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Dynamic Response of Seismically Isolated High-Story Buildings according
to Earthquake Records

Hyun-Ho Lee"*
YArchitecture and Fire Administration Dept, Dongyang University, Yeongju 750-711, Korea

ABSTRACT The purpose of this study is to evaluate seismic capacity of seismically isolated building according to the earth-
quake motion record selection method. To analyze the seismic behavior, 20-story building is designed, which has base isolation
system. The using earthquake motion record were selected by two categories. The one is a proposed earthquake record according
to soil type and response spectrum shape, and the other is a well known earthquake events such as El Centro (1940). The time
history analysis results of base isolation buildings be induced difference results according to each ground motion records. Therefore
detailed guidelines for the ground motion records selection method must be prepared. And the response of isolation story dis-
placement and shear force show good seismic performance in consideration of the proposed earthquake records.

Keywords : earthquake records, seismically isolated building, dynamic response, isolation period, isolation displacement

H P= Ay Ade 2 AdAE S A
o] BtrE sl e ARHQ 277 FUFSHAL it
olggt AR ARl el tiSstr] flsiM e, A= At
g &t A skEH Foke W ol BiY, EF,

& 9 t
AR 53 e AAGY PANE A £ Y=S 2

2005 49 62 MAE “AHE3E7]1E (KBC 2005)"”
o o5t Axets Agr| 2ol F2E AA E AlY
o o} 7HF F23 247 Hrt o] A% 71E9 ¥y

HRA7&S 379 22 FAPE F537] 98 A=
& WA 71<¢] suEA, AE Avteld] M
Hy AAE AXste] Atz AES 8 (isolation)A]
|

71 Woltt. o]l AwHEE] & AXA oA 4l
&8 280l WEATE H4 ¥ e WA
o] #5% 71E A=l deid e e os e

*Corresponding author E-mail : hhlee@dyu.ac.kr
Received May 6, 2008, Revised August 18, 2008, Accepted September 2, 2008
(©2008 by Korea Concrete Institute

F7F ok MAAES HZ 300 @ Fe QB n
FEAE & FHoR AP A4 A+E 53
ket MR 7F fEE Ao, tddt AEde] A5
LS 9 AAVIE 2 A AR - N wet
AR 7)Eo] F&5A B e FAoIth oA
AdE T T A4F BRAE H83 WA 2
AA 71 Table 13 7ow, A8 Wby A7zt 7
ol FA-He ATl o dHH AAV|Fe] LS
ck:Eli=3

2 AFoM s vl=a dE] "AAA T S8l 9

@ #ARS Sdal] glatel, MARR AA DA AR
o oE WMAAR) 8% EAPL AL X717
BrkelaA . olg 9% A AL
43 205 57 A%, F23 AT g ot 2ot
« AR AR
A Y o]y R B

A AR BT

oe e o



Table 1 Seismically isolated building lists

Building name Construction year Design code Isolation type Isolation device
Traum Haus (13-story) 2002 All, 1997 Basement isolation LRB, sliding bearing (Japan)
Seosan welfare center (2-story) 2005 AlJ, 2001 Basement isolation | RB, isolation bearing, BSL (Korea, Japan)
Unison office building (6-story) 2007 ASCE 7-02, 2001 Basement isolation LRB, RB (Korea)
Kimpo apartment (14-story) 2008 ASCE 7-02, 2001 | Middle-story isolation LRB, RB (Korea)
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Table 2 Compressive strength of main members

Slab Beam | Column Wall
Story | Thk. fek fex fex Thk. fex
(mm) | (N/mm’) |(N/mm®) (N/mm®)| (mm) |(N/mm’)
1~4 190 24 24 35 [500, 250 35
5~20 | 190 24 24 30 [500, 250, 30

644 | st=Z232|Ests] =2 20 55 (2008)

(b) Plan

Fig. 1 Building elevation and plan
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Table 3 Isolator specification

Specification RB 1|RB 2 |LRB1|LRB2

Material | Shear modulus

characteristic (N/mmz) 0.39 | 0391 039 | 039

Outer diameter 1,200 | 1,400 | 1,000 | 1.400

(mm)
Lead bar diameter ) ) 230 | 240
(mm)
Rubber thk. 7 7 7 7
(mm)
Memb No. of rubber layer | 29 29 29 29
ember
size | rowl rubber thk. o031 o3 | 203 | 203

