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Abstract:

reduction, as well as in social and economic benefits. The recent decades have witnessed a successful application of

Base isolation technology has significant advantages in the effect of vibration control, disaster

this technology in the field of architectural structures at home and abroad. This paper reviews comprehensively the
research achievements of domestic and international scholars in terms of base isolation technology and the status of
the latest development and application of isolation technology in high-rise buildings, and then summarizes the
deficiencies of the current isolation technology research, hoping to provide a reference for further researches.
Meanwhile, through the elaboration of the progress and deficiency of isolation technology, the direction of the
development of this technology in Chinese high-rise buildings has been discussed, and it will promote the
application of isolation technology in Chinese high-rise buildings to some extent.

Key words: isolation bearing; SMA damper; vibration control; high-rise building; research progress

IR SR B RE B 20 THHAD 60 AFAR LM
TIURROR, AR, TS A AR T
JET )iz RO, JFIUAS T 51T H ISR ,
A3 T A RIE ST A ek 244 R TRE A R Y

e B IE H T TR A N 4 2 1K) — b el i 47 1 45
Ko BIFHY TOCH0E . W= HIROREF, 1E3Z 2
Kol W

Wk F 3 2013-05-01; & H#H: 2013-11-28
FELTH

W8l e B (R AR o A1 P AL A A5 5 F AN () R 1
ARG DA bR T2 3 70 B PR IXFh
o PR R 1 A o 48 AR ) SR AN A 2 Y FELJE
RSB0 2 Ry B R A R4 B AL AN [R5
HOT 2 SRR IRIR R . T3 BRIk
AR AERRARR. BEERRARR . IRIER R
FEBRRREAR R TR IR R . A Rl
H B RS AR i DA A9 00 e e R R S

FE Z A R R R 00 H (50925828); [ 58 SRR #3415 H (51178203)

WIRMEE: RET(1965—), Y, WHLA, #d%, 1L, 1S, FENGEIIRRE L& 454 il e 45 AT 5T (E-mail: hpzhu@mail.hust.edu.cn).
EFMI: FTE(1985—), Y, 2@\, J, 1od, FZNFAGIRRE & 1 g5 048 BAE T FU(E-mail: fangyuanzhou@hust.edu.cn);
R®OWm976—), B, MmN, mIHEE%, i, FENFEREEETIT(E-mail: 277341562@qq.com).



2 T yE

J1

BRI RS AT R, i, i
gafh. GSRTTATIE. G IATHESE, kAR
WFFEAN N BN T2 1) 2 B A 4% B J2 AR B A
AR WEEERRAR. AaRRAR, UL
3 A B PR A5 300 7 R o A A RS 22 g
AR

1 EHRRRBRAIFRIVK

iSRRI E A = F: RRIEBIKR
BORSIEBIRE, mL e, mBH ek
WaEriA, I ITRe A AEREAR 34 A T s i B
I 1E A 5T (R 4R s
1.1 SMEERKBIRRERE X E

e BEL JE G 8 5 S JRE (1) ) 3 5 R AR A IR S R
KL, ARIZAAET, ERRBIEFNE S IR
IREEEYI, NI FhomsRl. w5 fifk
FEERLAEY), s BB A5 SR (HRB S J8E), A
T A LA AN L A R ARG IS S JRE (1) 7K - 1 8% o) 7 fig
Ab, EERARGEMBREERE. T IHLRA T i
BEJBAS DhBE, vk I nl DAASTE 5 )2 e e FL A BE Je
A5, DRI R BB AR I 7 S AR T AR S bR g 451
JIT R Y 1D o i S JSE N BHLJE 2% R &5 A TE 2K, AR A 2
(& R A B T AR . H XM e B H AN —
EMN A, fEEW, B EAA0 R e e i
WA RO, H A BE e AR S AR e N T
EINAE L

1) i BEJE R5 e b 73 S R IR 6 AR ) 2 Pk g

B A v B P T AR 1S 5 T SRR P K AR
JEIIBE ST, AR ILE AR JE e A KK, h
T8 0 v BHJE RS S JRE 114 18 1) 7k 2k R DA R B A
HOKPIE KRBT, — AT PRI S e I &
JERM . BRI RE T ACERIBER AN, PRI AR
FEAER T, HLRAREMATAREGE ). SbHE
BISCEE H TIN T — RIS e kL, 75—
FEEE 3N T S RarIBR S, PRk e B e A S s
TRt E pt—m MK PARTERE Ty LA, 0K AR
Tk BA — 5 AU E A, X RMHRHTAE F AR e i
Hh = e 1 B8 ) LGS 3 R S s g, R 358
AR . i BH e A B 7% S 8 T B A BB
hig, Rl F0 . B eI SRR /N
ATEANI RN, BEE AR TE RIS, LRI 44K
b, EBY N ASERRE 200% )5 FFLAREAL .

e BEL JE 5 BRGSO AR R I I 1A

IR G b, IR INF] . *hosR] ., nl S
B AR S5 TE A AR BRI RG] o S 0 R 2R S A v B
JERR IR o S e AT R AR Zeviie M. el T
BHLJE K5 b 722 S Jas v S R AN 51, 7230 )
FEAET . WIS G ARk 2 S A= AR 45 46 1 45
NI G VY S O S AL PR SN
BE RN FERE R PE LS AN PG . RIS, b
T M JE B R BRARF 1 43 2R 0 0 A AR KRR R b AR T
IR 50 s A% K e BEL e R W 7= S s AE N B0 B
TR AR R KA T o IR SR BB AU w5 P
R B8 5= S e TR B 0 R P R AT ASEAUL N 0 20 18
RN BE S FERERr T IS

