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Investigation of Adaptability of Smart Base Isolation System for Spacial
Structures in Regions of Low—to—Moderate Seismicity
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Abstract

To date, a smart base isolation system has been developed in high seismicity region such as Japna, USA
etc. Smart base isolation systems developed for structures in high seismicity region cannot directly applied to
structures in regions of low—to-moderate seismicity such as Korea, Therefore, problems that occur by applying
the smart base isolation system developed for the structures in high seismicity region to the structures in
regions of low-to—moderate seismicity have been investigated in this study, To this end, a spacial arch
structure was used as an example structure and MR dampers and low damping elastomeric bearings were used
to compose a smart base isolation system. Artificial earthquakes were used for ground motions in regions of
high and low-to-moderate seismicity. Based on numerical simulation results, it has been known that the
capacity of smart base isolation system for the regions of low—to-moderate seismicity should be carefully
designed because the base isolation effects of the smart base isolation system for high seismicity region is
deteriorated when it is applied to the structures in regions of low—to—moderate seismicity,

YL . AnlE HIAAY FFRY I} 2RE S o]
Keyuwords : Smart base isolation system, Regions of Low-to-Moderate Seismicity, Spacial structure, Vibration control

1. M E 280 TS APA7)7] SAat BEH 7

o ShelA Gt WAslES Fujeleld A, i
e B N e e I
AShE Hasksl] gfstel Yl HgHT glov

° e m= e A AAE L ﬁ%*éol Fast] wiEef w2 A
*ooA4u, ARt AeshE zu4 TAREO| oJato] Ak W -§-go] elshA HejE
o mAAA, AEY AL A% ns

’ © v 0] 12) AN 4B 1225 2|d) Alo 2]
Tel:053-810-2429 Fax:053-810—4625 2T, AR ;L =3} ARE Apele] HofH

E-mail:kangj@ynu ac kr

JG

1%1x1_109

re
Hl
Okl
~

N



& Adsto] ABEEo| TABR HgH AL A
a8k 21 BAo® sk glom ofejdt WAl
sEloRE ohbHlol YEPSOILt - 5uof
Sol Ao de) g gk 24

of ehAji WA AE Y| HRIIAE 2718te] W
=z 1

ofeh AEh} tRES eilvle wWAAE Y
71 ZgelA BlojuA| Hol HAAAEE =Q)3t
BN A 5 e ol 7 oJHES e
oo AdRTREe) AdUiEEE FTME
A3E 2 5 AP ool FAES Sdst
I g5 WA LR 99 e WHE
T A= 3P 5t 71 WA o] avtE

m e = om0
ool N o
O

N i
Mo M= A
T EI
- )
: £ =
o M 12
ok 2

i N
R
I i

BN rr
£ o 4y
1 2
T P
= o
(L oo 1o
r2 >
- o
= =
Y ki)

o3
)
>
I 12
2
i
N
_?L
-
BN
n
o
4o
&1
x
=
il
it}
[
=

i)
v g
)
kN
Mo o
2
2
ofo
i
=)
<
e
Mo
2
N
N
m]I
o
_O|L
rie
N,

g
K.
b
R
-
op
o
o
oY
it
Ofi
o,

o)A ko] o AFAEel ols)
AT, Ao el EEER
& AHBHLE ofF fletel Sl
AMET Qe 30m 7ke) hEzt o
TS AldE] SRS S
AT ARG AEE WAL
oF Azia) guleIR R Fdetn A
AN Aletalr) f1ste] HAA
Festglom) of2 A Slekel

S5 A8ttt SR Aol

At
tlo
i

L 2 do
I
o
ul
Ll

=l

: 2
=%
£

ne,
S
=
il
2
Im

g g
n“i%
%
ol
»

o
[
9
T
‘B

P 92 2
Kl
o
N
fllo
S~

o
N
©

Koz
U
N
o]

