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Dislocation channeling induced by irradiation is very often observed among metallic crys-
tals. It results in severe intragranular strain localization within narrow channels. Pre-
dictive models for the macroscopic mechanical behaviour of irradiated polycrystals based
on crystal plasticity already exist, but they fail to capture the microscopic localization
behavior. Such knowledge of local strain fields is essential to understand irradiation effect
at the grain scale on phenomenon such as grain boudary cracking or back-stresses.

In this work we investigate the capacity of local strain-softening crystal plasticity to
produce such strain localization bands. An FFT based solver is used to perform high
resolution polycristalline simulations. Results exhibit strain localization within crystal-
lographic bands but highlight the limitations of local crystal plasticity : strong mesh
dependency and overestimated kink banding. In particular, the formation of slip and
kink bands within small deformation and finite strain framework will be discussed.

In order to influence the localization bands pattern, a simple hardening model based on
a realistic random irradiation defects distribution is used to perform simulations with an
heterogeneous critical resolved shear stress field. Simulations evidence very little influence
of this model on mechanical fields, and should not be further investigated to simulate
irradiation induced strain localization within the crystal plasticity framework.

Finally a new strategy based on strain gradient crystal plasticity and geometrically pre-
scribed localization to overcome the limitations observed with classical crystal plasticity
will be presented.

REFERENCES

[1] Onimus et al. , A statistical TEM investigation of dislocation channeling mechanism
in neutron irradiated zirconium alloys Journal of Nuclear Materials , Vol. 328 pp.
165–179, 2004.

[2] A. Patra, D.L. McDowell, Crystal plasticity investigation of the microstructural fac-
tors influencing dislocation channeling in a model irradiated bcc material. Acta Ma-
terialia, Vol. 110, pp. 364–5376, 2016.