FE— LB SR P, ST R e B
S I A R B A4 415 7 SR H Bi-Linear $52 . SR 1M
R e — 2 3 O 1OV B 5 4 1 e BELJE A% B B
o SR IR 2R R AT N AR ZEARRE M o ASRI PN
ARZTN, e BB AR I R 72 S8 (1) . 7 - N AR AN A8 5% 2R
FEMBGE R LRI T W) B N AR R IR, A
EEGS R P BT N AR AR AR . AR
1M, &4 1Y) Bi-Linear 18 H T-# 4RI B2 S Hr Jd il g
(RSB Ry SE AR, DR AN REAT ZSURBE AU N, ) - N AR A 5K
FRIEAE DY AR 2 (1R AR Ak T H IR R R

h T v A% 8 AT 2 A5 AL A 1 BH e AR B R
SR N H I Bk BE, Sano 2 Di-Pasquale! & 45
Davienkov-Martine 2 W42 H 7 —AN4E N AR 2 ¢
HBE 20 fe A0 AL A5 2507 R A AN [R) TR AR 4% A T v BEL @
RGNS K 722 S e (14 MO PR3 7 9k A BEL B IR A2 4K, « Kikuchi
K Aiken!" 455 Bi-Linear # 5 Ramberg-Osgood
B SEG T2, AR T — AN E AR A
IRAGE IR RIS v BELJE A5 B 7= S e PR A A 5
o Abe ZEHLH T — AN SOBPERIR, Sk e
TEXU ) INAR AR 5 e BELJE G 88 32 2 JHa 1R 1. 5 -
NARAK R SR EA BT B M B E B A A —
LIRS R, EANB ST AN AR S A = BH e iR
I 888 72 S A W B2 R AT o A BELJE I AR A, AR A
INEES NN VEY: Vi G S AV N P T

18 N AR 2R 1) 1y BEL & A5 I W R S e A Ry A 1Y
AT A IR Z, Hwang 0T & T /M
UL v BELJEAG I B 7% = AR (P BELJE B[R] 2 A8 e i
PEIAT AR, 1521 B S GRS b 7% S A8 (R A N 28
AR N ) NARSEA OGS, M ARGt s
VIR I B AT, KR BN EE e R AU



€T

i 2 3

e VI NRST=n WY i CY S @ N OE PO A S St
FEAH OGP Ik 2 X AT 208 . Hwang 55 i th (1)
et BEL R W 722 S e () A E e PR 2 vp 2 1 T AR
R, AR SRR WAL 2 (1) 52 ) s 1 1 4R 4
PEf /D IR ABHUAS B, DL R YRR A il
= MNP BEIE R . Tsai MDA T —
AN IV A 28 A A AR T SR AR v BHL e B R I 7 S
JERJ AR AR R . SBTH NAR . M T )
S5 2 JOR A I e BH 8 RIS I 72 S e A Ar A FH R
I T, SR, IXPPEUERERY,  TovEs I i) e ik
WHADRE S FE 5 3 ) NSRS Dy o B ok,
PS5 B ORI . Dall’ Asta 250058 51 ) 55
BHLJ& A5 i 7% S JAR AT T K 12 IR A0 B4 47 2885 D)3
56 % 17 B R A it a8 B T T e BEL B G R 7 S
)52 3R PR I8 # v N AR 28 AR AEME . AR AR
KRG AL [, Dall’Asta S5 H T miFHJE
RGN K 722 S e 1) N AR AR A AR M B AR Y (2
TP AR ZEAR A7 A 2 1 BB A Y bl T N84 At
B —, U TCIRAR i 1 R AL S B 52 AT I A
90 6T v BEL & A5 98 752 S e ) 0 28 B SE A8 P )
fiiik. Bhuiyan S04 T RES FAR A% BB N AR
FRMKATE 1) v BELJE ARG o R S JRE PR A S AR, 5%
e BEL B A8 W 72 S SRR JEAT T — AR A (I A A 28 Y
YIRS 0 G st iae S i R AR stk . 2
T A7 R BEJE R I 7 S ke Al S MR P 1 U
ARG o pH T v B E RS Rl 7 S S AR R E e M
J1-NAE ARG R FR, U] &t — A5 B AR e AR Y
SKASEAUL v BHL & A5 i 7% 52 A8 1) ) 0 e AT A AR
— e

2) PR R 7E S HE+SMA FHJE 2%

FH T e BE e AR B R S e e s FR AR R, A
AR AR SRR B, AT AT fig B BB AR
T B 7 S R A AN IR R (PR AR AR T, DRI R T R
E B A2 2 A R e A, e R R IR KX
W, — Mo R B e MR I 7% S 5 BH Je #s 4l
{EFHEEA . H Ay 2 TR U A H i e
AR R JE 2% . RS PERH e 4% s AR Y
BHJE s & SMA(UBARILIZ <) e #3455, SMA [
J& i R HAT sk e AT BE e e R, H TAERS
FE AU L IE 4835 26 T — AN B iR 43 3 110, R
I SMA (1) %5 P i /F BH JE FE g 3¢ & i 5 2 |
Graesser Ml Cozzarelli" 2. HILLLS, SMA
BHJE FE e B IR AR ORI FUAE B A A5 B BE 25T RE

[ 4k SMA FILEAEREREEATIT: 1) FRFER
FHJE s AR 4R A& a2, FEXFILPEREIEAT T k. 26
[ BN MK 23 7 TRERFST o Peter! VATl Y —
P T AR MM FE ) NV IF) SMA # 8 BH e 35,
CIIBIRA T 2 B e e Ni-Ti RYELEF] 2 A
0 T R PR I PR % R O PRLTRBELJE 7% o
HE AN FRLTHI BHJE i 21 A 2 R, R il XTI BEJE 2 o 1
MR 45 SR W, 1R BELE #s HAT RS ROIR Wi, 52
A S5 R R IR SR B2 /1N s SEIE N E.Sorb System [
Robert! Wi T 548 —Fh SMA XU FLER%, FrA
CT %58 .. BEE HITEBE MRS LR 0N K 2 7% TR
IF 9 Hh 0 ) — 5 L 2 10 B 2P TR 56 AL kAT
(Fr. S5RFRM, 7ERVFIITEE A, ZH 2 s tEaEA
SEARER LN, i HYOEFPERE RLUF; Dolce M 2510
T R TIERACIZ & SR sl B, iR
Ko gb LR, XTI B4R ke A K N AR IR T
HARRAPETE W AERATSEME. 2) SMA
BHJE 2 0) H R TR G5 1) 1) el S8R A5 . Williams
Chiu Al Bernhard™ >R 3 Bl ARICZ & 42250 1
0 22 A R Y R IR, RIS T I R A e 4
(IR BE F7, $2 PR IR 28 A7 75 SR I —Fh
RN A : Adachi Y 2522 L —Fof
JERILIZ A SRR g, Wi — RIS G R 5%,
RINILREAT BRI R R R RE S, AR
TEARICAZ LN B Be, BHLJE #3160 T AR 2R S 465 Tamai
S SMA BRIV & AE e, TER—AMFERE
TAEERE, IR AR L, IR R
T, IXFIREAE S 3R B AT A RORE A M N (1
EheE, JHAERGIRA S TR RS,

3) SMA fH)E#s.

