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Abstract - Low symmetry metallic materials (e.g. titanium, zirconium, etc.) display deformation 
and failure properties that are quite different from that of typical materials with cubic crystalline 
structure (aluminium, steels, etc). Rolled or extruded products exhibit a strong anisotropy and very 
pronounced difference in yielding and work-hardening evolution between tension and compression 
loadings. In this talk, new multi-scale models for description of the deformation of such materials 
are presented. These models are based on a detailed multi-scale characterization conducted in 
order to identify the physical mechanisms at the single crystal level and their effects on the macro-
scopic response. The effect of texture evolution is explicitly modeled using these experimental 
data and numerical tests results performed with a crystal plasticity model. Applications of these 
models to the simulation of the quasi-static and dynamic response of titanium and zirconium are 
presented. We conclude with the presentation of a new criterion for porous materials containing 
spherical voids randomly distributed in a matrix displaying tension-compression asymmetry. The 
corresponding yield surfaces do not display the usual symmetry properties with respect to the de-
viatoric axis (i.e. the predicted yield strength under hydrostatic tension is different from the yield 
strength under hydrostatic compression); furthermore its strong sensitivity to the third invariant of 
stress deviator is associated to the particularities of the plastic deformation mechanisms 
(dependence on the sign of the critical resolved shear stress). Furthermore, it is shown that if the 
matrix tensile strength is higher than its compressive strength, void growth is faster than in materi-
als obeying Gurson’s criterion. On the other hand, for certain porous polycrystals in which the ma-
trix tensile strength is lower than its compressive strength, void growth rate is much slower. For 
uniaxial loading conditions, damage distribution is significantly different in the latter materials; the 
location of the zone of maximum porosity shifts from the center of the specimen outwards.  
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