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Thermodynamics of Local State : Overall Aspects and Micromechanics
Based Constitutive Relations

J.L. Chaboche

The thermodynamics of irreversible processes, based on a set of internal state variables, is revisited, paying atten-
tion on two complementary aspects :
- The Generalized Standard Models are shown to introduce too stiff constraints, both for kinematic hardening and
for damage modellings. A slightly less restrictive approach is then considered, based on several independent po-
tentials and several independent multipliers ;
- The micro-macro approach of elastoplasticity is formulated through the Transformation Field Analysis of Dvorak
and the use of a correction method. Moreover, based on previous works of Suquet and Nguyen, the approach is
generalized with energy considerations, incorporating continuous fields of eigenstrains.

1 Introduction

Thermodynamics of irreversible processes represents an excellent framework for the development of constitutive
and damage equations. In particular, using one of its versions based on the notion of local state and internal state
variables Germain (1974), Germain (1973), induces sufficient constraints against a too large set of possibilities.

Such a framework has been extensively used during the past thirty years, in many different contexts Sidoroff
(1975), Chaboche (1978), Krajcinovic and Fonseka (1981), Ju (1989), Hansen and Schreyer (1994), including
plasticity and viscoplasticity of metals, creep, inelastic behaviour of geomaterials (soils, rocks, concrete, salt,...),
Continuum Damage Mechanics, etc. Many improvements and more rigorous choices in the inelastic and damage
constitutive equations of representative materials were obtained within this framework.

The purpose of the present paper is twofold :

• review some of the properties of the thermodynamics with internal variables, especially the notion of Gen-
eralised Standard Models (GSM) Halphen and Nguyen (1975), together with some too strict limitations of
this formulation. Then present a more recent extension, called here the”pseudo-standard approach”, that
offers slightly less restrictive rules ;

• discuss some of the properties of constitutive equations deduced from macro-homogenisation tools in the
light of thermodynamic aspects. In this context we consider theTransformation Field Analysis(TFA)
method, developed by Dvorak and co-workers Dvorak and Benveniste (1992), Dvorak (1992). This ap-
proach, mainly useful for composite systems, is revisited in energy terms (state potential and dissipation),
based on discussions previously given by Suquet (1982) and Nguyen (1988), in an insufficiently known
context.
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4. From these micromechanics relationships one obtain the expression for the overall free energy. The fact
that it expresses as a quadratic function of elastic strain, to which is added the stored energy associated
with internal residual stresses, is particularly underlined. The thermoelastic free energy is also discussed, in
which a quadratic function of the mechanical elastic strain appears similarly. Such a quadratic expression is
not always well considered and this is a point that merits further attention.

5. Other related aspects were not considered in the present paper, and are briefly summarized here :

• The thermodynamic framework presents the advantage to separate the plastic work into the part that
is dissipated as heat and the one that is stored in the material (by the internal stresses). Previous
works Chaboche (1993), Chaboche (1996) have shown its ability to correctly represent mechanical and
thermal measurements Chrysochoos (1987), which means the correct modelling of dissipated energy.

• The use of the rate of observable variables (total strain rate or elastic strain rate or stress rate) in the
evolution equations for internal variables introduces some shortcomings Malmberg (1990), Chaboche
(1996), that are still subject to discussion Krempl (1996).

• The temperature rate does appear in the back stress rate equation, but only as a consequency of the
temperature dependency of hardening moduli. This dependency is directly obtained from the thermo-
dynamic framework and its violation can induce abnormal and unacceptable mechanical responses,
that have been discussed in Chaboche (1993), Ohno and Wang (1992).

• Concerning damage effect modelling, the important aspects related to damage deactivation effects are
the subject of some difficulties : depending on the deactivation rule chosen, there are needs to define
differently the plastic strain, modifying the ”unloaded configuration”, as was discussed in Chaboche et
al. (1998).
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d’Etat, Universit́e Pierre et Marie Curie, Paris 6, Paris (juin 1978).

Chaboche, J. L.: Constitutive equations in creep-fracture damage. In: Wilshire; Owen, eds.,Engineering Ap-
proaches to High Temperature Design, Pineridge-Press, Swansea (1983).

Chaboche, J. L.: Constitutive equations for cyclic plasticity and cyclic viscoplasticity.Int. J. of Plasticity, 5, (1989),
247–302.

Chaboche, J. L.: Development of Continuum Damage Mechanics for elastic solids sustaining anisotropic and
unilateral damage.Int. J. Damage Mechanics, 2, (1993), 311–329.

Chaboche, J. L.: Unified cyclic viscoplastic constitutive equations : development, capabilities and thermodynamic
framework. In: A. S. Krauss; K. Krauss, eds.,Unified Constitutive Laws of Plastic Deformation, pages 1–68,
Academic Press Inc. (1996).

Chaboche, J. L.: Thermodynamic formulation of constitutive equations and application to the viscoplasticity and
viscoelasticity of metals and polymers.Int. J. Solids Structures, 34, 18, (1997), 2239–2254.

Chaboche, J. L.: Thermodynamically founded CDM models for creep and other conditions. In: J. Skrzypek;
H. Altenbach, eds.,Modeling of Material Damage and Failure of Structures, vol. 399 ofCISM Lecture Notes,
pages 209–283, Springer Verlag (1999).

Chaboche, J. L.; El Mayas, N.; Paulmier, P.: Modélisation thermodynamique des phénom̀enes de viscoplasticité,
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Germain, P.; Nguyen, Q. S.; Suquet, P.: Continuum thermodynamics.J. of Applied Mechanics, 50, (1983), 1010–
1020.

Halphen, B.; Nguyen, Q. S.: Sur les matériaux standards géńeraliśes.J. de Ḿecanique, 14, 1, (1975), 39–63.
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