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Abstract

In this study, the seismic response is investigated by using a relatively low-rise building under torsion-prone conditions
and three seismic loads with change of the location of the seismic isolation system. LRB (Lead Rubber Bearing) was used
for the seismic isolator applied to the analytical model. Fixed model without seismic isolation system was set as a basic
model and LB models using seismic isolation system were compared. The maximum story drift ratio and the maximum
torsional angle were evaluated by using the position of the seismic layer as a variable. It was confirmed that the isolation
device is effective for torsional control of planar irregular structures. Also, it was shown that the applicability of the mid-
story seismic isolation system. Numerical analyses results presented that an isolator installed in the lower layer provided
good control performance for the maximum story drift ratio and the maximum torsional angle simultaneously.

Keywords : Mid-story isolation, Planar irregular structure, Seismic isolation system, Location of isolation system

1. ME

4
84 gk I Bl Hagl Fg A
t}. olo whe} A Rlol| ojgt FIE Fol7] Y
A 712 WA 32, A3 31Z, AW 12 5 o
] a9 W Ee] M A FxE 4

rN
EL
Y
&2
5
o
1>
o,
to
r
s
K
0,
o
A
=
P
lo,
Rloof 2

o

451 ek
o] = WA 1LxE AL Auk Alolo] 2|A AT

*

shgslel, Juduish Juigjsrel Aste), A

Dept. of Architecture, Yeungnam University

= Agel, ARt AFABBHAR Ras, T
Div. of Architecture & Civil Engrg., Sunmoon Univ.

AR, 489, Feistn A% 0, FeEh

School of Architecture, Yeungnam University

Tel: 053-810-2429 Fax: 053-810-4625

E-mail: kangj@ynu.ac.kr

WX FAE At AuelA AdeiA=
& AFEY 7zlM Adshs ot U
°% F

ANz A8 7% ¥R Fe wo] A}

e
)

&

0>4

o5

O]
A0,
i
jin}
R
El
oo
=
rlo
N
N
(o3
M oy

4
N

o
N
N
o
P o
)
Be 2 fl yo O
1k py o
L,

N
L A = A}

ox ML X op
Loy
2 24 o

A X 1o Ho

td
=
[
N
L
ol
R

Py
xo
e
&
k2

of\i
)
>
>,

N
o

2~H

A
i

2

fr

A

e
aQ

—_

V

:\_1‘

m

(0]

ofy o

Base Isolation System Mid-Story Isolation System

(Fig. 1) Mid-story isolation svstem3)

sI@zazelx 109



T W A 2=HE AR S RFRFHoR
A A STl HREHs Al2gelt) F7Hs |
71 A5l 72 WA iE 7|EA EAE T
S| @kom, T B F2ET go] F2E AHA|
A 3ol Ax v o] st Haks 4
ko] & FxEo| H8&o] 7Fsdith T35 AR Al
2Elo] H&H AR o] NH 8 IT AE 9

MzT B2 I 5ol St <Fig. 2>9] &
ol e I Hx9o] 75 o3 A Al 8%

2

Q)
=
She A2 wjzo] B/F5E 397} Bk B vl
T =
= M

A4 o &

W oo
il T -
M
N

g

W o,

i
_>;L
2
o
fru
oot
1B ©
o
-z
Py
i
o
—{0 H‘l r_lm

ro
v
o,
i)
p:7
o
o (

m o
it
N
N
=)
ot T
L
(-
r—?l" ['U[O A
g
™

A
o ot
2
2
N
N
olr
ol
ol
<
=S
L
2

re
-
=2
2
rir
R
1
o
of
ol
o
o|N
1
i}
¥
x
rr
)

o
ol
2
=
rok
ofN
L
ol
5
™
>
[~
o,
o
i
oo
ox,
HJIO o)

37] 913 42 9 W) e 1 SHL

A s,

1%

2. %1y 2=

[=][}

1

e 28 iR

2.
2 dAFdXE e =230 Midas Gen
Ver.8602 a4 mdlg Algdle] <Fig 3>3} 2ol
HEY o] AUdor FEE £ gl HgY
BHS Ve 103 2 o 725 29" o
AL 23x10kgE AA3IH o, AN
Ash AA Aol 200%E  7HFske]
<Fig. 4>9} 2] Node Aol F7}3I3t) 34 =dd
o] YRIALERE <Table 1>o UERA I

A

IAAAAY

i

!
-
-
-
-
i
-
-
i
2

VIV

(Fig. 3) Analytical model
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(Fig. 4> Analytical model plan

(Table 1) Specification of analytical model

Variable R10
Height 4m X 10story = 40m
Principal plane XYZ plane
Material SM400
Member span (m) 9
, Column H 400}400X13/21
Section
Beam H 500X200X10/16
Major 1st Mode 0.9793 (Y-direction)
natl.Jral 2nd Mode 0.8825 (Y-direction)
period

