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Analysis of Seismic Response of a High—rise Frame—shear
Wall Base—isolated Structure
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Abstract: Taking the high-rise frame —shear wall base —isolated building structure as the research object, a
nonlinear finite element model is built for qualitative analysis by using the elastic—plastic constitutive model of
isolation equipment considering the change relation of tension and compression stiffness in vertical direction and
the elastic model of frame—shear wall. The research on the seismic response of a high-rise frame —shear wall
base—isolated structure is performed by the time—history analysis of the structure. The analysis results show that
the nonlinear hysteretic property of isolation bearing meets the basic design requirement of bearing design. The

low order periods of high-rise building are extended by using the base isolation technology. The acceleration
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response and inter —story displacement angle of the upper structure are decreased obviously. Most of ground

motion energy is consumed by isolation layer, and the seismic response of a high-rise frame—shear wall structure

can be effectively decreased by using the seismic isolation technology.

Keywords: Frame—shear wall structure; Base isolation; High-rise isolated structure; Elastic—plastic; Finite

element

0 515

fEER ARG TR B AR N E ST,
FHB N AT EE AT, a0 2002 G2
THIE 130 m FIARBR DT ZMVAREN . 2006 SR
155 177.4 m BRI HH & Z MR E R (& w Hhak 2
57 0, ERESEEMEERARDEL R, W
2016 FE @RS 96.5 m (9% T R IFHT LA BB
2009 F3% THIE 73.6 m WEITIERAEY, 2009
IR 15 50 m EL i PHYERER, 2013 F i
1 89.9 m M RFEAM B &S EFEEEAH R T
ERR,

e ENEZR - SRR S s A 5T 1Y)
BT, X TR A M R I i LR
HI L T 5 TR BRSO ST R, B X e
HREAIGE RS S ERESHNEEELIE . N
HEFE R AR U EA R XTI AR
A e = PR R LS B R R RO R T R
WA, Lee ZFWHAE UBC-97 1 UBC-91 75 H
KIEE LS NAE D e, bR EMIE
i 5 K R ] PR Fh (O R AR A | 4R TS
REERAMIE DT EAT, (HERES ARHE A0
o AR S R B ARSI R, S THEEE
DL S5O E SR R S SRS, 12
T — P b B0 SRR R A AR = o S
BRI BB E R T R T SRR
faifb 5k, FHESEOLE Kelly SFHF5T R AL L
RPE s A . O ER R B RS LR A AE A
LN, S T B ORI TN,
XA J5 O S AR R 4 R g R B o it i i 1
K RS M7E FE s IR 2 S M) () 45 A A I
R, HRFIX TR T 30 T i B R R R A,
Weitzmann S50 BT A S0 I O B EAAORE B
AT, ARTESRRE LS AR RSB RT3 3
SERRnER;, SREFITEERESE, HEh
HRALSENANREZNE . Pourzeynali A1 Zarif® 12 FHAF
FHEF R E RN SRR W E . NI
FEIEELIAL, [RIRERH T— SRz B E (1) " BIR
2, RIFEAHGINSS b2 B 5 00 a K EE 0 R I m] Hsd

PR — B KA — TMD 2%, of
R oz A G BEEE AR 1S 2GR E
FoR, ATDUKIE R /D S5 TR KSR, X152
LT R BT DA RE B S U IR R H T it
B 2 R G M R R R O B R S, R 4
PRI S BRI SR A, AT
SERESEHPEEELZE, INSEEAE R
T

H i ibaE R AR s T EE S5 E 5%
HlGA DRk, F—, AT SRR
PEARX AR, RN EHE, 24 R HRER AN,
B REFIRE SR IR ), i@ NS
B bEES TR RE AR, BRI, PR S
Z R AR Y PR RE R RTE & S SR T F Y
F G 2 0 ABREAIYE Z B A AFEE—
I SHE RS R A5 A I & o8 PO PR B ik
H, £, SEEFNARBPREK, BEFER
FACENIER KA BEZRZE, XNREE S
B IR AR AR R RE TP, FB
R BERIE, =, RiE (BB
JE)  (50011-2010) 1 12.2.8 FHIME . “fR=E
BN E L RENEEARNE AT 2.0 m”, XFERH
B RER N RS EERERN, NSRSy
SR rA AT RN, BT LR B NG [,
R g SEBR BT R AR R S T S
I 2 2 A ) 1 B o T RS I R K TR R
ik, AT RAEER TS EWRE S, T2
EE BRSSP RS EEER N
(rkemmng, RIERRRE B AR EiE 2 R e kS FE
EreE, DUHIRHIEZEENARE,

I R AT RS -5 R AL iR R
CERAEEEAS T | RI75 FE PR R 55 B s it
PR RS M B PR T, SERPRE S
SRS AT, BEMEERA TREEEFREEL
FEIHELRME Sy - NAg i R 2R, TTE O HTHESR-BY
TIhEE AR O R L, | 7E S HT R AR =
R APREARGEMEREOELAE E, FRPEEE RN
VERNPRE R 2 1Y FHHEZR -5 RE S5 /e 50 7w



