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4 Incremental Dynamic Analysis (IDA)
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Seismic Hazard Response Damage Loss
Analysis Analysis Analysis Analysis
e e e
A(im) G(edp|im) G(dm | edp) G(dv|dm)
im: intensity edp: engineering dm: damage dv: decision
measure demand parameter measure variable
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Fig. 1. Performance evaluation framework

A(dv< DV) = j j j G(dv|dm)dG(dm‘edp)dG(edp‘im)‘d;t(im)| M)

im dm edp

anlline 3 90 diged ]

|

|

|

|

O (T Y] — F BT W S— i1
| (
|

|

|

|

|

00 00 00 0O %DD 00 0o oo Opgifces

PUSSSERLUES SV Y SECSL AR R R TS

I~ o oo e e v oo o ey g o oy oy SO

G plnil Jolpo ¥ IS
Fig. 2. Research Procedure Steps
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Fig. 3. Specifications of Selected Frames Requiring Retrofit insPlan and Elevation
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2 Nonlinear Beam Column Element (Force-Based Beam-Column Element)
3 Distributed Plasticity Model

4 Fiber Section

5 Lumped Plasticity
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Fig.4. Specifications of Nonlinear Modeling of the Structure in OpenSees
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Table 1. Summary of dead loads
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Table 2. Summary of live loads
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Table 3. Comparison of the Natural Periods of the First Mode of the Structure
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Fig. 5. Seismic hazard curve of Kermanshah city.
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Table 4. Summary of the PEER NGA Database Information and Earthquake Parameters for the Far-Field
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! Engineering Demand Parameter (edp)
2 Story Drift Ratio

3 Floor Acceleration
+ Incremental Dynamic Analysis (IDA)
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Table 5. Comparison of the Mean Collapse Capacity of the Shahed Rastgar School Structure Before and After
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Table 6. Median and Standard Deviation of the Maximum Values of the Engineering. Demand Parameters for
the Concentrically Braced Frame
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Table:7. Median and Standard Deviation of the Maximum Values of the Engineering Demand Parameters for
the Eccentrically Braced Frame
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Fig. 12. Repair costs of structural and non-structural components of the existing and the retrofitted building in
the hazard level of 50% in 50 years
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the hazard level of 2% in 50 years
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Table 8. Mean Total RepairCosts for the Existing and the Retrofitted Concentrically Braced Frames at
Different Seismic Hazard Levels
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Fig. 15. Cumulative Probability Distribution Curves of Total Repair Costs for Existing and Retrofitted
Structures at Three Seismic Hazard Levels
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Risk Assessment of Retrofitted Steel Structures Based
on FEMA P-58: a Case Study-School Buildings in
Kermanshah

ABSTRACT

Earthquake, as a common,natural disaster, has always been a serious threat to human beings, cities and infrastructures.
Schools are regarded as the representative of educational centers, where students spend a lot of time. Therefore, the
seismic performance of such buildings should be guaranteed completely. In this study, in collaboration with the
organization for Development, Renovation, and Equipment of Schools (DRES) in Iran a steel school building in
Kermanshah city was chosen‘and its seismic risk was assessed incorporating FEMA P-58 methodology in two states of
before and after retrofitting process: The Lateral resisting system of the school in one direction is Eccentrically Braced
Frame (EBF), and in the other direction is Concentrically Braced Frame (CBF). Due to weakness in the lateral resisting
system, it was suggested that some of the braces should be replaced with stronger ones. In this study, the probability
distribution of repairing time and repairing cost for different structural and non-structural components in 3 hazard levels
containing 50%, 10%, and 2% in 50 years was obtained using risk analysis. The results show that in all 3 hazard levels,
an increase in stiffness after retrofitting has led to a decling in loss of drift sensitive components and a rise in acceleration
sensitive components. Due to the dominance of the number of drift-sensitive components in this case study, the total
damages and repairing time after retrofitting have negligibly decreased.

Keywords

FEMA P-58 Methodology, Seismic Risk, Probabilistic Seismic Hazard Analysis, Fragility Curves
Repair Cost, Downtime.
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