
 

Models of nonlinear kinematic and distortional hardening based on 

different versions of rate-independent Maxwell fluid 

 

Alexey V. Shutov*
†
 

*
 Novosibirsk State University 

Pirogova 2, 630090 Novosibirsk, Russia 
†
 Lavrentyev Institute of Hydrodynamics 

Pr.  Lavrenyeva 15, 630090 Novosibirsk, Russia 

e-mail: alexey.v.shutov@gmail.com, web page: http://sites.google.com/site/materialmodeling 

 

ABSTRACT 

Nowadays, there is a big variety of different approaches to the finite-strain phenomenological 

plasticity. The talk presents an attempt of a unifying study, dealing with the modelling of anisotropic 

elasto-plastic stress response in the finite strain range. We put the main focus on models which 

employ backstresses for the kinematic hardening as well as backstress-like second rank tensors for 

the yield surface distortion [1,2]. The idea of the talk is that the properties of the plasticity models are 

determined by the properties of the underlying formulation of the rate-independent Maxwell fluid.  

Different approaches to the path-dependent evolution of backstresses are analyzed here in a 

systematic way. Being equivalent in the small strain case to the classical Armstrong-Frederick rule, 

the analyzed approaches differ in their assumptions regarding the finite-strain kinematics, description 

of elastic properties and the stress relaxation behaviour. We discuss the nested multiplicative split of 

the deformation gradient, proposed by Lion [3]; the nested additive decomposition of the strain rate 

tensor with co-rotational stress rates, including the highly celebrated logarithmic stress rate; the use 

of generalized strain tensors as a geometric pre-processor for the small-strain framework; the use of 

upper- and lower-convected Maxwell fluids and their recent modifications. The approaches are 

analyzed with respect to the following criteria: frame-invariance, thermodynamic consistency, w-

invariance under the change of the reference configuration [4], fading memory, absence of non-

physical artifacts like shear stress oscillation. An interesting connection between the w-invariance, 

the shear stress oscillation and the fading memory behavior is established. Special attention is paid to 

the efficient implicit integration of the evolution equations. In particular, it is shown that for some 

models the property of the w-invariance allows us to build efficient and robust numerical algorithms 

[5]. 
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