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Abstract: To study the seismic vulnerability of steel portal frame structures based on the finite el-
ement model validation, the time-frequency conversion of time-history response of a measured
portal frame structure under environmental excitation was carried out according to the power
spectrum method, and the structural eigenvalues were extracted as the objective function for the

finite element model validation. The finite element model was updated through multiple iterations
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with the complex method. The incremental dynamic analysis was conducted on the validated

model, and the seismic vulnerability curves of the structure were then obtained. Based on 8 distri-

bution, the seismic damage index expression was constructed and the optimization ratio curve of

seismic damage index was drawn, and then the seismic performance of the structure with viscous

dampers was analyzed. The results show that the finite element model validation theory can re-

duce the error caused by the uncertainty of structural parameters, thus making the performance

state of the finite element model close to the real structure. Compared with the initial structure,

the structure with viscous dampers has better seismic performance, and the seismic capacity of

the structure can be improved by about 30%.

Keywords: steel portal frame; model validation; viscous damper; seismic vulnerability; optimal

seismic design
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Fig.2 Diagram of structural dynamic response
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Table 4 Failure probability of structure with additional viscous damper

PGA/g FA S DI BRIMBEIR D2 AR D3 JEE R D4 B35 D5
(0~0.1) (0.1~0.3) (0.3~0.5) (0.5~0.7) (0.7~1.0)
0.1 99.21% 0.67% 0.11% 0.01% 0.00%
0.2 94.51% 3.91% 1.40 % 0.18% 0.00%
0.3 86.87 % 7.68% 4.41% 1.02% 0.03%
0.4 77.92% 10.70% 8.36 % 2.87% 0.15%
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Fig.8 Seismic damage matrix of the structure
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Table S Seismic damage index probability density of structure with additional viscous damper

PGA /g A SEYF DI B MR D2 AR D3 FEE IR D4 {8135 D5
(0~0.1) (0.1~0.3) (0.3~0.5) (0.5~0.7) (0.7~1.0)
0.1 0.1 9.92 0.03 0.01 0.00
0.2 0.2 9.45 0.20 0.07 0.01
0.3 0.3 8.69 0.38 0.22 0.05
0.4 0.4 7.79 0.54 0.42 0.14
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Table 6 The expected value, variance,and f function shape

parameter of seismic damage optimization ratio
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0.4 0.31 0.172 1.817 4.122
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Fig.9 The optimization ratio curve of seismic damage index
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