FESZBR T REN 51 R Indirli M 2R
RN ES R UE, KA SMA AE 2k i il T 445
BRI AL BHES AT N« 78 2000 “Eff RS
FOE PSR BUTATRRN, BRI A & B A%
Pt 7 R I A RE R N . R SMA 35 E
TN 545 Gein i 7 A b, A AE T B AT 2]
TR (R O, SR IR S BRI s ek, X2
— RN - AR AE R R

EER, HARTEAR S WIET TR
TN« RPN IRARICAZ A S FERERRJE 38 ¥ it
PR 7 VEREAT THF9Y. LA Brinson ASFAETY 4 #Eif
WA, FL T RS B 10 BT 2 A 2 i Oy R R SR A
J73%, R MATLAB 4 iR v SN AT T



4 T T

J1

HEOEE . HRAGREY], Rz EEHE
AT RGRINFEREAE /75 RREENEEPT50 X A = A
TE SMA B BH & %% (1 BEJE o i RIS R 34T T 4 5
2 SRS PR N T RACAZ & e R I 2
e B St Fahda il FEEUE R, T L HIR
o g ]RW, RPN SEIRSEAT SMA - E
B, AOKIEREAS T FH R IR AR 3R 3,
i1 H A8 A AN R SO R Rk A B R
ARSI —FhoBT Y SMA FHJE 88, JFX HAE K=
TF) 445 K P 11 ik i 42 Tt 308 R0 5 v HEAT T AH B (1 45
o MRS RN FE BT B, SMA BHJE 2% 7T A 20k
NGER TR SN 5 TRk RIS T — R ETE SMA
BHJE#S, FEXF T T ARSI LR,
XF SMA PHJE#R HA RUFI A SR )y, (HILHE
RERE IR 557 M %2 T2 M 1) SMA PFHJE#%; Han
Yulin 2P0 it T — By IR S E SMA BHE 3%,
IHEAT T REREIRIGAT ST, Zeme =P IHE T —FhAs NI
FES G EERE SMA e g, R4 RIEy], HHAA
AR Gl Dl NI = e e A L e R G P T
FIFEHE SMA 2 [GkeRefe R A E A RE S, 12
H TP ) SMA BHJERY, IR T ke
BLEMEIAATBAE P AR B IRAE . AR g
P NGEILGENE: 2 S Co N P i P ST BuRE YA (]
FIR SR BH & #5160 ) 24 M REEAT T BUE B . T
FAERRWY: TTRIHT SMA BHJE 8% eGP R 1 2%
YER R B ke el ik, B RAFIFERERE
K HESAifE

YT LA IR, SMA BHJE #5 7T LAy 4
DL =38 1) SMA @9t )eds, XEMIERS
—RFH e . X B4 2 SMA s
MIFERERFVE, IABIFERLSS AR R, RN, 7
HEAEE N2 G OU N, ARG =K AR TR
%, 1 SMA BHJe s HA B EALDIfE. 2) SMA JEAR
ICIZBE A . XK e A% EEE R SMA IR
TCAZ N R FCARRY B SMA HAT IR = (1 BH Je R
I T SMA FLAT GOV, PR R 17X
HBHJE AN FHAE T B SMA PRI BE 1 it
AUIMBTTIE R NIET, IX KB e w2 1R
MNHRIS. 3) SMA K&FJEas. X JE 48 &%
SMA 55 A BT A AE — S i BH 8 25, AT A6
FRPRHABIOL AT AL, $EmBRE 2T RE . Xt
LA 2 (10— KB e 2%, R0t Uk i L AT 1R 4
(R FE AR

HATCZ &L SMA MEHOFEG E Rz
%2, Hoh e A S B s FAME H E A H i 3=
PSR NI-Ti &4, Cu SR RIAIZ A £
Fe F/IRCIZ A 4. HorP Ni-Ti & 4484 — FhIER
ORI 32 N T AR R AT i B JE 8 ¥ i
o Ni-Ti L2 A 4 fi A2 1960 4E4% Buehler 207
P

Ni-Ti PR G4 HA UM RE: 1) 5fERAR
DR R 2) wERIBHEREYE: 3) sl FEIFERE
BUHl; 4) 7E 6% AR i LW AR AL IR S s 5)
BURR -1 % 57 MR s 6) DR iR FE el A
7) JTER AWM RE ) Ni-Ti 284 4T 2%
TR R A KR AZ e T A R
IS FAE TR A0

Han ZCFR T — AN G 4R M4
T ISP 58, Han 20T R 0307 P JE 2449,
AN AL LA S Ni-Ti id 2884 4. fes F8hm
it Ni-Ti 2R SR TRERL . i RSl &
B, BEIEIE I M AMEEREHUE NS W AMEE N
Ni-Ti 128G 1A B AR IR I X N OE R .

Clark 255608 Ni-Ti 1042 & S 2 i S8 1E [ AE
(1 S 3R AE 2 L BT A0 ) BHL B 38 SRR REAT T ORI
RIGWFTT, R RRY], Ni-Ti PHJEgs 1A
RUF I I TERE,  BEAR L I i 0 45 4 1 J 7=
RN o g T SEBLAEAS [A) FR B RS O R, Ni-Ti
A2 G A P B et 78 o R A L RE, —
st 2 2 DO T 2 7 — b B e 51 A [ 0 58 25k 1
R Ni-Ti W2 Gy, Em 3 SR
P A5 BH JE 28 G A [RIBCCE AN [FRP 2R ) Ni-Ti id
NI 4 LT A2 AEAS R B2 25 41 T BHL 2 # #R e 1%
TRAFHEAT BE B RERL, AT X 45 M 3 7 RO Ak 3142
HVEHT o
12 HitREER

1) WHIEEEREAR.

