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Incremental behavior of granular soils: a strain response envelope perspective

WU Qi-xin, YANG Zhong-xuan
(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou, Zhejiang 310058, China)

Abstract: The mechanical behavior of granular materials is characterized by strong nonlinearity, which is known to be directly linked
to the details of the underlying microstructure of contacts, or fabric. The incremental behavior in different loading directions can be
obtained by performing a series of axisymmetric stress probing on the specimens. Since the macro- and micro-scale response in
different loading directions cannot be obtained experimentally on the very same specimen, discrete element method is employed in
the present study, and the stress probing tests on the Rendulic plane are carried out on the specimens of different stress histories, stress
states and particle size distributions (PSD). Simulation results indicate that the classic plasticity theories are unable to describe all the
observed features when the specimens have different stress histories. However, a linear correlation between the deviatoric strain and
the deviatoric part of the contact-normal-based fabric can be obtained. For the specimens with the same relative density, only
confining pressure is found to have a significant effect on the linear factor while the linear factor seems to be insensitive to the
variation of the stress ratio, stress history and PSD. Since the anisotropy of sand and therefore the impact of stress histories can be
characterized by the deviatoric part of the fabric tensor, these observations would provide the necessary micro-scale physical basis for
the development of elasto-plastic incremental constitutive relations of granular soils.

Keywords: discrete element method; granular materials; strain response envelope; elasto-plastic theory; fabric evolution
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Table 3 Summary of strain response envelope tests with

different particle size distributions(PSD)
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D1 500 0.4 0.28 1.00 0.671
C2 500 0.4 0.28 1.51 0669
D2 500 0.4 0.28 2.57 0.660
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