Journal of the Korean Association for Spatial Structures
Vol. 10, No. 4 (8# 42%), pp.93~102, December, 2010

201 2310|2XX|E 0| &Pt ATHE TITH O

Vibration Control of Adjacent Buildings using a Smart Sky-bridge
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Abstract

In this study, a smart sky-bridge composed of MR damper and FPS has been proposed and vibration control
performance of a smart sky-bridge for the connected buildings was investigated. To this end, 10-story and 20-story building
structures connected by a smart sky-bridge were selected as example structures and Fl Centro and Kobe earthquakes, which
have near and far fault ground motion characteristics respectively, were used for time history analyses. In order to
effectively control the smart sky-bridge, fuzzy logic controller was developed and multi-objective genetic algorithm was used
to optimize fuzzy logic controllers. Based on optimization results, it has been seen that there is a trade-off between seismic
responses of 10-story and 20-story buildings and a suite of Pareto optimal solutions of fuzzy logic controllers for seismic
response control can be obtained by multi-objective genetic algorithm. It is shown from numerical study that seismic
responses of adjacent buildings can be efficiently controlled by using a smart sky-bridge.

TIRIE : £PEE 2710 BYR], UEA ], WA el OEE SAALREE
Keywords : Smart Skybridge, Vibration control, Fuzzy logic control, Multi-objective genetic algorithm

1M 2 | 3ol 44T o) £E(pounding)E AF 177}
S 7sAgo] wolAA "ok AAR A A
ARRIZE RS BABE S43] AYHBA A oz Qe QDB F5o] g3t F2A 9
E BAR Qstd dELol AAY nEsEM A 2w gny) ws Ayt g 1 Eﬂﬂ“
BE Alold 2He] A EoEn e FA A g weba, o)ald BRI WEh) sk 4
o olHg 1% AE A Az 2 FEEF gazrde] AekEen o8 el qwm;
Fo A A7kgel o5 FE& WA %M

A

*ddyEin AR Rad 4B HAHAL oY 7HA] Wyles ?P%LL

* odddie st AZske) waleA otk olgdt AAskEe)] o3 AEZ] 25 Ex

Sk 7\’1“_&?&3’- Z‘l?‘ﬁ*‘?— Z S 3—3?_}1‘_];(12}') = HATA o e e =] o} 61— pak=
Tel: 031-530-2315 Fax: 031-530-2839 S Ho ASAeR sdi) Hi}c’q A4 A=
E-mail : heskim72@sunmoon.ac.kr Apold] AURE A2 F e A 7E A

sRgzimzelx _93



AT - WSE - diis

3k Wl Kelvin 5] lated Aotel vl gtk
1 0% %53 ZAREY ol F5F ¢
55Y AoFANE ARgst] AHAEY %A
ofe] digt A7t A&EHOE olFA1 Yt <
BAE Abojol] AFAAZAE A8l A2 2
5o AeE AA7|nA; she At 2714 A
Atz o8 A8 & e AL HiE 3
o APHUL o)lF AEo] nFeEHHA HAH ¢
FAAA I BolA= ZHIE Q181 of7|HE 3
T3 AXgHE € ISHE AZAII] A W
o2 o] gtk o] AYPATEL AvEy
tst el AFAAZRE At AHS A
BES NE AFosH Az =Yg T2E)
Hlgte] Uz 9 UFAdsg 3A A S e
S ¢ 5 ok aEy APAR AFANEAE
2% dFsh] M AF Aloly Art 28
3] 7Wflof b 18] ¢S Aol FHE<
T2 FAG T ABAE ABAFA Folo}
ke ARl AT 4 Sl

