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[Abstract] To improve the intelligent construction quality control of expressway subgrades and reveal the
coupling mechanism of moisture content and compaction energy on the compaction characteristics of fill
materials, this study focuses on soil samples from the Chengnan Expressway Expansion Section. Under the
framework of intelligent compaction technology, refined laboratory experiments were conducted using a fully
automatic vibrating compactor. An orthogonal experimental design was implemented to systematically control
parameters such as moisture content (graded at 2%, 10%, 12%, 14%, and 16%) and compaction passes (78, 88, 98,
108, and 118 times), while dynamically acquiring real—time response signals during the compaction process. The
research outcomes provide theoretical support for optimizing excitation force parameters of intelligent rollers
and enabling real—time moisture content regulation. Additionally, this study advances the development of
closed—loop control technology for subgrade compaction quality based on digital twin systems.
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