WEIEEERRE AR R, H B Ry ME5%
B/ 0 M AN I, PR T BHLL bR S R B,
S M R e s S TS L 5 — PR, B
R MR AR B L R T, WSR3, K
PEORREAEF o T Bt T S8l P98 KA N s
TR AR FH AN Bl 2 386K . i 20 PR 0 O 7 il
(RISCBEAE T Sh BE R . Vi B PR B 5 )
PR TOAE RO R RERE O PE, 5 LIRS 2 R B S A e
TN ANARCRT R I ST = A A K. RS T A AR



€T

i 2 5

AR IR a5 R R MM a2
o JiAb, ETRRBRATE B R R .
BEEBEE P IBRAL T, JFARZ R g d, 7E
AP FURESE . RALAEREPRAZAE o H L
RO S A AR T . U7 B RAELAN AR 41
A5 o HAT IS T-HT SR R R R AN B S BB B e
ERIFIARE;$500'% I AN MW VA SRR 5 A
B, mTWaibEREREA BEAREN, EE
IR T e A AN AL RS, IX O ANATTET AN R
s MERBESREA ASALRE ), T
VT2 TGRS, HEAAITREMAIAR, X
A K 5 I o K (57 % 5 mT A S e 7 A {0
SR, TS EE BRI R T RS
HMPRX PRI R A R RUL AL, PN ISR 2, AT
R T HEREE RIS

2) HEMamER.

F T PR A 5 R o A AR A e e sl PR R KR R S
A A0 SRR R o S P IR, FEAS S B R AT
WK B S BB B SRR R I AR e i Tl DR 7, 1T
T Bl EEHE IR R S M NI kG RE, BRI . BTEL, X
Tt 2 B R A AR A B S MR R o 1K 2% A i 5 B
BRI, AR T % ARG, T4
KAZBNE NS GT52 B 0

3) AT B AR AR A SR B R AR R

1 G b R BOR = I BERCR AL, — RN ] T
BURFRHE . BBt AR S s B ) by 42 Mal
RS A% AT v A BAT E R R ) A
Ko FRTETR R TR S 450 R Rk X Bl Kd K
e 0 28 T 5 A AT TR AL, R A A — S5 AT
BURI AN R TT AR T35 T HIE ST o 15 A 3 5
SR T bl AR A X ek 1)
-5 B R AL, R KRR B T iR R A
A LA gD A R sh Ty, HLIE R
FE3z WIS HAT TR TR 52 AR AR 30
EIREHITT, 4 R YIS B0 72 2 AT R0d b B
CERIHRE SN s X A P N R H B R B & ik
177 £ TARAR NS A KT pddioxt LE ik, 3
KgAK, +TARAARIMRIRECR, Hidh
AR, BEARM N T ARAHRIE b3 2 sl 25Kk . [
AN KT INH OR 27 A8 v R A b TR BIE 5
(Earthquake Engineering Research Center, EERC)Y
JL[H ] Tun Abdul Razak Research Centre (TARRC)
C AT B 1 R — PR SAS R B 2 B T T %

Ji b [ BT g B Tk R 4 43 (United
Nations  Industrial Development Organization,
UNIDO) FIFE S T A AR A B R 58, T
PRA s 1 R h RN R A a7 2 4, A4
L R B RERAE . IR R E
TN RS IR R AR, Tt s A B8 e 4l rh
T RZ

2 BREABERANNEATHR

i R A () N AIE A R TR A b
HE AL, HET R E N T 22 5 R N GE
T DA R AR (R R LA AR B T IR
UE o B2V IR RS, 7EN VB A5 Rk X,
AR R T CEN R, TR RN EA
SERIWIRER /NGRS i, B IR R S 1 2 R A
P BN, DI AR B R B AR AE )2
SRAG RN AR H s e HFE.

AL v R P AN TR 3 0, A 2 ke i 52
A%, GERIPURE I NT S B AERE AW I, S R AR
SERME A RS2 BRI SR T R R, G5RIT)
NI RIBELJE K8, fEMEATE B, 45 %
NHER, @A PURE NS e L, REV 2
ORI 2 1 v 2 AR T om AR X, T M R K 5
. AR GPUR AR ARG TERE, RIE5H )
SRIE . NIEE. TERE I RIFERERE 1 KA B fr 28,
T T2 8 A B AN e 1 AT T T A dek 1 25 )
A AT BEANTH AL D) BEFN Ak (K, RIS eSS ARAIE
FARLEMI 24, A REIRIIE % N % MR E 12
4o EANRAEFGACT H 2 s s AR, = W4k
FAEMBR T A R, HEa )L
5o BONKHRE G K AR, MRS &)z
SRS A TF R 5 N B % ARG 3R 1 15 00 AR
i, R RGN, AHFE K BURATIRIR K
R AR AR () s S S5 AR R, AR RE AR
NG ARSI, 5 RS R (R E A L 2 A5
B, WO E PN BT BRI ESk . I,
o0 J2 SRS ) o R A T L 4 ok [ N A IR T R
o AR R REAR RO T AR 4R 7
T 45 MR AR B R A ) B, REfE AR
MR 5 R 2510 DL e = N A 1 e 4y, Rtk
FEHATC AT LL LR

e 2 A N B R R AR P s A K. HA
7E 1995 41 LA ) b 5= G 30 FE AR AE 60m LU T, 1997



6 T T

J1

RN 18 )2t 84.9m =iff) Sendai MT KHSE HA
S = BT 60m ARG AR = 2, e A
T 2003 45 5 7 26 HI¥ off-Miyagi HifZ %%, HHT
TS b 5w (P BE R R S e AT Osaka City, b
N LR H B 50 2 2 JRIERE . BREE 177.4m,
FERbERE, T 2006 4 12 HR T, S5 m ke =
BN 29 JE, FRIE 7R e R e g 2 ek
BRI —Hk 19 R g .

e IR AT AR J LA BE s — e iR A
JEEE AR R ) B IR AR, SR R R B B 1
— P KL S ST O B ER AR ) BRSO s R e
RIS o o S P Al 3R AR s = R R e ke BLAFAE R
NP ARSI AT BENE, SRR BT BE & 75 2
LR DU AE XA B E TN B R R I B 15 0

