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Abstract: Urban seismic damage is difficult to predict using traditional vulnerability analysis method.
The cityscape nonlinear time-history analysis of urban buildings based on nonlinear multi-degree-of-
freedom (MDOF ) models and the time-history analysis have been developed rapidly in recent years.
In order to include more structural types in the simulation using the regional seismic damage simula-
tion method, the MDOF shear model of multi-story steel frame structures is established based on the
simulation framework of the cityscape nonlinear time-history analysis. In this work, formulas and pa-
rameters in the design code are investigated, and the pushover results of steel frames in literatures are
collected. Subsequently, the period, damping ratio, backbone curve parameters and hysteretic curve
parameters are determined. Furthermore, the damage criteria of multi-story steel frame structures are-
determined according to literatures and the HAZUS report. Finally, the model is validated through ex-

periment results in literatures and the pushover analysis results of the designs in literatures, respective-
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ly. The main conclusions are as follows: (1) The MDOF shear model of multi-story steel frame struc-

tures is established and the parameters are determined, which provides a useful model for regional seis-

mic damage simulation of steel frame structures. (2) The damage criteria of multi-story steel frame

structures are determined, and the damage state can be evaluated according to the simulation results

subsequently. (3) The validation result shows that the model can satisfy the accuracy demand of re-

gional seismic damage simulation considering the uncertainty of backbone curve parameters.

Keywords: multi-story steel frame; regional seismic damage simulation; MDOF shear model; push-

over analysis
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Table 1 Inter-story drift ratio limits of steel frame structures with different design code levels in HAZUS
Pre-Code Low-Code Moderate-Code High-Code
JZ [R5 % £
EX CO EX CO EX CO EX CcO
S1L 0.0162 0.0400 0.0203 0.0500 0.0235 0.0600 0.0300 0.0800
S1M 0.0108 0.0267 0.0135 0.0333 0.0157 0.0400 0.0200 0.0533
S1H 0.0081 0.0200 0.0101 0.0250 0.0118 0.0300 0.0150 0.0400
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Table 2 Correspondence between the design code levels in %\ 3
HAZUS and the design intensity and construc- % 4
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Table 3 Parameters of the collected steel frame designs

. 24} . EREIEIEAEEN
HWw B o EEC B /m A2 )/m
1 3 kil 3 6 3(3)
2 3 kil 3 7.5 3(3)
3 S IX 3 6 4(3.5)
4 6 8.5 3 6 3(3)
5 6 Vil 2 5 3.5(3.5)
6 6 i 3 6 3(3)
7 6 kil 3 7.5 3(3)
8 7 kil 3 6 3(3)
9 9 kil 3 6 3(3)
10 10 kil 3 6 3.6(3.6)
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Fig.8 Elevation layout of the frames
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