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A cyclic elasto-plastic constitutive model for evaluating large
liquefaction-induced deformation of sand

WANG Gang ', ZHANG Jian-min’
(1. Ertan Hydropower Development Company, Ltd, Chengdu 610021, China; 2. School of Civil Engineering, Tsinghua University,

Beijing 100084, China)

Abstract: The post-liquefaction shear strain of saturated sand subjected to cyclic loading was found to be governed by the
changes of the three volumetric strain components, i.e., a component induced by the variation in the mean effective confining
stress, a reversible dilatancy component and an irreversible dilatancy component. Then a new cyclic elasto-plastic constitutive
model for saturated sand were established, based on the following four important aspects: (1) the above-mentioned new
mechanism; @ a new mathematical description of the two dilatancy components; @) consistent condition that the three
volumetric strain components must meet for various conditions of drainage; @ the theoretical frame of bounding surface
plasticity. The model had been preliminarily confirmed to be effective through various comparisons between the calculated and
tested results for Toyoura sand. It was shown that the presented model could be used well, not only to simulate the development
of shear strain from a small to large range during an entire pre- and post-liquefaction process, but also to evaluate the
accumulation process of large volumetric strain induced in post-liquefaction reconsolidation. The present study provided a
rational and effective approach to evaluate the large liquefaction-induced deformation quantitatively.

Key words: sand; post-liquefaction large deformation; cyclic loading; elasto-plasticity; cyclic constitutive model
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Fig. 1 Post-liquefaction strain-stress response of saturated sand in

typical undraind shear tests
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Fig. 5 Performance of reversible volumetric strain formula
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Fig. 9 Simulation of undrained torsional shear tests on Toyoura

sand
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