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ABSTRACT

Over the past twenty years, the concept of structural control has been
investigated for the application to large civil engineering structures. At the early
years, passive control systems, such as tuned mass damper(TMD) and tuned liquid mass
damper(TLD), have been utilized to reduce the wind induced vibrations of tall
buildings, decks and pylons of long-span bridges. More recently, the active control
concept has been applied to reducing the structural vibration and increasing the
human comfortness in tall buildings during strong wind. In this study, the
effectiveness of the active tuned mass damper(ATMD) has been investigated for
reducing vibration of large structures during strong earthquake. Stochastic optimal
control theory has been employed. Example analyses are carried out through analytical
simulation studies.
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2. AAA A Fx8ge) 2y

22WPA] F2EY FHASS Ay FAog o] 55 ALY A
(Active Tuned Mass Damper : ATMD)E A Sui(2y 1 ¥=R), o] FRAY SFWEA2
ofefie} o] dojzitt

MY+CY+KY=-M{1}z,+DU (1)

9714 Y = ATMDE ERY A HAPHAHE: 7, = AN J&EE; U = oYy
(control force); M, C, K = A3}, Zi3] W 724 $Y; T3 D = AMDE B3l 7130
A& Mol elo] BY Aot
A (1D AeigBAos Hysd, ol T2 12} njE WFANLE Yehd 4 3th
X, = A X, + B,U + Gy 2, (2)
o} 714

X“lH’ A":[-Mo'lx —M{IC]’ B”z{g}' G”:{-ol}

At iyt ALY 542 @S % %ol Kanai-Tajimi Spectrum(41o8 2% 3}
dl, ole 78l A3 UnbS(base rock) +F w(t)& white noise HE}Fo T 713
T ¥, NEE 5 () oot SHATLE RYHY Floltl olwje, NEA &F
2 A3} ity Fe] TAE offet Hcl

Z= A;Z+ Gyw (3)
o714

Z=[§:] AF[-%% -zcl.m.]’ GF{?}

2R o2t L= AN ARAFY ] Foll Y F4olch
A(2)¢} M) 2YstH, F2EH} AFHY 5L FHHSE AU e
oteigt Aol A& 4 rh

X=AX+BU+ Gw (4)
o714
x={g) o[y o] a-(3) o-{g)

3. #4273 A¥A
3.1 5ARs Hi3

()2 Vel F2AA Mol wWE U(r)e olzfet Z2 Jeldsot HolHo
B FAUsF Aot Yoz AFY 4 ek

min J(%, O)=E{ | X7 (0 QX(1)+ U()RU()dr ) (5)
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o714 Qt 323 Y(Semi-Positive Definite)Q] 7}E3 oz, RS FABHQ 7133
doln, fo= A Fo] WA AFE, 1= AIYY FEREL] FEo| B Aot} A
(5)8] HAHEAE FedB ALY ANV2AAE ZUAAA, cf3t Zo] 2HE 4 At

min 7=E{ j :'[xT(t)QX(t)+U(r)’RU(t)+xT(r) {AX(2) + BU(#) + Gw(2) ~ X(¢) }lat} (6)
#lell A, A(t)+= Lagrangian multiplier #EjojT}

Al(6)ol M (Calculus of Variation)& AHEsle] §7=08 2AL LA, ol
o 2 X(1), M) 2t U)ol tiyt A& EAHTHS,6,7].

X(1) = AX(t) + BU(t) + Gw(t) (7)
M) = -20x(8) -ATM(D) (8)
U(t) = —-%-R-lafx(t) (9)

A (M-(8)8] BARAL X(t) =X(#) =0, Mt)=0 oJojN, #NIZe] APUA (1)}
FEA (10l Tzt FAzAY o] Foi AW} EAUL ¢ 4 Qlrh

3.2 33 A-A3= A9

Al(9)o] 2j8td, Aoy U(r): Lagrangian multiplier HE] A(f)o] AL Iy
#eE & 4 deoh, Mle FRAFY HeES X))o I HIHE AHoHE
(Closed-Loop Control)3} ojo] R Ji¥ 2 H o] A E(Open-Loop Control) 2 LHpo] o}
ehot o] 2P # 4 9cH5,6,7).

