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Abstract: To address fragmented data, difficult knowledge reuse, and poor software interoperability in port engineering design,
an Al-driven approach to design workflow re —engineering was explored. A set of intelligent design systems covering overall
layout, process, and structure has been constructed. A 3D standardized data foundation integrating project case, natural
condition, and regulatory rule databases was built. Multi-source heterogeneous design knowledge was semanticized via
customized OCR, knowledge graphs, and vector databases. A general —purpose Al infrastructure was built, featuring domain—
fine—tuned large language models with JSON Schema constraints for semantic understanding, a retrieval—augmented generation
architecture for standards—based question answering, and an embedded continuous beam finite element solver with a parametric
pattern—based rebar modeling engine as core algorithms. After the project application verification, time for data retrieval and
principal dimension calculation in general layout was reduced by over 50% and 60%; throughput capacity calculation time in

handling technology was reduced by 90%; rebar detailing drawing time in structural design was reduced by 70%, compressing
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the single—segment structural design cycle from 15 days to 5 days. Overall design costs decreased by 20%, with a 30% cycle

reduction. The paradigm—built upon a standardized data foundation, driven by multi —algorithm collaboration with embedded

domain knowledge, and realized through human—-machine collaborative interaction—offers an effective pathway for empowering

port engineering design with Al and a replicable reference for the digital and intelligent transformation of the water transport

industry.
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Fig. 1 Architecture diagram of Al intelligent design platform for port
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Table 1 Bidirectional interaction mechanism between data foundation and Al capabilities
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