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One of the main goals of the seismic design philosophy is to design structures so that the structural collapse to be 
prevented under intense ground motions. Therefore it is important to quantify the margin of safety against structural collapse. 
Nonetheless due to high level of nonlinearity involved in vicinity of structural collapse the analytical modeling and 
assessment is complex and demanding, and includes several sources of uncertainties. Although this issue has attracted 
considerable interest among seismic engineers and researchers during several past decades no standard method has been 
introduced. During the past few years FEMA has published a guideline for quantification of the building Seismic Performance 
Factors, i.e. response modification factor, overstrength factor and displacement amplification factor (FEMA, 2009). As part 
of the proposed methodology one can assess the structural collapse potential. The approach includes a combination of 
incremental nonlinear dynamic analysis (Vamvatsikos and Cornell, 2002) and suggested criteria based o semi-probabilistic 
method to evaluate Collapse Margin Ratio (CMR).   

The main objective of this research is to study the collapse margin ratio for reinforced concrete frame buildings designed 
according to Iranian seismic standard (Standard 2800). Incremental dynamic analysis (IDA) is carried out using 22 scaled 
natural ground motion records. The study includes RC moment resisting frames with 3, 6 and 10 stories  considering two 
types of soil classifications (Type II and III) and two alternatives of ductility levels (Intermediate and high ductilties), 
according to standard 2800.   

All structures are first designed according to Standard 2800 and ACI 318-11. They are then modeled and analyzed using 
SAP2000 program and incremental dynamic analysis. The 22 ground motions used in this study are those suggested by 
FEMA P695. The collapse is assessed for each record and the median value is calculated among the 22 records (median 
value of collapse, SCT) .The ratio of median value of collapse to spectral response acceleration at the fundamental period 
(SMT) is called collapse margin ratio (CMR) (FEMA, 2009).

                                           
                        	 (1)

Adjusted collapse margin ratio (ACMR) for each archetype is calculated using spectral shape factors (SSF) which are 
calculated based on  fundamental period (T) and period-based ductility (μT).

                                           iii CMRSSFACMR ×=                                                 (2)
 
Adjusted collapse margin ratio (ACMR) is modified to reflect modeling related and record to record and other sources 

of collapse uncertainties.
Acceptable performance is achieved when the following two criteria is met for each performance group and  each index 

archetype:
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• The average value of adjusted collapse margin ratio for each performance group exceeds ACMR10%:

                                                              	 (3)

• Individual values of adjusted collapse margin ratio for each index archetype within a performance group exceeds   
ACMR20%:

                                                   	 (4)

The results are summarized in Table 1. 

Table 1. Adjusted collapse margin ratio (ACMR)

ACMR20%ACMR10%BTOTACMRSSFCMRSMT
Seismic 
Group

1.662.16

2.93

0.62.671.1132.42.71.1251-A

1 1.662.160.63.441.2152.832.70.9541-B

1.662.160.62.681.132.371.750.7381-C

1.662.16
2.89

0.63.431.2132.832.70.9542-A
2

1.662.160.62.351.1182.11.550.7382-B

1.662.16
2.28

0.62.211.2181.822.251.23753-A
3

1.662.160.62.361.221.942.41.23753-B

It is concluded that the RC frame structures designed based on the Iranian Seismic code generally have sufficient margin 
against collapse based on the FEMA P695 approach. However the actual margin of collapse varies depending on the 
characteristics of the structures. Discussion of the results and recommendations are proposed.
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