) EojME AT AZAEE Alojd] o]F
o] Mg Y3te] 27to| BB R (sky-bridge)S A
sta] 3pAot 28 vAAlo] tiy) 2 HuER AL
2 7 UEF 3= AUt Bl olgA A58 &
Ao g MAAH A7l|HIAE ol &3l A" +
ZE9 FAIES A7 A e d7U 2
A7Ael gJste] AZH L ok A7l BRAE A}
&3l AZE AF9 AFA} rhssithd 2%
Az AT DB AF ddshe A vl
st} 7h3] 719 X7} goldtn AFdE H3le F
7HQ F2A7E 4 glerz AAFY A=
itk 2 A5AZAE ARHE] AH 92
3 Rl 72 Aelds $44 B 3
I Q71 el golel gl goje] &3S A
ANAZAE vnA AHEFA AT 5 Aok o]
Hjgle] 27}o| HEAE AE-8le] Aolg s A
e dZFEEA o] 2Flo]HBIR| 9] 134
E%7} 51 27| BRAE o] &F FHEANA
o] 2313¢l £%7} HEZ oY r dAA" HAEY
THEH ARaFe V8 AH8etd Ay 44
3he whgol vlsle] AFAY Fute] 912 Aolh

gy, A58 5302 799 42 27t0)BE
A8 AHst A" A5 A 3 F3ES A
FRE AN Qo vl B8R0 IEA
ojN1E=A AHEE 4 A Aolth ol WEE
Hlgo g 27lolHBAE o &% AHAES] WF
Aojo] thg 77t P, 71 A7
N 27tolagln] dAAAY ] 54 wE %
Aol AETF F2 o|RoHT . o3A =
Flelngix|e] AALAE tFatA A88ial 1
e BA37] sl BEHR FxAe] b
9ot 22y 2SFRE AAE it HeE
Y53 f3eh 947 EdE AMESH) 09
AR LB FHEEE FY sk AL
el WHEAQ FxaAujEe] A&3 oA
E3lt). wEhA] 27te|BRA7L dAE a5E¢
et £&A4Q FHAAIFHEC] STHAT HZ
o dAode kgl 48 Z2aRME 4
A 5 Qe 7o) AAEHAT,

ol@A 71EY 27lolHBAE o]&g FFA o
o #g AFE FE 7F dAN2HEE HET A
$ol) Its]o] g o}H7A ARE VIR T
e QEANZEE ARG ATtolBEIA e ZEA
o5 U AE B AL AT Aot w
T £ dFelAE 2nE ZH471E ARste] ¢
AN 2EE AT 20tE 2Flo|BEAE Ak}
1 2plE A7bo|HER Y ANSH Aol dee H
7¥etaat g} 2npE 2710 HEIR] ] A AH
& MR(magneto-theological) 7+&]7]9} vpaxiA|
o] (Friction Pendulum System; FPS)2.& 38}
Aok AATFZEZE 1050] 2Fto|BBRAR dF
g 1057 20% FRES AHSINT 28 (near
fault) 2 FAZ](far fault) XS] EA4E 7HA= E
Cenrto ¥ Kobe X|&}52 24z} AHg-8}e] Azt
B4 FsATh 20tE 27t0| BRA| | A
¥ MR #4718 Aojs7] st HA=A|A 017
(fuzzy logic controller)& AH§-3lom =g
AoNNE ey st oEA fFaREas
Z(multi-objective genetic algorithm)& AHE-3I5
o} X8 4S 9159 MATLAB H& 2009b5 At
231900 2ulE AFlo|lHBRAE ARREIA] e

94_Hl 104 Xl A2 BA 423, 201012



ANtE AFOIHSX|E OFZ3H QPHZiZo| TISHIO!

B AT A ARGEE vlaste 2vE (dash 19 nﬂa)o %oz, 2, 7, O 3, T T
2710 HEIA| 9] AFA o} 35S AESIT = 77} 0= AR W9, &%, 745 1)

He L}E}u%i iE owag]‘— AuEE 2 Vepd
ok M, T M, 7H 2053 105 DE AHE
24 4 @5 4 @ W4YEs n@s K 9%
o LE E xR AAREeA A 6)% 4 (6)
:rtga_%g Laﬂé}&’ii’_ 7—'} =4 ﬁ%ﬁ%t(mi):‘l} %LO] e

1e38(k) o2 e AdUgEd S AR}
L _ _ ‘m]_l 0 - e 0
of 233} et webs S bt A ERE B 0 ml, ;
B} 0% F2EH 05 FEES AA 204 M=) &)
= : m 0
%} 1074e) AHES AR 5P 0 BEY : o
20
T"}‘. r,n,‘zl 0 «er ve- 0
0 m2y ;
e EE @
: m2q 0
L 0 - e 0 'ran
k1, +k1, —k1, -- Q
—kl, kl,+k1, :
K=| : ©5)
: klyg+klyy—kly
0 e FPUR— k‘l?(l klzﬂ
k2, +k2, —k2; - 0
~k2y k2, +k2, :
K= : ©)
: k24 + k2,0 — k244
0 s e TRy K2y

