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Industrial context
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Scientific context

High deformability viscosity 

Payne effect Mullins effect
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Hyperviscoelastic model

First approach

explicit relation between stress, 

strain and temperature :

functional approach

Second approach 

implicit relation between stress,

strain and temperature :

internal variables approach

Enrichment :

Introduction of a reduced 

time function : strain shift 

function 

Viscoelastic behaviour law 

at finite strain
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Rheoligical model

Extending of the model at finite strain domain
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1
form of the free energy density: : :

4 1

1
evolution law of the internal variable: 2
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Hyperviscoelastic model
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Expression of  Cauchy stress tensor

   
 

   
   

 

 
 

 

 

 

0

2 :instantaneous stress 

:shear relaxation function 

: Lagrange multiplier due to incompressibility

:transformation gradi
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Reduced time function
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Advantages 

 Similar formulation to the model implemented in Abaqus 

(implementation simplicity)

 Simplicity of the identification of relaxation function and free 

energy density

 Covers  linear and nonlinear viscoelastic models 

Only difficulty: the identification of reduced time function
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Identification methodology

Identification of 

the free energy 

density: static 

tests 

Identification of 

the relaxation 

function: 

relaxation tests

Identification of 

reduced time 

function



6/3/2015 Tayeb Adel 10

Free energy density

Identification procedure

Identification module of 

Abaqus software

Pure shear test

Simple extension test

Free energy 

coefficients

stability% error

result
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Relaxation function

Identification procedure

Identification module of 

Abaqus software

Simple shear 

relaxation test

Prony series 

coefficients

% error

result
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Identification of reduced time function

Postulate a form of 

the reduced time 

function

Discretization of 

the stress over 

reduced time 

methodology
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Identification of reduced time function: first approach 

Form of the reduced time function

Absolute error of the stress
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Error expression
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Necessity of the discretization of the 

stress over reduced time

Identification of reduced time function: second approach 
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Identification of reduced time function: second approach 

Discretization formula
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Identification of reduced time function: second approach 

Validation of the discretization formula

• Geometry: VER

• Material: hyper viscoelastic 

material of Mooney-Rivlin

• Loadings : 

 Simple extension: 

 Relaxation :

 Sinusoidal loading:

  1t a t  

  1t cste  

   1 sint a t  
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Identification of reduced time function: second approach 

relaxation

Simple extension
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Identification of reduced time function: second approach 

Sinusoidal loading
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Conclusions & perspectives 

 Development of an hyperviscoelastic model 

using a combined approach (internal variables 

and functional approach)

 Development of the identification procedure

 Finalize the identification and validate the 

model for dynamic and static loadings