X T R R R A RCR I ) L, ANy
AT AN AR S G W AT TR 95
B R A RS OURFH RO I R A TR ST 2 B
R PUEIERE, X 20 JZMIHESL, HE-BY &5 Ryt
ITHURFRRFEBORAT LT . SR =4 R &
it % (Park Field. El-Centro. San Fernando), M
SAP2000 A 37 = AE AR Y J EAT 50 98 % N A S
Br, 33 7 =4l s AT R 45 M2 A% A
MR IE LMY o 45 R, B e G/ RELL
ToRRREHEBR GERITE Park Field Mzl 1 F N 2 R4
A4 Frdv)N, {H7E El-Centro Al San Fernando 3
AR R R AL RS A WG K T 5 Wi Ja O HE-BY 45
R R AR RS f B A& R AR TR AR — 5 BRGE
i HE S 5 ) 5 R - B 5 ) % 2 T i g [ 1 35 B A
R R I MR I/ o O T HE SRR 2 4 R R i, 7% 3¢
PRI IRZ hr gl HE-BY RS £5 /I 7E Park Field
MR A T AR ISZ P S B, fE El-Centro Al
San Fernando HbiZ 8 15 FH R BY 7 55 R T M 1) k& 7=
SCPES LR o

TS IEBISF L SR ISU 755 Sl DA K J 2 A
R 522 2 DB I D B P AN T TR 20 BT T v 2 R A R
B, 25 Tl TR 2 5 S5 A8 J T L A R e 45
R FITE W S A, SR ) BY ) v SR M e ) e 3
RIAT 25, (HBRREEAR AT LU 2 B4 1
FR) 2 0] T3k 32 i 1

ERESG AEARTE R BREIR S B Y
AT 2 BERE S5 R T 4R e, 2078 3 2% JE 46
e B Al Y FR S 0 5 A5 T 2 DR R ARG Aty 45 A il 7 25
S0 XPRE AN R BE 8 L i R s e FR At 215 1

JHEAT R, R R I BE e R AR RS
AR BRI FRH RG2S 3B R S 52
PG BT, $EH T oodk s 1) &5 R A B ),
FERF RIS o 7= S e T s 45 o (R T SRR R B
IEE#W.

FHEDR. RIS06. BRI 1/4 1945 RO
B LTI R B R 5 B R 34T T P M 4k 3h &
PRI, WEFT = ZLBE X AN A3 8 1 B R 45 i 3
M8 o /E R bt R K iR 9 L e 7 45
(RS RE B T R ) g AR AR T . S A 1
WIS R 2 0, B AR G P B RE RO AN
SEARFRA RERASE AR O TR 7
ety Z b DX 5 R 45 A AR B 2 — S IR )
Jo G AEARAT e A, AR EEA R RS T, K
Jos B ] B 52 fr i, LIS 5 R A T 007 T I
W3

X 2 R A R A R S 5 1 i P
78 1) RN RS R B 72 S e 2 hr i) i, B 5. 5=
T A POVER M TR 1 M R B 0T B R 4 R v 5 B
FRAE I, FE% e T it 4k, Mg AN 3.
FHRE [ R BN LR 5 520, 25 T 25 87K AT RE )
HIFEZN . MRS 5 R DL K 37y Hb 2% A1 5 DR 25 52 1) 1) 1y
bt RAEL ) 5 Fi U

FEAERE. XA, BB 0} i J2 b s el 3
TF B R SRR 2R ) AT T a0 B, B SR K]
) B ) AR, R A LR R S AR 7 (1) g A
BB, R R SO EAR AR, R m b RE 2 1K
SPARTERE S, DA G bR R SR R B . I T L
KH EPUhLae IR RE SORE, B B 2 A5 S e A
BRI R A IR A R

T 1 2 R R S AR A R AR 1) A8, R R
RS PRI Y 7 SR P A U2 s 7 28 1) v J2 o i 2
BOXIRMIN, 5 B % AR R r 2/ T O B
Wil s IS R e Y ) e R S L A B i
PURE, AU RIS R N e BH e s LB & KU T 1)
FPIE L - Love J S 2 H FH IR 14 BLJE %%(TLD)
SR I LAt b R AR AR IR S Y, I — AN 2 TS
F IS AT R, TLD s/ e fil b 7= 2 30 1
AR S5 AT 3 2 R

B T LA b Py ) 0 1) A% 20 i S0 TR SRl R R
KRR, 2 ()5 7= A 4k v 2 R A 7 2 5 1) o —
MR R R R NIRRT A B8, K&
i Jm B B — AT, g & i AT



€T

i 2 7

SEAR AL (WK A 5 B P 2 )y B s S T I
[ br Ext R EA RO R K2 A, JFes
B T ARSI o /AR IE N S50 22 i i 75 1 ik
17T RGN, I3HT T2 B AR AR AR S B
PERT, LU JZ 8] b 52 45 ) 1) s AN i I8 P 3 ) e
N, M EE SRR 2 ) S A 1 S W A R e
gif s, ARESLRERRRR AR, i H @R = A A
L5t P SN I Y IR N AL
Fe B NEFR A 38 P L, it B R U P g e
Il ]N s B A AL SRR S A A TR 5 S 1) S
SRR/, BIMEAE RGN, R ARSI YE, b
AR AT R I S ARG A R D)
BT TR B AR R B e 5 N RS, T
1995 AEAELK ) VR TRE PR AL 2 W RE 5 52,
SCPREPE I 6.00m B i Ab (A TH) LABTT 1 & A5 i
AR Bl R AL T REVE BB R 2 . M, A
e AR ARTO L SR BTGy 4y %) S ] B e B AR A T
THESE, it TREN S T st Mot ik, &
]2 75 s B NEES 03 S TR R 5 2
IRl 22 PR Ve v D5 A ROR BEAT T B 23 M A i
ARSI IC A R SR S R R I A
RKPRIRE . B )R VAT T R 20 A At
RWEIC. BT ANRE BT E R KR Z )
B < REAT Rt > e it s bR )=
(AR LS RIS Y9 S RS B o N G A E T 1
THRERIXCE IR s /N N IR BB 7R AR 1 5
e N ERAE e, T ORRRIN T ERAE A R R
2 SR AR I RO R vk B K. H R
[l N A0 T 2 TR B 7 1 2R 10 BRI AT 5T R I AR
75, BRRHIEUI NS T RN, K2 Ent
FUAEHT S e — S Bm G HEAT IR R 3 & WX B MAH 1
(1130 37341 o

