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Incremental Dynamic Response of Inter-story
Isolation System on Top of Columns

YUAN Mengxing, CHEN Wang, LIU Yanhui, TAN Ping, JIN Jianmin

(Engineering Research Center for Earthquake Resistance s Guangzhou University » Guangzhou 510405 , Guangdong » China)

Abstract: To study the seismic performance of inter-story isolation systems with and without a
straining beam on the top of cantilever columns, we used the incremental dynamic analysis (IDA)
method to simulate the whole process from elasticity to elasto-plasticity until structural collapse.
We obtained the story drift ratio and peak acceleration by modulating the amplitude of the ground
motions. We then plotted IDA curves to explore the influence of the straining beam on the dy-
namic response of the isolation structure and to study the seismic performances of the two struc-
tures. The results show that at the same performance point, the straining beam has no effect on
the bending moment and curvature values of the fiber hinge, but at different performance points,
the state of the fiber hinge is significantly different. The difference between the peak acceleration
of the two systems increases from the normal-use state to the collapse-prevention state. When
subjected to extremely rare earthquakes, the seismic performance of the sub-structure in the in-
ter-story isolation system with a straining beam on top of the cantilever column is higher than

that without a straining beam.Keywords: inter-story isolation; straining beam; incremental dy-
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Fig.1 3D model of the column-top isolation structure

with straining beam
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Table 1 Size of structure members (Unit:mm)
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1 - 400X 200(HL 52
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Table 2 Model parameters of mechanical properties of rubber isolation bearings

25 LRB500 LRB600 LNR600

K /A 12 2 6
FRBHJE L/ % 26.5(100%) 26.5 -

W ] {0 / (kN « mm ™) 1839 2 445 2 097

EEROK R BE (100%) /(KN » mm 1) 1.459(100%) 0.841(250%) 1.68 0.909
Je AR AR/ (kN « mm 1) 9.01 10.37 -
JE RS R /(KN « mm— 1) 0.723 0.807 0.929 -
Jit IR 11 /kN 40.1 62.6 90.2 -

B2 SR JE /mm 68.6 96 120 120
SRR OR8240 /mm 133 164 233 233
W22 R JE / mm 15 15 25 25
Jit IR 5 W L 0.089 6 0.089 6 0.089 6 -

T AR AR A BN AE R BRI 10 AR RARME AR RARDI A I R il 2 2t ad 0 — AL b BRS anE] 2 By
(TI~TI1O XL HEATFREPE T (R 3. X 10 7n A RR PR RN th & an i 3 P,
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Table 3 Ten natural earthquake records

i i 44 B ETReS K 5 [ E2 7% &
T1 1LK0573 1999 4F ChiChi CHYO061
T2 1.LK0488 1999 4 ChiChi aftershock CHYO050
T3 LK0490 1999 4 ChiChi aftershock CHYO063
T4 LK0524 1999 4F ChiChi aftershock CHYO058
T5 LK0690 1980 4F Irpinia EQ AULETTA, 270
Té RSN1000 1994 4F Northridge-01 LA-Pico &. Sentous
T7 RSN1810 1999 4 Hector Mine Mecca-CVWD Yard
T8 RSN1177 1999 4F Kocaeli_Turkey ZEYTINBURNU
T9 RSN2694 1999 4F ChiChi_Taiwan-04 CHYO015
T10 RSN6879 2010 4F Darfield New Zealand ADCS
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Fig.2 Time history curves of ten natural waves
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Fig.3 Time-history response spectra of ten natural waves
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Table 4 Performance points of all seismic waves
b7 10 CP Gl
P g/ g 0; i/ g 0; s g/ g 0
T1 0.498 1/275 1.169 1/50 1.906 +oo
T2 0.457 1/275 1.166 1/50 1.710 +oo
T3 0.627 1/275 1.399 1/50 2.273 +oo
T4 0.694 1/275 1.926 1/50 4.802 +oo
TS 0.689 1/275 2.094 1/50 3.625 +oo
T6 0.457 1/275 1.038 1/50 2.734 +oo
T7 0.445 1/275 1.121 1/50 2.055 + oo
T8 0.491 1/275 1.156 1/50 1.810 +oo
T9 0.439 1/275 0.933 1/50 2.104 +oo
T10 0.498 1/275 1.030 1/50 1.302 +oo
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Table 5 Performance points of all seismic waves

HRE B 10 Cp GI

5 /g 0: I/ g 0, ik /g 0,

T1 0.612 1/275 1.709 1/50 3.614 +oo

T2 0.554 1/275 1.512 1/50 2.543 +oo

T3 0.748 1/275 1.962 1/50 3.425 +oo

T4 0.851 1/275 2.935 1/50 8.220 +oo

T5 0.816 1/275 2.941 1/50 5.367 +oo

T6 0.587 1/275 1.473 1/50 3.473 +oo

T7 0.577 1/275 1.605 1/50 2.466 +oo

T8 0.603 1/275 1.609 1/50 2.514 +oo

T9 0.544 1/275 1.287 1/50 2.850 +oo

T10 0.602 1/275 1.530 1/50 1.830 +oo
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Table 6 The capability values corresponding to each performance level of the structure

pom A IEH A (NO) AL {1 (10) %A (LE) B 1 BV (CP)

