455 455 W E T B 5 T B & 3 Vol. 45 No.5
2025 4 10 H EARTHQUAKE ENGINEERING AND ENGINEERING DYNAMICS Oct. 2025

X E %S :1000-1301(2025)05-0077-11 DOI:10.13197/j.eeed.2025.0508

£ F SMA 3 5 #9985 TMD i iR {4 6K W F 5%

1,2 ) 5 2 3 4
£ BV REFLMETLE L, KEfF
(L FBER% AR TRBE HRUE I & E TS S8 2, LI 2000925 2. [RIGF K2 Z5MB 9k TR &R ,_LifF 200092;
3. [RIGFR 2 MRRLSE 5 TAREBE, [ifF 200002; 4. bRl RS RAZ RN A B0 5 =, b 100044)

7 ECONIRS RSN NPURTERE , UL Sk 2 =CUR I BT FHJE 48 (tuned mass damper, TMD) I
PR H B SATRME LA Y A B S T hiERICIZ &4 ( shape memory alloy, SMA ) #4 ¥} il B¥ )
SMA #5%  #E T — AP E A WS RE J1 59 B TMD ( shape memory alloy tuned mass damper, SMA-
TMD) o 8 I RIS A B, SMA-TMD (19551 5 25 B 4 30 A SMA. 558 L I (9 9 R T v o i
BRI IR 3 (51056, 90 10E SMA-TMD 7E V55 IR P RE 75 1T (4 nI ATk S A 8ok, IR SRRk W],
58 00 58 TMD A LY 3803 9857 %60 A LT I 55 SR AR 2548 T v 0% 18 (19 SMA-TMD | 78 4% il 45 #4 T3 2
WS (T 0 8 0 775 T, T 8 e O o T g 90 i o, i i M i 2 /D P 4R T 21.5% , G4, SMA-TMD 11
TARFTRA T4 TMD B4 B &2 w5 2 408 T 00T A ok TARFTRE 43 3 2= /0 BE A 41K
46.9% 39.2% , XANAENE 1748 26 B L5 ), TR 00 22 il SR0E AR, J6 T S 6 B I T 5
AR A B AL — S B 25 ) )R BRAE i 54

KR TR E A s PRSI AT A A0 PRI B & BHJE 4% ; IR 3 & il

h[E 425 . TU352; TB535; P315.9 XERFRERD A

Experimental study on vibration reduction performance of
frequency-adjustable TMD based on SMA springs

LU Zheng'*, ZHAO Ruoyu®, LIU Xianggian®, DU Jiang®, ZHANG Guowei'

(1. State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China; 2. Department of Disaster
Mitigation for Structures, Tongji University, Shanghai 200092, China; 3. School of Materials Science and Engineering, Tongji University,
Shanghai 200092, China; 4. Multi-Functional Shaking Tables Laboratory, Beijing University of
Civil Engineering and Architecture, Beijing 100044, China)

Abstract; To improve the seismic performance of building structures and overcome the shortcomings of traditional
passive tuned mass dampers (TMDs) with narrow vibration reduction frequency bands and difficulty in adjusting
their own frequencies, a SMA-TMD with frequency modulation capability is presented based on SMA springs made
of shape memory alloy ( SMA) materials. Through frequency testing experiments, researchers found that the
frequency of SMA-TMD increases with the increase of current flowing into the SMA spring. Shaking table tests were
designed and conducted to validate the feasibility and effectiveness of the frequency tuning and vibration reduction
performance of the SMA-TMD. The experimental results show that compared to a detuned traditional TMD, the
SMA-TMD, which retunes with the main structure by adjusting input current, demonstrates a higher vibration
reduction rate in controlling the top floor peak acceleration response of the structure. The damping performance can
be improved by at least 21.5%. Furthermore, the working stroke of the SMA-TMD is significantly improved

compared to that of the traditional TMD, the maximum working stroke under the two sets of experimental conditions
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can be reduced by at least 46.9% and 39.2%, respectively. This improvement can save installation space, reserve
more building area, and broaden the application scenarios by enabling placement in structures with spatial
limitations.
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Table 1  Chemical composition ratio of raw materials for SMA spring %
fe2EILR i (=3¢ 3 Wi feELR i LR Wiy
Ni 55.700 Cu 0.010 Fe 0.010 H 0.001
C 0.030 Cr 0.010 0 0.039 Ti N

Co 0.010 Nb 0.010 N 0.003
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Fig.2 Demonstration of bidirectional shape memory effect in SMA spring |
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Fig.3 Demonstration of bidirectional shape memory effect in SMA spring Il
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Fig.5 Control flow of SMA-TMD frequency-adjustable system
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Fig.9 Input of base excitation for the first set of test conditions

0.02 0.1 0.1
.ﬁ 20 %0
= S 2
b 0 ® 0 = 0
= = =
-0.02 -0.1 -0.1 .
0 1 2 3 4 5 0 20 40 60 0 10 20 30 40 10 20 30 40
i 1] /s IR/ R/ I/
(a) SIN2 (h) EQ4 (¢) EQ5 (d) EQ6

E 10 52 A% TRAKRABBBAN

Fig. 10 Input of base excitation for the second set of test conditions
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Fig. 11 Comparison of top floor peak acceleration responses of SDOF1 with and without control under different base excitations
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Table 3  Comparison of top floor peak acceleration responses of SDOF1 with and without control under different base excitations
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R,/g Ry/g /% Rs/g /% R,/g Ry/g /% Rs/g /%
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EQ1 0.214  -0.140 34.6 -0.146 31.8 EQ3 0.347 0.177 49.0 0.178 48.7
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Table 6 Comparison of damper working stroke under different base excitations I
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