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Fig. 1. The bridge pier status: (a) normal condition (b) after the ground shaking, and (c) after applying the live load.
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Fig. 2. The equivalent reduced stiffness based on ductility
demand.
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Fig. 3. The condition of the live load due to moving firefighting truck in presence and absence of the eccentricity.
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Fig. 4. Plastic hinge properties change including strength and stiffness reduction of the bridge pier after the primary ground shaking.
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Fig. 5. The curve of the coefficient of strength and stiffness
reduction according to the rotational ductility demand.
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Fig. 6. The time history of the displacement bridge pier with an
aspect ratio of 8 at 0.5g and 1.0g level of shaking.
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Abstract

When bridges undergo inelastic deformations in near-fault earthquakes, they mostly do not return to the original vertical
direction and undergo significant residual deformations. Even though these bridges have not collapsed, they are mostly not any
more functional in the immediate aftermath of the ground shaking and generally deemed irreparable. These relatively large
residual displacements observed in damaged bridges by near-fault strong ground motions jeopardize the operability of the
bridge after the seismic event partly due to the introduction of the additional moments in the columns induced by the offset of
vertical gravity loads. Therefore, it is of great significance to be able to accurately predict the demand and capacity of residual
drifts for bridges exposed to near-field ground motions for decision-making about their serviceability upon a major seismic
event. In this research, on the contrary to the design code requirements and the previous studies, an analytical model is
proposed which can account for the bridge pier properties and the ground motion characteristics. The proposed model takes the
variation in the stiffness and strength of the bridge pier which is proportional to the incurred damages in different earthquake
shaking levels into account in order for the prediction of permanent drift capacity.

Keywords: residual drift, near-field earthquake, P-Delta effects, bridge serviceability, stiffness and strength variation,
earthquake levels.
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