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ABSTRACT

Hybrid semi-active control system is applied to improve the seismic performance of the
building structure against earthquake excitation and the LQR-based semi-active control
algorithm is developed to tune the integrated stiffness/damping characteristics of the hybrid
system complementarily. Numerical simulation for a 8-story shear building has been carried
out to verify the applicability and effectiveness of the proposed method. Analysis results
showed that the hybrid system can be a compromising solution to the seismic response
control problem, compared with conventional variable stiffness or variable damping systems.
Comparison results proved that the proposed algorithm can perform refined tuning of the
stiffness and damping coefficients of the hybrid semi-active control system better than sliding

mode control algorithm.
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® v oH(Kobori®, Niwa®, Patten et al.®).
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22 LQRY 71 & F % F A7 (LQR-based Semi-Active Control Technique)

F5% AANzde AN AP ES 2HGLEA AP S LA Hed, HE Al
v AEA 23 93lA bi-statelon-off) FAo2 td HELHI o wHM J|E &%
Ao zde AAFLE B 19 (NEH LA BEAE 27HA9 34 R 24 %oz o) «3
2RZE. §9, of °“—_r"°ﬂ’~1—‘c— NEe JPERA AN2dd HaEA Aladgd Agd dAHE A
AN DA F N2EdE BA A48 & Ade AdHEHE A2 4t 2 BE Ao
az e u #7 FAY 2 PP ® 19 (S)ﬂ #ol 47HA ¥z AAE + Uo.

E 1 5% Ao 29 Ao g AR

- () o) 3
e MABA Axd hazs Nad 2YY N2y
u(t) =k, - () + ¢, - T(t)
ol u(t) = ky, » z(t) u(t) = ¢+ z(t) s A Cornn
k c k... A Cpi
(u(t)) ksa‘_" ‘max — ‘max IC — 'max min
l kmi“ Coa { Crnin ( sa@csa) km.in AN Cmax

km.in N Cnin

NEY F5F AALLYEL VEAHLZ 5F AojolEozRH MLHUG HEHA F5F
ALY ZCZ Yang et al. P 93t A<¢tE Sliding Mode 5% AoldnedEL 5 4 4
=4, o] A E 9 Utkin®e] At Sliding Mode 5% AoldnagZeo 79k Fof ML=
t}. Sliding Mode &% % AA¢ngdEFL E 19 (D~Q)BAAMY A Z4F3) R A4 24
(g AT =AY wet Y F UTE AAHY, F5F A2dE 283 bi-state
gaog ZtasiA FEY 5+ de FHE Feh

T, B8 Aade ¥ 19 QoA B 5 ikl ¥y nHse ZAAH £ vl
v ZHE 53 Age FEA doh MY deE A893 ' TF AdgnaFU LQRA
o]7jo] o]lAY WY L &2 ool AWy Hleste Waoz AA4HE AR} &
Abdol glth. welM o] AFdME AMAFE BEY E5F AAA 2" ALy 94T 5FY
AYAN7)2 4 Q)F gol HAHE J5A4E Hastele LQRAINY(Kirk®)& ol &3
AL |

J= /ow[z(t)TQz(t) + u(t)TRu(t)] dt 3)

4714, @, Re REaE A4S AdAL HP4E WA 2AsE AFN YL2A, A
ol71s AA A, ARH ook st AARFolth

- 451 -



47 Aolzle AAE AUFIFRN( Q)¢ AREALZ ZE A4 G)E A2
i HAREAZ AU ol e FAH, 5 HF AolPe 4 W2 EFHE Riccati B3
Ao} 9 P 42 RE 4 G)) Jske] AN,

0=ATP+ PA— PBR'BTP+ Q (4)
u(t) =— R~ BTPz(t) (5)

a3 Ao 2L A Gl ZAE HH TF Aofds & (19 3€AA AAE 47HA
el Aolgd g nlustd b FAY FA$E 2R @Esd AASA Y 2).

g8 A2
%) ™ Structure > z(t) #2498 24718
ot SR PGA Closest distance o Soil
Earthquakes
VSD Control System (g) fault rupture (km)  type
u, =l i=1,--, .
r | sl s El Centro 0229 145 (far field)  Soft soil
ol U =u e minlu,', ~Upon
u =[k, ¢} z() Mexico 0.194 400 (far field) Soft soil
LQR Control System Kobe 0227 14 (near field) Soft soil
tor]=~R'BP-z{t -
U o ) Gebze 0310 774 (near field)  Rock
: ; Desired Force
g Northndge 0164 37 (near fleld) I{()Ck

