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Effect of bracing position on seismic safety of performance-designed steel
convergent bracing frames

A. KhodaBandehLou

Abstract

In this study, the seismic behavior and collapse capacity of performance-based designed X-braced frames were
investigated. The studied frames were 10-story structures with 3, 4, and 5 bays, featuring different bracing
arrangements across the spans. OpenSees was employed for nonlinear modeling and analysis, while MATLAB was
used to control performance parameters. Performance-based design was conducted using pushover analysis, and
incremental dynamic analysis (IDA) was utilized to assess the seismic safety of the designed structures.

The methodology consists of three phases. In the first phase, the frames were designed based on strength and force
criteria according to the LRFD_AISC regulations, as well as performance-based design targeting the Immediate
Occupancy, Life Safety, and Collapse Prevention performance levels, following the ASCE 41-13 guidelines. In the
second phase, incremental dynamic analysis was performed to predict the collapse capacity of the designed frames
and calculate their collapse margin ratio. Finally, the third phase involved a comparison of the designed frames in
terms of seismic performance and collapse capacity.

The results indicate that frames with a higher number of braced bays do not necessarily exhibit greater collapse
capacity, better seismic safety, or higher structural weight. However, all designed frames demonstrated an acceptable
collapse capacity according to the criteria outlined in the FEMA P-695 guidelines.

Keywords

Convergent Steel Bracing Frame, Design Based on Strength, Design Based on Performance, Incremental Dynamic
Analysis, Seismic Safety
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Earthquake
No.
M Year Name

1 6.7 1994 Northridge

2 6.7 1994 Northridge

3 7.1 1999 Duzce, Turkey
4 7.1 1999 Hector Mine

5 6.5 1979 Imperial Valley
6 6.5 1979 Imperial Valley

7 6.9 1995 Kobe, Japan

8 6.9 1995 Kobe, Japan

9 7.5 1999 Kocaeli, Turkey
10 7.5 1999 Kocaeli, Turkey
11 7.3 1992 Landers

12 7.3 1992 Landers

13 6.9 1989 Loma Prieta
14 6.9 1989 Loma Prieta
15 7.4 1990 Manjil, Iran
16 6.5 1987 Superstition Hills
17 6.5 1987 Superstition
18 7 1992 Cape Mendocino
19 7.6 1999 Chi-Chi, Taiwan
20 7.6 1999 Chi-Chi, Taiwan
21 6.6 1971 San Fernando
22 6.5 1976 Friuli, Italy
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