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ABSTRACT 

In this work, a variant of the plastic flow theory (PFT) modified by using asymmetric measures of 
stress and strain states is formulated with a physically substantiated description of geometrical 
nonlinearity. This phenomenological model is applied to calculate the mechanical response of a 
material in boundary value problems for models of technological processes of loading polycrystalline 
specimens subject to severe plastic deformation. The advantages of such a model are high numerical 
efficiency together with the physical substantiation of the geometrical nonlinearity description. An 
emphasis in the geometrically nonlinear formulation of the model is placed on separating the quasi-
rigid motion from the complete motion of a deformable solid. It is proposed to describe the quasi-rigid 
motion with the help of the orthogonal tensor, R, related to the spin tensor, Ω, which is being included 
into the hypoelastic constitutive equation. To provide a physically substantiated separation of the quasi-
rigid motion from the complete elastic deformation (by the adopted definition, plastic deformations do 
not change the symmetry elements) for a representative polycrystalline volume element, the concept 
of a “generalized lattice” reflecting effective symmetry and plastic properties of a material is 
introduced. In order to distinguished the quasi-rigid motion, a rigid moving coordinate system (MCS) 
associated with the “generalized lattice” is defined. An approach closest to the proposed one is 
presented in [1]. In this framework, instead of the classical multiplicative decomposition [2], the 
decomposition proposed in [3, 4] is used. Such a decomposition was successfully involved to formulate 
nonlinear constitutive equations for crystalline solids [5, 6]. The complete motion of a material is 
represented by the sequence of plastic deformations (herein it is assumed that such deformations do 
not rotate the MCS), the orthogonal rotation, R, of the MCS (along with the material) and the elastic 

distortion of the material in terms of the MCS: e p  F F FR . The inelastic term, Fp, akin to the 
classical decomposition [2], maps the reference configuration to the plastically deformed configuration 
while the elastic term, eF , transforms the plastically deformed configuration rotated by R into the 
current configuration. To consider the symmetry evolution of the material, an approach based on [7] is 
applied. With its help it is possible to determine the space orientation of the symmetry elements during 
the whole loading process. 
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