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Fig.1 4 seismic isolation bearings with SMA wires in the experiment
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Table 1 Loading plan of seismic isolation

bearings with SMA wires

XERE  UBEE/mmKPMRER/H B E R /AN

PT 8,15 0.02, 0.1, 0.5
HL 8,15,20 0.02,0.1,0.5
SX 8, 15,20 0.02,0.1, 0.5
SP 3,6,8 0.1, 0.5,1
JC 3,6,8 0.1, 0.5, 1
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Fig.2 Hysteresis curve of SX bearing
under 30 kN, 0.1 Hz
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Fig.3 Hysteresis curve of HL bearing
~ under 20 kN, 0.1 Hz
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Fig.4 Hysteresis curve of JC bearing
under 40 kN, 0.1 Hz
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Fig.5 Hysteresis curve of SP bearing
under 40 kN, 0.1 Hz
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Fig.6 Hysteresis curve of PT bearing
under 40 kN, 0.02 Hz
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Fig.7 Hysteresis curve between HL bearing
and SX bearing under 20 kN, 0.1 Hz
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Fig.8 Hysteresis curve between SP bearing
and JC bearin under 40 kN, 0.1 Hz
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Fig.9 Energy dissipation of SMA seismic isolation

bearings in a circulation
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Table 2 Energy dissipation parameters of Table 4 Energy dissipation parameters of SX bearing
common rubber bearing BE KFEMR MBE ERR/ —— EY T
EE KEmMB BB  HEER/ R R FR/KN BE/Hz fH/mm N+mm B H/%
HB/AN E/MHz {H/mm _ N-mm  ER/% 8 (6.57) 5510.3  0.316 5.02
0o 8 (7.29) 6364.1  0.335 5.33 0.02 15 (12.97) 19582.9  0.324 5.15
15 (12.94) 16 102.1  0.309 4.93 20 20 (19.13) 50974.0  0.413 6.57
20 o ® (7.64) 5434.2  0.252 4.01 ot B 5 SREUD (A 2 80
15 (13.25) 16 647.6  0.278 4.43 0.1
20 (19.59) 48 657.6  0.418 6.65
0.5 8 (8.33) 11437.7 0.372 5.92
- e BdSE 63 B oo 8 (12.53) 20830.0  0.445 7.08
: 1S (13.98) 25667.3  0.398 6.33 » 20 (19.51) 54321.3  0.432 6.87
30 oy (7.53) 8451.8  0.363 5.78 oy B (12.98) 28392.2  0.556 8.5
T 15 (14.23) 29861.4  0.433 6.9 20 (19.90) 56 781.9  0.467 7.44
0.5 BAT84) 109101 0407 648 15 (13.15) 30 768.4  0.542  8.62
0.02 :
o (B.47) 108583 D269 3:87 20 (20.93) 61613.7  0.467 7.43
15 (14.25) 27 406.3  0.404 6.44 40
15 (13.03) 31129.6  0.571 9.09
40 oy (8.61) 10961.7  0.365 5.82 0.1 _
Lo a0 w040 e 20 (20.03) 64 757.3  0.518 8.25
0.5 8 (7.90) 11462.3 0.394 6.28
x5 SPEENRESHR
T: BEANKRBIANEAMMUBHEHME, ERKM Table S E dissipati . £ SP beari
aple ner; 1Ssi1pation parameters O earin
RN L2 (LB R 8 5 i it g
Bm KEmME MBE  EER/ p— £
ﬁ 3 HL ima“Iﬁ%#ﬁ FH/N BE/Hz {H/mm N°*mm /%
Table 3 Energy dissipation parameters of HL bearing 3(3.03) 1035.2 0.141 2.24
Bm  KEWME ABE KRR/ £ 34 0.1 6 (4.35) 2667.9  0.193 3.07
B /KN FE/Hz {H/ N iR R/
Al 2110 i L. 8 (6.56) 6600.8 0.253  4.03
8 (5.63) 7805.6  0.414 6.59
20 -~ 3(2.53) 1072.9  0.23 3.54
0.02 15 (10.07) 2 0281.4  0.475 7.55 0.5
20 (14.79) 38380.8 0.469  7.46 6 (4.80) 2958.8  0.228  3.64
20 8 (5.83) 8436.7  0.401 6.39 . 3 (2.41) 1223.0 0.289 4.60
0.1 15 (10.54) 22265.6  0.440 7.01 6 (4.62) 3155.3  0.241 3.83
20 (14.38) 43250.5  0.448 7.14 3 (2.43) 1037.7  0.166 2.65
0.5 8(s5.30) 7814.9 0.432  6.88 0.1 6 (4.77) 3414.0 0.234  3.72
8 (5.81) 8019.4 0.414 6.59
8 (6.95) 6625.7  0.228 3.63
0.02 15 (10.29) 21582.3  0.474 7.55
, 2.59) 1108.1  0.209 )
20 (14.47) 40951.9  0.503 8.00 30 0.5 > " —
30 8 (5.89) 9119.0  0.413 6.57 6 (4.45) 3007.2  0.226 3.59
0.1 15 (10.59) 23950.4  0.456 7.26 : 3 (2.50) 979.6 0.190 3.02
20 (15.03) 45319.2  0.486 7.74 6 (4.91) 4018.7  0.255 4.06
05 8 (5.22) 9110.9 0.500 7.97 3 (2.49) 1217.3 0.219 3.48
8 (5.85) 10053.5  0.474  7.54 0.1 6 (4.66) 4086.6 0.262  4.17
0.02 15 (11.17) 31 487.8" 0.596  9.48"
8 (7.01) 8030.9  0.255 4.06
20 (14.14) 41126.5  0.531 8.45
40 8 (5.69) 9755.9  0.448 7.14 40 o5 (uel) 12808 019 el
0.1 15 (10.85) 28242.6  0.484 7.70 6 (4.92) 5785.6  0.349 5.56
20 (14.89) 4 530.84  0.474 7.54 i 3 (2.63) 928.7  0.164 2.61
0.5 8 (5.24) 8419.9  0.448 7.14 6 (4.74) 3987.6  0.240 3.82
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Table 6 Energy dissipation parameters of JC bearing

