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Design and Analysis of Complex Irregular Fair-Faced Concrete
Structure for Hainan Art Museum

DAI Jiagi XU Xiaoliang® YAO Shudian
(Tongji Architectural Design (Group) Co.,Ltd., Shanghai 200092, China)

Abstract To address the scarcity of design methods for irregular fair-faced concrete structures in high seismic
intensity regions, the challenge of synergizing architectural aesthetics with seismic performance, and the
prominent contradictions between facade integrity and the detailing requirements of precast structures, this
study investigates the structural design and seismic performance of a complex, irregular fair-faced concrete
structure. The research is based on the Hainan Provincial Art Museum project, located in a high seismic
fortification zone of intensity 8.5. By applying fair-faced concrete techniques to precast structures, a synergy
between the architectural fair-faced finish and prefabricated construction requirements is achieved. The project
employs a reinforced concrete shear wall structural system. To account for multiple structural irregularities, a
multi-level and component-specific performance-based seismic design method is established. Furthermore, a
“three-joint integration” crack control technology is adopted, and specialized technologies are developed,
including embedded steel beam connections, integrated detailing for architecture, structure, and thermal
insulation, and parametric form-finding utilizing the inverted hanging method for complex curved roofs. These
innovations effectively resolve critical engineering challenges, such as wall crack prevention and control, the

reliability of out-of-plane connections between steel beams and shear walls, the synergy of energy conservation
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and structural response in irregular facades, and the matching of architectural form with mechanical

performance. Ultimately, this study establishes an integrated architecture-structure design framework for

irregular fair-faced concrete buildings in high seismic intensity regions, providing a valuable engineering

reference for the design, precast application, and seismic control of similar structures.
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