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Abstract Review History
Nowadays, the seismic performance-based design of structures has been widely noticed by Received: Sep 28, 2024
the engineering community. So, different methods for performance-based design have been Revised: Dec 3, 2024
presented by different researchers. This attitude has been included in the design code and Accepted: Mar 11, 2025
regulations for seismic design of new buildings and retrofit of existing buildings. The FEMA P-

58 performance-based design method presented by the Pacific Earthquake Engineering Research  [<€ywords

(PEER) can quantify the consequences related to the seismic response of buildings. Therefore, ~LO0sS assessment
using this method, the seismic performance of buildings can be directly evaluated. In addition, performance assessment
this performance-based design method can define simpler criteria such as repair cost, repair time, Reinforced Concrete
and casualties for seismic evaluation and decision-making process. The method is based on Moment Frame
considering different sources of uncertainty in earthquake input and its intensity, structural Repair cost
response, associated damage, and repair cost, using the concepts of conditional probability and

total probability theorem. In this method, the building is designed in such a way that it meets the

expected and predetermined performance level in a specific level of seismic excitation. Since the

performance levels of the building are determined based on the amount of damage caused to

structural and non-structural members, one of the practical and effective ways to evaluate

performance is to estimate the building repair cost. In the approach presented in FEMA P-58, the

repair cost is defined in a probabilistic approach, as the cost needed to restore the damaged parts

to their original state in the form of expected annual loss. In this research, first, three 4-, 12-, and

20-story office buildings with the lateral force resisting system of reinforced concrete special

moment frames were selected in a high seismic risk area. Then, the nonlinear model of structures

was provided in OpenSEES software. In order to reduce the computational cost and analysis

time, the single-bay Substitute Frame model was used to simplify the multi-bay reinforced

concrete moment frames. All four structures were subjected to Incremental Dynamic Analysis

(IDA) for 30 earthquake records. A probabilistic relationship between the spectral acceleration of

the earthquake and the main damage parameter (i.e. the inter-story drift), as well as the collapse

fragility curve, was obtained. Then, the repair cost including the cost of repairing structural

members as well as beams and columns, the cost of repairing non-structural members as well as

partition and curtain walls, and the cost of replacing collapsed structures was calculated as

expected annual loss. The results show that the repair costs at the Design-Based Earthquake

(DBE) for 4-, 12-, and 20-story buildings are 3%, 2.5%, and 10% of the building replacement

cost and at Maximum Credible Earthquake (MCE) are 22%, 23%, and 38% of the building

replacement cost, respectively. In addition, in short buildings, most of the cost is caused by

repairing structural and non-structural members, and in tall buildings, most of the cost is caused

by replacing collapsed or severely damaged structures. Considering two nonstructural elements

(i.e. partition and curtain walls) in repair cost, the analysis results show that the cost of repairing

structural elements is more than the cost of repairing non-structural elements.
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Table 1. First four natural periods of original and substitute frame for the investigated buildings

4-story 12-story 20-story
Modeno. —=ueF SF CMRF SF_CMRF _ SF
1 0848 0830 1978 1953 2329 2323
2 0272 0270 0663 0688 079 0.789
3 0146 0145 0384 0398 0.458 0.453
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Table 2. Definition of element damage states based on FEMA P-

58-3 [17]
Element Dg{r;lge IDI,s  Bps Sub damage
SDS1 0.02 0.4 -
Structure SDS2 0.0275 0.3 -
SDS3  0.05 03  SDS3,(80%)
: : SDS3, (20%)
PDS1 0.005 0.4 -
Partition PDS2 0.01 0.3 -
PDS3 0.021 0.2 -
Curtain CDS1 0.027 0.3 -
wall CDS2 0.0276 0.3 -
CDS3 0.303 0.3 -
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