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LOSS ASSESSMENT OF POST-EARTHQUAKE VERTICAL
LOAD-CARRYING CAPACITY FOR PILE-COLUMN BRIDGES IN
LIQUEFIED GROUND WITH LARGE DEFORMATION

WANG Jing-cheng?, YE Ai-jun!, WANG Xiao-wei?, LI Yue?
(1. State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China

2. Department of Civil and Environmental Engineering, Case Western Reserve University, Cleveland, OH 44106, USA)

Abstract: Soil liquefaction and associated lateral deformation would trigger apparent residual deformation of pile
foundations of the prevalent pile-column bridges, leading to a loss of vertical load-carrying capacity (VLC) and
the degradation of serviceability. Therefore, it is necessary to investigate the loss of VLC after earthquakes. This
study firstly introduces the typical pile-column bridges in liquefied ground with large deformation and the
validated numerical modelling technique. In light of acknowledged high levels of uncertainties in soils, structures
as well as ground motions, 80 bridges are sampled considering uncertainties of 16 structural and soil parameters.
After that, a novel approach for quantifying the loss of VLC of bridges is proposed based on the incremental
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dynamic analysis (IDA) and Pushdown analysis. Then, the mechanism for the loss of VLC is investigated
according to the results of an indicative case. Finally, based on the residual column drift ratio, a regression model
and a probabilistic evaluation model, together with multi-level limit states are developed for estimating the loss of
VLC. Results show that the significant post-earthquake residual column drift ratio is mainly triggered by the large
soil deformation; this phenomenon together with the significant P-A effect during the pushdown analysis results in
the loss of VLC. Moreover, 5%, 20%, 35%, and 50% loss of VLC correspond to residual column drift ratios of
0.1%, 1.5%, 4.3%, and 8.5%, respectively. The research outcomes can be used for evaluating and
decision-making of post-earthquake VLC loss of pile-column bridges in liquefiable ground with large lateral

deformation.
Key words:

bridge engineering; pile-column bridge; vertical load-carrying capacity; loss assessment;

liquefaction; incremental dynamic analysis; pushdown analysis
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Fig.1 Study object and numerical modeling
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