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Abstract: To solve the optimization problem of control algorithm parameters, damper parameters, and layout
location in the semi—active control systems with magnetorheological (MR) dampers, an improved adaptive niche
genetic algorithm is proposed. The proposed genetic algorithm is improved in selection strategy, crossover and

mutation operation, and adaptive adjustment of crossover probability and mutation probability. Two different niche
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technologies, the pre—selection mechanism and sharing mechanism, are used in the improved genetic algorithm. The
results of a numerical example show that the optimization result of the improved adaptive niche genetic algorithm
(GA-1 ) and an improved simple genetic algorithm (GA-II ) is generally consistent, indicating the correctness of
the former algorithm. Moreover, the GA-1 consumes an average of 32.7% less computation time to obtain the optimal
solution for the first time than the GA—II , which means that the former algorithm converges faster than the latter. In
addition, optimization results of 30 times indicate that the GA— I has stronger stability than the GA—-1I. The semi-
active control system with MR dampers optimized by the GA— I achieves effective vibration suppression. The
maximum values of inter—story drift angles and floor absolute accelerations of the semi—actively controlled structure
under El Centro, Chi—Chi and man—-made waves are decreased by 64.1%, 54.7%, and 55.9% on average compared

to those without control, respectively. The numerical example demonstrates the effectiveness of the GA—1 , and the

integrated optimization of the semi—active control system with MR dampers is realized.

Key words: magnetorheological damper; semi—active control system; integrated optimization; adaptive niche

genetic algorithm

fid it 72 L i 2 M P 7 T Y 72 2 il
TR — TP BE IR B ELAT S TR B [0 3
PR BHJE T i S ] e AL, AR S R AR S i e
B SRy MRS S5 DI ) D R M BB A A R
TAZBE e s RGBT LA oA

AR SRS, A SR A Wy SRR AL T E 1Y
— P HE RIS K 745 Guo Fl Zhang®' | DL I A ZE 22
551" Bhaiya %57 5K A A 0 50 SR 38 A% 1 0
Tk Ui 7% B JE A% A AL & AT D046 4 B . Yan A1
Zhou"’  Lafontaine 55" 553 JRAF " Mehrkian %"
Bozorgvar Fll Zahrai'™' | Salajegheh Il Asadi''*' 43 51K 15
SR T RORY 4 1l i e 2R AR s i 4% 1 04K
DL $it e 1 D 7% BELJE 45 1Y 25 R 45 ORI A, Xue
S5 Chaudhuri 55173 53 B FH 8% SR AU AL RE IR A2
RELJE #8% AP SR, A3 2 sl a8, . DL B A
SRICHR , AR S At 312 (ol % ) DL AL it O
S BHJE A Al AL B AL W b B AE B e R 3230
) 28 G0 ) Bl AT AR [) 5 4 o B (i 4% ) L BHL
Je A ZH B e A A B A A OC, JF HaX e R H
FHREG . PRI, 0 U AR BE 2 shis il R e et A7
BEARAL T

(EAHE A2, e A2 L T sh f i) Rge %
ARAL , BEVD Ked ihl 2 gt d 2 S A Ak CBUiE AL )
N K BHLJE A B AL B APtk (AL G ide) . 2 it i
DA Tr ik () a0 fe R vk Atk R B 45
SRR ik I 388 ARORSASE BB A 5L, T A BELJE 2 3 B4R

il 2 GE R RO AL 1R e 4 B ok BROTC 1 SR g B 32
BEAR B E R R R A M BRIEAR IR AR SE  RTH T
SR AL AL 5 DA TR, T AN BESK St [R] B8
LA S AL T

AR b, S8 SUBE AR AL S AR 3 14 IR T
FEVRMERE . b SOMISESCRR R TG i A 30, 58 SUE
FRANAL S LR K 2 MRl 2 56 2 i) JBURE fEL . R T T
F14 58 SCME R AR S W R T 38 A B0 0 ™ A R 0l
SR AR TR ERAL . I, “E TR 2 Bl O D g
FEBEENT, RIVAE SUME A AL 5 HE R 23 31l 4% — 5 B AL
W hies R R DA ARE AR TR Y &
O JEE RN B A8 SRR AL S AR A R fE