o
ol
=
rr
>
()
ol
N
lfe}
o=
o
o
2
N
1o
ol
i
2
Q
[\
(]
(@]
Qo
1o
2

N
AN
=2
rd
Y
_C1>L
2
i
)
, oo
nfl
4
Im
o
tlo
2
o,
_OIL
32
]
o

R
)
ol
N
filo
£
jalfN
N
)
=y
il
S
%
oli
ok
2
o
ok
ol
e
R
62
K

A7) YsiAE IBC2006 AA|71Z0]| 7

[}
sfo] Apaet AASHAH=TE gtk

N
o
ox,

2 =

A
SO
e
b
olo
ol
1@
i
is)
fifo
S~
o
o
ok
%)
A
2
NS
o
(@)
«©

O [
(@]
N
[N}
>
)
ofN
TU
rir
T
Bl
>

0
_?li
3%
°
o
£
&

l

N

=, 8
2933, Spi 01178, Tox= 0,08% Ts:= 0.4% %
F2y AARE ik, IBC2006°] gt AAGHAHE
] 2] &) AdE A= vl Los Angeles
AL o)) Wt Sgi= 1,70, S 06108
EQlt) Site classw C2 A®sl F.9F F+—=
1.0+ 1,308 s}glrt, ofof mhabA| Sys= 1.70,
S 0,793, Sps= 1.1333, Spre- 0,52872 AAFE]

o oH o N
o F_>E N N
)

=
3

110_H 112 M4z SH 163, 2011. 12



t} OJAZES. (0 ~ 271 AJo]of| A

}.

El
T

]

AN

o]

0.4665%%
ool Hmoll ARt ofu] 7t

-
fu

Z Tsr=

[}

==

0.0933
30

[}

L

L.

1

o Ty

ar To
o

O M T de B oy ol B o M T W T WA %ﬂ%%%%ﬂﬂﬁ%%@@%
o T 8o TR MBS T e N R gy T o O R
Cie aEgEr v e BT Ao w Tk, Oy PR x
pour  EE LR Ry e le el HOoRALNETET Y
&ﬂ%ﬂ%q&xmﬁammemmATWwiﬂﬂw%mwmowﬂﬂwmx%%%
_ ~ ! - — ~‘|J_ f . 0

oo D s o 1) DN — #oo x, - ] T N o= = B _mu do =p 7B T NELE
rwp BB BFINT Ry Nl ks FeiesLicw

! . Mo = N B —_ = o —

H%%wmmw%Mmﬁwmﬂmm%%ﬂ%@%wm%mftx%wmorx%Luu.ﬂlﬂ%ﬂw
vl ) ﬁl_ll_l,lio — " — N = T N N
TR - B S R TR e
wﬂ%mmmmwﬂi%@Hé,%moeWr_awucm%urmﬁﬂ%ﬁ%%%@.wﬂﬂ%%%ﬁ
g o oM Log MWD .Q%%EA%ﬂ;ﬁ@ﬂﬂﬂﬂﬁ%ﬁ%%ﬁw
B < Hom BT T o ARG b % W oo & T 2
e or o o Mm = R T e Bl wt il N R 4 %l %o A 3 e wome N mﬁ o X0
do T mm \m/ de %ﬂ ,1,% T kT o oo N @ CC R o = W ® = &e 7w
LHMEhﬂ#lpﬂaEL:Qmﬂ%#mﬂﬂL__%ﬂii%@ﬂﬂoemﬂmﬂ%%%
Ted g AT Lo TN Y ey MR ETT e~ S
o & i8R E i T " om oM B X o po N ) To o ~OX° & N Bo o ol ml W o
wqmwﬂm@@%m%ﬂﬂﬂwg%#ﬂﬁﬂfﬁﬂﬂﬂ%%ﬂ@mﬂmﬂw
T wnoA#L_LM%#%&O%;@W@ﬂ%,]xs___.Hﬂx,dﬂ.m
T TN W WY g " oW E B BT B R Mo No NF BT DT T O® B o do mE v WK
ﬂ_aﬂﬂgzﬂ_ﬁﬁ D Rl %E%%mrﬂmﬁ -
o Ul el > il K o] o . s
momﬁmw%]m S8 u [0 X o ™ § TR

