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A Roadmap for Physical Artificial Intelligence
in Civil Engineering

AssTracT: Civil engineering deals with all aspects of design, construction, and maintenance of the physical and natural
built environment. The discipline has a long history and is often viewed as relatively traditional. The concept of intelli-
gent civil engineering systems was first introduced at the end of 1970s, associated with structural vibration control. In
the early 1990s, smart sensing and health monitoring technologies as well as smart material-based control strategies
emerged, becoming known as the second stage of intelligence in civil engineering. In more recent years, artificial intel-
ligence (Al) has emerged from the field of computer science to become a focus of research and development in many
fields, including civil engineering. In contrast with Al focusing only on data analysis, the application of Al in the natural
sciences and engineering must also respect intrinsic physical laws, which is termed “Physical Artificial Intelligence (PAI)",
though some scholars prefer “Al for science”. In this lecture, the basic concepts underlying PAl in civil engineering are
introduced. Then, the revolutionary changes catalyzed by PAI in the theory and technology of civil engineering are
discussed, covering issues such as architectural design, structural and material design, structural analysis and mechan-
ics, solution of the complex governing equations, construction, maintenance and operation, and disaster risk manage-
ment. Finally, the presentation looks toward the future of civil engineering research and applications in an intelligent
societal setting.

Bio: Dr. Hui Li is a Changjiang Scholarship Professor in Civil Engineering and Mechanics at the Harbin Institute of Tech-
nology. Her research interests focus on Intelligent Science and Technology for Civil Engineering. She has made pioneer-
ing research contributions in Data Science and Engineering in Structural Health Monitoring, Intelligence Wind Engi-
neering, Fusion Design of Architecture and Topology, and Negative Stiffness Damping Control. She is the author over
200 Journal papers, including one paper in Science. She was awarded the China National Science and Technology Prize
(2006, 2007, 2013, 2018), the Structural Health Monitoring Person of the (2015), and the ASCE Housner Medal (2021).
She has also led numerous engineering field applications, including monitoring of the Xihoumen Bridge, Hu-Su-Tong
Bridge, etc. She is the current president of both the International Association for Structural Control and Monitoring and
the Asian Pacific Network of Centers for Research in Smart Structure Technology.

CIRCLE: The Center for Infrastructure Resilience in Cities as Livable Environments is one of three research themes
supported by the joint Dynamic Research Enterprise for Multidisciplinary Engineering Sciences (DREMES), established
between the University of lllinois at Urbana-Champaign (UIUC) and Zhejiang University (ZJU). The CIRCLE Distin-
guished Lecture Series is intended to provide opportunities for faculty and students to meet and interact with interna-
tionally renowned experts in the field.
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