FARAL T R il A R AT e 2 i B ke
PLIg T RS, HAZAEA B a2 R st . 5 L
TE T IEABAL VL G Z X FhE A Z R R R
B RS BEA AL T AT AE BRI — IR, /A B4
AR I T AR /A 358 3 A 1 R TE A M DR i B 22
REPE, S HAR 5 1 42 JRy 08 BE 0 FIAR e 4 Wi S
JENT /N SRR B9 SE B A B PEAL L HEBTAL
il SEE AL | B B AL A5

BT EROTIEBUIR, Oy i DRtk i A2 B 2 30
P 2R G AR A ) A B ) e o 42 T S0k S8 B
Je SR A B AL B AT, B2 — P e
AN /N B AR T 2R AR R A R R S8 X
TR S Al 38 SORE AR S B30 1Y) 1 3 17 i 8 26
Jr A T ek, I ] ISR FH 92 AL A A A S AL



CHRE

LA BT AR B O R AL R A = sl ] R e A 1 145

X PR/INE SRR RSO i S I 1 | ek
P BRUE M = AN 5 T S8 A B4 3 /A S5 g A
CRFNIDEEp g

1 #mERRFEFHMIES

1.1 ZiEEHRE

FrAE—n [ S5 3 p A A8 B
Je s, W Z 32518 S T FE R -

MX (1) + CX(¢)+ KX(¢t)=B,U(t) + D F(t)

(1)

KM C K530 0454 it (B JE NI B
X (1) X (1) X (2) 5350 &5 kg 00 8% o BE skt 3 1)
It U (¢) G A2 B e #8456 07 ) ik B, R 456 1 467
B 5 F () R <L QEFRIE Sl 1) 12 5 D, R S0 o7
SELT ST TR

K (D) PRz s AR 2 [ R

Z(t)=AZ(t) + BU(t) + DF (1) (2)
A R Z () R G FE A A5 67 A
B A B D 3500 R

X (1) 0 I
Z(t)zli. A:[ g fl}
X(t) — - K -MC 20 % 2n
N I (3)
M Bs 2n X p M Ds 2n X r

S R noxn 2 P R
1.2 EzhFEEEEE

SEARE AL B e P ek — e 2 IR i
Pl I, 9125 JERE R A2 B S # AT LS B R Fa ] 1 Y
SERaE L , AT RE A A5 1 U B e A B ) g 4k
Btzibd/ kol WIR

AR 2 L 2 R AU (Linear Quadratic
Regulator, LQR ) S L 42 il 358 2 sl il 77
AFNE ) IR BUPE REZ PR -

J, = %r‘l%J’"[zT(t)QZ(t) + U"(1)RU (1) ]de

(4)
A1 M 23 590 DR W S 22 AR T 5 280 5 IR 2SR A
FELRE Q AN 1 KRR R 535 S > 1 5 i M 5 1E E
L, 7 O -

n 2n X 2n

T s a IR S AU 2R 585 b S 453 U P

B 1N pxp 4 BT FE LQR B35 AU Q FI R
SRS E B SR — RN AR R R A a A
b Y FARLBOI , JRUHR ASCR B, RH V3, Bt i s
2N

LQR Atz il nl 7Ry«

U(t)=-GZ(t),G = R"'B"P(1) (6)
A GO IR B G a5 FE s s P (¢) W DL &R
AT -

PA+A'"P-PBR'B'P+Q=0 (7)

SO R = B ) R R i 22 B e s I BELE
T3 i b BELIE 0 ARG B T3 AR A3

Uy = c% +fd)sgn(9b) (8)
AP s x Ry U R LS & B AR SR B 5 ¢ FLf, 20 5N
i U 722 BELJE i 10 2l iy BELJE Z BRIl 3 22 G B T 5
sgn( - ) TS RREL.

