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Appendix A: Thermomechanics of the new Modified Cam-Clay model.
A constitutive model must be able to simulate experimental observations successfully while also satisfying thermodynamics principles. The second principle of thermomechanics states that during elastic deformation, the material conserves the mechanical work done by stresses; as a result, no energy is stored or dissipated at the end of a loading-unloading cycle. The volumetric elastic equation in the original Modified Cam-Clay (MCC) model (equation 2) results in an energy-conserving elastic model if it is used with a constant shear modulus; Zytynski et al. (1978) showed that the variable shear modulus obtained from the bulk modulus and a constant Poisson’s ratio does not yield an energy-conserving model. Houlsby (1985) and Borja et al. (1997) proposed variable shear moduli that conserved energy. The new volumetric elastic equation that we propose (equation 8) can be clearly shown to conserve energy if used with a constant shear modulus. Variable shear moduli that conserve energy can also be derived for the new volumetric equation following the approach taken by Houlsby (1985) and Borja et al. (1997).
The second principle of thermomechanics also requires that, during plastic deformation, part of the mechanical work done by stresses dissipate. In other words, the dissipation—defined as the total mechanical work minus the energy stored in the material—is positive. In the original MCC model, the increment of dissipation (dΦ) that occurs during an increment of plastic deformation (dε^p) is (Collins and Kelly, 2002):


in which  together with  and  are the volumetric and deviatoric parts of , respectively. The dissipation increment in the new MCC model is given by the same equation but with a parameter  that is a function of  (, equation 6). Thus, like the original MCC model, the new MCC model meets the thermomechanical requirement of positive dissipation during plastic deformation.
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