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Elastomers (or rubber-like) materials are widely used in different engineering applications such as civil engineering, automotive and aerospace thanks to their high deformability and recoverability after deformation. Their incompressible hyperelastic material behavior is presented by a free energy density which depends only on principal strain invariants. In literature, several approaches have been investigated to determine this free energy density which remains a subject for several researches.

A phenomenological study of biaxial test data in the literature leads to a separation of the free energy density into two functions, each one depends only on one principal strain invariant. This study has been carried out with two different measures of deformation: classical and logarithmic measure of deformation. For the first one, this study was based on Rivlin and Saunders' biaxial experimental data. Then, the capability of the model proposed by Diani on predicting Treloar uniaxial tests is highlighted. For the second one, this study was based on Kawabata's biaxial tests. Thus, a new free energy density has been proposed combined with an identification procedure using several uniaxial tests.

Introduction

Isotropic hyperelastic materials are conveniently characterized by a free energy density per unit undeformed volume w .which is a function of principle stretches or deformation tensor invariants. Adopting the phenomenological point of view, there are two different approaches for the determination of the free energy density: the first approach is to determine the form of the energy using uniaxial tests while the second is to determine the derivatives of the energy with respect to the deformation tensor invariants using biaxial tests. Our purpose here is to analyse the approach proposed by Rivlin and Saunders [START_REF] Rivlin | Large elastic deformations of isotropic materials. Experiments on the deformation of rubber[END_REF] and criticize the model proposed by Diani and co-workers [START_REF] Diani | Christian Rey, New phenomenological behavior laws for rubbers and thermoplastic elastomers[END_REF] in the prediction of the experiments of Treloar [START_REF] Treloar | Stress-strain data for vulcanised rubber under various types of deformation[END_REF] for the classic measure of deformations. Then, we present the same work with the logarithmic measure of deformations using Kawabata [START_REF] Kawabata | Experimental survey of the strain energy density function of isoprene rubber vulcanizate[END_REF] biaxial experiments. Results of these two approaches are highlighted in this text.

Classic measure of deformation

The free energy density is a function of invariants  are the corresponding stresses respectively.
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Rivlin and Saunders work:

Rivlin and Saunders [START_REF] Rivlin | Large elastic deformations of isotropic materials. Experiments on the deformation of rubber[END_REF] did an experiment of biaxial extension for a rubber-like material. They exploited the equation( 1) in order to plot the derivatives of the free energy density against the two invariants. The results are plotted in Figure 1. Analysing this figure one leads to the following conclusions: 

model of Diani [2]

Based on these experiments Diani [START_REF] Diani | Christian Rey, New phenomenological behavior laws for rubbers and thermoplastic elastomers[END_REF] proposed a model in which she separates the dependence of the derivatives of the free energy on the invariants i.e only). This model is presented in equation ( 2) in which 1  and 2  are two functions of the principal stretch depending of the type of experiment. This model has a good agreement with Treloar [3] test data for the lower value of the stretch but it can't predict the behaviour of the material for large strain domain i.e( 4

 

). This result is exposed in Figure 2.
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Figure 2: prediction of Treloar [START_REF] Treloar | Stress-strain data for vulcanised rubber under various types of deformation[END_REF] experimental data by the model of Diani [START_REF] Diani | Christian Rey, New phenomenological behavior laws for rubbers and thermoplastic elastomers[END_REF]: uniaxial extension

Logarithmic measure of deformation:

The measure of deformation in this section is the logarithm of the right Cauchy Green tensor i.e

( 1 ln( ) 2 qC 

). This strain tensor has two invariants in the incompressible case: 2 K and 3 K . The derivatives of the free energy density with respect to these two invariants are exposed in equation [START_REF] Treloar | Stress-strain data for vulcanised rubber under various types of deformation[END_REF].
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Exploiting the biaxial experiments of Kawabata [START_REF] Kawabata | Experimental survey of the strain energy density function of isoprene rubber vulcanizate[END_REF] we plotted the derivatives of the energy against the two invariants; the curves are exposed in Figure 3. Thus, we postulate the formula of the free energy which is a function of the two invariants 2 K and 3 K (see equation ( 4))
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Figure 3: derivatives of the energy against the logarithmic invariants.

Conclusion

The aim of this work is to compare two different approaches in the determination of the free energy density for isotropic hyperelastic materials. For the classical measure of deformation the model proposed by Diani [START_REF] Diani | Christian Rey, New phenomenological behavior laws for rubbers and thermoplastic elastomers[END_REF] was criticised, and for the logarithmic measure a new form of the free energy was motivated using Kawabata [START_REF] Kawabata | Experimental survey of the strain energy density function of isoprene rubber vulcanizate[END_REF] biaxial experiments
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