AR AR BIR S Hrovat fe I 42 i 533, W U 72 BEL g
A T R R

4% +fdymﬂxsgn(a'¢), ux < OH|u| > U 3

u, =3 |ulsgn(%), ug < 0H |u| < uy, ; (9)

% +ﬁ,mi"sgn(i), ux = 0
T i T S i 23990 R B0 U072 L JE i 118 e R
INEEBELE 1 5 u A 2SI 20 3 Bl e AR i g, AR S
L LQRIIEMNE 514, = col 2] + [y WHEFAZFLIE
i I 20 ] DL R RHJE )
1.3 EfRiEslED

A SCRE R AZBE 2 2 32 3h% ) R g AR AL I R
LA B AR R CR I/ IMED -

P S

A, max

Uy = Uy ) (10)

K., 6, . 50 B TS R T R 25 4
BRI 2 ML A B B AR 3., P a0 20 00021 2B
2 R4 45 4 45448 2 46 Xk B 1) 5 KA 5 o T
B IIAL R, B 2 T 1 u,, NRLTAS PG
B W A s, JIRET S BELJE RERELIE 71924
WAH ;H( - )N Heaviside B BReR %L, 24 H 2w KT 0
o BRSO S 1, 75 00 bR A A 0.

2 (10) BT (9 B B e U LR AE 454 22 4
e 2 )37 % 0 R0 R 22 345 A A 22 4 o sk
FE AR bl EL AR, 0 5k 5 | AT 511 R 5 g i s
BELJE #2241 (5 5 W 42 o) R BR3¢ 6 R 1))
)



146 PN QR 2]

2024 4F

2 MR BEN/NEREEEE

SR RO B T /DN A 35 08 A R0 o 1 72 B
JeF E B R G AT RAR AL, L S
AL - 3 SRR R 1 2800 CIRZS EEAUERE Q 1
F K a BL100) |7 AL BHLIE i 1 b i FHLJE 2R 8 e, AN

mRECHIET S, (B/NECBIETT S, O) T
WAL BH e i A B

S SCHCIE B 1 /) AR i A R o A AR

HIAGRIREE

LI .

| eokm bR g R R e |
{

ST
N
| EERIE |

|| 03 R s U 2 57

it mhaE
A1 sutey AE AR R R0 oA

Fig.1 Analysis process of improved adaptive niche

genetic algorithm

2.1 WIIEFREEAE RY

PNV o i 2 e o 4 R
AR REJC 25 S50 S A AL S W RS SR R AL
BCER T B e Pl e A 2 Sy A A G s T A
R B R 1) Z 80 b R A8 BELC 5 1 2 BELE R 8 e, AN
R IECBHIE T £y 0 IR 8 0 Z 8 Hf FOR 47
PRI n M2 BRI R s — DGR
ARBEJE A, W) BHLJE 25 A0 B A7 B B S B R .
BN, 451010101 0" FRgifEgsmit 82, H
oL 1.3.5.7 RS i B R S B e s

AT, TR B R S ECRM R R AR e 25 2
B G BEAILAE 1, 26718 1 30 748 BELJC B8 A 07 1
Gt A I A

22 BENEITE

Az 2 v 8 P 0 e BN R oG T AR AR A
S5 A T 1 R . IS, 35 A% B {3 17 B B e
TP AR ASR IA 3 sk 42230 e 0 it (R AR R R B L st A
SR B AR I B 1 pRBORR Ay 3 I PR 3
N7 B PR RSB N, SRR AR, HL (AR R gy

ARG AR B 2 FE B4R i R G AR R
FH I 7 B RN -

Fiu(J) = ]

Ao 7oA (10) B i B A5 sREUE

AR 58 58 2 J5 k2 gl R AR A5
53 AT B Ty me B 44, T o g R 2 (10) A1
A AT AR R 3 N
2.3 WUEEHLE

T FEAL R A A N B R R T i — Tl
SUA Y AR A3 0 B o A AR RS 1 B B, i
HA R G EHENT —ACRHE T, & W AR
PO B AE T — AR b, B BRI FE BEHL ] 2L
FOVFF AR e 5 G B 235 A AL A A AR 1
PRI B BB A RO R v AN AR 2R

