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A Study on vulnerability analysis method of reinforced concrete continuous
girder bridge considering strong aftershocks
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Abstract: In the event of a continuous earthquake, strong aftershocks pose a significant threat to the bridge
structures. In the analysis of seismic vulnerability, in order to consider the influence of strong aftershocks, a
structural vulnerability analysis method based on spatial fitting is proposed. Taking a three-span continuous girder
bridge as the object, a piecewise binary linear function is used to construct the probabilistic seismic demand model.
The fitting effect and reliability of the probabilistic seismic demand model are compared and analyzed when the peak
ground acceleration( PGA) , peak ground velocity (PGV) and spectral acceleration (Sa) of ground motion were
taken as the seismic intensity measure, and the vulnerability of the bridge in mainshock-aftershock ( MS-AS)
sequences based on spatial and single-sided fitting is analyzed respectively. The results show that the results of
vulnerability of the bridge based on spatial fitting reflect the damage of strong aftershocks to bridges, which can
effectively avoid underestimating the exceedance probability of bridges under main aftershocks. Furthermore, the

probabilistic seismic demand model obtained by spatial fitting method can more accurately explain the relationship
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between seismic demand and structural damage. When the spectral acceleration is selected as the seismic intensity
parameter, the fitting effect of the model under MS-AS sequences is the best. Additionally, the growth rate of the
exceeding probability of the limit state of the bridge is dominated by the mainshock in the MS-AS sequences. The
growth of the aftershock intensity has a greater impact on the exceeding probability in the vulnerability analysis
based on the spatial fitting, which is conducive to the conservative estimation of the seismic performance of the
bridge. The vulnerability assessment method of the bridge can provide reference for the design of highway bridge.

Key words: main shock-aftershock; continuous girder bridge; ground motion intensity measure; vulnerability

surface ; spatial fitting
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Fig. 1 Mainshock-aftershock vulnerability assessment framework
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Fig.2 Finite element bridge model
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Fig.3 Seismic parameters and response spectra of mainshock-aftershocks
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Fig.5 Distribution of mainshock-aftershock intensity parameters
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Table 2 Drift rate D, and standard deviation B, under different damage states
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Table 3  Parameter fitting results

AT M a b ¢ R? R*(IM,<IM,,) R*(IM, =1M,,)
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PGV -3.398 1.009 0.041 0.753 0.816 0.689
Sa -5.790 1.030 0.045 0.785 0.805 0.764
FATH PGA -3.921 0.554 0.228 0.405 0.456 0.054
PGV -3.593 0.827 0.227 0.746 0.797 0.307
Sa -5.484 0.815 0.231 0.753 0.732 0.132
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