A7, m1,9 k1, (6=1,2,3,-,20)F 205 2

T 29 v 39 44 B4E tekhE, m2,9t
20-Story Building 10~Story Building k2; (j=1,2,3, J10)E 105 A8y HA &
A 4A4L Yepdth B Ao ME 205 2E
7 10% 789 % AL FYIA 80x100kg o2
=

(38 1) A710jH3IX|Z HZE ofFzH

ANSHEL W ArlolHEAs}l AAsR] e TUL 20T AEY T A1 14x10'N/mZ 5}
20E37} 103 AE9 SLEHHAL 717} olge] Al T 102 A9 & AL 20:10° N/mE ¥
M# 4 Q= 27T 7 o o] ghe olg3te} RFAHY & At 203 %&g

o
T

9) 57} ARRe 1HAEF7IE 196, 0.65, 0.39,
Mg+ Gz, + Ky, =— M Ey 7, ) 0% 022%0l3, 105 TEES S AALE i
%3718 084, 028, 017, 0.13, 0.10=°]t}. 4 (1)
B 4 oA F GE UERd 203 3 105 7
%E9] 7+ 8 & Rayleigh 71415 o]&3t] 74
som HEY As M E 9% mA= 1
AR= g 2ARES HAE 2% FAH

Myt Cyyt Kyzy =— My By,

_—
2

71, B Eye AZEKEe gigt fAEHz
A zZ¥z 20x113% [10x1]8] 2712 71 G

s=RZziaxeelxl _95



IFH - HSE - Yl

5%
A7 AR 2 EPE 2057 105 A=Y
-5 doltt. <Oy 1> Zo] T JIHAE A
ol AntE Ajlo|HEAS
AR FEA|2H Y SFY
A ®)F ved F ok

99} o] T3 SZHA AL AnlE AFo)H
e

H

it

dasle] F AEE
Q

A& ol o ()7

gt

I
ol

Mz + Cyzy+ Kyxy =— My Eyz+ EFE, (7)
MQ?EQ’*" Ozm.z“{” K2x2 2"1M2E23;§_ EZFlﬂc (8)

o7|M, Fe F 1EE 443k 2utE 270
BEX] oA AlFHE BHH-E vERE AA]
ko2 WA "ok EF S} B & AvE A7lolH
AL AXE Fol digh fXPERA 2rjE &
7o) BEA 7 AR 1059 AT YA 1
o g& 7K YeA] AFEAAME 09 3e vt
Zo}.

3. ARIE AFO|HRIR] HEAIAE

3.1 A2l 74

27| HBAE BE 10m °)435
3 HEZ dutdoz FAE A
Fe 2 FAEh 2710 B A7} d& A
Fog JdA9Td AARAA & $Fo| WA
A EHI AR F2E 8 gAe] SUEHA Hu
B b o uwloje)g AMESle B Ao
ot E A7olxe Aeg oo} o] s wojy
< AR&ete] 2FtolHBIA FRES ARSI
°lF <a¥ 2> YehHUTh FPSE 27}0|BEIA]
o) vl ZAgld] AA]Eo] 27lo|HEA} F 72
2% FH £4Y F U=ES gtk 23 g
How g JERd wiel o] Avlojnz|e}
FEC] Y Atolole AR (stopper)E F01
R AWskgoly Fahkgo] 7HEd AeEs &
Fhol| BTt Yalste s WA =S s Q).
LTLE A7to|HEIA|e) ogt A T2E9] AFA
o] 375 ot wlof A7fo|uzixe] W <
g AEAo] 2] RS WAl AES] ¢

o I
ol i;
i ) ACH
= i i
o WorR
i DY)