£k 0; Tk g/ g 0; T g/ g 0, I B/ g 0; T g/ g
T i AR 6% 1/550 0.283 1/275 0.474 1/150 0.634 1/50 0.988
EEER L% 1/550 0.365 1/275 0.576 1/150 0.847 1/50 1.389
TeHr A AL 509 1/550 0.329 1/275 0.551 1/150 0.791 1/50 1.154
EEER Rl 1/550 0.393 1/275 0.678 1/150 0.988 1/50 1.656
TeHr LAY 8% 1/550 0.386 1/275 0.639 1/150 0.903 1/50 1.503
A L AR 1/550 0.481 1/275 0.811 1/150 1.137 1/50 1.985

VA SRAFRE 6 HE 242454 16 S 4 KT B
L AR RF LA 0% 6, Mgk 6 T 40, MLIE 46 £ FE B Bt
S 5 1 51 B0 B 45 B R 72 1 R 5 JE R A
TR 72 1A 7 2 1 97 5 06 0 1 T W (0 22 B 42 12
Bk

5 g

AR SCR T4 & Bl I3 0 B (IDA) J7 3%, 38 5 94 iR
Ml 72 e A5 B AR L) )2 18] 57 A% iy K e (LA ek B2 L 73531
Bk 5 2 45 IDA 2k, B T A T X B
45 K Bl 3 R B4 50 L ST T PR A5 R Y BRE
BE R LL R 4518 .

(1) 5% T J2 8] A 0 72 1R 380 5« A A [R) 19 4
AE A5 T TS R AT 1 2% A TG 1L 2% Xk 2T 4 5 25 (R
i 3 AR TG R W 5 T AN [) B9 P BE A, PR 5 4 1
21 AR SRS I B AN

(2) T8 30 AT 7 AL R R G o % A5 2R 4 1 g
il £, A5 I W6 B Be 20 By 1 {8 58 B B A f A
T B 5 R 2% 5 T L S A T R 7 K 2R =2 I T 3 140 3
JIE U {174 2 B M G K

(3) X T T #R&sH iy A AN [] 9 3 52 Bl i 5% L 45
o st AR 3 T T AR B G IDA i 82 R [ < A i B A
T Fia R PR AR AE T B 45 F RUST/N T JC 4 AT T e 22 1
B HEAR L, 2 B 25 R P BE T R A 2 i (4T
T IC LR R R A AR L I M TR 5 B L 7 M R
AR EE I HAT B LR RE

S Z 3Lk (References)

[1] VAMVATSIKOS D.Seismic Performance, Capacity and Relia-
bility of Structures as Seen through Incremental Dynamic
Analysis[ D].Stanford: Stanford University.2002;5-50.
TR AR AR R ETIR S AR 0 =R 5 R
WS S AT ST SR AE H 25 4, 2018,39(7) 1 76-83, 94,
SU Ningfen, XIN Zhuo, BAI Guoliang, et al. Incremental Dy-

[2]

namic Analysis of High Rise Shear Wall Structure Based on

(3]

[4]

(5]

L6]

(7]

(8]

(9]

Shaking Table Test[J].Journal of Building Structures.2018,39
(7):76-83,94.

ASGARIAN B,JALAEEFAR A.Incremental Dynamic Analy-
sis of Steel Braced Frames Designed Based on the First,Second
and Third Editions of the Iranian Seismic Code (standard No.
2800)[J].The Structural Design of Tall and Special Buildings,
2011,20(2):190-207.

CHRISTOVASILIS T P, FILIATRAULT A,CONSTANTIN-
OU M C, et al.Incremental Dynamic Analysis of Woodframe
Buildings[ J].Earthquake Engineering &. Structural Dynamics,
2009,38(4) :477-496.

MANDER ] B,DHAKAL R P,MASHIKO N,et al.Incremen-
tal Dynamic Analysis Applied to Seismic Financial Risk As-
sessment of Bridges[ J].Engineering Structures,2007,29(10) :
2662-2672.

JRRU, VAR, b — K ) ) 4 TR TE S SR IR A 4 A T AR I AL
TR REFH ). 7) 5 Ok 2 2 4l CA AR B 22 D 2010, 38(2) : 183~
187,193.

ZHOU Ying, LU Xilin, BO Yi.Application of Incremental Dy-
namic Analysis to Seismic Evaluation of Hybrid Structure[]].
Journal of Tongji University (Natural Science),2010,38(2) .
183-187,193.

L, b B0 B HTAE A5 OR T % A5 1 600 08 P B R O 1k
RC HE 48 25 4 #7643 7 00 J 485 =X i F o [0 ). S 45 4 = 4k
2008,29(2) :132-140.

MA Qianli, YE Lieping, LU Xinzheng, et al.Study on Lateral
Load Patterns of Pushover Analysis Using Incremental Dy-
namical Analysis for RC Frame Structures [ J]. Journal of
Building Structures,2008,29(2) :132-140.