T B ML BE 08 AS Wy b LT 75 S IR T 0 AR
(A5 R [ o 7 B2 DR % o) g Ak, DTS I pR 8 1
A S
24 HEHH

LN A s A T NVE B RO i — Rl
BRI FRAE AR A A ) 4% D) R 1 2 R
AT B S ASR 9 35 7 B2, D AR R S 1% Ny B
175 Bet #4584 , LLIR B0 KRR h MA Z MY
F B AR A A 2 1] 1 285 DDA i 2 B AR AR AN A
SR AR LI B AT N AR AL I

AR SR B PR Y 22 S 15 R IRRY 22 S AH 2455
e S pR B S PR R 25 S R A AR G A 1) B
[RIE B RN

dl()’u?’j)z z(m--m)z (12)

sy, oy 2 TR AR RO RN i A
PRBIF T sy 20 A G RIS A s bk ]
JAE P R PRI 5 LA I A g G 2 . 3 BB 2 S TSR
TR PR B AR

dz()’f’y;‘) =|Fir(y,) - Fit(yj)

(11)

(13)




LA BT AR B O R AL R A = sl ] R e A 1 147

S(r.) =
|- d'((yf"l’y’),d] <ondy> o,
|- dz((};z,y,)’dl >0p.d, <0,
o du(%ﬁ)lii(y“”),dl <ody <oy
0, oAt

(14)

o, Fll o, 43591 SR A oA A 18 e DR A G B 2
SR G PR

FE A4 A 7 28 R R RSO R f5 A8 Oy

Fit(y,)

N
Z‘S(y“ yj)

A N AR A AR

AR SO B I LN AR SR A S R SR
TR AL ) A = AL sk P b N AR B RO LS
A RO PR R TSR B 2 B, DT R B30 1Y
THLHE ST PSS JE

Fir'(y,) = (15)

2.5 BUHMBIREEBRSRERBRE

TEFEJE MY HANEE ok th O R A, 7 A
TR 1 e i . AR SCOR FH et 1 5 FERAS ) 2 1 B B
FTEVERE , RV U 50 45 W BE PR ML A e P A A4, 38
o7 v A AR v, e R T R Ak

XoF A AR T N e g A AROR HEA T A8 AR S
SRR R L S b B B — R R
I B i A PR B R W 92 TR I PR IE 38 4% B IR Sk
() — AT B B AT AR IE 38t % vk 2 1k i 45 31
L AZE F 2 Dy AR Bt 1 B A A
2,6 BReiMaiEX

2SS B FRE v 8 A 7 1 B AL BC T, SR
A2 480 e XoF ) T A AR S R JAE g R PR 1 . R P st
PR R AR B 2 = sh s il R G b A TR R 1k
I, & 78 30 748 BELJE 25 1% B 067 B 1) 2 ) 2006 . —
ARG AR 8 MEZ B 42 & A
B AR B A, W A ASR T R LS AR A
A E S 2 M AEF 4, BN 4% 1010101
0. N 448 2, st AR vk v iy 0 B 5 28 U1
R Rala oW I i = Ml W YA B < 9 e N N

Syt G 8 ARAE P AE AR A IR AR A T
AR AR SO E A B B A8 U RRUS 28 AT
LS A T W — FloBT i 28 SR —— 5 g OB 58
A BAREAE T B 2 i TR

1~245f%

25~32'54L

011001100011
110011101000

RAMEA: 0101 -
RAMEB: 1010 -

BRI S — N3 =1, 2, -+, 31 i~
% i) =z i(i ) | /=25, 2, -
TR RN, Flini=21 AT AN, Fllni=26
TAMEAL 0101 -+ 010011101000 Phi=261E NS IANAE X s HRH ATIR IR 55 248 Xl 1 </ <32),

FAEB: 1010 -+ 111001100011

FO L IR s SO ARSI B ER i+ 14 3] 574 Jik [ JEE )