3 g

ARSI T A5 AE LR TREGUE A LRI 72
RAR IR, I RO IR T e BHE AR R e 52
JRE AR o AT A MR RE LR TR ARV,
ERTPSEREANEY VNS SR 24y ek )i
FROELHAT TYID Mt H i T mBLE B
SCEER R ARZ RN ) - AR R AR, Ui S i —
A B AR L AR R SRABE I ey BELJE AR S R (¥ 3
T fr il — D58 . FRREBORAE TRE U
(N AT, ASCPEAEE T HATEE w2

A SURREHI XL B A7 CE BRI . BEATB TR
Ao BHPPRL LR LRI, FORAE R
o BB, FUBTIRIERS (6 A 2R B S
BRSNS, BRI B 53— R,
IR 2 3 2 5 5 1 B 5 0 B
BB

S K

(1] whgk, T FEFE = BORBF TR0 JEad
TR AR, 2004, 202): 11—14.

Han Miao, Wang Xiumei. Research status of base
isolation [J]. Journal of Beijing Institute of Civil Eng.
and Architecture, 2004, 20(2): 11 —14. (in Chinese)

[2] Skinner R I, Robinson W H, Mcvery G H. T.FE[# A
M) BALSE, FIZEAE, BONARL, B JbnT: MR
Ak, 1996: 1—393
Skinner R I, Robinson W H, Mcvery G H. An
introduction to seismic isolation [M]. Translated by Xie
Lili, Zhou Yongnian, Zhao Xingquan. Beijing:
Earthquake Publishing House, 1996: 1 — 393. (in
Chinese)

[3] GSID-3, Guide specification for seismic isolation design
[S]. 2000.

[4] DHB-1, Design specifications of highway bridges. Part
V: Seismic design [S]. 1996.

[5] DHB-3, Design specifications of highway bridges. Part
V: Seismic design [S]. 2002.

[6] Dall’Asta A, Ragni L. Experimental tests and analytical
model of high damping rubber dissipating devices [J].
Engineering Structures, 2006, 28(13): 1874 —1884.

[7] Hwang J S, Ku S W. Analytical modeling of high
damping rubber bearings [J]. Journal of Structural
Engineering, 1997, 123(8): 1029—1036.

[8] Hwang J S, Wang J C. Seismic response prediction of
HDR bearings using fractional derivatives Maxwell
model [J]. Engineering Structures, 2002, 20(9): 849—
856.

[9] HwangJ S, WuJ D, Pan C T, Yang G. A mathematical
hysteretic model for elastomeric isolation bearings [J].
Earthquake Engineering and Structural Dynamics, 2002,
31(4): 771—789.

[10] Bhuiyan A R, Okui Y, Mitamura H, Imai T. A rheology
model of high damping rubber bearings for seismic
analysis: Identification of nonlinear viscosity [J].
International Journal of Solids and Structures, 2009,
46(7/8): 1778 —1792.

[11] Sano T, Di Pasquale G. A constitutive model for high
damping rubber bearings [J]. Journal of Pressure Vessel
Technology, 1995, 117(1): 53—57.

[12] Kikuchi M, Aiken I D. An analytical hysteresis model for
elastomeric seismic isolation bearings [J]. Earthquake



T ™

R
5

[13]

[14]

[16]

(24]

(23]

Engineering and Structural Dynamics,
215—231.

Abe M, Yoshida J, Fujino Y. Multi-axial behaviors of

laminated rubber bearings

1997, 26(2):

and their modeling. I:
modeling [J]. Journal of Structural Engineering, 2004,
130(2): 1133—1144.

Tsai C S, Chiang Tsu-Cheng, Chen Bo-Jen, Lin
Shih-Bin. An advanced analytical model for high
damping rubber bearings [J]. Earthquake Engineering
and Structural Dynamics, 2003, 32(9): 1373 —1387.
RERE. B SMA FHJE #s Sz 4k a2 1 I T 7
[D]. Kt KHKE, 2006.

Xing Dejin. New SMA damper and application for
seismic reduction and control of structures [D]. Tianjin:
Tianjin University, 2006. (in Chinese)

THAERE, 28R, TEARICAZ & S AE £ R TR P I FE
H5RNHD]. R, 2006, 20(8): 62— 68.

Xing Dejin, Li Zhongxian. The study and application of
shape memory alloy in civil engineering [J]. Materials
Review, 2006, 20(8): 62— 68. (in Chinese)

Graesser E J, Cozzarelli F A. Shape memory alloys as
new materials for a seismic isolation [J]. Journal of
Engineering Mechanics, 1991, 117(11): 2590—2608.
Peter W C. Experimental and analytical studies of shape
memory alloy damper for structural control [C].
Proceedings of SPIE, 1995, 2445: 241 —251.

Robert C K. Structural damping with shape memory
alloys: one class devices [C]. Proceedings of SPIE, 1995,
2445: 225—240.

Dolce M, Cardone D, Marnetto R. Implementation and
testing of passive control devices based on shape
memory alloys [J]. Earthquake Engineering and
Structural Dynamics, 2000, 29(7): 945—968.

Williams K, Chiu G, Bernhard R. Passive adaptive
vibration absorbers using shape memory alloys [C]//
Proceedings of SPIE-The International Society for
Optical Engineering Proceedings of the 1999 Smart
Structures and Materials Smart Structures and Integrated
Systems. Bellingham: SPIE Society of Photo Optical
Instrumentation Engineers, 1999: 630—641.

Adachi Y, Unjoh S, Kondoh M. Development of a shape
memory alloy damper for intelligent bridge systems [J].
Materials Science Forum, 2000, 31(34): 327—328.
Hiroyuki Tamai, Yoshikazu K. Pseudo-elastic behavior
of shape memory alloy wire and its application to seismic
resistance member for building [J].
Materials Science, 2002, 25(7): 218—227.
Indirli M, Castellano M, Martelli A. Demo-application of
shape memory alloy devices: The rehabilitation of the S.
Giorgio Church Bell-Tower [C]. Proceedings of SPIE -
The International Society for Optical Engineering, 2001,
4330: 262—272.