BE KPR UBE  HERR/ — E3 4
HWHR/AN HFE/H: {E/mm N-mm JeH. /%
3 (2.65) 2520.4  0.311 4.95
0.1 6 (6.03) 11386.1 0.362 5.76
8 (6.14) 10683.4  0.347 5.51
20 3 (2.48) 2521.4  0.491 7.81

0.5 6 (3.79) 6135.2 0.486 7.73

8 (6.09) 9786.4 0.314 5.00

g 3 (2.14) 2538.5 0.566 9.01"

6 (3.95) 5318.3 0.393 6.25

3 (2.60) 2002.8 0.372 5.92

0.1 6 (3.92) 5406.5 0.412 6.56

8 (6.14) 10325.1 0.318 5.07

30 3 (2.56) 2690.8 0.509 8.10
0.5 6 (4.11). 5637.1 0.399 6.36

8 (6.30) 9610.3  0.292 4.65

) 3 (2.10) 2182.7  0.480 7.64

6 (4.06) 5890.9  0.396 6.31

3 (2.18) 22596  0.480 7.65

0.1 6 (3.91) 5781.0  0.411 6.54

8 (6.18) 11015.5 0.328 5.22

40 3 (2.31)° — — —

0.5 6 (4.08) 5802.3 0.377 6.00

8 (6.08) 12566.1 0.366 5.83
” 3 (2.02) 2548.3 0.539 8.58
6 (4.04) 6327.2 0.397 6.32
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Fig.10 Energy dissipation in one circulation among
PT, HL and SX bearing under 20 kN, 0.02 Hz
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Fig.11 Energy dissipation in one circulation between

SP bearing and JC bearing under 20 kN, 0.1 Hz

s A "
7 A
g 6 ~
R S5
5 4
3 e PT 3 B
¥, ---Ac-- HL
1 —— SX X &
0o 5 10 15 20
fr W4 /mm