AT R S AT IR B2 AN A8 R
MILhi=24 , j=32317 W28 X

TFAEA 0101 -
TAMEB: 1010 -

FEPRME 2 FAHAE. W 2 &R 27, 28, 31.
BEALIE B — AN TR I EE 2N XAy, =21,
W BLi=26 . j=3 1347 X548 X

011011101000
110001100011

FAEA- 0101 =+ 011001101001
FAMEB: 1010 -+ 110011100010

B2 5 R E R

Fig.2 Single—point or double—point crossover

2.7 BERAEHNEREER

A S R XA AR 2 S R DR e g R A {4
He—BUINGIME AT T O, DT A8 A A7
T8 1 B2, AS SCRE R AL BELJE F 32 sh F il &R Ge B Al
PRI, 25 2R T DL By BB TR 7 S, A I 23 P AR A
P LSO IR RS TN

RS AR AT A BRI T
AR A SO S — o i AR S B —— BB P AR Y
XU PR PR AR S B8, G ] 3 Hp 481 T
2.8 HERMZXETREFE

EL A7 SCHR Y [ s AR SRE T R 2 AU
TR H A A B 35 1 B KD , A1 58 SUARE 238 TS S Al R



148 R K 2F 2R CH ARBLE AR 2024 4F

1~24'5 431

25~32°5 411

ABREAE 1001 - 1010 10100011

l

o | BEbLERE—AER AkG=1,2, -+, 32) | £<25. 26

ek
HEAT I TR AL S HEAT UK (R AR S
EIJ “O” Eﬂg “1” ) “1” 25?\7 (Aon .
5l lik=4
AR 1000 - 1010 10100011 Bltnk,=27, k,=29

32

Bl M245 L 3 R e 73 S BB ALz — A R R (B R
ANFERME VORI L PR 3, SR Jm A4 A 2k R e 1) 5 PR

FriAMAE: 1001 -+ 1010 10001011

B3 PR ERASRE EEF

Fig.3 Single—locus or two—locus mutation

H Bl 1A 7 st 1 S AE AN [R] ) E Ak i Be X
XA S 2K . AR SR ), A b Y
ARG 2 S PR I, I P4 25 38 SURE S5 ) T
POLA R A8 R 3 A R s TE SRR I, Rl Y
A0 2 T 7 ) P 34 e O B  JBE 3 RAR S A R AT B
1EBAA R B B AT 20 S5 b, AR SCHR H — R IR 52
MR AR AN AR SRR ) 38 R T R0, BT

S~ fun L+ tanh (2dD) (| o

P.=09-03"-
P.= 0.1 0099 - L .
Souwe = fain
1 + tanh(2(1 - d/D
an ( 2( )) .

o PRLP, 53 500k 58 SURE SR AR SRS 5, LS
53 50 A 2 I ORE T A R 0 B/ IN A B A e KA
JE s f A8 U PIASASARTE 7 B A RAR 5 f R 728 A~
AR 3 1V 55 5 d D 43300 by S T A ARBOR B Rk k
A& tanh (- ) XU TE D) R%L

X (16) A= (17) Fros H 3 B is & Fvk v, 22 X
AL A T S AR 230 R0 Bt A AR 35 1 B RN 8t A B
HEALRE A Sz BUE L 535 0.6~0.9.,0.001~
0.1. B Iy Ak - 25 i AL ARECh e (8, 58 X
ARE 23 1A S5 AE 23 0 B AR T 7 9 398 KT/ 5 >
AN SO B — 2 I, 38 SOME 3R R AR S A 3 I 224 iy ik
AAREI 1G53 5/ NG K
29 &IFFH

A S fe R A S Sk i 1 3 7 /A 85
WD AR R IR 2R 47 B I s
JEE S5 e FR) A S D0 ) 0 P i O i i o