1% 2. LQR-based 5% AA 29 NEx
3. &4 d

2 2t RE B0 R R Az Nade] 4x90 g 83 3
ok AW 2 B4 7tz 1037ton, 680MN/mZ 13 RE ILHFRSEE 0
FTE T45kN - s/m2 A Fo| FAsT 7P A2EE on-off F A AR HAFaE, JiA|
A JPozE E 20 AAY 579 AW EE A AHKurata et al.?).

oA A", Sbagd Asd, B8E Axde A7) 47

IS¢ E 19M V1% Ad/AL: 34 2 BHAS w9
A Bk ARy Axde AARFE FREY ZAE AHAIE bracingd] FHelx, 71
Zel A2BE bracingWUE FATE BT PAATE AANSE AT & A 74 37
7 bi-state® AFHEE, 2% A/ 24 2 FHAFE AANFE 44T + U9 o) @
FAAE % AN 2ol RE B B FAEDE ANe TANAD, A 2Y D 2
ASe 25 002 4AsRc Ad 248 AR A9 AlERE Funer] sl
TFzge 70137 Y A BHIE 3 2402 FAQL, HARH Aade A
AASE F2E 13 LEo dale] of 73%s FRAAN} Zrkste BAAS goz AR

oy

7

- 452 -



Atk @, AdE BYY Nade Augd @ Ay Axde) FE 2 45AdEst
3

Y3t E 1A st Al 50%9 sFete A8 R AHAST g JAHFANE 3).

E 3 A29d Hd 24 R FHAF

Systems 7R Alad 7h g Alad 234y Az
Design Fnax = 680MN/m G = 21MN - 5/m kS0 = 0.5k | kYD = zero
Parameters kY8 = zero 6P = zero 3D = 0.5¢¥2 | ¢¥3P = zero

At AlLndFE LQRo) 7lurg £ AAIIEelzZ, 23 Aloirle 4%& LQR A7
Adel AARSI HE 2AEA 48 Q R @)el ® WA o ATAAE Q WP 4
5148 AUAYHE ERAAL, APl 4 A3FH 92 RS A4 A4 2= @
o2 4 (6)% 2ol AAHAL.

-1
Q:[ 0.5M™ K 0‘5;} ) ] ,R=10"".1, ()

714, pe WYl 93 strain energy$t £Xo] 9§ kinetic energys] A3 F25& e
WE #tezM, 10°eHgstdch my, =824 Fard AoA2de] Ao},

ojgA MAY LQRANE F2EY $ROZREH BF AAH(= Y& BAHT, 2 A
N2 olE JHE A RASE A 2 FHAFE 2Y 29 EEHMEE T of &34 2
AstA @

R EE-ER IR

MUncontrol
BIZZY Uncontrol
S

E
5 .
£ )
g )
Q 2 o
] g
[ Y
8 8
2 <
3 g
K]
=

ElCentro  Mexico Kobe Northridge - ElCentro  Mexico Kobe Gebze  Northridge

a) At & Ad¥g (b) Ao A7tz

28 3 AoAaE Alds Wi

5708 A7 ZF] 3 & AojAl 2] A4 Hdg H¢ AAsH ¢ Ad 3 ME=EE 2
d 30 £AFAT TP VSE /M Al&E(Variable Stiffness System), VD 7874

- 453 -
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9ol Ag= VS Alz"e] 238 FEZAIL JUSE HIAAN SEH HEZE F39 & 5
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Sliding Mode Control(SMC) % LQR Ao 7]l 7]t
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V8Dsyc 0.920 0.344 0.440 0.091 3,247 31.51
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V8D on 0.930 0.257 0.439 0.089 3,282 30.85
Keb V8Dspc 1.834 0.668 0.379 0.087 6,176 72.74
obe
V8D, 4r 1.697 0.653 0.383 0.070 5,864 69.51
VSDsyc 1.045 0.330 0.235 0.048 3,888 37.16
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VSDyqr 0.999 0.452 0.229 0.046 3,723 36.64
VSDgspc: 1.402 0563 0.318 0.071 4875 4664
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V8D 4r 1.479 0.338 0.314 0.059 5,150 46.02
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