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Accounting for elastic anisotropy in a finite element approach of olivine crystal deformation

Keywords: 

Does the elastic anisotropy have an influence on the mechanical behaviour and LPO development during plastic deformation, in the case of olivine ?

The rheology of the olivine aggregate is described through a crystal plasticity model that we have developed and that takes into account the elastic anisotropy of the olivine crystal, based on published experimental data. The mixed velocity/pressure finite element formulation has also been modified in order to take into account the informations coming from crystal plasticity computation. In addition to predicting polycrystal mechanical behaviour, this methodology also permits to track the development of lattice preferred orientation (LPO) during deformation. These important features are predicted using the proposed approach during the deformation of olivine aggregate with and without accounting for elastic anisotropy.

Our results suggest that the elastic anisotropy exerts a weak influence on the subsequent plastic deformation and thus on polycrystal mechanical behaviour, LPO development and local pressure and stress. 

Finite element framework

Numerical implementation :

A list of slip system :

The elastic behaviour :

The flow rule :

The hardening behaviour :

The formulation is based on a set of 3 equations describing the equilibrium of strain, the rotation of the lattice and the evolution of the strength.

A set of constitutive laws has to define : 

  is observed between models accounting or not for anisotropic elasticity : • neither on macroscopic mechanical behaviour, • nor on texture development, • nor on local total dislocation density, and this for initially textured or not material Same trends with local differences about few tens of percent on : • local pressure • local stresses At this point, there is no clear evidence for the influence of anisotropic elasticity on plastic deformation Perspectives : The influence of elastic anisotropy has to be tested within dynamic recrystallization simulations Nucleation criterium based on local disorientation or local stress may imply some changes the DIGIMU Industrial Chair and consortium are gratefully acknowledged.Most rocks exhibit a mechanical behaviour strongly anisotropic This is mainly due to lack of independent slip systems accommodating strain during plastic deformation Consequently, plastic deformation of rocks often leads to the development of marked lattice preferred orientation (LPO)

  P1+/P1 mixed velocity pressure formulation The first residual is based on : with The second residual is based on : Cross cut onto the surface flow for the different list of slip systems With initial CRSS ( ) discriminating slip systems with [100] and [001] Burgers vector from dislocation dynamics simulation (Durinck et al. 2007) Dislocation density evolution : where K1 and K2 are taken to best fit monocrystal deformation experiments (Phackey 1989) CP calculation provides : -deviatoric stress tangent matrix Accounting for elastic anisotropy All tensors are expressed within the appropriate Kelvin base which accounts for crystal type (Mehrabadi et al. 1990) : the 6 tensors of the base are the eigentensors of the elastic constant matrix Stress and strain become : and the Hooke's law is reduced to : Initial pole figures Cube (2mm aside) compression Isotropic mesh (1 million element) remeshed every 1% of macroscopic strain 300 grains of 0.18mm mean grain size Initial total dislocation density 10 5 mm -2 Macroscopic strain rate 10 -3 s -1 and increment of 0.1% at every step Macroscopic mechanical behaviour (full line with anisotropy, dashed line without anisotropy)
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