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Abstract

To enhance the comprehensive seismic performance of steel structure beam-column joints, this
study reviews research on the synergistic effects of gradient weakening and stiffener reinforcement.
The objective is to elucidate their cooperative mechanism and summarize current design practices.
Methodologically, systematic literature analysis was conducted to examine mechanisms through
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plastic hinge guidance and stress redistribution, followed by classification and performance compar-
ison of existing synergistic schemes. Results demonstrate that collaborative design can precisely
guide and expand plastic hinge zones, optimize stress flow distribution, and suppress local buckling,
thereby comprehensively improving joint ductility, energy dissipation capacity, and damage con-
trollability. The alignment of weakening parameters with stiffener stiffness and positioning proves
critical for performance optimization. However, the field still lacks unified design theories and spec-
ifications, with insufficient research on ultra-low cycle fatigue and post-earthquake repairability.
The study concludes that synergistic interaction between these approaches effectively enhances
joint toughness. Future efforts should focus on developing refined design theories, establishing re-
pairability assessment frameworks, and promoting integration of such designs into engineering
standards.
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Figure 1. Load-displacement curve
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Figure 2. Dog-bone joint diagram in high steel specifications
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Table 1. Performance comparison of typical collaborative design solutions
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