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This study investigates the influence of microstructural features on the deformation and fracture mechanisms of materials
through a comprehensive approach, utilizing in situ Scanning Electron Microscopy (SEM) tensile testing, Electron Backscatter
Diffraction (EBSD), Digital Image Correlation (DIC), a dislocation density-based crystal plasticity model, the Cohesive Zone
Model (CZM), the Extended Finite Element Method (XFEM), and image processing (IP). Key focus areas include the effects
of grain orientation (texture), geometry, phase transformations, precipitates, reinforcement location, composition, size, and
interfacial morphology. The materials studied encompass Thermal Barrier Coatings (TBCs), metal matrix composites of
Transformation-Induced Plasticity (TRIP) steels, and 5000 and 6000 series aluminum alloys. In this work, the TRIP steel
composite reinforced with 10 % zirconia considering the crystal plasticity and combined damage models are displayed.
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