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[ Abstract ] During the high-quality urbanization phase, existing urban roads face increasingly prominent challenges such as

insufficient capacity, structural aging, and inadequate functional facilities. Road reconstruction and expansion have

become pivotal measures to optimize urban road networks, alleviate traffic congestion, and enhance municipal

infrastructure services. Unlike new road construction, urban road renovation confronts practical difficulties including

limited working space, dense vehicular and pedestrian traffic, complex underground utility networks, significant

mechanical performance disparities between old and new structures, and stringent environmental regulations.

Traditional extensive construction methods often lead to common engineering issues like joint cracks, uneven

settlement, prolonged traffic paralysis, and severe ecological disruption, failing to meet modern urban renewal

requirements. This study integrates cutting-edge municipal engineering technologies with field experience, focusing

on the entire construction process of reconstruction projects. It conducts in-depth research across five innovative

dimensions: traffic flow optimization, structural inspection and minimally invasive repair of old roads, joint

reinforcement of new and existing subgrades/pavements, intelligent construction monitoring, and low-carbon green

construction practices. By adopting advanced techniques—including 3D traffic simulation, geopolymer minimally

invasive grouting, fiber-reinforced stress-absorbing structures, and BIM-based digital twin dynamic management

systems—the study addresses core construction challenges and delivers practical, innovative technical solutions. The

research content transcends the limitations of conventional construction technologies, emphasizing a construction

philosophy characterized by low environmental impact, short project duration, and long-term durability. It provides

theoretical references and practical insights for similar urban road renovation and expansion projects in China,

facilitating the advancement of municipal road engineering toward smarter, greener, and more refined development.

[ Key words ] urban road; reconstruction and expansion project; splicing construction; minimally invasive repair; smart monitoring;

green construction
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