Oxz
ol
-

3t} 27lo|HEAE FAE 715t Bl
t}. 2uE A7bolB x| B4 TR MR 3
718 27t HEIA] Faat FE2EY S Aol
of <I® 2>} o] Mgl Alojgo] WHE
AEE siglch & d7olx AH-E MR #3719
FPS9] 54& thE Holx A5t

i Architectural
{Finish

ﬁ Sky-bridg

MR Damper-—_

Stopper

(27 2) ADIE Asjo|=alx| HEAARS] 74

3.2 MR Z4[7] siMzZd

B dfME oEA 2vtE Aofgx] Fol
hRl MR 74718 AR8-3te] £RtE 27fo]HE]
A& FAFAE MR a7l 22 dgog we}
A 7 Qe A7l whgste] F2E] 78R
© A¥EY 718§ A2 28T 4 3l 7]
Ao 2 destisE WE vheEEE JHA I 9
F2ort fatAY ETEo] AVt 388Y
o Wzt A9 glo] 943 Ae& FXge A3
wio] FHo] B A7 JPEHL 3 4% ¥
ESTFZE Aojd ogd Helg Z8EH1 Utk
olZ1gt MR 7719 4 AT EARL] A
FAEY ZdEA e B2 d7AE YsiA de
AT YE Bouc-Wen 2EE AREEIATE 0]
2do Addee] MR #4719 ASS & B}
o AATREY MR #4]7] Bdgoe a3z
89 4 slvkal geiA glok & Aela ARSE
MR 7}H3]7]e #Hol-&#o] 1000kNE 7 =5 A7)
H 2dzA gFzde] 0VY W passive-off el
€, 10VY ™ passive-on JEiE Ve Th 4EH
ol @E MR #4719 ojdAF ¥ Jg=E
<9 3> Yeiigich <2¥ 3> 74719 44

96_Hl 104 M 42 BA 42, 2010. 12



ADE A7

lol=3iRiE: OlgE olHzIBel TSRO

T & sine §42 7143k A EdolA 31ES w)
=9} 74439 WA Uehle oldsiaol:

b A

passive-on {10V)

o g o e

i
!
1
passive-off (0V}

2

]
!
!
1
)
]
i

MR Damper Force (kN)
=
1

I3
=
S
]
S

v

i e e s S

1200 —

< T T T T T T

-40 20 0 20 40
Velocity (cm/sec)

<:1EJ 3> RAR jLJ47|_4 0|_ﬁ:E: O{E4§}A

3.3 FPS aiMzE

g
e,
=
2

S 72E3 Adke
%9 sh}E FPSE AAE 12
ZE9] AFge FAGe) Wl
& GA 24E ¢ 2
& HANE & At AR W
=1 v} FPSelAM e wojde] s
e FEREC] FH AsjA AU 94X
ol elE HHgo] WA vpdwHAe] o}
of osjA o7} Agkdct. o] FPSe
Aes ZARE] st 7P g AHEHT
Constantinou$} Soongo]™ #¢Hh 28 o]-83}5]
o B dvelMe Frsel nhEE s Thedd &9
SZH MR #4717F AAE & Qe HYE =
I MR 7H4719) AgAll 58E SUsE & 3}
T2 TPS Al2Ele] npEASFE 0019 S AR}
A1 FEWAE ImZ Rk

-E:n& = N
Wﬁﬁmlmoﬁ.\i
ﬂiyﬂﬂérlr
oﬁ%ﬁﬁﬂoﬂ

fr 2 18

U

1

o‘mm

%2

4. CIEE
HRI=2Mo1 MM

4.1 mHX=2{H0{7|

STMUTEIEE O

B Agoxe 2ntE 27lo|HEIAE A8l

= MR 72718 afEoE Aolalr) Ut
E=gAo171E AHsET HA=EA7Y §
HgE <y 4> VERE upe} o] AnlE &
Fro|BEIA7} AAEE 105904 F 289 AR
9 4 AErE sl MR #37|2 Aese
HHAY0-10V)E EHWSE Sch