£ = M N X ol ﬂLﬂLi]‘_u__oﬂ
T opd 8 28 3l I T
e oo s & A - nl ol Ko o °of W o =
- H oy | e o= ol NER
0 T o= g U ﬂ oo 10 Wos= OF g N

wX B EY | = ol N T T R
oy O D ! z Y il uﬁm#ﬂueio]omrb —~
Mmmlao«oo]au ® O ~ du%xro%ﬂibdlﬁo &
1;o7l‘v|g_. i< = Z‘_HA.IO]\%EW_I _
o=l T o By ° ol S oo _ N -
VIS - 2 K o Somom T D %
X = — ) 5 K m T =N =
3 ww i [y e o i X = %Lﬁ E
_— O 0 — = TR — 2,
RS w33 ULzEogLE A
Ltm&liﬂ/r‘mOMﬂ il %w“ mﬁvi Wom_EGW‘NL Aﬂ NZF
]ﬂo‘.ﬂu‘l ~ =4 O— IAW T o ‘NW —
uAlu_x\/L = - N = K = X J.oﬂwvlpt Ho T m\
= 10::ZT6 I o~ O_Eoﬁexk i
LS wm S E WL S ~ I o mﬁmﬂ I S e I
wﬁ%ﬁ\miﬂﬁkﬁ o E_ N mﬂ%m‘@%i =
R — Br %o ° J o R R % £ W E o DS
gl @ o T Be = L (B) uoneuajaooy jesoads o ol 2 do w0 R

X _111

bof 2134
7] Ao

-

3

<

Q-

7o) Ay os A

€]

e E RS EC R

.
[N

AR

(envelope function)o|il, A4;, w,



_O|L
fr
oL
o o

=

du oo o

Mo ofN ™ N 2
9oz g~
R oogh o
Uy o it o
My o

o ig oo y
>N =
X L
rﬁ H’[ mS"L
flfo o
o I>
- ﬂ\l—
T

1

S 4o M rlo
PN

<k N

rr N

ro 2

okl o

X =L

2, L)

=
S
ot

b
- o

2 2 S gk
AARA S o]4t FE]of(Fourier)
sfba Al (Do) Zakghae et
efo] Ao el 2= 9l
4 ()& TABRE QRS ZolA
a2 9x|shHA Zzhe] AR
Z7Jeto] Aele HAE 7RE= &
PE% ghct oluf 7l %@ﬁ
logoaa kAol %%
A}o]g Aesleint o
Abgato] 2Eejo] ofwish
l qe] THEEARIo)E S
G R B ok

I
Y

I

rﬁ{% (T

g
Ao ru\[m/ iohﬂ

o B2

19

r°1'

= o

=
g
.

it 4o
> 1o ox
5 g
o ox
El(/} ASS

L)
I
2 o &
o
i
e
Y
o

A

_}H:glm
g
Ho
rir

JI T
BN
ol
na)
1
o)
2
o)
JT‘

-,

e
o
ﬁﬁ

Ol

o o

K

4
o
Pi
dz)
1
o
i

o
ar
X 9

o
—_

o
>

2 N
4N°
8 5
_1

1o e
o Mo
H
%
©

BN

o

ot
_q

2L 4y oo fr ol

oo ox mi

AU
o
oK
~
e}
o
N
rE
Mo
=
o,
o
o
|
o 7
of
Ol
)
£
N

il
N
=
L,
ol

-

ojm IEAKI] AtEE HlolE ] Th&m A
HEHo| AAL 7[5 AR E Ho| Z3lokR| =
Heehs 7] th2e] F 7] AR k)
SA th o] A (3 o] ITANES] T

Yo UAG TE SRATES u](c)o]

)

|< 0.02 (4)

| CL'UE

T
€= S, /87, NS LU ATEHS AAA]

I~

o17] A,

~
=2
o)

gl %7

N
| B0 A0, €, = _Zei

-
Il
_

0.025%% 6‘}01 N=400°=Z 3}t

2 Aol ARt Hiel o] XZhRe] B4
o Ak F5-0] E/do] WG Ee] 715 GARRIE
715 2719 AREgor ARgsle] QIERRS
Ayggitt, ol5 fleliA] dntaem Grame] A2l

