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Abstract

To address industry pain points in traditional road and bridge construction management—including information asymmetry, low
control precision, and delayed decision-making—this paper proposes an integrated 3D real-world modeling and BIM technology
solution using Python algorithms, establishing an intelligent management system covering the entire construction lifecycle. The study
first explains the core principles of BIM technology and 3D modeling, then focuses on Python-based core fusion algorithms including
multi-source data preprocessing, spatial registration, and semantic mapping. A four-tier system architecture comprising data layer,
fusion algorithm layer, functional application layer, and user interface layer is designed, achieving intelligent real-time coordination
of construction progress, quality, safety, and cost. Case validation through a highway bridge project demonstrates that this solution
improves construction schedule deviation detection efficiency by 86%, elevates quality defect detection rate to 98%, and reduces
safety hazard rectification cycle time by 62%. These advancements significantly enhance the digitalization and intelligence of road
and bridge construction management, providing technical references and application paradigms for similar projects.
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