(sec) 3rd Mode 0.7804 (X-direction)
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(Fig. 7) Input seismic load
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<Table 4>9} Zo] EA33th Al AX19E s}
Fe W SN HIES A5 7 Ve 58 T
HYEQ 00158 2HstAY 2 TS

(Table 3) Model naming

Location of
isolation layer

Structure  Total  Isolation
type story device

Lead Base-Fixed
Rahmen 10 g: bl.)er Bottom of 1st
anng ~10th story

(Table 4) Story drift ratio of R10-Fixed model

Tokachi Kobe Resonance
Story load

DX DY DX Dy DX Dy
10F  0.0012 0.0021 0.0021 0.0032 0.0014 0.0028
9F  0.0020 0.0038 0.0035 0.0057 0.0024 0.0051
8F  0.0029 0.0053 0.0051 0.0082 0.0035 0.0075
7F  0.0037 0.0067 0.0065 0.0104 0.0046 0.0097
6F 00045 0.0079 0.0078 0.0127 0.0056 0.0118
S5F  0.0052 0.0089 0.0090 0.0149 0.0065 0.0137
4F  0.0058 0.009 0.0100 0.0168 0.0074 0.0154
3F 00063 0.0101 0.0107 0.0181 0.0080 0.0168
2F  0.0062 0.0099 0.0104 0.0181 0.0079 0.0172
1F 00038 0.0066 0.0063 0.0121 0.0050 0.0120

3. %A =1t

3

£ 7¢}str] %H 371H AR l w2 W3 A
o X5 Y= W Ao §ielel AdE S <Table 5>
%} <Table 6>°] YJeRAATH

A7 Ao AU HYe =IHH] AR E X3
sk LB 204 31.6cm7b HAEIA, Y WERS
LB 1904 34.93cm7} 2AsTh 8 R Zlo) A=
X3 WS LB 4014 3552em, Y& ﬁz}-& LB 59
Al 36.38cm®] Hof M9IE 7HoH, T3 %3} St
FoAME X5 He2 LB 1004 22.78cm, Y= 9
k2 LB 8014 14.84cme] ) W97} A3k
A= o] Hojgh T35t =71 AReA = X5 W
LB 2014 79.10kN, YZ & LB 1914 98.51kNo]
AT i AZ A= XF W3k LB 2614
89.77kN, Y= W&k LB 5914 97.03kN<] Htf Het
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S slslont, 34 23 ATAE XG B
LB 1094 67.05kN, Y= %32 LB 8941 51.98kN
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A48 ASHAES VEITh

(Table 5) Maximum deformation of LRB based on
R10-LB model

Locaion  Tokachi Kobe Resonance
of (cm) (cm) load (cm)

isolaon DX DY DX DY DX DY
LB10 1839 1403 2451 1558 278 1271
B9 520 553 1018 1265 959 1110
LB8 1018 1265 1717 2365 1447 1484
LB7 1155 1330 1977 1927 1430 1227
LB6 1562 1292 2763 2411 1115 1283
LB5 1542 2035 2578 3638 1234 1298
B4 1906 2100 3552 3077 1297 11.87
LB3 2444 3114 3000 3271 1238 1205
LB2 3160 3321 3451 3379 1176 1148
[B1 2994 3493 938 859 1072 1157

(Table 6) Maximum shear force of LRB based on
R10-LB model

Location  Tokachi Kobe Resonance
of (kN) (kN) load (kN)

isolaon DX DY DX DY DX DY

LB 10 5593 5257 6816 5056 6705 4829
IB9 3153 389 3037 5006 3823 4393
LB8 3614 4975 4821 7264 4523 5198
LB7 4059 4960 5414 6314 4581 47.00
LB6 4764 4771 7600 6856 3916 4835
IB5 4536 6648 60649 9703 3628 49.67
LB4 535 6434 8613 8775 4135 4418
LB3 6217 909 7939 8688 3761 4610
LB2 7910 9291 8977 8625 3789 4329
IB1 7495 9851 3508 4089 3583 45.00

3.2 ZCf & HAEE

A AR g sk R10 2] WA A|AEH X

Ao W2 Ao FF HYES <Table 7>l e}
Wiodth W X A Qe ;e Hd) S |
FEY 7 ALES =7 AR 331 23} 3
9] A LB 2004 XWEFo = 747t 40%, 82% A
A Jom, Yake] 9% LB 2004 51%, 93%7F
A A=A W A1) 7F-9-= LB 104 X
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< LB 1914 75%7HA] At=Ee As gR1gd 4 3