181 A B A A S — B A TS BB 0 R
100~1 000, 3 5 AR 48 22 UGB A7 (1) WSS 150 00 i %) o
A o A R

|

if
if

3 Efloih

AR LR R I SCR (21 ] P ) — 5 8 JZ BT . i
E A AR R i W BE RN BELJE R B R 1 AR A
SR 4 m, O AR 2R T2 RS A
i 7% B BE FH W 2% 52 s 22 Bl 5% (EL Centro 3 A4
LU YR N-S o) Fl— 25 N TR o Horp ) AT
MR E T HE SRR R R Y TR MR S A R A
B 3X = 2% b R I A i R U (R A T Ty 1.5 m/s?,
BF 4T 30 s, b= s s B B #2 DA & Fourier 5 {8
TN 4 Fr 7R . p AT O 350 = 2% b 5 1 R Ss R A
R ZE S

®1 MY

Tab.1 Structural parameters

%2 JFitit/t MIEE/(N-m™)  PHJEREU/(N-s-m™)

1 345.6 3.40x10° 4.90x10°
2 345.6 3.26x10° 4.67x10°
3 345.6 2.85x10° 4.10x10°
4 345.6 2.69x10° 3.86x10°
5 345.6 2.43x10° 3.49x10°
6 345.6 2.07x10° 2.98x10°
7 345.6 1.69x10° 2.43x10°
8 345.6 1.37x10° 1.96x10°

e MR S5 F 1 8 MR )= h ik B 4 B2, %
18— RE AR 2% , I HLA45 B 5 1 S 5035 A1
6] RO A B SRS - 5 AU R 2288 b (L
{ELYE Rl 107°~107) (#  A2 B 4 1 65 BELJE R %K e,
(BB 7 ] 1x10°~2%10° N-s/m) Fl &z K 2 B JE J1
Ly UV Bl 6X10°~7x10° N) | fili 37 2% BHLJE. 4% 9 A
B

SR G () 1A 3 R /N AR 35 et A% Ak X e o A B
JeF Esh i R g AT AR FRRE A~ 1A



LA BT AR B O R AL R A = sl ] R e A 1 149

——EI1 CentroJ

i 8]/s
(a) JIn 3 J3E Hsf A

——EI Centrojif

W (mes1)

A2 /Hz
(b)Fourier IF{H i
B4 HEFhAnik E A2 Fourier 1 A7

Fig.4 Acceleration time histories and Fourier amplitude

spectra of ground motions

B B 1405 BN 1~24 507 1Y 2 B BE AL AE Y
25~32 55 B 4 % PR A S B 5 L W PS40 A 2
T BEALAL A I 2 A 5 20 (10) Fros B AR sk,
FCRE o FIBHL 0.5, 16 3t 72 FHLJE #5 BHLJE T (9 24 A
B 750 kN 55 KiHAARECH 250.

Sk B E B ) 1 3 /N B s AL Rk o A 4 2R
8 TE B MR Ak 23 BT 8 250% [ SR P el iy B AR
A VR 1 SO R I AR Ak IR R AT 44T . R i
BEAR ALV R T i 7 R0 as P e R AL
Az B SR PG B R BEAIL T 5 S AR AR B SR | B AT B
KA A8 S B PR g 3 PR A 78 s PSR B E
140, AR G fith 32 57 5 28 SRR AR S48 6 43 31| B
{8 0.75 F10.05 ; Fe KA AR 500.

(BS80S S O %) [ 3 /A B gt
RS AU Y BEA AL S B R T T e AR OR B R
W, IX PR AL R R EL A 4 SR S

K MATLAB 3 5, 23 50! 2 1) 250 19 1 1 /)
A= 355 352 BT R B 1) B AR A5 L R Y, W U
AR RH JE A F S5 i R G AT AR 53 BT, B R

IO JBE 1 2 AN & 5 i 7S, A 3 B B0 4 R L 3 2. %5 1
P BRI S R B W AP — e BEHLIE , 3R 2
w2 DAL 4 R 22 Uas A7 P R ke A et A5 305
TR 715 2 1 S A 115 T 7 18 02 5 e O gk AR RS 7
PR R R T IV HE fH 2K

