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ABSTRACT

This study aims at developing an anisotropic elastoplastic constitutive model for cyclic loading
behavior of geomaterials at finite strains. The Cam-clay plasticity model is adopted as a specific
prototype model for geomaterials. The subloading surface concept, a class of unconventional plasticity,
is incorporated to make the model applicable to geomaterials having various stress histories, such as
normally- and overly-consolidated clays. As a pertinent plastic hardening rule of deformation-induced
anisotropy in frictional materials, a nonlinear rotational hardening is incorporated into the model in a
theoretically reasonable manner by introducing the dual multiplicative decompositions of the
deformation gradient tensor.

First, the usual multiplicative decomposition into elastic and plastic parts is assumed. For elastic part,
we adopt a hyperelastic constitutive law with pressure-dependent bulk and shear moduli. This
hyperelastic model is represented in terms of tensorial variables of stress and elastic deformation
defined on the local intermediate configuration, as a generalized version of the widely used two-
invariant isotropic hyperelastic model in terms of principal stresses and principal elastic stretches, and
is thus suitable to be combined with anisotropic plasticity models. In addition to the usual multiplicative
decomposition into elastic and plastic parts, the plastic part is further decomposed into a part related to
the rotational hardening and a purely dissipative part. The former part leads to a tensorial internal
variable of back-stress ratio for the rotational hardening via a hyperelastic-type constitutive law.

The constitutive theory developed in this study is formulated entirely in terms of deformation-like
tensorial variables having frame-indifference invariance property. Thus, the model fulfills the principle
of material frame-indifference by an intrinsic nature without resort to any objective or co-rotational
rates of stress-ordered variables.

We also develop a numerical time-integration scheme based on the fully implicit return-mapping
procedure. Fundamental mechanical response of the proposed model is demonstrated through several
numerical examples. In particular, the predictive capability of the model for cyclic loading behavior
leading to liquefaction, accompanied by the so-called cyclic mobility, is critically assessed. Accuracy,
robustness, and convergence property of the numerical time-integration scheme is also verified.
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