(1940, NS) A|[Hla-S ARSI =
o] El Centro A|%I8k2] 7H2FA 2l

FAAN el Wslt RIR AAE T4
] Tgeke ABANSNEE AT o)

it & <ZE‘ 2 eF (1™ 3>°ﬂ ZH2 YR Riet
? 0.4 KBC2009

-‘% T ‘ — Ar A""'?E',E?
@

2 3
Period {(sec)

(T8 2) KBC20092| MAISEAHEHD}

OIBRIZBS I SEHAHER

112_H 1A HAZ SH 463, 2011. 12



-l
N

1BC2006
7 —— Attificial EQ

Spectral Acceleration (g)

Period (sec)

(8 3) IBC2006°| MAISHALEZT}
24

o H—""1
ABKETY JHE SHAHE

oA A QA AE-2] A7ko)F AL (1

# 4-6)0°] El Centro A|A5}% 21} 3h7) Lye)
]

9] ﬁﬂl%ﬁiﬂé‘joﬂ X40Lo}1?-_i Z A ¥ Z2okz] %]

ol Z-A|AE}5=] o) x]HP/}+E~ 1.14m/s’)

__ 30
% 4
g 2.0—_
£ 107 '
‘..E 0.0_—\)\1 ‘] !‘J‘ I Vl “‘”Il“‘ il i Iy
o
o -1.0- |
S 20
<
-3-0 T | T | T
0 10 20 30
Time (sec)
(22 4) El Centro (1940, NS) X|Zl5lE =

Acceleration (m/s?)
o
o
[

N

Time (sec)
(32 5) KBC20092| MAHISEAHEZof

HeSIEE XM= E| Centro 7|8t QIZX|FSIE

o
o

1

&
o
|

1

w
=)
|

N
o
|

1

)
o
|

1

.

&

=)
|

Acceleration (m/s?)
hodlioanm
o [~ = =]
| [N
=

.
o
5)

=)

-

=)

N —

o

30
Time (sec)

(O% 6) IBC20068] MAISEHAHEM| MetsiTE
THMEl E| Centro 7|gt IZX|XI5E

3. OIX| g2t A=

& Aol A ARERE oAl TSt RS g
sseu ] FRACT et AsE AAd7)s
A letel wlg mRaER AgEy 9l
30m ggke] "t FERA (O™ Dol vER
At oAl =] AeTae dE Yok (keel
arch)@} 2% 9 AxlE Ao 2R (cable net) L
& Aol azouq sl MR o]Rojx
RS 3x T bt
! & ool efiA -2t
o] BHEA o] ZA| BH}, A TERS 4K

Ele =3 1805 E By LREo) 2%
ol B WS 1A ARuEe] AELT]
wlA o] 7\_13}%9] AW S E AFE o] o2 #
F71 12 oo EAlsh= AL
T AT UJEH ARlskgol Histod oA Gtz

rs
\

=8 BIX_113

o)
Jo

=

r



o} Aol AR A sk Ag 5T
& oleh oAl FREQ) Fa AARE PARS B
A

ST SRR e 24 YFIYE 2] &
ol R0z elA et

Qg 7) oA thszt ==

4. LRB EHZIA|AE

2tE WA 2H o) TR ES thgk AR
SH Ao E ABHoz HFs] Y8t LRB
BRI 2T S AR 749-9} vlarste Byt o)
Asted FA 2T JATLZE Z ATANEFE
Qlor Ao AsS ¥ 4 e LRBE AA3}
Atk LRB WA 2ELS A5 H3lre dHRA)
2ol EF7] Aafob o} WA AH

ol

A

i
o
i)
[o%

o
i,

=P [ A
N,

o AFF7NE dAEE ARaF vale] AR
289w B ohlet Mel3YL A
A 2 % Qi grog Ausolo} @k, o)

Sl ZREEHY AHE
stck. whebA <19 59} 6>
12 9] AFANENFE A
HEHS AR o5

<29 83} 9> HEhfiich

o
tlo
{d
S,
fz
rr
PO
2o
d MO
to

N

of yehd Tz & 2

¢

oo
o
2
N
5
}-lrl 4
(R
e}
[
1%,

0.4

Acceleration (g)
o
N
|

o

0 100 200 300
Displacement (mm)