A1) = P()X(2) + q(1) ' (10)
ujabd, 2FAolege 4] (11)3} Zo| vehd 4 gt}
V() = -5 RVBTRNOX() - SR7BT(r), Uly) =0 (11)

4714 P(1)&} q(t)& nlAY AP Aegeolct
(1003 4(11)& H(N-9)ol thdsid, ofeisl &2 Mg & + o,

{P(2)+ P(1)A - %P(:)BR “18Tp(t) + ATP(2) + 20 } X(¢)

+qle) - [%PBR “18T_ATg(1) + PGw(s) = 0 (12)

A (12)7h @2} AHelMe X(2)ol thslel NEF ojo} sHe RASSHE, olels} e F
Ay A& d& 4 9rch
P(1) + P(DA - —;—P(:)BR “IBTP(8) +ATP(£) +20=0, P(1)=0 (13)

a(s) - [5-PBR 'B™-ATlg(1) + PGw(1) = 0, q(1)=0 (14)

A1(13)2 nj=x|3H P(t)o] th Riccati WA 2lo|c},
AR FREAA Aol FEAE ()L 383 AA 3shd, P(1)e A== A7t 8
A 27 FolA AL AR & HEATHLL wield, P(H)E F4UIER 713,

- 158 -



ez ge Al AT ¥H 7Y 4 gen,
PA - —é-PBR -187Tp + ATP+20 = 0 (15)
3, q(1)e A1) 2REY vz go] #3130t}

(- PBRBT-AT (-1 J" (5 PBR'B7-A")1-%)
- | e

q(1) = q(tp)e PGw(=)dx (16)

A(16)olM BE, ¢(1)E 3171 A8te] nlele] T (¢, )l oyt AE2 380 W
a3lch, ol§ $stod: e Y w(t)E dolo} 3tnE, AAYYL Ffole q(1)&
ArAsl7)17r BrHssich, 2y, Al 2 Hold JPEE ulel o] w(t)7 white noise
GaussianQ! FA23 U ol A(16)e FHAl FE Ao sidigte] 00] HEZ,
g(#) =0 ojelx 718Y 4 A3l mabd 4 (11)8] A ojgL olelie} Lo eks] Hrh

Uls) = - —é—R -187px(t) an

A)eld B uigt go] Aeiasdy X(1)7h F2EY AT X))} XEHY A%
Z(1)8] Yo s gouz, AN ofefgt Fol AHE 5 AUrh

U(t) = F1X,(t) + F2Z(t) (18)
7|4 F13} Fpe 4¥doltt

A1 (18) ZHE, Ay AXHY F& 2(3)9 Kanai-Tajimi 2 o] white
noise Yol tiyt SHAFTLE BYHY AL, AP &FFY FREY A% XDl
ZH 3H(Closed~Loop Control)} A EHS AFAS Z(¢)¢] ¥ (Open-Locp Control) 22

FREE ¢ 4 rh oleld, A8)E gL A H3FH H-7¥ 24 o] (optimal
Closed-Open-Loop Control)e|t}.

4. AAHAY 2 9

AANL 28 104 B FB2A3EE Y 55 7MIAFTZEo izl ¢
stgtt. §42 ATMDIE 2AbSol dxIEgiciz HAER, TRES AYAERY (Shear
Building Model) &2 ojAlz}stalrt. I3 20X ATMDE AMSY 3 H-7IHE Aojo &
58 2gon, ¥ 1o FREI} ATMDY AY U JEARIFFE Holdrh

El Centro A| A 7]§(1940)3} Taft X3 7]§(1952) 27}A] A AYHof tis}e] 3j4&
£85lgct, 2% 32 El Centro A2 Y&of thsle, TMDLL ATMDZ} XS A] 2 FRE,
™R H2E FTRE, ATMDIL AXE FREL H4F B AFoIth. Mot ATMDY] EIE
BolZIg1s), 2 Aol tiyt F2EL HAS WY, AME ATY QU AH HRUEL
ik F 20] nlzstgch

a2y 33 ¥ 2004 BKo], ARG MX3A] b2 FZES F-Fel vldle, TME
A% Ao Ari-geto] of 128 A3, ATME X FRoe ¢ 1/3 FEE LA
2 ¢ 4 otk =3 13 39 Fube $H FHE B, TME XY 3¢ +2EY A
Ha| A5 Rocuto] AojHol uj3j, ATME MY F-pol 8 Re=rt AdEE &
= olc},
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Story Height (L) 4m without | with with
Story Mass (M) 100 ton Ef Centro (1940) | coneror | TMD | ATMD
Moment of Inertia of Top Displ. (cm) | 24.83 11.12 8.20
0.001 m*
Column (1) Base Shear (kN) | 3111. 1298. 850.
Young's Modulus (E) | 206. GPa Bk?lsfn ;\doment 1556. 649. 425.
5, , /:2 0.003, 0.057
Taft (1952) without | with with
@, @, (Hz) 0.890, 2.598 Control | TMD ATMD
Maro 44.0 ton Top Displ. (cm) | 11.86 5.91 4.55
karmo 13.76 MN/m Base Shear (kN) | 1435, 670. 437.
Catmvp 246 kN sec/m Base Moment 717, 335. 218
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(a) Top Displacement without Control
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(b ) Top Displacement with TMD
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