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Abstract

To address the common engineering challenges of insufficient mechanical performance and poor deformation coordination at the
connection points between prefabricated integrated modular interior walls and main structural systems, this study systematically
investigates the mechanical behavior of metal prefabricated wall systems connected to concrete beams. Based on orthogonal
experimental design theory, the analysis variables include the spacing of expansion bolts (400mm, 600mm, 800mm), the thickness of
U-shaped light steel studs (1.0mm, 1.2mm, 1.5mm), and the types of joint sealant materials (silicone sealant, polyurethane sealant,
epoxy resin). The shear capacity, initial stiffness, and typical failure modes of the connections were calculated and analyzed. The
findings indicate that bolt spacing has the most significant impact on the load-bearing capacity of the connections. The optimal
parameter combination, obtained through optimization, is a bolt spacing of 400mm, a stud thickness of 1.2mm, and the use of
polyurethane sealant for joint filling. Under these conditions, the shear capacity of the connection reaches 12.8kN, with an initial
stiffness of 2.3kN/mm, meeting the relevant seismic design requirements. The primary failure modes involve local buckling of the
light steel studs and debonding/cracking at the sealant interface, with no instances of bolt pull-out or concrete base damage. Building
on these findings, the study proposes an optimized design method and key construction quality control measures for such connections,
providing a reference for the safe and reliable design of prefabricated wall joints.
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