(08 8) SATX|A A=K [TIsIEL| HeA-7HET

2HEY
1.2
1_
T 0.8
c
L 7
=
C 0.6
°
[]] 4
(5
Q
< 0.4
| 2.0s
_ 3.0s
0.2 295 505 ¢ os
. 3.5 05 80s 9.0
0 1 ‘ T ‘ T l T I T ] T I T

0 200 400 600 800 1000 1200 1400
Displacement (mm)

(3 9) ZFRof ABA(TISHFS| WIS

3
.
\1

-
BN
i
O
‘1
N
N
B
9,
B
=3
I
(Z 9
=
1o,
S
0 {
o
i
o
Lo

o WRIALEY] Aol IS W shA Al
T} FRB Al ARA ANRFo] AR
Ague 2e goliA| Hel, wjebd Wil

114_H 113 HAT SH 469, 2011. 12



H A7 aRe| Gopihes solxAst Walel
sl }ﬂow Blof Akt APRLEE Abole] 4
ol ARA Ek R W) el
L a7k AR w1 W) )

AR RER Aol AgEe] vl Tage)
Aorksert 270 ek e, Sl
ol AR AL SR 9l

& o= F 7 S Z‘;‘X* SHAl AdAd

Effls (1 8)& HW }%A T7l7} %7}@011
weba FpbESTo) F23) ot} o 5% ol
Folls TMEE SR A Ao g Aol
& o 5 9ok B (1 9)
A QLFARIe) A9 A} ulZat
AR s|okd 2935}
RBO| #EE1E(Q,)
PJr LRB_OJ o] 3HEs17) 2ol 71T} sl 3.9
70}-)\6]H]<[Qn,itial/[(yield)O]E}—. % Oj:fl.oﬂ/ﬂ’»— EﬂX]‘;’—_L_
O 1IARE IRAEEE 8.5%2 AHEI7)
o]l LRBO] 3 ZHA(K, )= AHEHO
go] ®il o] A2 LRB 5 aLER-ETRe] R
o & ol A mtehile] AEE ek WA
5 HRIOL B TSRS SAl0] HAskA Aol
U R LRBA FESH Q)= AATZE
7“‘4 5% /‘\j@‘o]— mn‘ml/ yzeldE 5% 4 E—|H
e,

»
o
ok

h:@

mﬁ

o o —{> ol

5. AOIE WEIAIARLS| 7Y 2 Mo
J

& 4] Sistel <19 10)
ofl Lebl sfet 200l MR 741719k AkA] EHulo]
DG AMEERAC B QTN AR ol e

ZH7ke] Hlw A ARS mlele g

HERA g 26ton4 Ao 72T gk WRIAA
e A8 EUTRRY] AR 14HEET

& 3.5x53}7] $J5t0] LRBY| o] =8k & &
ol YTre] (K eq) S 260kN/m= £t
THE HIIAAHO] MR ZHA7|R QIgh AloaiE
=7 317 $iste] eduiolE ) Tale HWX—? AL
ARl 2%= Stk MR Ha)7)9] B4 Ass WA
817] $ft M m AR A= W2 AFALEl ofsfA
da] ARSE|TL Q3= Bouc—Wen HEE ARESIQITE
MR 7H47]2 deehls 24 9 oy A2 ove}
5VO|al MR 7H4]719] 872 20kNo|c},

> ox

4=

Low—damping

isolation bearing '
l ‘ M

e R damper

(T8 10) ADIE HEIAIAHS] 714

AntE HAgAEE gk oz AoiEr) )
A Ao HAAofetmeE TS o) ggt
o}, wx|Ao]7]e] b= AnE HHA A o]
AR e W2z A 9] Al et :[L']_%v/] Xapf
A7l g sla AukE waAAgS
MR g1 2 AR R S o)
e w27} Y zm

QJEatops el

(defuzzification) 31}7@ =
A% ov-5 Aele] st )
9 S ALk 7} TrAE A }._Q_O]_Oﬂjl A
2o Helel WAFAS chEd gAdere
(NSGA-ID-S ARgallA HAslslgck®™ . o]
2295 o) AEEE (13 100] LRyl

f
-3
e
)
o
it
=
i
N

re
OH
\J

I

= HIXI_115

0]
o

d

=



O 1) o=H RuXLTIEIE
HA|Ho17]2| =|xat

mjo
=]
ol
_9.|_'

