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Abstract: Two performance indices, i.e. damage index and hysteretic energy dissipation index, are defined in
this paper, and the performance-based structural failure mode identification method for steel frame structures is
proposed based on the incremental dynamic analysis (IDA) method. The multi-objective optimization method of
structural failure modes is developed using those two performance indices as the objective function and the
section dimension of members as the variables. A numerical example of a 20-story benchmark steel frame
structure is analyzed to identify and optimize its failure modes subjected to various earthquakes. Results indicate
that the failure mode of structure subjected to the most unfavorable earthquake can be effectively identified
through the performance-based identification method using the damage and hysteretic energy dissipation indices
as evaluation functions, and the seismic behaviors of structure can be significantly improved by the
performance-based multi-objective optimization method.
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20-story benchmark model structure

K3 BEBI AR AN ) - AR 2k
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Table 1 Parameters of steel elastic-plastic constitutive model

v E/MPa oy IMPa % &
030 206x10° 248 00375  0.049
B030 2.06x10° 345 00522  0.068
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Table 2 Modal parameters of steel frame structure

1y 2B 3B 4 Br 5Bt 6 i

Sk 0.261 0.753 1.30 1.83 2.40 2.44
AL 0.259 0.759 1.293 1.779 2.381 2.593
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Table 3 Information of the input ground motions

i HF F & R
1 Loma Prieta 1989 Oakland-Title&Trust 6.93
2 San Fernando 1971 LA-Hollywood Stor FF 6.61
3 Landers 1992 ‘Yermo Fire Station 7.28
4 Irpinia,Italy-01 1980 Brienza 6.90
5 Coalinga-01 1983 Cantua Creek School 6.36
6 Imperial Valley-06 1979 Coachella Canal#4 6.53
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Table 4 Importance factor of all kinds of columns at each story
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Table 5 Parameters of sections before and after the optimization
i 28 122F 22-5F 528 8E-1EFE UE-UE UETE 17FE-19F 192208
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L AT 63 63 439 439 371 24.4 21.6 19.6
. et sE 68 56 43.9 37.9 321 24.4 18.6 17.6
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