D T A
2,

(27 4) HX|=elHo7|e YEnA

4.2 OB RuXRE

B AFoMe 28lE AJlo|HEARE A4E F
F2EY AALEE FA ADAE A 5F
o 1 7] Wi oA fRddYES
AHgste] HAEe A7 HASsIGAT. HEA
HAHFEANNE BAHOE MR 88 HEE
F S vl AFar XA Hed olE 3t
HE ﬂ@ﬂ%ﬁ%‘olﬂ}i ghtt. ?h kel RAES
7} M2 AE(trade-off) 3 54 wiiol] i
2B 27lolHERAR Gé/é% AES AZ b&
FAEAS 7D 7] it A7tolBEAE F
St s AojE e FaA fok HA =T A7)
£ ArlE 270 HEAE d4d F AEC] 4
ZFaE Aolds AN ZAdA F 1EY
SHE BAG ARAD = ARF AT Hojok
3t} AP EE AMESl IFEY AFE
Aoe Alpet APATIe) AnZ v AFE 7
A9 $He g she HH7HA L] ST
Zoz AR gor T gl HHA S 9
2ol] )5t trade-off7} EA3taL 83
I gtk webs AvtE A7bol HEIXE Alojd #
AegdAoNe F UGS FAld JZA T +
Qe hte) gaiEes AHAA g AR F
ZPAE 7HAE 05y AdgueEEHE 34
Aoz verd Ao gt geba £ a7l
He FAE=Ao71e AHge] Sl 105 3




2T - HSE - Ut

0% AZe HyFEge] ALL A4s 20w
e URA HASE SR B AToA A}

238 958 A3z 2ATEE A 99 10

Lrehiglct
max ldio (1] ”
max 1d10 (t) Kobe (9)

max idm(t)i
fi= -
max dyo (1) o
max ld (1)]
/2
max}dzo(r)1 i (10)

{ max]dzo(t)q

fo=9]

maxd (1))

ZA%MeE Alojd FREY] S9S AojsiA] &

U Wo] LB oz L‘rroi AtstE gk
20

o8 FHIAY F, 4

29 SHE ‘/}E]"’“E} 2ol 4] dm”’ dyy & 717
TtE A7IO|HA R Aojd FEldlMe] 105 AE
74 20%F A2 H4E d9eHe UYehn 4,
T & Aol g AEe) Weew-e e
th 2 AFdXe 2AZ (near fault) 2 AAY (far
fault) #1719} 542 7}A)= El Cenrto & Kobe A
Aep5& ARt 2utE 2710 HEIR| Y] Aoy
e BUIRERE T A A7 AojdeTs T
sto| Zyzke] BAgtarg ARGstGiTt Aol A vehd
npel gol f 2

5. AR|TAL Z I

5.1 &x3}
=S BIEPEES EEREE CEE!
£ HAA71E L] SHske] AHER NSGAI

oAx g S olFE MATE 10074e] AR

ol Foi M Azt 1000474 Fhetdth J
Hshae] 2 3842 MATLAB #d 2009b2
AHEEHT SIMULINKE ARg-3te] Rd3gsigict.

o A YA 2709 BHFFE olgdte] A3
g Susan 43 +92% de HHE A7
8l 4FE <% 50 ey,

& « & NSGAI
. e FLC1
_ 1 B FLC2
[}
@ .
c 5
[+] £
o %,
$ 088 .,
[=2] EY
£ ¥
5 %
= N %
= &
o KN
b
£ 0.86— *a
8 *
- R
bt N A
g
084 T ‘ T | T l T
0.88 0.92 0.96 1 1.04

f, (10-story building response)

(33 5) NSGA-lIIE o

|83 = 2|x3t Zot

rﬁ
olo

ol HE H}
S BRE e
& A%e

trade-off7} %—xﬁ—a} HHe g ]%74]7} Hag],%
& 5 A 1

g} o] 105 AL A
SR fll*]' 20%—

m{n
o

JFJ
FKl
i
ofr
nr
f
)
)
™
S~
>
-
=2
l‘ r}N 2 I-U: > mo rr > o

RN

G
}11
J‘,‘_,
e}
of\
A
m{u
[

09011*1 1Akl
Hell f,E 08401]7\1 0.9A}0]0] EA3=
A olZ S ERIE 4 Ut FHE HA 3

Z 667119 7}]%%]7]— Q5 ol AL 71zt
HA =g Ao71E oustt. oA fAxd
S AHESHE o]9) o] MR $EE 7HE gl
= Uy HHEE dA Hed dAYols ol
& g dFolA AAEA A A9 &
2 AdEA doh B dolME 105 489 §%7
205 AEY $HE FAl AHEA AT 5
9= HA=g)# 07|12 FLC1S Mesle] <19 5>
of 2AM FztulE Jepddth AEd FLC19
LA £,808 242 0.883) 0.892 4] o] 7L 1053

