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Abstract: To investigate the enhancing effect of partially replacing normal concrete (NC) with ultra-
high performance concrete (UHPC) on the punching shear capacity of slab-column connections,
experimental and numerical analyses were conducted on slab-column joints with varying UHPC
reinforcement zones. Punching shear tests were conducted to analyze the load-deflection curves at the slab

center, crack propagation characteristics, and failure mechanisms. The effects of different UHPC
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reinforcement areas on the punching shear performance of slab-column connections were compared. Based
on experimental studies, a corresponding ABAQUS finite element model was established. The concrete
damaged plasticity (CDP) model and a frictional contact model were employed to simulate the nonlinear
behavior of concrete materials and shear-slip behavior at the UHPC-NC interface. The model outputs
included load-deflection curves and bottom-surface tensile damage distributions, which were compared
with the experimental results for validation. The results showed that partial UHPC reinforcement can
effectively improve the punching shear capacity, enhance the ductility, and modify the failure modes of
slab-column connections, while offering better cost-efficiency compared to full UHPC reinforcement.
Under the current test conditions, the ultimate load capacity increased by 153% when UHPC completely
replaced NC, Partial UHPC reinforcement configurations with coverage areas of 440 mm X 440 mm and
560 mm X 560 mm exhibited punching shear capacity enhancements of 56.3% and 82.3% . respectively,
which improved the punching shear capacity of slab-column connections. All UHPC-reinforced specimens
demonstrated improved ductility compared to NC counterparts, accompanied by a transitional failure mode
combining punching shear and flexural yielding. Notably, the ductility improvement magnitude between
partially and fully UHPC-reinforced specimens was comparable. In summary. this study provides
experimental evidence for the application of UHPC locally reinforced slab-column connections and develops
a finite element model that can be extended to parametric studies on reinforcement area, UHPC strength,
and reinforcement ratio. The model lays a foundation for multi-objective optimization considering both
structural performance and economic efficiency, and demonstrates strong potential for engineering
application.
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