Dear colleagues,

Consider a simple non-linear elastic material with stress given as

σ = D(εdev) εdev + B εiso
where εdev is the norm of εdev, D is a function of εdev and B is constant. The material is isotropic since the principal directions of σ and ε will coincide.

If we differentiate σ wrt ε to obtain the material stiffness the form of the stiffness tensor will be

C = D(εdev) Idev + B Iiso + A(εdev) ε © ε
where A is a function of εdev, © is the tensor/dyadic product, and Idev and Iiso are the fourth order deviatoric and isotropic projection tensor, respectively.

An increment of strain may be in an arbitrary direction (i.e. independent of the current principal directions), and the first two terms in C will produce a stress increment in the same direction; however, the last term will produce a term with principal directions equal to that of the current strain which means that the increment in stress generally will have principal directions that differ from the increment in strain

The question is now, how can the total stress--strain relation be isotropic?

