Appendix 
The nonlinear behavior of elastic materials is usually modelled with hyperelastic models. These models rely on the definition of a strain energy function, in different ways according to the material and its behavior. This function is obtained from symmetry, thermodynamics and energy considerations. In the Lagrangian framework, the strain is expressed in the form of the right Cauchy-Green strain tensor , where  is deformation gradient. For an isotropic material, the strain energy function U is defined as a function of the invariants of the right Cauchy-Green strain tensor :





where  are the squares of stretches in the principle directions and the eigenvalues of right Cauchy-Green strain tensor C. To consider the incompressibility, the determinant of deformation gradient (J) is set to . If the incompressible hyperelastic material is subjected to uniaxial tension, we can write:  using the relation , and the deformation gradient can be expressed as:


The principal Cauchy stresses of an isotropic hyperelastic material can be expressed as . For uniaxial tension, using the incompressibility assumption, this reduces to:

The first order Ogden strain energy of a fully incompressible hyperelastic isotropic material is expressed as: 

The coefficients in this strain energy functions are obtained using the experimental data such as uniaxial tensile test. This strain energy function in the uniaxial stress state and for a fully incompressible material simplifies to:

The Cauchy stress in uniaxial test using Ogden model and with the help (A8) is equal to:

Replacing equation (A10) in (A11) gives:

Using the relationship between engineering stress (second Piola-Krichhoff stress tensor) and Cauchy stress:  , we can write:

Taking the derivative of (A13), the tangent elastic modulus is obtained as:

Therefore, the initial tangent modulus (λ = 1) is:

For a fully incompressible linear isotropic material, the Poisson ratio (ν) is equal to 0.5 and using the relation  shows that μ is the the initial shear modulus of a fully incompressible material.

