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Abstract

In response to the limitations of traditional modular steel structures, such as the difficulty in inter-
nal welding of closed sections and the weakening of the section due to bolt connections, this paper
proposes a new fully welded prefabricated square steel tube beam-column joint that integrates a
“cross-shaped guide slot” and an “I-shaped slot”. This joint uses a dedicated connection component
to achieve precise positioning and automatic centering during the hoisting process; its external full
welding process effectively avoids the performance weakening caused by column wall openings,
ensuring the mechanical integrity of the component section. This paper deeply analyzes the force
transmission mechanism of this joint, respectively constructs theoretical calculation models for its
bearing capacity under tension, shear and bending conditions, and uses ABAQUS finite element soft-
ware for reliability verification. The analysis results show that the force transmission path of this
joint is clear and smooth, in line with the seismic design principle of “strong joint, weak member”;
the theoretical calculation values under each condition are highly consistent with the finite element
simulation values, fully demonstrating the accuracy of the theoretical formula and the engineering
safety. This research can provide important theoretical references for the engineering promotion
and application of this type of new prefabricated joint.
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Figure 1. Schematic diagram of the modular square steel tube beam-to-column joint
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Figure 2. Calculation model for tensile capacity of square steel tube joints
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Figure 3. Calculation model for shear capacity of square steel tube joints
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Figure 4. Calculation model for bending capacity of square steel tube joints
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Figure 5. Simplified stress-strain relationship of steel
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Figure 6. Mesh generation of the model
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Figure 7. Finite element verification results under various working conditions
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