A, T, S AR AL Y D B S5 R HURR h itk e ST
BB RE 3 W5 L) 0. b I 22 42 A 72 BR 24 4R, 2019, 15 (1) ¢
113-117.

MA Xiaotong,BAO Chao,MA Yan,et al. Research on Seismic
Dynamic Performance and Lateral Collapse Resistant Capacity
of Frame Shear Wall Structure[ ]J]. Journal of Safety Science
and Technology,2019,15(11):113-117.

AT B % T 28 i B B IR i 2 IR A i M R AL B [ ] &
SREER ,2019,49(HE T 2) ; 445-447,

HUA Mingxing.Performance-based Seismic Design of a Multi-

tower Structure with Viscous Damping Wall [ ] ]. Building



880 W7 B 2020 4
Structure,2019,49(Supp2) :445-447. 521-534.

[10] WU Y X,HUANG P Y,HUANG Y, et al.Isolation on the [15] FfdplE. =i, 0k5. % A mBRAM-RE A5 20
Top of Columns of a Building Analysis Based on ETABS[J]. AREEE S ArHT [T, SN R 2424 (A SR BE2 0D L 2018, 35
Applied Mechanics and Materials,2012,174-177:1994-2000. (5):87-92.

L1 S0 e, A0S A 202 DK v )23 A TOU R 5 65 ) 0 0 A 2 0 X WANG Jiankang, YUAN Bo,ZHANG Yong.et al. Analysis of
SELT ] MR TS TR 3h,2011,31(6) :147-152. Bearing Capacity Of Steel-concrete Composite Beam Consid-
WU Yingxiong, QI Ai. YAN Xueyuan.Study on Text of Dy- ering Interface Slip[JJ.Journal of Guizhou University (Natu-
namic Properties for a First-floor Isolation Structure[J].Jour- ral Sciences) ,2018,35(5) :87-92.
nal of Earthquake Engineering and Engineering Vibration, [16]  #REN, 2= Z B, BR 2 5. (L b 4l 2 HE 42 25 44 3tb 5% ) 48 1 43
2011,31(6) :147-152. [0 B K9 T RE 2441, 2017,37(3) : 341-347

[12] Aok Wi, 2R i i, 2 26 2 % R o 0K B2 2R 4 1 54 e ol XU Gang, LI Aiqun, CHEN Sufang. Seismic Vulnerability
[ e K2 240 CA AR BRI . 2012,43(5) :1902-1907. Analysis of Moment Frames Supported by Stepped Founda-
DU Yongfeng,ZHU Qiankun, LI Hui.Elastic Buckling of Ser- tion[J . Journal of Disaster Prevention and Mitigation Engi-
ial Seismic Isolation System Connected with Column and Cou- neering,2017,37(3) :341-347.
pling Beam[ ] ].Journal of Central South University ( Science [17]  BRHE.P-A B8 2 8 CHE TR R 72 44 R 3098 4 2 g i 13 9F 5%
and Technology) ,2012,43(5) :1902-1907. (DI ) M K%, 2018.

[13]  BE2540, XUMS R . fh = o, 45 BE A S B00 RC HE 42 285 44 B0 0 s CHEN Wang. Elastic-Plastic Seismic Response Analysis of In-
JIR AL ) 2 o S £ 05 043 AT L) . SR 45 4, 2019, 49(13) - 86~ ter-story (Column Top) Isolation System Considering P-A
92. Effect[D].Guangzhou : Guangzhou University,2018.

JIA Yigang, LIU Pengcheng, WU Guogiang, et al. Nonlinear (18]  ZRER XM, BB, 45 AR N 5 18 P-A 00 1A TR 7=
Simulation Analysis on Effect of Slab Parameters on Lateral SEA Sl g e )] TR BT A5 0 i, 2019, 41 (4) < 41-
Yield Mechanism of RC Frame Structure[ ] ]. Building Struc- 48.

ture,2019,49(13) :86-92. QIN Xi,LIU Yanhui, CHEN Wang. et al. Dynamic Response

[14]  RHE, 8 ¥, Bl S0 , 55 2% JEOR R JIC J2 45 4 T8 =X A0 W02 A A of Structures with Tsolatiors on the Top of the Columns Con-
Tt i 72 45 A i g W S L 0. 00 ity 55 TR AR 2 2 4, 2017, 25 sidering P-A Effects under Earthquake[ ] ].Earthquake Resist-
(3):521-534. ant Engineering and Retrofitting,2019,41(4) ;41-48.

WU Yingxiong, HUANG Jing,LU Jianfeng, et al. Experimen- [19] GB50011—2010 AAHT R BRI ML LST. AL A b &2 5 Tl

tal Study of Column-top Isolation Structure Considering Dif-
ferent Structural Formsand Stiffness of the Bottom Structure

[J].Journal of Basic Science and Engineering,2017,25(3):

R AL, 2010.
GB50011—2010 Code for Seismic Design of Building[ S]. Bei-
jing:China Architecture & Building Press,2010.



