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A thermodynamic approach of relaxation
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Thermodynamic framework of relaxation
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Kinetic equations for the internal variables
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Constitutive law and least action principle
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Least action principle: historical perspective
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Lagrangian formulation of the constitutive laws
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Lagrangian formulation of the constitutive laws (2)



9

Generalization of Poincaré lemma to functional forms [Olver, 

Lagrangian formulation of the constitutive laws (3)
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Lagrange formalism associated to the internal energy
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Incorporation of the kinetics of internal variables
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Symmetries and master response for viscous materials

Shift depends on T

Will be determined later on



13

Variational symmetry condition
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Variational symmetry condition
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Symmetry condition from the kinetic Lagrangian
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Application: linear viscous behavior

Control variables 
(can be controlled during a test) Observable variables
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Time-temperature superposition principle
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Validation with experimental data

Adjusted parameters: Eu, Er, tmax
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Thus, empirical WLF formula and time–temperature equivalence principle 

consequence of a particular symmetry of the constitutive equations



Summary - Perspectives

• Lie symmetries powerful tool in continuum mechanics of materials: predictive
nature, condense mechanical behavior into invariance relations & master
responses, thus economy of experiments.

• Lie symmetries can be used to identify a constitutive model from measurements

• Numerical schemes preserving symmetries & conservation laws for dissipative
behaviors.


