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Abstract

In response to the high-standard requirements for large spans, heavy loads, and adaptability to complex environments faced by
petrochemical three-dimensional warehouses under the frequent occurrence of strong typhoons and heavy rainfall in coastal areas,
the safety and durability of grid structures have become critical control aspects in engineering design and implementation. Focusing
on the combined effects of extreme typhoon wind pressures and heavy rainfall, this study, in accordance with the SH3147-2014
code, integrates wind tunnel test results with SAP2000 finite element analysis to optimize the lateral force-resisting system and load
transfer paths at joints. The wind resistance stability is enhanced by improving the overall structural stiffness and wind-induced
vibration control capabilities. To address corrosion issues in the coastal high-humidity and high-salinity environment, a composite
protection system comprising Sa2.5-grade surface treatment, epoxy zinc-rich primer, and polyurethane topcoat is employed. Utilizing
a multi-objective collaborative control model and a real-time strain monitoring system, dynamic regulation of the structural stress
state and geometric configuration is carried out throughout the entire process, ensuring uniform stress distribution during formation
and controllable structural precision.
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