A. [bookmark: _Ref127944578]Gradient deformation and invariants 
Often, the deformations experienced by biological materials are too great to be considered infinitesimal. It is then required to recognize the reference configuration (non-deformed) and the current configuration (deformed). There are two ways of describing a vector according to the theory of large deformations: the Lagrange description (material coordinates) and the Eulerian description (spatial coordinates). These coordinate systems are denoted Xi, i = 1, 2, 3, and xi, i = 1, 2, 3 respectively. The link between these two coordinate systems implies the displacement field U for each element.
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The deformation gradient F involves both material and spatial coordinates.
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Another description of the strain gradient goes through the displacement gradient ∇U defined according to the Lagrangian description:
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Where  is the identity tensor of order three. Using this tensor, the principal stretch ratios of the material, , J = 1, 2, 3 can be determined. For any deformation, there are 3 orthogonal directions in which the material does not undergo any shearing. The value of stretches in these directions corresponds to the principal stresses. An analysis of the Eigen-space of the tensor F makes it possible to calculate the main stretches , which correspond to the eigenvalues, as well as the principal stretching directions which correspond to the eigenvectors. Thus, if the main directions of the material coincide with the principal stretching directions, the tensor F will be:
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Moreover, if the material is incompressible, the determinant of F, denoted by J, is unit.
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In large deformation theory, tensor of Cauchy-Green left and right, B and C are defined.
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Finally, the tensor of deformations Green-Lagrange can be defined:
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It is important to note that in the case where the strains are infinitesimal, this tensor is equivalent to ε.
[bookmark: _Ref127943277]Cauchy Stress tensor 
The derivative strain energy function 2 to deformation gradient F as follow: 
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Where  a Lagrange multiplier that satisfies the incompressibility constraint. In incompressible material, the final of Second Piola–Kirchhoff stress tensor S, given in terms of the Cauchy stress tensor as follow:
	
	[bookmark: _Ref146999332]A. 11


[bookmark: _Ref128255584]Cancelation of the hydrostatic pressure by the virtual fields
The stress tensor can be divided into two parts: a hydrostatic part and a deviatoric part.
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The hydrostatic part corresponds to a fraction of the trace:
	 
We can represent the hydrostatic part in tensor form:
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By integrating the two-part definition of the stress tensor, the internal energy of the material defined by:
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A virtual field that cancels the contribution of the hydrostatic part of the tensor of stress tensor σ will therefore have the particularity of having a zero trace of strain tensor.
The normal strain vector participates into hydrostatic part in spherical coordinate: 
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Knowing that the trace (  ) must be zero in equation A.16, the possible VFs have general form of solution for the differential equation as follow: 
	
	[bookmark: _Ref146999211]A. 17