%28

e 5 Ko EAESE- B AL PR R A A DR N R HT 67

RZFISENR, O s R A -5 ARt PR R A Akt
FEEE AT R BRI BRI,

1 MEZ-BY RS AR R 4 A i

DL = EAESE - T g R I A = 2 e o B
ST HAEME S E A NGRS L, % TR
CERE T HEZR-BU I hhaE R, W kRS 23
B, TREIHERER 50 4, ZefFER -4,
RIE CERPUESITHE)  (50011-2010) AT
KR TRETEHX HIEIEARZIEE 8 B, WA
A 020 g, BITHIEDHE 4, 2 EAE
TIGE Lt 2260 T IpH, A
1035 s, RTFRLTAEWE 5 km LN, HRE
BUATHURE FLVE oK =B I8 R 75 REGl 7 52 i) 22 5
1.5, AREEWISEREEZWERA cso Bkt L, -
ERLE MR SR €50 REE L, B, BFIEER A c40
ke T, S5 52 080 R A HRB40O0 (£,=360 N/
mm”) 1 HRB335 (f,=300N/mm?) , iii 5% H HPB300
(£,=270 N/mm?) ,

K TREPGEMRAH 32 NBEBE A 37
FROMR I AR, A EE N 1300 mm FIRER
B2 MR 57 B (LNR1300)26 4>, EH 5 IR =2 B2
(LRB1300)25 >, EL{£4 1 500 mm HIRIRMGHEZ
JEZ (LNR1500)6 1>, 50088 ke 32 B2 (LRB1500) 12
A~, S LNR1300 FISEFINIEE A 6 463.60 kN/mm,
KCPEZEWIEE % 2.13 kN/mm; 28 LRB1300 ()5
AR EE 4 7426.70 kN/mm, 7K PG WIEE S 3.94
kN/mm, JEARIA 565.20 kN; ZJHE LNR1500 1'%
FINIEE Y 4 437.30 kN/mm, 7K SPEERERIEE 2 2.27
kN/mm; 32/ LRB1500 FSEAINIEE A 5 222.40 kN/
mm, 7KFZEZWIE A 419 kN/mm, JE Ak 714
565.20 kN, H#EOpenSees B RRICHRIFITHIFLAS
&M, B E ¥ R B Elastomeric Bearing
(Plasticity) Element B0 225850 A [F IS
ORI R R SRR (97K SE BT 2 e, 451l
R A=A B RS S e R R N D
FEDU S A SRR TR R b, R AVIEL
B RIAIAE S ATHEEAIINE 1 R,

AR FHBRITOHTRERF OpenSees HH T A
% % B JC (twoNodeLink ) A1 55 ¥8 ¥ 4% B2 4 K}
(Elastic—perfectly plasticGap ) B9 B3 B HRL T30 =7 B 15
MINIEE TR, 1% B A RUb Rl o e A i 4 =7 Ja
WEIAINIEER 177, DD SR ady . ERIEEAR(Y
FHIE, K HS elastomericBearingPlasticity 5270

BCEE A, ARIBLL B RAS R EHE BAta Sk
28, RABAERTER OpenSees AT HEAR-BY
TR PE R SR A BRI AN 2 o, I
558 Z BT R AT Etabs SR TSI,
FEARPRAE I AR IE 2N SR 1 IR,

L5 ——LRB1300
1
Z o5
% o
s
= 0
i
& 05
-1
L5
3
2300 200 -100 0 100 200 300

AT fmm

3 WS- 3 e T

Fig.1 Mechanical hysteretic model of isolation bearing

®1 RERESH

Tablel Comparison of characteristic parameters

B e mmsem, S
1 4.48 4.5 0.44
2 4.34 4.37 0.69
3 3.91 4.07 3.93
4 1.26 1.28 1.56
5 1.17 1.23 4.88

2 MESR-BI D RS EL A bR R 45 e =
R AR RE IR T

N TEEREERNS, TkEATLREES
PR PR O R RE , RIRIEE SIS T 00 A W R A
INOPEER, PRSI A R LR, FHA
R s T e R S E A i N T PR =R, RO
BERRBUNT, &Kift, I TEEENNS, BE
AT AR R IE SRR, BERRIESA0
SEARFIREREER, AN D0 R RS AN
SRR,

IRAERT Y () = B MR- T R AR R 45 i
—HEEMRTER | AT SE R R TSRS
YT, BREIMBELIEm AR, 53Z T
Hb 50 FEPNHEAT R 63% . 10% . 2% NIRRTl
B4 1.5%70 em/s?, 1.5x200 em/s? AT 1.5%x400



68 GES

2 = 37 %

em/s?, FRIEZHHE IR R 8 FERD (BT
IR TTEIIEY (GB0011-2010) I 520 A2 %5k, KA
SR T2 HIFHEAR MY 7 SR I AR
5, HpRAREINRE DR S 4, A
T AR R 2 45, 0 R AR =R
KIS 2 bR AR = S it a5 Fa sh D i
FEOHT, FREBTEIYE R SRR B IR E
HIRT 1.5 s I, ZKCEHUENE RGN FOHREL AR,
AR, RAE R R DIBURE 2 5 R Ess
TR 90% TR OIRE S, Rk, RAMIES
DR ST =Y 2 - Uiy b w2 & S oy v
Pz e R A TR R S M 84

