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Abstract: Steel structures are widely used in the field of modern construction engineering, and their advantages such as high strength,
good ductility, and convenient construction make them irreplaceable in high-rise buildings, large-span structures, and major public
facilities. However, under earthquake action, the seismic performance of steel structures depends not only on the overall load-bearing
system of the components, but also on the significant influence of local node connection performance. As a key weak link in steel
structures, the mechanical properties, deformation capacity, ductility level, and connection parameters of nodes directly determine the
overall seismic resistance of the structure. Improper design or parameter configuration of node connections may lead to brittle failure,
insufficient bearing capacity, or weakened energy dissipation capacity under earthquake action, thereby affecting the safety of the
entire structural system. Based on this, this article conducts research on the mechanical characteristics of steel structure node
connections, methods for improving seismic performance, and principles for optimizing key parameters. It explores the performance
differences of different node forms under seismic action and proposes strategies for improving node performance from the perspectives
of structural design, construction details, and parameter adjustment. The research results show that through reasonable node design
methods and parameter optimization techniques, the ductility performance, energy dissipation capacity, and deformation recovery
capacity of nodes can be significantly improved, thereby enhancing the overall seismic resistance of steel structures. This study can
provide theoretical reference and technical basis for the optimization design of steel structure nodes, improvement of seismic
performance, and parameter control in engineering practice.
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