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ABSTRACT 

In various industrial applications, the thermo-mechanical behaviour of the load bearing materials 

must be accurately modelled for a proper design of the key components. In this respect, a visco-

plastic Chaboche type model [1] with advanced features such as kinematic and cyclic hardening, 

static and dynamic recovery, was implemented in a finite element code. Additionally, this 

constitutive model was coupled with a damage model in order to predict the lifetime of the material. 

Concerning the coupling in such thermo-mechanical model, beside the modelling of the elongation 

associated with temperature variations and the heat generated by plastic strains, it is very important to 

accurately reproduce the influence of the temperature on the mechanical behaviour. This can be 

conveniently achieved by varying the mechanical parameters as a function of the current temperature 

at the material point. In a first attempt to reproduce the temperature dependence of the material 

parameters, we calculated them by piecewise linear interpolations between values at pre-defined 

specific temperatures. A first drawback of this method is the large amount of parameters to be 

identified, as a complete determination of all the material parameters has to be performed at each 

specific temperature. A second and more important drawback is the discontinuity of the mechanical 

behaviour around the specific temperatures. Indeed, with piecewise interpolations, C0 continuity is 

fulfilled but not C1, which can be a significant issue during finite element simulations.   

[2] proposed to improve the temperature dependence of the material parameters by replacing the 

linear interpolations by a continuous analytical expression. In order to reproduce accurately the 

effects of the temperature, they used an exponential expression with 3 adjustable coefficients.  

Based on this idea, the present contribution proposes to use the sum of 2 exponential expressions. 

The influence of the temperature in the range of interest for each material parameter is therefore 

defined by 5 coefficients (instead of 3). The interest of such improvement is to be able to reproduce 

accurately the evolution of the cyclic hardening during high cycle loading, which was not possible 

with the method proposed by [2]. For instance, this is necessary when one wants to track the 

evolution of the stress amplitude as a function of the cycles in a strain imposed cyclic loading at 

various temperatures. 
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