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Abstract

Precast concrete structures are being popularized worldwide due to the advantages in terms of
accelerated construction, low-carbon, high-quality production, and environment-friendly. Due to the
existence of in-situ connections, some concerns focused on the overall structural integrity of precast
concrete structures under lateral loadings such as seismic and wind loadings. My studies aim to adopt
the combination of high-performance concrete material, novel structural types, and advanced
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construction methods to ensure the structural integrity of bridge structures and high-rises under lateral
loadings. For bridge structures, when precast concrete bridge piers adopt post-tensioning tendons and
grouted connection bars to assemble individual segments into a structural whole, they present rocking
self-centering deformation mechanism and certain energy dissipation capacity under strong
earthquake. A series of experimental studies and theoretical analyses were conducted to investigate
the impact of rocking self-centering deformation mechanism on the seismic behavior of the bridge
piers. According to the results, the rocking self-centering deformation capacity calculation method
was established, as well as the self-centering capacity design method was developed based on the
quant balance strategy of energy dissipation and self-centering capacities. Ultra-high-performance
concrete (UHPC) was applied to precast concrete bridge piers, as grout to connect large-diameter bars
for rapid assembly, and as construction material to directly build the joints that are easy to be
compressively crushed for improved seismic performance. Systematic trial and theoretical studies
were done to research the influence of UHPC local-enhanced joint region on the seismic behavior of
the bridge piers. Following the studies, the UHPC-grouted large diameter bar connection technology
and the relevant design method were developed, as well as new damage-controlled and earthquake
resilient UHPC bridge piers were proposed. In addition, machine learning was utilized to predict the
structural performance of precast concrete structures that adopt UHPC in their critical joints. For high-
rises, modular integrated construction (MiC) was adopted to construct them up to 40-storey height.
Numerical studies and theoretical analyses were conducted to explore the working mechanism of inter-
module connections and overall structures under strong wind. Lateral-force resisting systems without
in-situ cores were put forward and numerically validated based on the design concept of “strong inter-
module connections”, while equivalent frame design method and local connections-overall structure
integrated analysis technology were developed based on the design concept of “flexural inter-module
connections”. All the above studies using new material, new structure, and new construction contribute
to improving the lateral force resistance of precast concrete structures, and their useful results have
been applied to actual engineering structures.
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