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Abstract: Traditional friction pendulum bearings, while possessing strong energy dissipation capabili-
ties, suffer from excessive displacement. Therefore, based on the triple friction pendulum bearing, a
novel SMA-triple friction pendulum bearing (STFPB) incorporating shape memory alloy (SMA) ca-
bles was proposed, and its basic structure and isolation principles were introduced. A theoretical analy-
sis of the friction pendulum bearing was conducted based on the principles of mechanical balance. The

stiffness and equivalent viscous damping ratio of the novel bearing were derived, and a four-segment
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hysteretic model was constructed. Utilizing finite element software ABAQUS, the solid elements of

the bearing were modeled, and its hysteretic and recovery characteristics under low-cycle repeated

loads were simulated. Additionally, the influence of vertical load, horizontal displacement amplitude,

the number and diameter of SMA cables, and horizontal excitation angle on its energy dissipation was

investigated. The results showed that: Dexcellent agreement between theoretical analysis and numeri-

cal simulation validated the correctness of the proposed calculation formula for the hysteretic model. @

Compared with traditional triple friction pendulum bearings, the novel STFPB had a full hysteresis

curve and superior hysteretic performance. (@ Energy dissipation increased with higher vertical load,

larger horizontal displacement amplitude, and an increased number of SMA cables. @ Under 45-de-

gree excitation, the configuration with four SMA cables achieved maximum stiffness and energy dissi-

pation. Therefore, the arrangement of SMA cables should be considered when designing the bearings.

Keywords: friction pendulum bearing; low-cycle repeated; hysteretic characteristics
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Fig.12 Influence of number of SMA cables on hysteretic per-
formance of STFPB
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Table 6 Performance parameters of STFPB with differ-

ent numbers of SMA cable arrangement

SMA %t /i - P25 -
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Table 7 Performance parameters of STFPB under differ-

ent seismic excitation input directions

- GGIE TP TERES 2L
J7 ] K./(kNemm ') W,/(kN-mm ") e
2-DSMA 5.895 129 055.654 0.156
2-VSMA 5.876 129 810.845 0.156
2-45DSMA 7.391 133 351.703 0.128
4-DSMA 9.154 129 055.654 0.010
4-45DSMA 11.605 149 759.624 0.009
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Fig.13 Influence of seismic excitation input direction on hys-

teretic performance of STFPB
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