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Abstract

Quay walls are vital for port operations, providing structural support and protecting against
rising sea levels, extreme weather, and long-term coastal erosion. However, conventional
design approaches rely on conservative assumptions about soil properties, leading to over-
engineered solutions that drive up construction costs and increase material waste, ultimately
reducing port competitiveness and economic sustainability, as well as increasing environmental
impacts. This study introduces a novel approach that integrates digital twin technology with
sensor data to optimize quay wall design, thereby enhancing climate resilience while
simultaneously improving financial, environmental, and operational sustainability.

Quay walls are subject to large stresses, particularly at extreme low tide, when the effects of
soil pressures are greatest. The stresses are heavily influenced by the soil layers behind the
wall, which vary in composition and thickness through its depth. Since soil properties are
typically known only at discrete locations where physical tests have been conducted, high
safety factors are used to account for uncertainties, leading to inflated budgets and increased
lifecycle costs for port authorities and operators. This paper presents a methodology that
leverages Bayesian updating to back-calculate soil properties based on measured strain and
deflection data from the quay wall and supporting piles, allowing for more adaptive, cost-
effective, and resilient infrastructure planning.

By enabling accurate estimation of the soil conditions, even in areas without physical testing,
this approach reduces over-reliance on conservative design margins, optimizes material use,
and enhances both economic and environmental benefits for port operators, shipping
companies, and policymakers. This new approach delivers notable economic benefits by
preventing excessive capital allocation to conservative designs and reducing reliance on high
safety factors while enhancing design accuracy and operational performance. The findings
represent a significant advancement in quay wall design, contributing to the promotion of more
cost-efficient, climate-adaptive, and economically resilient coastal infrastructure investments.
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