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[Abstract] Building industrialization represents a core strategic direction for the green transformation, quality
enhancement, and efficiency improvement of China's construction industry. Prefabricated concrete components,
leveraging their advantages of standardization, batch production, and low environmental impact, are widely
employed in various prefabricated construction projects. In contrast to traditional cast—in—place concrete
construction methods, factory—based assembly—line prefabrication imposes stringent requirements on the batch
consistency, performance stability, and operational adaptability of raw materials; even minor fluctuations in raw
material properties can be amplified during mass production, leading to common quality issues such as
component cracking, strength variability, surface defects, and insufficient durability. Current quality control
research in the industry predominantly focuses on finished component testing, optimization of construction
processes, and adjustment of mixing proportions, often adhering to a static quality control paradigm applicable to
cast—in—place concrete. This approach overlooks the unique operational characteristics of prefabrication—such
as continuous production line operation, early strength development, and constant—temperature curing—
resulting in fragmented quality control checkpoints, delayed risk assessment, and a lack of dynamic control
mechanisms. Addressing these challenges, this study adopts the operational logic of industrialized construction to
systematically analyze the root causes of quality defects in four key raw materials: cement, coarse and fine
aggregates, admixtures, and mineral admixtures. Furthermore, this research innovatively establishes a
full-process closed—loop quality control system encompassing "source—level qualification — warehouse
steady—state monitoring—dynamic adaptation—end—to—end traceability." Distinct from traditional static,
single—point quality control models, this system incorporates specialized control modules, including dynamic
operational adaptation for raw materials and batch performance calibration, thereby precisely addressing quality
variability in prefabricated production. This work fills a critical research gap regarding refined quality control for
prefabricated concrete raw materials, effectively enhances the pass rate and structural stability of prefabricated

components, and provides practical theoretical references for quality management in prefabricated and
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standardized construction projects.
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