At

(Table 7) Story drift ratio of LRB based on
R10-LB model

Location Tokachi Kobe Resonance
of load

isolaon DX DY DX DY DX DY
LB 10 0.0086 0.0133 0.0072 0.0083 0.0112 0.0094
LB 9 00053 0.0085 0.0067 0.0130 0.0109 0.0111
LB 8 00043 0.0072 0.0065 0.0112 0.0065 0.0076
LB 7 0006 0.0077 0.0072 0.0118 0.0055 0.0074
LB 6 00042 0.0079 0.0071 0.0127 0.0033 0.0065
LB 5 00048 0.0060 0.0083 0.0102 0.0038 0.0042
LB 4 00050 0.0078 0.0080 0.0126 0.0031 0.0045
LB 3 00049 0.0053 0.0069 0.0059 0.0027 0.0025
LB 2 00038 0.0050 0.0043 0.0048 0.0017 0.0020
LB1 00102 0.0118 0.0038 0.0047 0.0042 0.0052
Fixed 0.0063 0.0101 0.0107 0.0181 0.0090 0.0278
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A Sl A AREHE AL AT 5 AN
TEHE AU 9 A7 At aEol 1%
X% Fixed RdRT 3Ho] F7tHE A &
T AT web Al X718 25 LB 204 )
S BFEO] Hixs Uee AS IRIF -

DOKACHIDX  —&—KOBE DX Resonance Load DX

0
FIXED LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 LB9 LB10O

(Fig. 8) Story drift ratio based on R10-Fixed model DX

DOKACHIDY ——KOBE DY Resonance Load DY

15

0
FIXED LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 LBY9 LB10O

(Fig. 9 Story drift ratio based on R10-Fixed model DY

3.3 [t HIEE=A

Al AR gk Bigk R10 2de] Wzl Al2H X
Ao wE Ho BIEPZE <Table 8> UERY
At AR A A 9] e Ho HE Y
S AZEL =7k4 A9 AL LB 3914 0.072
%10 *rad©.2 86%, 1lH| A2 7 LB 194
0.047x 10" *rad &2 94%7tA] A= ACE 3 =
3} 3}59] 79 LB 39014 0.044x 10 *rad -2 96%
o] Ao HIEHS "ol AUk

(Table 8) Story drift ratio of LRB based on
R10-LB model

I_oc(z:?on Toki:hi Ko_bze Reslzzznce
isolation (<10 A (<10 Trad) (X 10" *rad)
LB 10 0.97540 0.59270 0.73600
LB 9 0.38300 0.56720 1.08700
LB 8 0.18490 0.33000 0.40570
LB 7 0.11760 0.19700 0.15400
LB 6 0.10110 0.15800 0.11590
LB 5 0.16480 0.29860 0.11440
LB 4 0.20370 0.37070 0.13430
LB 3 0.07240 0.11640 0.04460
LB 2 0.12710 0.21080 0.05540
LB 1 0.09490 0.04790 0.04500
Fixed 0.49000 0.77800 1.04900

<F1g 10> Al AR gol] gt o) vIEE 2]

S Fixed 9SS 7|F0 2 3o 1B 2d9 ¢
AES VR aezelty =74x] A7 3w
A719] 749 LB Ede] HERZE HzlS9 —?4%1
7} A H oz AE5<2 LB 13¢ LB 37t ]
i ZaEen, ASHE ALdsia F
LB 6%-E LB 79 A= 30e o vEH —8—%
Fo| Edth AA] $1X)7F LB 7 oY W=
o] YAt TS E $E AP 2ot 7
t}. LB 10914+ 23]8 Fixed EdlX T} o
7t 37 23} st A= HAF
7t ASHAA 1FHE 455 3 AR &
AarERen, LB 9 2do] 79 238 Fixed
B} ggo] IA LAY

DOKACHI —#—KOBE Resonance Load

2
15

05 | /\/\\‘,/'/r—

FIXED LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 LB9 LB10

Y

(Fig. 10 Maximum torsional angle based on
R10-Fixed model
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(Fig. 11) Concept of hysteric behavior 30 A Adsh WAl AHe] A% )=
913l 3719 AATe] W A oo wa WA A SHS EASIT 4 e o
B2 o8 ABL <Fig 120 dephh sy = w7 2
doj] W7 AXZ 122E JAZ7A] A7) T 1) | FAe] AR Ao uhE Ho) S3 1Y
2 Ao Wyl wAs Ao o) Axe o E R AU HIEHAS EAF A3, LB 294 $H
=g Uehd Aolth a#zed W Zx A%e]  AREC] 7P =tk ol mE} #4 SHE $4
olg AZL BM3 A, 59 Wy} sA way ol Aofsy] fsid e B wAE dEel ASH
o] Ax)8 WA Ax9] &8 WYl 40emE st U LB 20l WX AAE AA|sh= Ao] 7 a4
A Fee AT 5 rk oS WA Ak 5 A AR ATEG:
Dé?ormation (cm) Deforr?\oation (cm) Deformation (cm)
(a) Tokachi earthquake DX (b) Kobe earthquake DX (c) Resonance load DX
_ R R )
Eia E E /‘//
g g 5 > g
Defoﬁﬁation (em) Deforr;ﬁation (cm) Deforr;loation (cm)

(d) Toka

chi earthquake DY

(e) Kobe earthquake DY

(f) Resonance load DY

(Fig. 12) Hysteric behavior of isolation system of R10-LB
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