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DAMAGE CONTROL FUNCTION AND FAILURE PROBABILITY BASED
STRUCTURAL SEISMIC PERFORMANCE MULTI-OBJECTIVE
OPTIMIZATION AND ASSESSMENT

XU Long-he , YU Shao-jing , LU Xiao

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To avoid global collapse of high-rise building structures caused by the damage of weak stories, a
multi-objective optimization method based on damage control function of story group and failure probability was
proposed. Through incremental dynamic analysis, the peak acceleration corresponding to the structural failure
probability of 50% was selected as the objective earthquake intensity, and two performance indices: the damage
control function of story group and failure probability, were defined and the section dimension of components was
used as the variables to conduct the structural optimization analysis. A 30-story reinforced concrete frame-core
structure was optimized, and the seismic performance of structure before and after optimization was assessed
based on PACT (Performance Assessment Calculation Tool). Results indicate that the inter-story drift angle
distribution of the optimized structure is more uniform than that of the original structure, and the damage is
gradually decreased from the top to the bottom. The Collapse Margin Ratio (CMR) is increased by 29.8, and the
repair cost is reduced for both the frame and core tube. The working coordination between the wall and the frame
is strengthened, and the seismic perfomance of the structure after optimization has been significantly improved.
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Table 1 Messages of input earthquakes

B AR A S BR
HelenaMontanal 1935 Carroll College 6.0
ImperialValley02 1940 El Centro Array #9 6.95
NorthernCalif0l 1941 FerndaleCity Hall 6.4

Kern County 1952 Pasadena Athen 7.36
Kern County01 1952 Santa Bar Courthouse 7.36
ImperialValley4 1953 El Centro Array #9 55

Parkfield 1966 CholameShanArray 6.19

Borrego Mtn 1968 El Centro Array #9 6.63

ImperialValley03 1951 El Centro Array #9 5.6
NorthwestCalif3 1951 Ferndale City Hall 5.8
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-v Kern County
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-»- Parkfield
-&- Borrego Mtn

“ - Imperial Valley02
- -#- Northwest Calif03
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Fig.4 Distributions of inter-story drift angle under different
earthquakes with PGAof 0.4 g
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Table 2 Parameters of component sections before and
after optimization

e Utk piikzs
PEAE AT A PEAL AT (R

1~4 1250 1200 1200 1250
5~6 1150 1100 1100 1150
7 1150 1100 1100 1150
8 1150 1100 1100 1050
9~10 1150 1100 1100 1050
11~13 1100 1150 1100 1050
14~16 1050 1150 1000 900
17~20 900 950 900 900
21~23 800 850 800 750
24~29 650 700 650 600
30 650 500 650 500
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group before and after optimization
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