ISSN 1598-4095 (Print)
ISSN 2287—7401 (Online)
http://dx doi.org/10,9712/KASS.2017.17.4.085

Journal of Korean Association for Spatial Structures
Vol 17, No, 4 (BE& 70%), pp.85~92, December, 2017

TUS HIAAH

-

X HX[o Mg NTHEY

(o) = A
XElsE =4

Seismic Response Evaluation of High-Rise Buildings Considering
Installation Story of the Mid-Story Isolation System
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Abstract

Base isolation system is generally used for low-rise buildings. For high-rise buildings subjected to earthquake loads, a
mid-story isolation system was proposed and applied to practical engineering. In this study, seismic responses of high-rise
buildings considering the installation story of the mid-story isolation system were evaluated. To do this, the 20-story and
30-story building were used as example structures. Historical earthquakes such as Kobe (1995), Northridge (1994) and Loma
Prieta (1989) earthquakes were employed applied as earthquake excitations. The installation location of the mid-story
isolation system was changed from the bottom of the 1% floor to the bottom of the top floor. The seismic responses of the
example building were investigated by changing the location of the isolation layer. Based on the analytical results, when
the seismic isolation system is applied, story drift ratio and acceleration response are reduced compared to the case without
the isolation system. When the isolation layer is located on the lower part of the building, it is most effective. However, in
that case, the possibility that the structure is unstable increases. Therefore, an engineer should consider both structural
efficiency and safety when a mid-story isolation system for a high-rise building is designed.
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(Table 1) Specification of analytical model

Variable R20 R30
Height 4mx20story=80m  4mx30story=120m
Principal plane XZ plane
Material SM490
Column  H 500%420x55/90  H 600x600x55/90
Section
Beam  H 400x200x18/24  H 450x240x24/32
Main st 1.9745 3.0664
mode  2nd 1.8595 2.8565
) 3 15878 24388
Slenderness ratio 1:5
L %;; —H
(a) R20 (b) R30

(Fig. 1) Analytical model

86 _H 174 M4z SAH 703, 2017. 12



08

-

Ground Acceleration(z)
o
=) =
| I
Y
—_—
.
———
—

08 T I T T T

0 10 20 30
Time(sec)

(a) Kobe earthquake

04

s -
E 02 —
E i
’E 0 — wlw&w o e ]|
g 02 —
04 T ‘ T | T
0 10 20 30
Time(sec)
(b) Northridge earthquake
03
a5 02;
1-! i JU )]F f
g 0 | \A(H\ﬁlf\w,hllmﬁA WL VAWEV SN W ee—.
-E 01 —
% 702;
03 L -
0 4 8 12 16 20
Time(sec)
(c) Loma Prieta earthquake
(Fig. 2) Input seismic load
2.2 SHMDEE U EAu
2 ATNE AN FAA] AN 38 =

Z ¥ (Midas Gen. Ver. 860)2 AHE-3I3t 371<]
AA3ES dgsly 7 A=) dEE wd
el A Alztolge) S sttt A=) A
HIA 7| A 370 2K ekol
X HEES Ho A 7k

| AFIRRE oA E5715 7 g

w0 o] T 2|71 Aol ghgue

(Table 2) Specification of isolation system

Isolation system LRB(Lead Rubber Bearing)

Number of installations 4
Product height 380.8mm
Vertical stiffness 2,793,000kN/m
Horizontal stiffness 1,653kN/m

Allowable 'shear 300mm

deformation
(Table 3) Natural period of each model(unit : sec)
R20 R30

LB30 3.0782
LB29 3.0809
LB28 3.0854
LB27 3.0916
LB26 3.0995
LB25 3.1089
LB24 3.1199
LB23 31321
LB22 3.1455
LB21 3.1600
LB20 1.9814 3.1752
LB19 1.9852 3.1912
LB18 1.9915 3.2077
LB17 2.0001 3.2245
LB16 2.0108 3.2415
LB15 20233 3.2585
LB14 20372 3.2755
LB13 20523 3.2922
LB12 2.0681 3.3086
LB11 20843 3.3246
LB10 2.1006 3.3401
LB9 21168 3.3550
LB8 22203 3.3692
LB7 21478 3.3830
LB6 21624 3.3965
LB5 21764 34101
LB4 2.1906 3.4255
LB3 2.2069 3.4457
LB2 22312 3.4778
LB1 22744 3.529
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(b) Northridge earthquake

(a) Kobe earthquake
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(Table 4) Maximum deformation and shear force of LRB

North- Loma
Kobe ridge Prieta
Deformationfcm) ~ 27.5(1F) 7(1F) 104(3F)
R20
Force(kN) 589 2503 30.66
Deformation(cm)  29.6(17F)  79(23F)  12.5(17F)
R30
Force(kN) 6248 26.5 3423
<Table 4> 7} #5150 thaj Ho) Wy
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(c) Loma Prieta earthquake

(Fig. 3) Hysteretic behavior of Isolation system of R20
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(a) Kobe earthquake
(Fig. 4) Hysteretic behavior of isolation system of R30
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(Table 5) Maximum story drift ratio of R20
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Maximum Story Drift ratio based on R20-Fixed model
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(Table 6) Maximum story drift ratio of R30

