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Innovative Research on Recycling and Reuse of Waste Surface Materials from Heavy—Duty
Roads
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Abstract: As China's transportation infrastructure construction enters a new phase emphasizing both construction
and maintenance, the large-scale disposal and high-value recycling of waste asphalt surface materials from heavy-
duty roads has become a critical bottleneck constraining the green and low-carbon transformation of the transportation
industry. Due to their unique operating conditions—including high axle loads, highly channelized traffic, and strong
environmental coupling—heavy-duty roads impose much stricter requirements on pavement materials for rut resistance,
fatigue resistance, and long-term durability than conventional roads. Traditional recycling technologies, primarily
developed for light-to-medium load scenarios, often suffer from rapid performance degradation, short service life,
and significant quality fluctuations when directly applied to heavy-duty roads, resulting in persistently low recycling
rates for waste surface materials in such applications. This paper systematically reviews recent advances in innovative
research on recycling and reuse technologies for waste surface materials from heavy-duty roads, conducting in-depth
analyses across multiple dimensions including material damage evolution mechanisms, molecular design of recycling
systems, multi-grade gradation optimization, construction process adaptation, and full-life cycle evaluation.
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