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Abstract

Connections play a crucial role in maintaining the structural integrity of a building during a fire. To
enhance the resilience of structures, this paper proposes a new ductile connection that offers higher
deformation capacity compared to commonly used connections. The design of this ductile connec-
tion is presented first. Subsequently, a series of steel frame models with ductile connections are
created using Abaqus to study the performance of the ductile connection throughout the entire fire
process, including heating and cooling. The models adopt the ISO-834 standard fire curve, which

SCEGI A PMERR, XIER. SRR R K R A R T PR RE D). B S0 5L, 2025, 14(8): 65-75.
DOI: 10.12677/m0s.2025.148548


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.148548
https://doi.org/10.12677/mos.2025.148548
https://www.hanspub.org/

PN, Xk

includes the cooling phase. To account for the mechanical properties of carbon steel and high-
strength steel during the cooling stage, a VUSDFLD user subroutine is developed. Finally, detailed
steel frame models with ductile connections and commonly used end-plate and fin-plate connec-
tions in engineering are established under cyclic loading to study the performance of ductile con-
nections during earthquakes.
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Figure 1. Design of the ductile connection
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Figure 2. The typical steel frame selected [10]
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Table 1. Dimensions of the Abaqus models (mm)
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7 (Grade S355) (Grade S275)
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Figure 3. Mechanical properties at cooling stage (7max = 800°C). (a) Stress-strain curves of
steel at cooling stage; (b) Stress-strain curves of steel at cooling stage
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Figure 4. Simulation results from the model with beam section. (a) Beam mid-span deflection; (b) Con-
nection axial force
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Figure 5. Simulation results from the model with beam section. (a) Beam mid-span deflection; (b) Con-
nection axial force
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Figure 6. Setup configuration and boundary condition JD1
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Figure 7. Moment rotation curve-JD1 Simulation-Test
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Figure 8. Failure of JD1 specimens’ experimental results
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Table 2. Parameters of the Abaqus models (mm)
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Figure 9. Meshing of ductile connections and bolts
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Figure 10. Loading system diagram of ductile connections
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Figure 11. Hysteretic curve of load and displacement of ductile connections
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Figure 12. Hysteretic curve of commonly used connections in engineering. (a) Hysteretic curve of end-plate connec-
tions; (b) Hysteretic curve of end-plate connections
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