0% AEY SHS T5F 10%0148 Mg 4+ 3

rr

98_XI 10A Hl 4T SA 423, 2010. 12



ANIE AFI0[ESXIS 0|83 2n=2l TISHIH

HAze AoV lEhe AL grlsith. BAeeg A}
& f13 f,= AofsiA G& Ao Sl e
AAg dee $EHE HEEA e A A2
2ZUE 2710l HRAE A8 nolle SEHAY
o MRl A= F8¢ Uiyl o F
HFFHHE 10emoA 5emE Zole A 20em
A 10emZ Fole AL H2o] 50%2 SHAYL
27} YA AAERE o E §EE Sole Ao
T ot WA, 105 dEY S U=
FAHA 205 AEY FHE ST AT
1

o o

~

—

i}
et

<
F = HA=A 7S At FLQ2E %Y
St FLC29 7 @k} f, 3 47 1.00%) 0.842
A 203 EY SRS A=t HEXE T
t}. Aeidt FLC13 FLC2E ARg-sle] AnlE 2~
7hIBEAIE AofPS W] AojdeTs A8
d B0 Festd <® 1>o Je ik
AR ARskEd dig EAETHES Hdsid

7 A2 =GR 0719 £ 3k f,ake) ok

(Z 1) "X|=2|Hoi7|ol e SH et

by =
2As | AdeE oo e VL
f El Centro 0.833 1.058
! Kobe 0.939 0.942
J El Centro | 0881 0.788
2 Kobe 0.909 0.905

<% 1>& W FLCLL 105 A5 203 AES
AASA Ao 4 e AL & F U B3
Kobe A|X&zH b= El Centro X A3} vis)
A o Z3dolt. FLQ2E 203 AE9 AA$H
Aojell E#=1d] 53] El Centro AR}l o
A 20%0)4 SEAY E4E Yehle RS
& = Utk El Centro AZ&tF0] AHlE A7lolH
A7 AR R JAFL2E ZlelE Aol FLCL
o &JsA MR #3712 AgsEE g A7t
olgE <% 6> Yehigith 1]l & 5 9
ol HAEg A 7le F2EY SR webA oV
S} 10VALolol A A3t ghe AAzteE Alikslo]

8% e € T ok

Voltage
1

0 T T T T T ]

Time (sec)

(22! 6) El Centro XZsZ0] that FLC1)
W2} AlZbol2d

-500—

MR damper force (kN)
=3
|

qf?@

N

-1000—

-1500

-8 -4 0 4
MR damper stroke {cm)

(a8 7) Kobe X|Zlaksol Chgh MR

g4zl g-#eEd (FLCT)

<3 7>l Kobe AZIskE0] 718l AS 750l
FLC1o] 93)A Alojsle MR 731719 3-H9) &
AZ el ol 3d yRHA e Furg A7
NAR7} At A Hewl 2"dN BE upel 2
o] MR #4]7)7} o} &3 1000kNeJHAA A4
A Agstd dEHEe ARAHAE AT
A& & F 3ok Kobe AR 22 & 12 A7
o] 283519 S Aol= MR 74719 ¥ doid
9 (stroke) = 1A B 5 g1%o] 8em ©]3}e]
MR 7] Fete) Juiiee Ax 27fo|HEIX
9} dAEE FRETY AW} T v E
7EAA E=d) o] ol AmEA AW 2vtolHEl
x9] ok 9 A A& FA7F A Foh

o*i—‘

iul

ol

m

_

5.2 SMcigQ| Hlu
FLC1S AFg-3te] AnlE A7lo|HEIXE #|oi3h

A% Zzte] Al it AATFEE] 28
e g <19 857 <2 950 el




YFH - MSE - gl

wi smart sky-bridge
-~ wio smart sky-bridge
20
i [.

wh
-]

