
 

 

Abstract: 
Modeling and understanding fracture propagation is necessary to improve the safety and reliability of engineering 
materials and structures and to design them better with enhanced mechanical properties (e.g. tensile strength, and 
fracture resistance). Over the last decade, phase field approach to fracture emerged as robust computational 
methodology, owing to its ability to simulate complex crack morphologies, including splitting and merging. However, 
one of the main challenges with applying the phase field approach to real-world problems is the computational cost 
associated with resolving the diffuse crack interface. Adaptive finite element methods and machine-learning-based 
model surrogates offer the potential to enable efficient and scalable simulation strategies. In this talk, I will give an 
overview of my research work conducted in the past five years. First, I will present my collaborative work on adaptive 
continuous/discontinuous Galerkin finite element methods for phase field fracture simulations. I will discuss the 
formulation of strain-energy and stress-based crack driving force functions and their calibration and validation with 
experimental data performed as a part of the damage mechanics challenge. Second, I will present a CNN-based 
surrogate for the phase field fracture model that can predict damage/stress field given the microstructure. I will 
discuss the accuracy of the surrogate model for predicting the uniaxial tensile strength of fiber-reinforced composite 
microstructures and its potential use in inverse design aimed at maximizing tensile strength. I will end with some 
concluding remarks and vision for future work on parallel scalable implementation of crack evolution (SPICE). 
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