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The lessons learned from past destructive earthquakes
in recent decades reveal that, mostly, human fatalities
and injuries during and after the earthquake are due to the
collapse of buildings. Therefore, collapse is the important
performance level of seismic risk assessment of these
buildings. This study presents a new method for the
collapse assessment of RC buildings. The new method
is proposed according to the basis of the modern seismic
guidelines (FEMA-P695 and FEMA-P2018). Through this
new method, seismic collapse risk assessment are carried
out for the existing mid-rise reinforced concrete buildings.
Some buildings containing 7-story and 10-story frames
were selected for demonstrating the proposed methodology.
These frames, named archetype, exhibit configuration of
identical buildings in urban areas in Iran. The archetype
buildings are selected in a way that flexural failure mode
under seismic loads would be dominant for them, as well as
the occurrence of other failure modes are assessed for them.
Several nonlinear analyses, under far-field records, were
performed to evaluate structural responses of this archetype.
All nonlinear analytical models were implemented in the
OpenSees (2016) structural analysis software. A simulation
model for the structural system and its components capable
of capturing flexural collapse modes are used. This model
comprises of a concentrated plasticity model that can detect
severe deterioration, which may result in sideway collapse.
Several parameters, as calibrated in FEMA-P695, are adopted
in this model. In this methodology, pushover analysis has
been performed up to collapse of the structure. Then, the
matrix of critical drifts (MCD) is extracted from pushover
analysis for an archetype RC building to distinguish between
the partial collapse of each story and the conventional
collapse detection through IDA curves. The matrix of critical
drifts (MCD) affects the collapse capacity of the reinforced
concrete buildings intensely. One of the ambiguities of IDA
curves is that the location of structure in which the maximum
of EPD (engineering demand parameter) occurred is not
identified. This ambiguity could limit the application of
IDA curves. The framework of this new methodology deal
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with the deficiency of IDA curves for collapse assessment of
structures. Also, the existing limitations and uncertainties of
this proposed methodology are summarized and discussed.
An attempt is made to achieve reliable results for the studied
archetype structures. The new method, as mentioned before,
has been conducted for two 7-story and 10-story archetype
sets. Each set has four archetypes. Archetype frames are all
engineered buildings constructed in urban areas in Iran’s
seismic prone area during the past 25 years. Whereas it
would be better if the shaking table tests were conducted
to assess seismic demands on stories, the experimental tests
are cost demanding and not beneficial for the simplified
method. Hence, the demands on the structures conducted
through IDA analyses. It is worth mentioning that the
primary advantage of this method is its simple model and
its simplicity to be used by practicing engineers. Therefore,
the proposed method would provide more safety in terms of
building collapse possibility. However, it can be acceptable
because of the destructive consequences of the probable
collapse. This method can mark ‘killer RC buildings’ in a
residential area. Adopting suitable policies of emergency
management requires detecting killer buildings essentially.
Thus, the first the casualties and the second, economic
loss will be decreased remarkably through retrofitting and
detecting or evacuating ‘killer buildings’.

In this study, seismic collapse assessments are conducted
for two 7-story and 10-story archetype sets and a low-rise of
damaged buildings set of Sar-e-Pole Zahab (earthquake in
Iran, 2017). The achievements of these study are categorized
into five sections as following below (A, B, C, D and E):

A. Seismic collapse assessment for three sets of residential
building in urban area:

A-1: Empirical analytical relations are calibrated through
full scale model on shaking table;

A-2: Setting uncertainties parameter of records for the
buildings, previously mentioned according to the Iranian
existing buildings;

A-3: Including uncertainties of buildings configurations and
proportioning of columns and beams for seismic collapse
assessment;

A-4: Verification of the new method through Sar-e-Pole
Zahab (2017) real earthquake for one set buildings.

B. Presenting a more accurate method for detecting collapse
state in residential buildings:

B-1: Determining of the Matrix of critical drifts as collapse
criteria;
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B-2: Taking into account of higher modes effects in Nonlinear
static Analysis;

B-3: Implementation of panel zone effect in analyses.

C. Determining the correlation between uncertainties and
detecting of collapse in studied buildings.

D. Comparison between calculated uncertainties of this
research and FEMA-P695 uncertainties.

E. Evaluation of annual collapse risk for studied buildings
of this study.
Some of the calculated results of this study are tabulated
and illustrated in Figure (1) and Table (1).

Keywords: Seismic collapse assessment, Reinforced-
concrete buildings, Nonlinear Dynamic Analysis (IDA),
Nonlinear static analysis, Matrix of Critical Drifts (MCD)
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Figure 1: Collapse probability curves (Approach #2): (a) 7-story frame; (b) 10-story frame

No.of

o 7 10
stories
1 :
2 3 . 3 -
Type 1 2 3 (revised) 1 2 3 1 (revised)
;1,‘,3. -0.4945 -0.2460 -0.4975 -0.2665 -0.8396 -0.5805 -0.8384 -0.4651
O 0.0821 02397 0.0982 0.1215 0.10094 0.2843 0.1236 0.1069
e -1.3682  -0.5352  -1.6039 -1.0448 -1.6206  -1.5808 -1.5470 -1.6690
a;,,w‘" 0.0420 02041 0.0297 0.0382 0.0646 0.1752 0.0555 00314
ué‘;g'}l 0.0461 0.0561 0.0477 0.0564 0.0553 0.0539 0.0494 0.0586
zél.gm 0.0233 0.0338 0.0185 0.0300 0.0228 0.0191 0.0201 00187
standard
deviation 0000042 0000073 0.000016 0.000060 0.000004 0000071 0.0000020 0.0000061
of CD'

Um: = mean; om: = standard deviation of x (x denotes S, with a log-normal distribution

evaluated according fo approach #1)
"= mean; om" = standard deviation of x (x denotes S, according to the approach #2)

CD" = collapse drift for approach #1; CD"" = collapse drift for approach #2

Table 1: Mean and standard deviation of collapse limit states for both methods from IDA curves
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