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The urban construction have been developed in three
recent decades in Iran and the seismic risk is considerably
increased. The structural collapse is the major reason of
mortality, economic losses, and increasing the seismic risk
in the severe earthquakes. Therefore, the collapse can be
one of the most important problems of the seismic risk
management centers and the decision makers. Mid-rise
steel structures constitute a significant part of conventional
buildings in Iran. Moment resisting frames with intermediate
ductility (IMRFs), and ordinary concentrically braced
frames (OCBFs) with X configuration are two principle
seismic resisting systems which are widely used in the mid-
rise steel structures. Therefore, the seismic collapse risk
assessment of these types of structures has great importance.
In this research, a methodology is developed for the seismic
collapse risk assessment of these groups of structures. Also,
the effects of two important analytical modeling parameters
are investigated on their collapse risk.

Incremental dynamic analysis (IDA) is one of the most
accurate and reliable methods of seismic structural analysis
which has been widely used in the collapse assessment
process. However, this method needs a significant number of
nonlinear dynamic analysis to reach the collapse performance
level, which conducts it to a time-consuming with high
calculation cost method. In the proposed methodology, an
approximate pushover-based method is developed in order
to determine the collapse capacity of the structures. In this
process, a collapse prevention (CP) criterion is proposed to
be used in the pushover analysis, and the SPO2IDA program
is utilized to determine the collapse capacity. Furthermore,
a new modal pushover analysis is proposed to calculate the
displacement-based responses of the IMRFs up to the CP
performance level. This method is named optimized modal
pushover analysis (OMPA). In this presented methodology,
a novel approach is suggested to detect the collapse
prevention (CP) performance level in the IDA process
using the OMPA results. This approach is named pushover-
based IDA (P-IDA). Moreover, this research investigates
the effects of autoclaved aerated concrete (AAC) infill and
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the composite action of the concrete slab and steel beams
on the collapse risk parameters of the steel structures. In
this study, a series of mid-rise IMRFs and OCBFS are
designed according to Iranian seismic code and are used as
case studies. These frames are located on the stiff soil and
far from active faults in Tehran. Also, a series of collapsed
steel buildings in the Sarpol-e Zahab earthquake is selected
as case studies for implementation of the method. These
framed are two-dimensionally modeled condition by the
OpenSEES program.

The main results obtained from this study are presented below:

1) The proposed SPO2IDA-based methodology can
evaluate the collapse capacity of the IMRFs and OCBFs
by 4% to 7% and 8% to 10% errors, respectively. Also,
the proposed methodology can predict the collapse
risk of the mid-rise steel frames with high precision
(about 5% to 8% errors) and reasonable speed.

2) The OMPA procedure can accurately estimate the
displacement-based EDPs of the IMRFs in different
performance level (about 4% to 6% disparity). Also,
the results show that it is sufficient to consider only
two modes in utilizing the suggested pushover method.

3) The suggested collapse prevention criterion can detect
this performance level precisely. This criterion only
depends on the MDoF structural characteristics and is
related to occur severe failure in the structure.

4) The P-IDA approach is accurate enough to evaluate the
collapse capacity of the IMRFs. This method can limit
the required nonlinear dynamic analysis steps to 3 to
5, and can decrease the analysis time and calculation
costs by simplify the IDA process.

5) The composite action of the concrete slab and the steel
beams and panel zones increase the collapse risk of the steel
IMRFs and must be considered in the analytical modeling.

6) The AAC infill walls increase the collapse risk of the
IMRFs and should be considered in the collapse risk
assessment process. However, the AAC infill decreases
the collapse risk of the OCBFs.

7) The collapse assessment of two damaged buildings in
Sarpol-e Zahab earthquake shows that the approximate
collapse assessment methods could predict the collapse
of these buildings before earthquake occurrence.

Some of the investigation results are presented in the

following tables and figures.

Keywords: Seismic collapse probability assessment, Mid-
rise steel moment resisting frames, Intermediate ductility,
Collapse prevention level, Incremental Dynamic Analysis
(IDA), OpenSEES
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EDP Level Mode1 | SRSS-2 | SRSS-3 [ OMPA-2 | OMPA-3
0.35 CP 18.4% 9.0% 9.5% 2.9% 2.0%
Interstory 0.70 CP 16.8% 11.7% 15.2% 5.0% 4.3%
Drift Profile CP 17.1% 15.3% 18.8% 5.7% 5.0%
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