16

Story

0 T T T 0
T i I
@ 2000 4000 6000 8000 0 4000 8000 12000 16000
Story shear force (kN) Story shear force {kN)

(a) 105 U8 (b) 20& 718
(OJ8 8) FLC1& Algsel 429 El Centro
X|ZlstE0l oiet 7482 A[rl SXciEd|R

—— w! smart sky-bridge
-~ - - wio smart sky-bridge

20

16

Story

L SR O I M R
g 10000 20000 30060 [ 10000 20000 36000
Story shear force (kN) Story shear force (kN)

(a) 10& & (b) 20& 718
(a8 9) FLC18 AKE8t 44 Kobe
X|Elstzol st 7i82] #|cf SMCtau|R

0% AEY AL AnlE Avlo|HEA}

7 Aol FEHA=
% £ gk <28 103 <28 11>9=
FLO2E AHE3IE 7350 2 ®Zlo) gk g
g Jepglet ¢ A$dle 103 AERTE 20
T gy IgFgEwt FEHHa 53 H
Centro ARQEEd] tidh 205 789 FHUHS
HE 29 £ ATk 103 BE) e 39 &
ntE A7lo]HEAE AX)EH7] HE
RET gk

R
anj
ofN
N
3t
F‘F

wl smart sky-bridge
-~ wlo smart sky-bridge:
26

1€

Story

0 2000 4000 6000 8000 0 4000 8000 12000 16000
Story shear force (kN) Story shear force (kN)

(a) 108 = (b) 20& 21E
(3% 10y FLC2& Ak3%t &2l El Centro
X|Zlstsol chet HEe| o SHCEH|R

———— w/ smart sky-bridge
fffff wio smart sky-bridge';

20

18

Story

g 10000 20000 30000 0 10600 20000 30000
Story shear force (kN) Story shear force (kN}

(a) 105 2= (b) 20% 71E
(I8 11) FLC2E Al8% d%2] Kobe
X|ZlstEof thet ¢iEo| |t STk

6. 2B R F¥uF N

B Ao MR 7479} FPSE 74 € 20t
E 27lo]HEIAE Aok o]E E8FOF A
ol & gl AA=A g ES ST
HA=gA e Ay AsiA g fd
A2 ES] NSGAIIE ARSI olwf 1053
205 259 FFEWLEE BATTE AMEE)
Ak £ A7E B3 ey L ZES €U

1. MR 7#4]71¢} FPSZ 748 AvfE A7tolH
AAE RSt QA 105 R 205 AT

100_ Xi 103 W 43 BA 423, 2010. 12



ANE A7OISSIXIE OfZE QHZIES TISKO]

Hgkot

o]-g3k HA=g]F]0)7]¢]
HA3E #8998 AosE Ve
e BHE A9318s 38 F Uk o
A Aol the) ﬁ?‘* JiniEWlOM Zl
A A7t dehe A& 7H A0S
A dEE 4= dglen AEgoladn 7t
& AolAdTS Jehlle g st o
ZhA B Aol Algke g2 gLy
& o83 HA=PAol71 HAsprys
ZutE 27to]HE A Fo]7]e] sfe] &3}
o ALY F Qg AN,

. B AFA ARSE MR 7719 £
1000kNo.2 #AlY 7|e2A] FE3] Ao
7VFestt)y. E3 Kobe A|Z3 2 & 729
A gME dAAEY 2vtE 27tolE
22 Atole] Atwiflzt 8emoldolng A%
Ao i8] 5lgo] rhedich webs, B o
TollA] A AntE A7lolH Ao AR
zZzd A& 7FsAol mis oo s,
&3}0% Zl 11%%011

UPE "ﬂol‘ﬂ?‘ﬂ”}«% »W*Wﬂ ohzt
ZAARRNA TG T HHAEA 2 FF
gl gt 97k 9o ZoF guEch
C B ATelME 2TtolBEATL AxE W
2224 NS s ey Bk A
A HEES 9ldle] 3249 #j4o] 35 Lo
& Holrt. 53] 2vto|BglA] A3 Wk 4

10

Ao B Agste AAsE tiste AnlE &
7holHE A9 AFEA el dste] % A7
AZ AUtk

o7 g 45%1%1}% g Adg
2}(KRF-2008-331-D00642)-&

o]

#Ae 2

5

rlo

S9E71eR e AL
ol 58 AT

&3l ofo] A=

=
R

g ARG

Yt
sl
1. S.A. Mahin, V.V. Bertero, AK. Chopra and

o

R.G. Collins (1976), Response of the olive
view hospital main building during the San
Fernando earthquake, Report No. EERC
76-22, University of California Berkeley.