B, R, EEAE TR &R L JE 4 vt

Computational

[26]

(27]

(28]

[29]

(30]

(31]

[32]

(33]

YRR JTIL[]. TS, 2002, 32(8): 47—49.

Peng Gang, Li Li, Tang Jiaxiang. Theory method of
designing shape memory alloy damper [J]. Industrial
Construction, 2002, 32(8): 47—49. (in Chinese)

AR, Wk, X BRI =MTE SMA BUFH B 3 FH
JE MR, HuRE TR S TRERS), 2002, 22(6): 109—
114.

Li Jilong, Ou Jinping. Damping force hysteresis loop
model for X type and triangle SMA plate dampers [J].
Earthquake Engineering and Engineering Vibration,
2002, 22(6): 109—114. (in Chinese)

AIOHR, BRIEIR, . RS BERSA BT o
Mr5 238 Hi]. LREJI%, 2004, 21(1): 131—135.

Li Zhongxian, Chen Haiquan, Li Yantao. Finite element
analysis and semi-active control of parametric vibrations
of cable-stayed bridges [J]. Engineering Mechanics,
2004, 21(1): 131 —135. (in Chinese)

BEREE, BN, FREDT. B SMA MEREAE
P& G54 TR DR BOR 2 BT (0], 3 1R S, 2004,
10(2): 3—7.

Xue Suduo, Dong Junhui, Bian Xiaofang. Vibration
control for roofs of stadiums using a new type of shape
memory alloy damper [J]. Spatial Structures, 2004,
10(2): 3—7. (in Chinese)

FRAKNI, S, BRHERE. HETE TEARILAZ & e BH e de 1k
fie 3 A 5B ST [T]. HE LR S LR 4R S, 2004,
24(6): 126—130.

Zhang Jigang, Wu Bin, Ou lJinping. Experimental
research and numerical analysis of hysteretic behavior of
Earthquake
Engineering and Engineering Vibration, 2004, 24(6):
126—130. (in Chinese)

Han Yulin, Xing Dejin, Xiao Ertian. NiTi-wire shape

cone shape memory alloy dampers [J].

memory alloy dampers to simultaneously damp tension,
compression and torsion [J]. Journal of Vibration and
Control, 2005, 11(8): 1067—1084.

FEWe s, AERE, org, & —FEEYE SMA 85
B A 1 B 5 0] AR R OR SRR, 2004,
34(4): 459—463.

Zuo Xiaobao, Li Aiqun, Ni Lifeng, Chen Qingfu, et al.
Design and experimental investigation of super-elastic
SMA damper [J]. Journal of Southeast University
(Natural and Science Edition), 2004, 34(4): 459—463.
(in Chinese)

BRI, B, RN, mARM. —AETAEL SMA BHJE
a AR g M E AT ST )], PR3 T RS2 4R, 2008,
21(2): 179—184.

Li Hongnan, Qian Hui, Song Gangbing, Gao Dongwei. A
type of shape memory alloy damper: design, experiment
and numerical simulation [J]. Journal of Vibration
Engineering, 2008, 21(2): 179—184. (in Chinese)
Buehler W, Wiley R. The properties of TiNi and
associated phases [R]. US Naval Ordnance laboratory,



I 9
1961, [AD 266607]: 61 —75. [44] Taniwangsa W, Kelly J M. Studies on seismic isolation
[34] Han Y L, Xing D J, Xiao E T, Li A Q. Ni-Ti wire shape for housing in developing regions [C]. Proceedings of the
memory alloy dampers to simultaneously damp tension, 1th World Conference on Earthquake Engineering, 1996,
compression, and torsion [J]. Journal of Vibration and 261: 485—493.
Control, 2005, 11(8): 1067 —1084. [45] Kelly J] M. The tests of natural rubber isolators for the
[35] Clark P W, Aiken I D, Kelly J M, Higashino M, Krumme UNIDO demonstration building in Shantou City [C].
R. Experimental and analytical studies of shape-memory Proceedings of International Workshop on the Use of
alloy dampers for structural control [C]. Proceedings of Rubber-Based Bearings for the Earthquake Protection of
SPIE, 1995, 2445: 241. Small Buildings, 1994, 351: 263 —271.
[36] Olsen J S. Seismic dampers with composite Ni-Ti [46] ik, /H BB/X VP, FREER. R B R Ay
wires-A new damper system [D]. Trondheim, Norway: M), S, 2009 39(11): 40—42.
Norwegian University of Science and Technology Su Jlan, Wenliuhan  Heisha, Zhou Fulin. Study on
(NTNU), 2006. dynamic characteristics of base isolated high-rise
[37] Van der Eijk C, Olsen J S, Zhang Z. Investigation of the building [J]. Structure Engineering, 2009, 39(11): 40—
Pseudo-Elastic Behavior in two Commercial Ni-Ti 42. (in Chinese)
Alloys: Experiments and Modeling [C]. Non-equilibrium [471 M, wHFSE, WM. R A R R R B S R T]
Dynamical Phenomena in Inhomogeneous Solids, 2006, TREPURE 50 g, 2009, 31(5): 58—63.
478: 13—16. Qu Zhe, Ye Lieping, Pan Peng. Theory and techniques of
[38] Chalhoub M S, Kelly J M. Sliders and tension controlled seismic isolation in high-rise buildings [J]. Earthquake
reinforced elastomeric bearings combined for earthquake Resistant Engineering and Retrofitting, 2009, 31(5):
isolation [J]. Earthquake Engineering & Structural 58—63. (in Chinese)
Dynamics, 1990, 27(1): 256 —263. [48] EEEN, FEARTE, XK. &2 AR 45 R e Wi o
[39] Ryota Maseki, Ichiro Nagashima, Masayoshi Hisano. An B I]. R R LR A= 22K, 2009, 31(1): 71—77.
experimental study on application of hybrid-type base Wang Shuguang, Du Dongsheng, Liu Weiqing. Key -
isolation system to high-rise buildings [C]. 12th World problems of seismic isolation structure design in high
Conference On Earthquake Engineering, 2000, 12: 991 — rise buildings [J]. Journal of Nanjing University of
996. Technology, 2009, 31(1): 71—77. (in Chinese)
[40] BEVEAK, KM, M TR A5 AR R b R A [49] MR, X300, BRERIN. K BE LU B RE 45 A4 A5 21 7K
HEWIHTIE]. EARTRER, 2001, 34(2): 43—49. SRS & R[], kB ERR A "%&(E?}\ﬂ PR,
Lii Xilin, Zhu Yuhua, Shi Weixing. Shaking table test on 2005, 21(4): 320—324.
building models with combined isolation system [J]. Fu Weiqing, Liu Wenguang, Wei Lushun. Experimental
China Civil Engineering Journal, 2001, 34(2): 43—49. study on horizontal vibration table of isolation structure
(in Chinese) model with large height-width ratio [J]. Journal of
[41] ®5F, &R, ], Sk3E. —FMRB-EE 5 Shenyang Jianzhu University (Natural Science), 2005,
R MMPERED]. BB L TR, 2009, 6(3): 13— 21(4): 320—324. (in Chinese)
16. [50] M5, RAER. MRIRH IR RE SO 45 K e 96 LE BRAE AT
Shang Shouping, Zhou Zhijin, Liu Ke, Yao Fei. The R[], AR 2E], 2003, 24(2): 14—19.
research on the steel-asphalt isolation lay [J]. Journal of Li Hongnan, Wu Xiangxiang. Study on limit of
Railway Science and Engineering, 2009, 6(3): 13—16. height-to-Width ratio for base-isolated buildings with
(in Chinese) rubber bearings under earthquake [J]. Journal of Building
[42] SEW], ximesr, B, XL, WhEZRREERE Structures, 2003, 24(2): 14—19. (in Chinese)
BUIRAITF[T]. IRETHI =R, 2005, 26(1): 125—128. [51] FEHERE, XUFRER, EBEG. w2 d SR vt v b =
Dou Yuanming, Liu Xiaoli, Zhao Shaowei, Liu Zhiyuan. SERE R B ) @Ay AT D). R TR TREYR SN, 2007,
An experimental study of isolating properties of sand 27(4): 161—166.
cushion [J]. Journal of Building Structures, 2005, 26(1): Cheng Huaqun, Liu Weiqing, Wang Shuguang. Analysis
125—128. (in Chinese) of the tension of rubber bearings in the design of isolated
[43] X%z, FHAYy, Samfit. | TR EEAR R BE R g high-rise buildings [J]. Journal of Earthquake
[J1. AKFPK R, 2012, 32(1): 87—90. Engineering and Engineering Vibration, 2007, 27(4):
Liu Sihong, Wang Yanqgiao, Jin Yuanzheng. 161 —166. (in Chinese)
Experimental study on vibration reduction and isolation [52] HbuikUg, SRmmdh. 2R RE g SRR R AT ST [T, L

