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Abstract. A variational formulation of damage for thermomechanically coupled problems is 

proposed. Based on variational methods for dissipative materials developed in the last few 

years (especially since [1]), this formulation allows for the accurate simulation of a wide 

variety of damage models, encompassing the behavior of various classes of polymers, the 

target application of the present paper. 

A full development of the proposed formulation is presented in the first section. From an 

energy-like scalar-valued functional, the balance equations of the problem are derived, 

including the coupling terms between the different physics. The treatment of thermal effects 

follows [2]. A distinction between an internal and an external temperature allows for a 

factorization that, contrary to more classic formulations, keeps a symmetric structure to the 

problem. In order to describe rate dependence phenomena, the deformation energy potential is 

constructed from a generalized Kelvin-Voigt/Maxwell rheological model. Eigenvalues of 

strains are used as independent variables so that large strains are properly treated, following 

[3]. Having established the ingredients for a variational formulation of thermo-viscoelasticity, 

we move on to include damage effects. After a brief description of the choices made in [4] for 

the modeling of low cycle metal fatigue, a general framework for the inclusion of different 

damage models is presented.  

In the second section, different damage models are applied. Although the framework we 

present is sufficiently general to consider anisotropic models, only isotropic examples of 

damage are presented in this article. The simplest case, where a scalar damage variable acts 

only upon the elastic part of the deformations, is presented first. We then apply the damage 

variable to both elastic and viscous parts of the deformation, which yields a more complex 

behavior. The possibilities of developing even more complex damage models, with different 
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damage variables acting upon each rheological Maxwell branch, is also discussed – it should 

be noted, though, that such models bring about increasingly tougher challenges in parameter 

identification. Different damage evolution laws are tested to show the versatility of the 

formulation. 

The third and final section consists of the validation of the proposed model for the simulation 

of some characteristic phenomena of polymer damage behavior. A final discussion of further 

possible applications of the formulation concludes the present article.  
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