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Damage state coupling characteristics of small-to-medium-span girder
bridges based on the quasi-isolation concept

XU Lueqin"?, FAN Lei', YUE Kefeng', GAN Chao', LIU Jie'
(1. School of Civil Engineering, Chongging Jiaotong University, Chongging 400074, China; 2. State Key Laboratory of Mountain
Bridge and Tunnel Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: To introduce the quasi-isolation concept in the transverse earthquake-resisting system of small-to-
medium-span girder bridges, first the basic connotation of the quasi-isolation concept was elaborated based on the
typical seismic damage statistical characteristics, and the performance roles of the critical elements (i.e. bearing,
retainer and pier) were defined in the bridge earthquake-resisting system. Then, nonlinear analytical models were
established for the bearing-retainer-pier systems considering the parameters of pier height and retainer capacity.
Finally, the fragility analysis method based on the Copula functions was applied to investigating the coupling
characteristics of the damage states of bearing, retainer and pier under earthquake actions, and the reasonable
design capacity of retainer was explored according to the system-level deterministic fragility curves to satisfy the
requirements of the quasi-isolation concept. The results showed that significant coupling relationships exist among
the bearing, retainer and pier under seismic actions. The capacity of retainer has a notable impact on the damage
states of bearing and pier. When the retainer capacity increases from 0 to 30% of the superstructural dead load

reaction force, the damage probability of bearing decreases continuously, and a maximum decrease of 27.2% can be
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achieved at the complete damage state, while the damage probability of pier increases steadily with the maximum
increase of 61.6% at the complete damage state. The damage sequence gradually changes from the retainer,
bearing, pier to the pier, bearing and then the retainer. When the retainer capacity is designed as 15% ~20% of
the superstructural dead load reaction force, the bearing sliding isolation and the pier plastic energy dissipation can
be fully mobilized, and the severe damage probability of the bearing-retainer-pier systems under the seismic actions
is the lowest and reduced by 16.3% when compared to that of the case without retainers.

Key words: small-to-medium-span girder bridges; quasi-isolation concept; damage states; retainer strength;

seismic fragility; Copula function
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Fig. 1 Typical structures and seismic damage statistics
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Fig.2 Isolation mechanism of bearing sliding
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Fig.3 Bearing-retainer-pier system and analytical model
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