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Tab. 1 Parameters of isolators
e YR RE/ HE/  BNREA BREE/ BRI s 1) 45 W/ JEIRENIEE,  JER A1/
MPa mm mm mm £ EY i (kKN+ mm™") (kN + mm~") kN
LRB600 0.392 600 100 120 37.5 5 2 943 0.924 62.6
LRB650 0.392 650 110 129 37.8 5.04 3231 1. 009 75.8
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Tab.2  Ground motions recording

i ' Hu AR Visi
GM1 Imperial Valley —06 H - CAIL225
GM2 Iwate MYGOO9EW
GM3 Kobe, Japan SKI000
GM4 Kocaeli, Turkey MCDO090
GMS5 Chi — Chi, Taiwan CHY050 - N
GM6 Hector Mine HBS090
GM7 Superstition Hills —02 B — WSM090
GM8 El Mayor — Cucapah 01794270
GM9 Iwate 54013EW
GM10 Darfield, New Zealand DORCN20W
GM11 Chi - Chi, Taiwan CHY052 - W

FREEL KRBT R UH L B G T
PP SCB I R, BRI SCR S Kk,
IR 0.025 ¢, FRIEMEMEEE R 0. 675 ¢, b
B, AR AT, LR K2R A%
AT 1750, @it ZRIEEINEE (PGA)
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Tab. 3  Failure of isolation layer

M5 EMMEE/ g FREEKEAES/mm SR S/ rad
GM1 0. 505 330.00 1/144
GM2 0.428 330.00 1/152
GM3 0.322 330.00 1/143
GM4 0.361 330.00 1/165
GM5 0.389 330.01 1/155
GM6 0.352 330.00 1/136
GM7 0. 408 330.01 1/117
GM8 0.391 330.01 1/147
GM9 0.331 330.00 1/149
GM10 0.392 330.00 1/156
GM11 0.323 330.00 1/175
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RS M K2 B B IDA R, F 4 o 1
SEF R BT BT RN Y PGA | PR ZE KRR,
K6 K d s trnl W, &R 8, GM3 i
AMEAE N FE /N, M 0.434 g, GM1 iy AIE(H
TR, H0.667 g, 11 4HLRE 3k AW
TR BIE R 0.532 g5 HE 4 AW,
MRS AT RIRRIZKER B R (KR
471. 14 mm, #%/NH402.21 mm) 511 £HES)
BT S48 50 (43771 mm) B9 22 88/,
FEATE 8% LAN; B3R 3, 4 0l 51, GM3 Hi A
T, MARRERR L AR B i A (BN
MR/, L, GM3 YR B9 28 3k 28k £ 59
R, RS ERY, K£AMEIRMAT,
LIRSS 3 2R Z AR M i ek 21/50, AR
2 JZMZ NI AT 1/50, 5 3 J2 N R etk
2, BT EEREE R R R, £ Sk R B AR
) LA Z AR A E, Khry «oF
¥Im k11 AHuRE shE AT 2 AR T A R
BE, AT RS A FRA IR 5 11 &
= B AT B4 1Y) G5
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—eeB--- GM2 Tab. 4  Failure of superstructure
06 L | oM GBS RN/ WA mm SR A rad
' —&— GM4
20 —a—GM5 GM1 0. 667 409. 35 0.020 0
% —=— GM6 GM2 0. 565 471. 14 0.020 0
BO04T | s GM7
pou GM3 0.434 460. 27 0.020 0
& ---a--- GMS8
mcdmme GMO GM4 0. 501 402. 21 0.020 0
02 7 | —=—aGMmi0 GMS 0.533 435.00 0.020 0
—+— GM11
GM6 0.474 441.28 0.020 0
0.0 . ) GM7 0.572 405. 82 0.020 0
0 6 12 18 # GM8 0. 500 470. 14 0.020 0
2B f KTH R /MPa
( a) 1 %i@%kﬁ}i GM9 0.515 448.47 0.020 0
08 - GM10 0.545 421.60 0.020 0
---8--- GM1
I GMI1 0.541 449.51 0.020 0
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061 —e—GM4 8 ¢
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Fig. 5 IDA curves of surface pressure of No. 1 isolator
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IDA curves of maximum inter-story drift ratio
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Fig. 7 Envelope diagrams of inter-story drift ratio

