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Experimental Study and Theoretical Analysis of Flexural Performance of
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Luo Xianzhi, Wu Yifan, Zhang Sumei, Xiang Yanghuan
(School of Intelligent Civil and Ocean Engineering, Harbin Institute of Technology (Shenzhen) ,
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Abstract: Owing to their exceptional physical and mechanical properties, ultra-high performance concrete (UHPC) -
concrete-steel composite slabs have emerged as an ideal solution to addressing the severe durability challenges of pre-
fabricated underground structures. However, due to significant differences in material characteristics, structural con-
figurations and construction techniques compared with the conventional reinforced concrete components, the existing
joints cannot be directly applied to these novel composite slabs. To address this issue, two innovative joint types
(i.e., flat and tenon-groove joints) based on the existing joint configurations were developed in this paper. Flexural
tests were conducted to evaluate the integrated performance and failure modes of these joints under bending moments.
Numerical analysis was also employed to investigate the influences of key design parameters on the joint’s flexural
performance and the underlying mechanisms. Finally, calculation methods for the joint’s bending stiffness and flex-
ural capacity were proposed based on experimental and numerical results. The findings demonstrate that the flexural
capacity of joints is governed by the tensile strength of connecting bolts in the tension zone, with the bolts’ tensile
fracture being the typical failure mode. The novel connecting joints exhibit well-matched flexural capacity and defor-

mation compatibility, and they provide sufficient deformation control in serviceability limit states, with their open-
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ing width remaining below 2 mm under peak bending moments. Increasing the bolt’s pretension force enhances the

initial bending stiffness but has limited impact on the ultimate load-bearing capacity. Moreover, moderate axial com-

pression improves both the initial bending stiffness and the flexural capacity. The proposed calculation methods for

bending stiffness and flexural capacity show strong applicability and can serve as references for the design of practical

engineering.

Keywords: ultra-high performance concrete (UHPC) ; composite slab; joint; flexural performance; preload;

axial compression
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Tab.1 Design of composite slab joint specimens
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Fig.3 Detailed diagram of UHPC-concrete-steel composite slab joint specimens (unit: mm)
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ance of composite slab joints
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Fig.17 Calculation of flexural stiffness of composite slab
joints after seam opening
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Fig.18 Simplified diagram of calculation of flexural bear-
ing capacity of composite slab joints
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