0
1
2
b

HAEA oM AR M7 g
teo] Zzirk A e
Jstoleba i o] ciel
7} A2 Ars) d w)Fofl trade—off7}
L5, SE AR ARE 2B
ke =] St WaEe] sl gaa
p2Ee) Jlms 21 B w5y
W Al S ANe] Aeant ARY T2
o] Fidime BashRt Wil Ashh 215
o, o]y F SHo| AR AFE7] mjite] ohE
A Gl BARRL ARSI, AR
=
E
A

g
0y

= o
o,
a
oy
=
i 20
N
f; i
olr

s

al

S

e

_l
1
ol
I
4

.
d

oZ
ol ok
of

= N
of.
o,
2

BARRE GE Do el ufet Zo] 2n}
WA o) 42 T2 S6S LRB7} A
| FaEe] SRR Lol ATeky gho 3

n

fs

ARG ES FelA HASe ] flsie

2 2Hencoding) & AAA HA Ao 71E P4

=t Hadh mE HeE Qe B s
TxE FEEolof gith B QoA ARSRL 3 A]
Aej719] J&d W 7ReATE B4 1
of HIL AMRE IMA Y] P25 (1H 12 YEf
Wolet 1Rl vepbd viel o] sluke] Ao
= 20709 wx|Aol 2} thsd 2| Aste] Hast
EXgd 23k gh (objl, obj2) ¥ Ae9
(rank) 2} T4 A 2|(dist) 7} ATt ZF2ke] 77
Aot A2 6709] setulElE S3iA Fdo] Bl
ax 7192 AETR0 S QA o= FEHAL

