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Multi-scale numerical study on ultra-low-cycle fatigue of
replaceable steel coupling beams
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Abstract: A multi-scale simulation method was proposed for the study on ultra-low-cycle fatigue ( ULCF) of
replaceable steel coupling beams (SCBs). A refined finite element (FE) model of SCB, into which both cyclic
plastic model and ULCF model at mesoscopic scale were implemented, was utilized. A simplified model of SCB at
macroscopic scale was adopted whose parameters were calibrated by force-displacement relationship. The
displacement history of the refined FE model of SCB is equivalent to that of the corresponding simplified model,
which was determined via analysis results of whole coupled wall model; and then ULCEF life could be investigated
efficiently. The analysis procedure of the proposed simulation method (PSM) was presented in detail via selecting a
coupled wall test as a sample. The ULCF analysis was conducted for the typical coupled walls with different
coupling ratio using the PSM. Results show that the PSM is reasonable, which was validated by the comparison of
analysis of the sample with experimental results. Under the same top lateral deflection, if the coupling ratio is
smaller, the deformation of shear links will be larger, time of crack initiation earlier, and damage index of fracture
greater. Creaks of shear links appear in the center of welds at flange firstly. When design of all replaceable SCBs is
the same, under displacement loading with constant amplitudes, the ratio of loading numbers of creak initiation
between two SCBs can be calculated approximately by the ratio of accumulated plastic energy dissipations ( APEDs)
of the corresponding two SCBs at the same time. As creak initiation of SCBs at different floors occurs, APEDs of
the SCBs are almost identical.
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Fig. 1 Multi-scale simulation method of ULCF of

steel coupling beams
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Fig. 3 Simulation results of engineering stress-strain curves

and fracture prediction
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Tab. 1 Design Details of replaceable steel coupling beams
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*k2 BRERHWER
Tab. 2 Analysis results of the selected coupling beams
ﬁ@] H *ﬁ‘l%% D /mm Diin /mm DULL‘,F, 20 Nercre /Nm‘ls.a Ei e /Ez—cns E. /kJ
HCW-1 CB2 17. 81 —17.52 18. 6 1. 08 1. 31 1. 31 569
CB5 23.57 —22.26 14. 2 1.51 577
HCW-2 CB2 19. 00 —18. 88 17.1 1. 23 1. 35 1. 36 464
CB5 25.59 —24.70 12.7 1. 86 478
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