of bases with soil bags [J]. Advances in Science and
Technology for Water Resources, 2012, 32(1): 87—90.
(in Chinese)

FRPUE 5 I s, 2008, 30(6): 64—68.
Du Yongfeng, Zhu Qiankun. Analysis on wind-induced
response of tall-story isolation [J]. Earthquake Resistant



10

€T

R
5

(53]

[54]

(53]

[56]

[57]

Engineering and Retrofitting, 2008, 30(6): 64—68. (in
Chinese)

Love J S, Tait M J, Toopchi-Nezhad H. A hybrid
structural control system using a tuned liquid damper to
reduce the wind induced motion of a base isolated
structure [J]. Engineering Structures, 2011, 33(3): 738—
746.

ANRRIEN, JRER—, WEE. T— FEEN &%
JE U 7o ] g SRR R O &S G TR A
RS BRI 4R, 2003, 527(7): 73—80.
Kobayashi Masahito, Izawa Yasukazu, Koh Tadaki. The
Prediction method of earthquake responses on mid-story
isolation system considering modal coupling effect [J].
AlJ Journal of Technology and Design, 2003, 527(7):
73 —280. (in Japanese)

IRGH, FIARRR. Wk AR SR B ) 0], AR
H7E T FE,1996, 19(2): 33—36.

Xu Zhonggen, Zhou Fulin. Structural dynamic analysis
World Information on
19(2): 33 — 36. (in

of Shantou museum [J].
Earthquake Engineering, 1996,
Chinese)

JRERK, SRR, P R R RE A R IR ST[T). £
ARTHEER, 2009, 42(8): 1—8.

Zhou Fulin, Zhang Ying, Tan Ping. Theoretical study on
story isolation system [J]. China Civil Engineering
Journal, 2009, 42(8): 1—38. (in Chinese)

SR, VT, FIARRR. BRI 2 ) R A5

(58]

[59]

[60]

E: ZXAER 22 BEMIREFAIINQI3 HB)EEEHBIRE

MR F]. #sh 5 b, 2009, 28(4): 137—142.
Zhang Ying, Tan Ping, Zhou Fulin. Seismic response
prediction for a story-isolation structure based on energy
balance method [J]. Journal of Vibration and Shock,
2009, 28(4): 137—142. (in Chinese)

W2, FRERR. 22 REH TMDINZE e %
W RIS [T]. AR TRE, 1998, 14(4): 57— 60.
Xie Junlong, Zhou Fulin. Test investigation of seismic
reduction using additional stories as a TMD and its
application to the existing multistory buildings [J]. World
Information on Earthquake Engineering, 1998, 14(4):
57—60. (in Chinese)

BUNE, FEE. TMD Js S I ERESE DS Ja 45 K 0 2 ok
e LS B R [T]. DY) STRHEDTTL, 2000,
26(2): 20—22.

Luo Xiaohua, Cheng Chao. Optimal parameter research
of TMD when it is applied to adding story and seismic
decrease of frame building [J]. Building Science
Research of Sichuan, 2000, 26(2): 20—22. (in Chinese)
JA T, gk, GAER, SARME. MIRSORY R/C HEH
I RR 72 R G K RIS R ] PR3 LR 24, 1999,
12(2): 157—165.

Zhou Xiyuan, Han Miao, Zeng Demin, Ma Donghui.
Horizontal rigidity coefficient of the serial system of
rubber bearing with column [J]. Journal of Vibration
Engineering, 1999, 12(2): 157—165. (in Chinese)



