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Due to climate change and rising sea levels, extreme storm events are becoming more frequent and intense, leading to

flooding of coastal cities and introducing significant uncertainties in floodwater depths and wind patterns that generate

storm surges and waves. The resulting flooding imposes both wave-induced and static loads, producing cyclic

hydrodynamic forces on coastal infrastructure. Residential areas are expected to be the most affected; therefore, the

robust design of coastal residential buildings is essential and accurate estimation of hydrodynamic loads is crucial for this

purpose. However, most numerical methods are computationally expensive, while empirical formulas often under- or

over-estimate the load patterns.

This research proposes a physics-based surrogate model to estimate hydrodynamic loading on residential buildings

subjected to compound flooding from the combined effects of storm surge and waves. The surrogate model, based on

Polynomial Chaos Expansion (PCE), aims to estimate fluid forces on these buildings under uncertain water levels and wave

loads using computational fluid dynamics (CFD) simulations. This approach will improve the understanding of

hydrodynamic loading, reduce computational costs, and support the design of resilient coastal residential buildings, as

well as the assessment of vulnerable structures for risk analysis and disaster-risk reduction.
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