of superstructure
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APUL, e A R R R 1R LA A K B 1/50 B
%6 JRLL T RMmE I S AR IR, #EAJE
FRCRZS B R AT B 42 A, B e, Ak
HABZER 2 R R A A R, B
WAEES; BT 6 MIRBEIRBIRES, R A
TER 1 ~3 2R G0k, AR 249 R a8 2R FROIR
A, EUL T EERESA B R T SRR 2
R

RS RHUHEE (GM3)
Tab.5 Failure path (GM3)

JPe W, SR || J¥S O #E, || JyS #iE, SOE
1 B22L -y 19 BI3L -y 37 BS2L-y
2 BI2L -y 20 BI1L -y 38 BO2L-y
3 B32L-y 21 B43R -y 39 B62R-y
4 BA2L -y 2 B41R -y 40  B2L-u
5 B21L -y 23 B31L -y 41 B61L -y
6 B23L-y 24 B33L-y 42 B63R-y
7 B22R -y 25 BO3R -y 43 B63L-y
8 BI2R -y 26 BAIL -y 44 B6IR-y
9 B32R -y 27 B43L -y 45 B32L-u
10 B42R -y 28 B52R -y 46 B62L-y
11 B23R -y 29 BOIL -y 47 BO3L-y
12 B21R -y 30 CI3B -y 48  B2R-u
13 1,4 31 BOIR -y 49  B32R-u
14 BI3R -y 32 B53R -y 50  BI2R-u
15 BIIR -y 33 CI2B -y 51 BO2R -y
16 B33R -y 34 BSIR -y 52 B2IR-u
17 2,3 35 BSIL-y
18 B3IR -y 36 BS3L -y
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Tab. 6  Comparison before and after optimization

(Failure of isolation layer)

VEME R, B2, R/

EHAPTES
g mm rad
JR45H 0.322 330.0 1/143
E Y 0. 440 385.0 1/54
E X 0. 455 385.0 1/59

6 AT UL, FRRIZRET, Jrd 2 i) LiRss
My KIZ RS £l 1754, Fie Sk 7 Fky g (1 o 32k 8
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Tab. 7  Comparison before and after optimization

(Failure of superstructure)

— VTR, MR LRSI
g 35 77/kN i/ mm
ke i) 0.434 1599. 4 402.91
EY 0. 456 1613.9 401. 64
VE X 0. 490 1681.6 416.22
5 45ig

ARTCR ] EAREE RN 8 T2 YN Al TR Bk LA Ak
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Study on Failure Modes of Base-isolated Structures Based on IDA Method

JIN Jianmin, XIAO Ji, TAN Ping, LIU Yanhui, HUANG Xiangyun
( Earthquake Engineering Research & Test Center, Guangzhou University, Guangzhou 510405, Guangdong, China)

Abstract

In order to study failure modes of base-isolated structures and improve the seismic performance of this kind

of structure, a base-isolated structure model considered the nonlinearity of the superstructure is established by

OpenSees. Firstly, 11 ground motions are selected from the PEER ground motion database (PGMD), which

are in good agreement with the response spectrum of seismic code. Then, according to the failure criterion of the

isolation layer and the superstructure, the failure modes of the base-isolated structure are identified based on in-

cremental dynamic analysis (IDA) method. Finally, the weakest failure mode of the base-isolated structure is

optimized by different strengthening schemes. The results show that although there are some differences in the re-

sult of IDA under each ground motion input, the failure of the isolation layer occurs first, and then the super-

structure fails. The seismic performance of base-isolated structures can be effectively improved by strengthening

the isolation layer and the weak components of the superstructure at the same time.
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