Bttt o714 al, bl ¥ a2, b2 YUY

N
N
i)

~~~~~~~

[rule20] objt | obj2 | rank | Dist.

NaiTe1 [z vz s3]03]]
A4

(O 12) HX|H0{7|e] Ak F=

6. ZOEBZTIAAEY Xjoj8T Bt

snte @A A0 AAE tEgtzEe) A
AgHe wrH o Hojgt 4 A= HAA ol
A7) ofele] THEA 1}k el ZHNSGA-ID)
o AMgE B ST ol (19 6
off el Zxix|ole qEsls QEANES AL
et B AGE ol AR 100742 st
23k 1000474 S-siole), ZHsiaty 9
SAHE MATLAB B 2009b5 AR-8}9i5
SIMULINKE AMslo] melelsigic), 2145} 77}
do shae s Wt Fold MASWe} 12
o) &g FAo| Ags AL 4 9= )

Aol 71% Aefste] s A18aE astsch

116_H 1A HAS SHA6T, 2011. 12



AN ES 2 Algle] A7 ;
YRR wefsl] gistel 1 AL LRB R
A28 At BAAAY el 347 2E )
A AR HrhA) AL HaLel (1
193 <28 14>0] Uit RlolA] wi wio)

@0l LRB RTAASE Agsh ddEeld
20.52m ) A7} WAYEL At Lmk WAl A RS
ARES 11.460me) WPt gk o) B
FRBe MAAATEG M85 9 9ol

BAE SURY) X 7= 2 wto] 1130, lem/s

2
e
il
)
o
s
8
mw
ul
N
e,
aly
%0
%
s}
>.
a
m
e

15+ 11.46 cm

Base Drift (cm)

Fixed Base LRB Isolation  Smart Isolation

(I8 13) Z|chA] HEE welel Hw

11301 cm/s?
1200 < - .

1000 -
800 -
600 -

a00 - -

1084em/s* 814 .cm/s?

200

Structural Acceleration (cm/sz)

Fixed Base

LRB isolation

Smart Isolation

(28 14) 2|tix| +=2 J}&% H|Q

ok o] Aol QA thp7h TR A
A5 AnkE WA 4SS LR WAlAAHG] u]ah
o WAF Wejel TREB] hrg $Ao] wnH
OB AYAZ 2 YL et oz 7
Aol Qs hERE FEEL Ssto] AT AnkE

HAIAIAEE SfRIAY S Ee] A8
o o

o Uehde Alojdss HESH

7R ol ] HiA) ARle e (1R 15)9F
19 16yl ek

5.29 cm

T4
=
% 1.45cm
<}
o 2
a
13
8 Ocm. .

0 - )

Fixed Base LRB Isolation Smart Isolation

(g 15) =[ohx| HTE Mol vjm

291.4 cm/s’
300 :
250 -
200
150 - e
68.9 cm/s’
100 28 cm/s" o
50

Structural Acceleration (cm/s?)

Fixed Base LRB Isolation

Smart Isolation

(3 16) zoix| #x= 75T v




Z AulE HAA AL JLgEs MR 7M7) &
o] Axlskgol Hsto] ArjHer A HilE
o] YAYsHA| =L o] & Qlsto] L2 E
i ARke] AL HolA|A] BlHE WASe] W

i)
H1
ot
u\l
>
1%

S ThE FolEANE g7t TR Slhngnt
& LRB AlAHE 489 290 ujsjol vje 2
P
= T

QI}. by 7Aoo Qi
}

LJ/\]/\E“—J thﬂ Allg A%sHA E]Ei
o) A1slA AesfoRse). Bk ohje) MR 24
719] passive—off &% AHstA Aesk= A=
I Q3}c} Passive—off 880] AxA =W HA=
o QIEE AolE - G B4l A1 Hol
WA 2Hlof] ot XRtAR a7t Zo]5A HER
aaAl AR A7t E7FssHA Hot whetbA
T3-S =o)st wjoll= MR 4]712] passive—off
|FS 0 o 7FA Fol AodsE S7HIE
T UANE o] AL o]EH o gt ThsotE R AR
AlAro] 7hsRt 852 1L#3}o] passive—off %S
AAISH= Zlo] WH=A] A gsit) w3k AntE HI
AlE'lE g8k Z2he] 71AIA ApxjiEet ofuet
Alojdarejs w5k SR o] Edofl 9hA| At
e Bl 8%l Aojrt o]Fojd Zie R w
THEh okl Ao Q= gl A4
HAlolE {5t AutE |
% uln|g ALE Fote] e AlFolo)

b

7. 8
2 Aol A SIXE dhErrrage)
ARG Aolg SIste] I 2upE WA AT

o

o] ozl Ao YR|et digrtEo] gt ]
A2 AEINETE o= QI5to] A w0k
ool Exof At ol FA| e ATt o]
© 35t7]

Ao 9l Zopxjede] 2RSS A
slo] 7F2F IBC2006, KBC20090]4] A8 A4 7}

jzérﬁo

=

ol& ig?ﬂfli 11101 5} 21% \‘WXM%}I’_
ket HA A S 2
SRRl e]EQ] NSGA-TIS A]&L (S

Ao} dlat 25 VRS AR

R

b3t
Rl oox
=3
=
o o
e
-4
oX,
(i
>.
g
lu
g
rN
T
i)

o ARER o BN A
JZLE A}ﬁw LRB WA

T =

3 sntE WHAARS HEst LRB WAL
& 183t A9 Halel wlS wgler TR 4
T oRE 2 20w o £9 4 Qglth 4WA
AR FRBE $isto] AR 2nkE WAL
& i FopH xjofe) TxBe] Agatri Wl
2 W9l BolEAN PREY XUSHo| A
Pfehe A Slsiach whebd 4K e 2utE
WAL TR Fop A ofola] Mg 2

o oJEaln MR 727] 88 52 S Aol
HaRe @ 4 90 6 MR 4] S50l 2

P Alejemelze) HAsage g
3 Mokl i @17t BT R0 R e,
#5 vfehle] Q7S Fato] Foprl Aol Sl
TR ANGHA S Fa Luke WAL

el A A o) et At 2 Asleld

i
%
2 o
Jﬁ i
1:]01'

S

