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Abstract

With the deepening implementation of the strategy to build a strong transportation nation, the intelligent transformation of national
and provincial roads has become a key path to improving the efficiency of road networks and ensuring traffic safety. This paper
takes the intelligent reconstruction project of National Highway 315 in Quzhou City, Zhejiang Province, as the research subject,
systematically illustrating the practical application of digital twin technology in the project. The paper first constructs a road digital
twin system covering a four-layer architecture of ‘physical entities, data resources, model services, and application interactions,” and
then focuses on analyzing the implementation path and effectiveness of this system in two core scenarios: full-lifecycle maintenance
of road infrastructure and intelligent traffic operation management. Empirical evidence from National Highway 315 in Quzhou
shows that digital twin technology can achieve real-time perception of road conditions, precise diagnosis of road defects, simulation
optimization of traffic flow, and predictive testing of control strategies, providing scientific decision support for highway asset
management. Finally, the paper summarizes the experiences and challenges encountered in practice and discusses the prospects for
the large-scale application of digital twin technology in general national and provincial road networks, aiming to provide reference
for similar projects.
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