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Performance analysis of a new type SMA composite pendulum
damping system for ancient masonry pagodas

YANG Tao, ZHANG Yang, LIU Zhangrui
(School of Urban Planning and Municipal Engineering, Xi’ an Polytechnic University, Xi’ an 710048, China)

Abstract; To enhance the protection of masonry pagodas and improve the damping performance of suspension
pendulum damper (SPD), a novel SMA composite pendulum damping system is proposed, integrating shape
memory alloy (SMA) into SPD. This system enhances the inertia force generated by the pendulum within SPD by
leveraging the super elasticity and high damping characteristics of SMA, thereby improving the overall energy
dissipation capability of the damping system. Initially, the study outlines the process of obtaining the equivalent
restoring force of SMA through stochastic equivalent linearization. Subsequently, it establishes the SDOF
computational model of the SMA composite pendulum damping system by drawing parallels with the SDOF
computational model of SPD. The paper elucidates the structure and operational principles of the damping system,
followed by an exploration of the effects of two control parameters on its performance. Further, the study applies
both SPD and the new composite pendulum damping system to a masonry pagoda. The structural vibration response
is analyzed under three distinct seismic excitations following the implementation of the damping system using
ABAQUS software. The findings reveal that the SMA composite pendulum damping system outperforms SPD in
vibration control under various seismic excitations, demonstrating its superior applicability.
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Fig. 1  Force-deformation relationship of the SMA
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Fig. 5 Acceleration time history curves of model structures under different mass ratios control
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Table 1  Seismic mitigation rates for different mass ratios under Jiangyou wave excitations

JeE SPD il SMA &5 B3R R e il

B/mm MGEREg B /mm WREEL/% R MEEL/%  D/mm WEE L% WHEEe WEE L%

1 4.025 0.314 4.083 —1.44 0.283 9.87 3.266 18.86 0.225 18.79
2 4.025 0.314 4.084 -1.47 0.276 12.10 3.192 20.70 0.214 31.85
3 4.025 0.314 4.085 -1.49 0.265 15.61 2.967 26.26 0.195 37.90
4 4.025 0.314 4.085 -1.49 0.251 20.06 2.738 31.96 0.189 39.81
5 4.025 0.314 4.085 -1.49 0.245 21.97 2.584 35.80 0.182 42.04
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Fig. 7 Time history curves and spectrum curves of selected seismic excitations
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Table 2 Basic material parameters
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Fig. 11 Top time history curves of model structure under El Centro wave excitation
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