. Loc.:atlon of Kobe Northridge Loma
isolation system Prieta
R30-Fixed 0.0047 0.0023 0.0026
R30-LB30 0.0045 0.0023 0.0026
R30-LB29 0.0043 0.0022 0.0023
R30-LB28 0.0043 0.0022 0.0023
R30-LB27 0.0046 0.0020 0.0023
R30-LB26 0.0049 0.0019 0.0022
R30-LB25 0.0051 0.0018 0.0022
R30-LB24 0.0053 0.0018 0.0021
R30-LB23 0.0055 0.0017 0.0021
R30-LB22 0.0054 0.0015 0.0022
R30-LB21 0.0053 0.0015 0.0022
R30-LB20 0.0051 0.0015 0.0022
R30-LB19 0.0050 0.0014 0.0022
R30-LB18 0.0049 0.0013 0.0022
R30-LB17 0.0053 0.0013 0.0023
R30-LB16 0.0055 0.0012 0.0024
R30-LB15 0.0054 0.0013 0.0024
R30-LB14 0.0056 0.0013 0.0022
R30-LB13 0.0059 0.0012 0.0019
R30-LB12 0.0059 0.0012 0.0016
R30-LB11 0.0052 0.0012 0.0015
R30-LB10 0.0052 0.0012 0.0014
R30-LB9 0.0050 0.0010 0.0014
R30-LB8 0.0044 0.0009 0.0014
R30-LB7 0.0039 0.0009 0.0015
R30-LB6 0.0039 0.0009 0.0015
R30-LB5 0.0034 0.0009 0.0014
R30-LB4 0.0031 0.0008 0.0012
R30-LB3 0.0029 0.0008 0.0013
R30-LB2 0.0027 0.0008 0.0012
R30-LB1 0.0015 0.0006 0.0009
fou |/ T

Loma Prieta

Location of Isolation smcm

<F|g. 6) Story drift ratio based on R30-fixed model
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<Table 7>= R20 229 Hu Ay 7I&EEE U
ERA sEolt}. oM AX9) Z-¢- R20-LB1, R20-LB2,
R20-LB3 =do|A 7.658839m/sec’® 7}g 2
s 7HAAL, 2R A7 F 2ep Zeeg A
2] 7Ll R20-LB1IA ZHzt 3.622856m/sec’,
2.153064m/sec’Z 714 2L go] Yehyith

(Table 7) Maximum absolute acceleration of R20
(unit : m/sec?)

Location of Loma
isolation Kobe Northridge Prieta
system

R20-Fixed 15506323 5931313 4.0195%
R20-LB20 15463894  6.394283 3.851248
R20-LB19 11.55403 6.13069 3.620154
R20-LB18 10.37779 6.460692 3.399192
R20-LB17 9.766115 6.039083 3.311641
R20-LB16 9467648 5.244348 3.644277
R20-LB15 10.746734 6.23518 3.835047
R20-LB14 12573716 6518189 3.624816
R20-LB13 14.072741 6.10368 4.287765
R20-LB12 16.016587  6.107415 4185344
R20-LB11 17.034832 5884688 3.287951
R20-LB10 1830747  4.843641 3.003744
R20-LB9 15.101185 6.26798 3127277
R20-LB8 18376422  6.750874 3.355814
R20-LB7 18.60581 5426481 3.815381
R20-LB6 17963053 6143748 3.156797
R20-LB5 1675077 8531334 2.620942
R20-LB4 9412152 7.369947 2671363
R20-LB3 7.658839 6.842728 2.548566
R20-LB2 7.658839 3.720423 2160924
R20-LB1 7.658839 3.622856 2153064
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(Fig. 7) Maximum acceleration ratio based
on R20-fixed model

(Table 8) Maximum absolute acceleration of R30
(unit : m/sec?)

Location of

isolation Kobe Northridge Prieta
system

R30-Fixed 11.808581 3.887893 3.565419
R30-LB30 14205484 4.295674 3.842648
R30-LB29 12.10508 3.622856 3.868393
R30-LB28 8453887 3.622856 3.661281
R30-LB27 9.096433 3.622856 3.304858
R30-LB26 9.908746 3.622856 2992211
R30-LB25 10.151868 3.622856 2.85194
R30-LB24 10.715003 3.622856 2901168
R30-LB23 10.816126 3.977751 2.874407
R30-LB22 10.088601 4.014426 2.843973
R30-LB21 10832364  3.622856 2.934626
R30-LB20 10159619  3.622856 3.784112
R30-LB19 10292904  3.622856 3.496634
R30-LB18 11.831555 3.622856 3.717236
R30-LB17 12.7426% 3.622856 4151455
R30-LBl6 12.440075 3.745582 4294323
R30-LB15 12181956 4.004758 4414823
R30-LB14 14142865 4443631 4.530887
R30-LB13 14.275636 3.688323 4.310045
R30-LB12 14767304  3.622856 3.973783
R30-LB11 15472234 3.622856 4.323659
R30-LB10 16.080335 3.695471 3.756457
R30-LB9 17910082 4268025 4.280373
R30-LB8 18.334531 5.804353 4.825528
R30-LB7 19.27199 6.30149 5.563794
R30-LB6 18.738681 5.556246 4460034
R30-LB5 15.075626 7151984 2967688
R30-LB4 14.65253 7463813 3.446919
R30-LB3 9.756682 11.10208 2.592589
R30-LB2 7.746883 3.622856 2.158035
R30-LB1 7.658839 3.622856 2.153064
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(Fig. 8) Maximum acceleration ratio based
on R30-fixed model
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