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Abstract

Under the guidance of the national transportation strategy and the “Dual Carbon” goals, highway reconstruction and expansion
projects urgently require a green and low-carbon transition. Current engineering practices face dual challenges of intensified
ecological disturbance and inefficient resource utilization, specifically manifested as habitat fragmentation, severe soil erosion, and
low recycling rates of construction materials. By systematically integrating five technical systems—ecological corridor construction,
low-carbon material application, comprehensive water resource management, coordinated pollution prevention, and life cycle
assessment—a complete green highway design solution has been developed. Ecological corridor technology alleviates biological
isolation effects through animal passages and vegetation buffer zones; material innovations like recycled aggregates and warm-mix
asphalt reduce carbon emissions; the sponge road concept enables rainwater recycling; integrated pollution control systems enhance
environmental quality along routes; and digital twin technology empowers full-process environmental management. These innovative
practices provide replicable technical pathways for highway reconstruction projects, promoting coordinated development between
infrastructure construction and ecological conservation.
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