(mm)

Ist shape factor 404 | 475 | 357 | 50

2nd shape factor 59 1 69 | 49 | 69

St. plate thk. 43 | 43 | 43 | 43
(mm)
Product height 5234|5234 | 483.4 | 5234
(mm)

Axial stiffness
Axial | (10°’kN/m)
capacity | Surface pressure
(N/mm?)
Lateral stiffness
(10°kN/m)
Ist stiffness
(10°kN/m)
Horizontal an} stiffness
capacity o kN/m)
Yielding load
(kN)
Effective stiffness
(10°kN/m)
Damping ratio - - 299 | 22.6

6,803 |10,346| 4,660 | 11,258

15 15 15 15

214712925 | - -

- - 19.97 | 38.68

- - 1.536 | 2.976

- - | 331.2 | 360.6

- - 317 | 475
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Table 4 List of earthquake records

Event name Date D/M/Y Comp. PGA (cm/sec’) Remark
El Centro 18/05/40 SO00E 206
El Centro 18/05/40 N9OE 343
Conventional method Taft 21/07/52 S69F 173 - Soil type d.o not consider
Taft 21/07/52 N21E 153 - 0.11 g scaling do not do
Hachinohe 16/05/68 EW 206
Hachinohe 16/05/68 NS 314
Loma Prieta 18/10/89 EW 106
Loma Prieta 18/10/89 NS 69
Proposed method San Fernando 09/02/71 EwW 112 - Soil type c.(mSider
San Fernando 09/02/71 NS 119 - 0.11 g scaling do
Cape Mendicino 25/04/92 EW 112
Cape Mendicino 25/04/92 NS 114
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Table 5 List of earthquake records and isolation story displacement

L Scaling factor Isolation story displacement
Event name Direction
DBE MCE DBE (mm) MCE (mm)
El Centro X 0.689 1.033 32.0 559
Taft X 1.676 2.514 87.6 129.5
Hachinohe X 1.287 1.930 105.7 180.6
El Centro Y 0.689 1.033 41.0 71.7
Taft Y 1.676 2.514 112.2 165.8
Hachinohe Y 1.287 1.930 135.4 231.3
San Fernando X 1.046 1.568 58.9 88.2
Loma Prieta X 0.995 1.492 47.4 86.3
Cape Mendicino X 0.822 1.232 64.7 97.0
San Fernando Y 1.046 1.568 67.7 104.0
Loma Prieta Y 0.995 1.492 60.7 110.6
Cape Mendicino Y 0.822 1.232 82.8 124.2
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Fig. 5 Displacement of isolation story

o o 2 fu X

W

2 37 A

oo mRH AMEEE AXNZ|F] FHoll wet Wil
AE] A g8t 98§ de o= HriEn.
ey AR71ES ARtz 9 A7E

e A SEe AT F glorg B Ao A
obet W o] A AHQ AW7|Z AME Wl thg
AFe] glojop & Aoz yHL) o =

—_—

o>
o
fru
-z
iy

=232Ess ==& HM20H M55 (2008)

-

648 | &t

i [e}
ol o
=
T
4.
4.1 HEFT|

EQ event name

(K=

¢

>
el



DBE X-Dir DBE X-Dir
0.15 0.15
——Input Eq. ——Accel. 1F
01 0.1 |
0.05 0.05
3 o 3
< 2 30 40 50 < 0 20 30 40 50
0.05 |- -0.05 |-
-0.1 -0.1
0.15 -0.15
Time(sec) Time(sec)
DBE X-Dir DBE X-Dir
015 ——————— 0.15
—— Accel.10F ——Accel.20F
0.1 | 0.1
0.05 0.05 -
R 3o
< 0 20 30 40 50 < 0 20 30 40 50
-0.05 |- -0.05
01 01 -
0.15 0.15
Time(sec) Time(sec)
Fig. 6 Input and story acceleration of Cape Mendicino earthquake
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Fig. 7 Story displacement and shear (continued)
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Fig. 7 Story displacement and shear
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