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Abstract

To address challenges in traditional monitoring such as data silos, inadequate visualization, and insufficient decision support,
this paper proposes a digital twin-based monitoring framework for highway structures. By analyzing the development stages and
technical features of digital twins, and through the application to monitoring projects of extra-long-span suspension bridges and ultra-
long tunnels, the framework utilizes 3Dmax[1] to construct high-precision models and Unreal Engine[2] for rendering and interactive
development. It integrates multi-source sensor data to establish a comprehensive platform integrating information management, data
visualization, scenario simulation, and overload alerts. This architecture consolidates heterogeneous data, enables dynamic structural
status tracking, enhances readability and intelligence, and provides a viable approach for intelligent operation and maintenance of
structures.
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