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From "Dark Factories' to '""'Unmanned Construction Sites'': How Smart Manufacturing Can
Inspire Robotics in Construction

Gao Pan

Beijing University of Civil Engineering and Architecture, School of Urban Economics and Management, China Beijing
100044

Abstract: The intelligent transformation of "dark factories" in manufacturing has provided valuable technical references
and practical experiences for the construction industry. However, whether construction should—or even can—move
toward "fully unmanned sites" is a question that needs a deep look from the perspective of dialectics of nature. Based
on this theoretical framework, this paper systematically analyzes the technical paradigms and the nature philosophy
behind "dark factories" in manufacturing, examines what in these experiences is "transferable" or "non-transferable"
to construction, and focuses on the core issue of "human liberation." The study finds that construction can learn from
manufacturing in lean construction concepts, prefabricated production models, and digital twin methods. But because
of the uniqueness of buildings, the unstructured nature of construction sites, and the complexity of social systems,
fully copying the "unmanned" model is neither realistic nor desirable. True "human liberation" doesn't mean excluding
workers from sites but freeing them from repetitive and hazardous tasks through human-machine collaboration and tech-
social coordination, letting them focus on higher-level creativity and management. The construction industry should
follow a balanced path of "moderate automation and human-machine cooperation," borrowing from manufacturing while
respecting natural conditions and social ecology, achieving a balance of technical and value rationality.
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