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Abstract: With the acceleration of urbanization and frequent infrastructure renewal, construction waste generation
has surged dramatically. Recycling construction waste to produce recycled aggregates for subgrade filling in highway
engineering has become a key pathway toward green and low-carbon transformation in transportation development.
However, due to their complex origins, variable compositions, surface-attached mortar, and internal microcracks,
recycled aggregates exhibit significantly different mechanical properties and deformation characteristics compared to
natural aggregates. This makes traditional compaction techniques and quality control standards based on natural soil
and rock unsuitable for direct application, often leading to engineering problems such as excessive subgrade settlement,
insufficient strength, and poor water stability. This paper systematically reviews recent research advances in the
compaction behavior, construction process optimization, and quality control methods for subgrades filled with recycled
aggregate. First, it analyzes the physical and mechanical characteristics of recycled aggregates and their influence
mechanisms on compaction behavior, identifying particle breakage, gradation evolution, and moisture sensitivity as
critical factors limiting compaction performance. Second, it evaluates the applicability and parameter optimization
principles of various compaction methods—including vibratory compaction, impact rolling, and static preloading—
highlighting the importance of the "low amplitude, high frequency, thin-layer placement" approach. Third, it discusses
the limitations of current compaction degree testing methods and explores the development of a diversified quality
evaluation system based on dynamic modulus, deflection values, and intelligent compaction technologies. The study
demonstrates that quality control for recycled aggregate subgrades must shift from relying solely on density indicators
to a multidimensional, coordinated control framework integrating density, modulus, and uniformity, supported by a
dynamic feedback mechanism adapted to material variability. Future efforts should focus on deepening research into the
long-term service performance of recycled aggregates, improving specialized technical specifications, and promoting the

integration of intelligent construction equipment with digital quality control platforms to ensure the safety, durability,
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and economic efficiency of recycled aggregate subgrade projects.
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