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ABSTRACT

We know that the local mechanical behaviour of metallic materials is anisotropic[1] and complex 

laws are needed for its modelling. More importantly, engineering components can be designed to 

meet specific needs if we can successfully relate these local properties to the actual response of a 

structure. The application of this strategy to fatigue makes it even more interesting because fatigue is 

a local phenomenon, and we are interested in finding the critical area of failure. We use hyper 

reduction techniques[2] on the finite element method to  help us quantify the nonlinear evolution of 

plasticity at the local level. In it we aim to construct a reduced basis and couple it with the gappy 

POD procedure to reduce the mesh and in turn gain huge computational cost reductions.

As we increase our focus on each crystal, the number of parameters effecting its mechanical response

rise. Especially in context to a phenomenological crystal plasticity model, different parameters sets 

can lead to the same macroscopic material response. We quantify these parameter sets and the 

evolving non-linearities using hyper reduction schemes. Further, this study elaborates the effects of 

different boundary conditions on the reduced order approximations. In addition to that, stress based 

simulations have a very minimal error margin and proper orthogonal decomposition techniques are 

not accurate enough for the simulation of long cyclic loadings, specifically when strain ratcheting 

effects occur. We propose to use a Hybrid[3] Hyper-reduction approach to tackle this problem where 

we couple a finite element correction term to our usual reduced basis. In the process, we show that 

with an appropriate coupling we can replicate the full field response with much better accuracy.
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