uneconomical. Due to the fact that it is difficult to satisfy
the displacement-control conditions in flexural frames, researchers invented eccentrically braced frames in
the 1970s, which can economically satisfy both criteria of seismic design of structures. The studies
conducted on the length of the link beam in eccentrically braced frames showed that the short link beams
mainly yielded in shear mode and the long link beams yielded in flexural mode or a combination of flexural
and shear modes. Also, the investigation of the effect of the beam’s length on the ductility of the
eccentrically braces using pushover analysis showed that the length of the beam has a significant effect on
the amount of energy consumption, the mechanism of destruction of the system and the amount of stress that
is transferred to other parts of the frame. Due to limited researches in the field of the seismic performance of
eccentrically bracing systems under strong ground motions using nonlinear dynamic analyses, the necessity
of this research was felt. Therefore, in this paper, the seismic behavior of eccentrically braced frames with
different numbers of stories and different lengths for link beams has been studied so that the length of the
link beam is within the ranges of shear, shear-flexural and flexural performances. To this end, firstly using
design codes, the preliminary design of the members has been done. It should be noted that the studied
frames include three groups of 2D 5-, 10-, and 15-story eccentrically braced frames with a dual system (i.e.
flexural resistant frame + eccentrically braced frame). After estimating the cross-sections for all members of
the studied models, OpenSees software has been used to perform incremental dynamic analyses under near-
field ground motions. Then, the probability distribution of the frame's capacity was calculated and fragility
curves were drawn for the studied frames at different performance levels, and finally by examining the 50%
probability of exceeding the spectral acceleration from the capacity of the studied frames at the different
performance levels, seismic performance of these frames have been compared with each other. The results of
the nonlinear dynamic analyses and the fragility curves showed that at the performance level of collapse
prevention, the performance of the eccentrically braced frames with shear link is much more suitable than the
eccentrically braced frames with shear-flexural link and the performance of the eccentrically braced frames
with shear-flexural link is more suitable than the eccentrically braced frames with flexural link as well.

Keywords: Eccentrically Braced Frame (EBF), Incremental Dynamic Analysis (IDA), Link Beam, Seismic
Performance, Fragility.
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