12 PT, HL 5§ SX X # 20 kN, 0.02 Hz F
EHMERLETBTHLER
Fig.12 Equivalent damping ration among PT, HL
and SX bearing under 20 kN, 0.02 Hz

BEHNBEEERE, SMA Z7E BB X E+ 17
BEARE, XEMHRE. AREHREEULRS
HER LSBT AARERARNE, BERBLR
M. Pl SMA 3 B B & 1& 5 2 HL X B4R F SX

SR, JCXEART SP TR, WIHRYE SR B R K&
RO #HAT

7 i,
6 [ .
. St m
g
Ny 4
E 3F /_\.
ﬁ .1 —e— SPXE
1} ---B-- ICXE
%% 2 4 5 8
R BEMHE /mm

B13 SPXHES JCXEH20kN, 0.1HzF
SHFARHLEUBTLER
Fig.13 Equivalent damping ratio between SP
bearing and JC bearing under 20 kN, 0.1 Hz

3) X FRE—F SMA BB, (B IBER X
BB, E—EMEEEAN (0.02 Hz~1
Hz), SMA X EHEEAARK; BmHHRE SMA
PRSI Sy KRR, XF SMA it in B RL 7 AT
RE SMA A%,

4) SMA £ 548 Jie 32 i A AR ) % 4 [F) B 7 B4
FIRE, #HESMALRAERE, BWEEELE,

% X W '

[1] Graesser E ], Cozzarelli F A. Shape memory alloys as a
new materials for aseismic isolation [J] . J Eng
Mech. ASCE, 1991, 117 (11): 2590 ~2608

[2] BRitd. lkRsER —EHEEH5HREN
(M]. db3: BHE i AREE, 2003

(3] EXE R #. SMA—BREEAXEBREZEMNTE
ZHPHRBBE [J]. ERIT L KR%E%¥R, 2004;
30 (2): 176~179 ;

[4]  FEWN. —FMHE SMA—RB X EREMFTLHF

WRRHRE [D]. AR T U KRETEWLEME
3, 2004

[5] Krzysztof Wilde, Paolo Gardoni, Yozo Fujino. Base
isolation system with shape memory alloy device for

bridge@ (J1.
Structures, 2000; 22: 222~229

(6] HBFaRAEZHh< EREREMAN (M]. 4t
W Bl AR, 1998

(7] ®rwh, EHR. FFREREEIT (M]. L. A
R 3558 At , 2001 _

(8] MRy, ¥, ARE. LESMHK SMA @##
HEBE (J]. REX¥%® (BRBER),
2003; 33 (2): 168~171

elevated highway Engineering



68 FETLEME $7%

[9] Mauro Dolce, Donatello Cardone, Roberto Marnetto. [(10] A =,X F. UHFRKRNEER/ORABRHR []].
SMA re-centering devices for seismic isolation of civil HWREIRS TR, 1998; 18 (2): 117~123
structures [ C]. Proceedings of SPIE, 2001, Vol.

4330: 238~249

Dynamical Experiment Research on New Seismic Isolation
Bearings with SMA Wires

Deng Zongcai, Sun Hongjun, Liu Chunguo, Niu Kun, Deng Hongliang
(College of Architecture and Civil Engineering , Beijing University of Technology, Beijing 100022, China)

[Abstract]  As the aim of improving the utilization ratio of SMAs in SMA-rubber seismic isolation bearings,
several different SMA-rubber seismic isolation bearings were designed, and energy dissipation experiments were
done. The factors which affect the level stiffness, energy dissipation and equivalent damping ratio of SMA-
rubber seismic isolation bearings including level displacement amplitude, level loading frequency and vertical load
were studied. Result showed that the new SMA-rubber seismic isolation bearings have better hysteresis and
energy dissipation capabilities. It provided the base to optimize the SMA-rubber seismic isolation bearings.

[Key words]  shape memory alloy; seismic isolation bearings; initial stiffness; hysteresis energy dissipation;

equivalent damping ratio
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