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A dislocation-density based multiple slip crystalline plasticity formulation and a 
microstructurally-based fracture methodology have been used in conjunction with a new 
statistical framework to develop a representation of failure probabilities for hydrided Zircalloy-
4 materials. Using a genetic learning algorithm and Bayes’ rule, an extreme value theory (EVT) 
of fracture was obtained for a stochastic representation of crack nucleation and propagation. 
This resulting validated model of crack probability can be applied either topographically to 
generate contours of crack likelihood on a representative material or applied directly to the input 
parameters to provide a library of fracture probabilities for a broad range of microstructural 
characteristics and mechanisms. The proposed framework can provide a framework for 
understanding material failure, and how fundamental material mechanisms can be used to 
inform predictions at the microstructural scale.  
 