ZAe 2

2 e ARYE darmAPPEARIe] o
o) A L@ S 06 713 BO3)oll o8l 43
HAFU

s

bt

1. F. Naeim and J M. Kelly (1999), Design of
Seismic Isolated Structures: from Theory to

Practice, Wuley: New York,

118_HM 1A H4T SH 463, 2011. 12



isolation in the Unite States, Proc. Second
World Conference on Structural

Kyoto, Japan, pp. 1043—-1052.

Control,

. T.H, Heaton, J F. Hall, D.J, Wald and MW,

Halling (1995), Response of high—rise and
base—isolated buildings in a hypothetical Mw
7.0 blind thrust earthquake, Science, 267,
pp. 206-211,

. 4. M. Kelly (1999), The role of damping in

seismic isolation, Earthquake Eng. Struct,

Dyn, 28, pp. 30-20,

. E.A Johnson, J C, Ramallo, B.F, Spencer Jr.

and M K, Sain (1999), Intelligent base isolation
systems, Proc, 2nd World Conf, on Structural
Control, Kyoto, Japan, pp. 367-376,

E, A, Johnson and J.C,
Ramallo (2000), Smart isolation for seismic
control, JSME Int. J. Ser. C., 43(4), pp.
704711,

B.F., Spencer Jr,,

. H.S. Kim, and P,N, Roschke (2006), Design

of fuzzy logic controller for smart base
isolation system using genetic algorithm,
Engineering Structures, 28(1), pp. 84-96,
T, Kinoshita, M, Ohsaki, and T, Nakajima
(2009), Topology optimization of compliant
mechanisms for seismic isolation of spatial
structures, APCS 2009, Nagoya, Japan,

I, Tatemichi, and M, Kawaguchi (2000), A new
approach to seismic isolation! possible
application in space structures, International

Journal of Space Structures, 15(2), pp. 145-154,

10, Y.C, Kim, S, Xue, P, Zhuang,, W. Zhao, and

11,

C. Li (2010), Seismic isolation analysis of

FPS Dbearings in shell

spatial lattice

structures, Earthquake FEngineering and
Engineering Vibration, 9(1), pp. 93—102,
S. Xue, X, Li, K Pan (2010),

isolation technology application in spatial

Seismic

structures, Journal of Building Structures,

13,

14,

15,

16,

17,

18,

19,

20,

UK Y 32t FEEN W5 ADE HIAARS HEM HE
. J. M, Kelly (1899), The current state of base 12, S. Kato, S, Nakazawa, M, Uchikoshi, and Y,

Mukaivama (2000), Response reducing effect

of seismic isolation system installed
between large dome and lower structure,
Proceedings of APCS 2000, pp. 323—330,
S. Xue, X, Li (2008), Advances on seismic
isolation in spatial structures, Proceedings
of the 6th International Conference on
Computation of Shell and Spatial Structures
TASS-TACM 2008,
Y, AEe, AT (201),  “ARRE HRIAIL
LS o g5 a0 ThRA] HRAleT, 7t
SRR =, ALY, 22 pp. 89-99.
E.H Vanmarcke and D A Gasparini (1976),
SIMQKE: A program for artificial motion
generation, Dept, of Civil Engineering,
Massachusettes Institute of Technology.
A, FEE, AAE (2006), “HAE A9
Edo] gt ¢lgA|xluel] gt nldy g4
Edo) A7 gk alesta) A, Ao,
5%, pp. 63-T71
C.C. Lee (1990), Fuzzy logic in control
systems: fuzzy logic controller—part I, IEEE
Man,
Cybernetics, 20(2), pp, 404-418,

L.X. Wang (1994), Adaptive fuzzy systems

Transactions on  Systems, and

and control: design and stability analysis,
Prentice Hall,

K Deb, A, Pratap, S, Agrawal, and T, Meyarivan
(2000), "A fast elitist non—dominated sorting
genetic algorithm for multi—objective optimization:
NSCGA-IL," Technical Report No, 200001, Kanpur:
Indian Institute of Technology Kanpur, India,
A, AT, WEE (2000),
OJHEIA|S o] 8% AYABE) AFACT |
i e

A0, 4%, pp. 93-102.

“AUbE A7)

(F 2 2 2011d09921Y)
(AR AR} ¢ 2011311921
(AN LA} 2011 91-30)

re

=8 3N _119

[~
B
¢

3



