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Accelerating Uncertainty Analysis for Complex Systems: Leveraging Physics-Informed
Surrogate Models and Engineering Empirical Relationships
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Abstract: Uncertainty analysis is crucial for evaluating the reliability and performance of complex
engineering systems, but traditional stochastic simulation methods can be computationally prohibitive when
evaluating a single deterministic system response is computationally expensive. This talk explores two
strategies for accelerating uncertainty analysis: physics-informed surrogate models and engineering
empirical relationships. The first approach solves governing differential equations, representing the high-
rigor extreme of modeling, using physics-informed neural networks to develop a surrogate model for Monte
Carlo simulations. The second approach integrates empirical data-derived equations, at the other end of the
rigor spectrum of modeling, with detailed mechanics-based finite element simulations to create a bi-fidelity
model for uncertainty analysis. Two case studies are presented to illustrate these methodologies,
demonstrating their effectiveness in balancing computational efficiency and accuracy. The findings highlight
the potential of these approaches to enhance probability-based engineering design and risk assessment in
uncertain environments.
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