V.V. Bertero (1987),

structural pounding,

Observations on

International
Proceedings of the International Conference
on the Mexico Earthquake, ASCE, pp.
264-278.

J.E. Hall (1995), Northridge Earthquake of

January 17, 1994 - Reconnaissance Report,

Vol. 1, Report No. 95-03, Earthquake
Engineering Research Institute (EERI),
Oakland, CA.

. RE. Klein, C. Casano and J. Stukel (1972),

Investigation of a method to stabilize wind
induced oscillations in large structures,
Paper No. 72-WA/AUT-H, ASME, 1972
Winter Annual Meeting, New York.

B. Westermo (1989), The dynamics of
interstructural

connections to  prevent

pounding, Earthquake Engineering and
Structural Dynamics, Vol. 18, pp. 687-699.
WS. Zhang and Y.L. Xu (1999), Dynamic
characteristics and seismic response of
linked by discrete

Earthquake

adjacent  buildings

dampers, Engineering and

Structural Dynamics, Vol. 28, pp. 1163-1185.

H.P. Zhu and H Iemura (2000), A study of

Z29I%1 _ 101



9.

10.

11

12.

13.

14.

15.

response control on the passive coupling
element between two parallel structures,
Structural Engineering and Mechanics, Vol.
9, pp. 383-396.

RE. Klein and MD. Healy (1985),
Semi-active control of wind induced
oscillations, Proceedings of 2nd
International Conference on  Structural

Control, University of Waterloo, Ontario,
Canada, 15-17 July, pp. 354-369.

S. Mitsuta and K. Seto (1992), Active
vibration control of Structures arranged in
the  First

International Conference on Motion and

parallel,  Proceedings  of
Vibration Control, Japan, pp. 146-151.

R.E. Christenson, B.F. Spencer Jr. and E.A.
Johnson (1999), Coupled building control
using active and smart damping strategies,
the 5th
Conference on Application of Artificial
Civil and Structural
Engineering, Oxford, England.

Y. Yamada, N. Ikawa, H. Yokoyama and E.
(1994),

structures using the joint member with

Proceedings  of Intenational

Intelligence  to

Tachibana control  of

Active
negative stiffness, Proceedings of the 1st
World Conference on Structural Control,
Los Angeles, California, Vol. 2, TP2, pp.
41-49.
QA78, £ (2005), Sky-bridges o[-§-8 =
15 AdEe] AA, W5 SEUn
=24, Vol. 25, No. 1, pp.35-38.

ART, F25F (2004), Sky-bridgez FAH A
AEAl, FFANTETEE =&Y
Vol. 17, No.2, 2004, pp.203-213.

AEF, o, o5, A, 24T (2008),
ZFo|BRAR AAY uFAZ29 2FA 0
TH7L, =atTEEE =123, Vol 8, No.
4, pp. 91-100.

2%, o152, iy,

o

~

T (2009), 27ko]B

16.

17.

18.

19.

2
>

A2 AZd WEYo] Sl uFUEY He
A3, FANTEEe
Vol. 22, No. 3, pp. 231-242.
Folgh, 27lolHHAR AFdE 78 Ae
el FHA L A% SRR, M=,
At el Etal.

RH. Sues, ST. Mau, Y.K. Wen (1988),
System identifcation of degrading hysteretic

49

restoring forces, Journal of Engineering
Mechanics, ASCE, Vol. 114, No. 5, pp. 833-
846.
M.C. Constantinou and T.T. Soong (1994),
Passive and active structural vibration
control in civil engineering, New York.
S8, vk, DAY (2006), QHTEES)
S R L AR BIEEEE)
ZAAFEs] =83, Vol. 10, No. 3, pp.
85-100.

r.?l: )

pAFYA 20109 89 49
AAL gadz) 20108 102 18¢Y
AA B9 1 20104 10¥ 309

102_Hi 10 Xl 432 SA 423, 2010. 12



