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ABSTRACT

Surrogate models, such as the Polynomial Chaos Expansion (PCE) method, provide a more efficient means
of quantifying uncertainty in complex systems than direct numerical simulations. These models enhance
predictive accuracy and reduce the need for extensive training data by incorporating problem-specific
physical insights, thereby enabling more efficient estimation of system responses. Nevertheless, when
uncertainties arise from geometric variations, traditional finite element analysis (FEA) methods can be
computationally expensive when generating training data, which can lead to inaccurate representation of
the geometry. To address these issues, this study employs isogeometric analysis (IGA) [1] to extract detailed
physical insights for systems affected by geometric uncertainty. The sensitivities derived from the IGA
model are integrated into a physics-informed PCE framework [2], embedding constraints such as boundary
conditions and system behavior directly into the surrogate model. Sensitivities are computed using a
variational approach, enabling the simultaneous evaluation of system response and sensitivities. The
proposed methodology is validated through a numerical study on a three-dimensional linear elasticity
problem with geometrically uncertain parameters. The results show that the integration of IGA-derived
sensitivities into the PCE formulation enables accurate prediction of complex response quantities, including
stress triaxiality, without compromising computational efficiency.
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