50 Fis TR 2% 1800 TR 7
SHE W 3 SRR M R DR AT = 7 1E A 3 Ay
o, R HERD R N E E AR E A SRR
=X AR 4 S BIRAY, AEETEES 1
B AL PR AR S KA A ERR AR £ A 2 I/ T TS (LR )
2) 40%~50% , 1E55 2 By A AL 1 B /D 30% ~
40%, 1556 3 BRI IE(ERD 20%~30%, HT1%
CEIR SRR e, HEEREIRBEE X 51
Y HRFEAME, EFEHE NEEE ST

=

2 PRI =4 R A PR ITIR A
Fig.2 Three—dimensional nonlinear finite element model of

isolated structure

EEEMEIRAAEX HLIE 4 Frox, B 4 "JRNZS
R bR a2 W ERIAIR AR,

WEEL

AFFEEEN

DI (m-s2)
IR (mes?)

i

mEREH

AEEREN

WEEEH

AJEEREY

JMAEE/ (m-s)

O R, N Wk U N ®© OO
O RN WA U N WL O

0 il 2 3 4 5 6 0 1 2
JEH/s
a.EL-Centro I

REAERR R MTIE X 77 M E IR
[z Ri g5 RanE 5 frox, HE 5 R RIPREA TR
3 B e (i b A E B R s EE P PR 20 409% F1] 60%
THEEREENESRIFNEESR, BEE
FE Gt PR E S e E T R BaE G
Ihfe, BN _EERLERaliE ERIaHIIRE:, [AiPEE
2 WSS IR <2 RE B Gt (1 BELJE BB R RE RO R
SRR, PRREJE A K ) e R D0 = JRE Y iy
[ FERERRZRANIE 6 B, HIE 6 Rl EnEL SR 2
P A i, IR B RIFORERER,; EX
1A 3 FREEMHER PR S RE RS AT

3
JEIHH/s
b. N.Colifornia JiZ

3 HBRE DI [ Ry 1

Fig.3 Acceleration spectra of ground motion

O RPN W R U N OO

4 5 6 0 4 2

PR EFEREE I AR (LA R 7 o, |7
AIRIEF B MR VR ™ Za E - D RS 2R
EARIERE BIHAE =S R R AR s A
REERY 55%~60%, [ ERIEBIR LB AHD

3 4EE

FZIEMRER AN AR R, BumE
HEZR- BT R R PR R A A A IR TT AR,
A HATE IR AT EE, T &
J= BT R I 8 2 5 A T I ) 34 2 P 52 -



5 2 1 S % S EAERL- B L R RE S A R N A 69
CEREH S BRSO S R EMREERR BRI AATKRTIRRES; #r, RS

RO BEIS IR, AMEEHIL  RRES

B = sl 7 R I E R PR, ik,
i 2 PR S A B T IR B HB EE e B2 AT

SERKIZ

HRE

e RN REEMPE R A AR E ISR A

IEE=7/9\)

DI/ (m- )

30

HE T R R RIS PERE A R AR
REHhZE AT AT, B0 B REBGED 0 HOE (A REEL,
AR T mEAEZR - S S i E s e &

30
(- L ?/
25 o ° { 25 4 ::- {
. .. t E e
L i
20 ' N 20 { L4 Aieid
[} . % i
m_‘gls— - ﬁls— :: !
+ f —— BB # E e :
g 3 ——REsEN
10 + . — o -FlEEE 10 1 \ A -:' ]
: o -HRREN : ? - o -FRE4LH
FABIR{E Awel o \
5 &) 2 fBIRE
s 4% o B
o 10 20 30 40 50 860 7O B8O o 10 20 30 40 50 &0 70 30
ERIAFE /mm E A /mm

a. X [AE R E RN
4

73

FIEHE SRR AR T

b. Y M KEAFE

Fig.4 Comparison of inter—story displacement under rare earthquake

- - —FIER Y 20
el il - 10 15
10 J ™ =
5 - 5 ~ 10
0 oo B
E E o
-5 = 5 ~
My —
10 ¥ i -5
I B 10 =
15 ‘ = & 10
20 . = s
25 L5 B @ g 20 20
0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45
FsaEl/s FsHal/s
a.EL-Centro % b.N. Colifornia I}
5 GERATIUE 4o DI iR
Fig.5 Time history of absolute acceleration on top floor
3E+3 3E+3 3E+3
2E+3 2643 2643
1643 o 1643 - 1E3
=~ =<
0E+0 :‘_ﬁ 0E+0 :tfé 0E+0
iz iE
1E+3 T 143 -1E43
-2E+3 -2E+3 -2E+3
-3E+3 -3E43 -3E43

-800 -600 -400 -200 0 200 400 600 800 -800 -600 -400 -200 O 200 400 600 800

AIFE/mm A2 /mm

a. EL-Centro I X [l A b. N. Colifornia J% X Al A
6 [EEE ST ik

Fig.6 Hysteretic curves of isolation bearing
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