074 F
0.72 {F—/
070
2 oo TToTTTTTToTTITT
% 0.68~|' P
K .
E0.66 7 ‘
——E1 Centrol
0.64 - — — A
- AT
062 1 1 1 1
0 50 100 150 200 250
HEALIEAR
(o) BACAE B 3 07 /N S5 o A Bk
0.74 F
0.72 —rJ
w OTOF
& R
s 0.68F ; R
K . - a7
B 066 H )
¢ ——E1 Centroi
0.64 | — — AN
- AT
062 1 1 1 1
0 100 200 300 400 500
HEAEAR
(b ) ek ) JE AR S AL Rk

A5 &KiERE WL
Fig.5 Curves of maximum fitness

F 2 WA R A SRR A O A 4 R S AR —
B 35 2R B bR ek ECE B A X R 22 B oK A ) R
0.03% .0.07%. 2 | JIAUHE RS R (1) 280 b G2 B e
i (1 b FELJE 2R 88 ey A K PEC B T oy X =4
AL S E AR R 22 B KR 0.60%. = 25 AN Ia] ) b 7
W NI R 72 BEL e A A1 A A DA 435 21 0 1)
— B0 k2P B U SO Y A 3 /AR B B
ST A RERATE R 2 IR 4G T T AR TE (R
i 745 BELJE 4 (0 A1 B 8 2L 0 AT MATLAB 42 Rl
Ak T HL A6 PREC MultiStart (CR H active—set B35 2K i)
SrHTAR B E UL . AT AT, FHCEE R MultiStart BREL
SIS B B B AR, 5 G Y IS N SR AR A
BT A R & R AT

K511, 24 El Centro 2 AEHEUE L N T 5351



150 W 224 (A ARBL =R 2024 4F
x2 MUER
Tab.2 Optimization results
. . ; . S AL ZEL
i RE REVIRFS ERNE HbReREUE - —
b ¢/(Nesem™) Sigma!N SN R A

BAGRL 1+ 0.7359 0.358 8 4.922x10°° 1.012x10° 6.882x10° 1,2,3,4
LR 2% 0.7359 0.358 9 4.922x10°° 1.016x10° 6.878x10° 1,2,3,4
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El Centro 4 A, 2f 32 Sl 42 il 1G4 45 ) 06
L o 6T AN P17 s . e AT, 28 Rt Y 1
INAE BRI AL SR AR AR 1 2 3 B4 i) 2R S0 U B I ik
PRASCR . 2F T2 B4 1) 25 460 J2 (152 A% 1 0 (R 265 %
o U1 45 TE 4 5 301 - 7080 66.89% 11 40.4%. H
RS2 2 (RS ) DG {1 | T J2 400 b3 38 06 {1 43+ J31)
/N 70.2% F163.6%.

El Centro I i A B}, 2 =32 Bl 2 i A1 JC 18 45 #4) g

A ZS) J3 W 57 AR XS L AR T 8 Ffv s . e B ) L, 225
P #3742 BHLJE > 3= Bl 4 il 28 G BUAS: L 4 Dl I 3k

i F R 2 )2 Ao
IR

W EH AR IR BEN 2 3 sh i il 45
B R JZ o Sk o 39 38 A58 JC 47 e 29 B &8 v /)N
B 45 )N 82.7% F1178.8%.

Y36 I3/ (m-s2)
- EXEEH - T
B 7 El Centro 7% #ir N\ B 45 Mysd A v B 5 bb

Fig.7 Comparison of peak responses of structures

JE IR FS F1/(103rad)

under El Centro wave

0.02 - — FEIEbl -
14 . nnk nata h] n
z 001 ,||i!“|"-|'1 |"||' .‘”,I|"|"|,I“n|"'l
£ : il i ol (AR
o) 0 1 | | 1 |
= SRR IRRATERL |'l| TR
_ R R ER ] ll“ SRR
0.01 ‘rtli'-r'av!'![l!".!l"'! !' 'lv!"J
-0.02 |- £
1 1 1 L 1
0 5 10 15 20 25 30
I [#/s
()220
6 ’; - — pxFEH - -
a Lo, b LI H
" [T ] f
‘é 3 [ vlli'[!!!;il-.qflll!l|',llll|||I,_|HI||;"|
= 0 ) y b
il Al R T R T s
T A R Rl
I A LR AR R R A R R
-6 F
1 1 1 1 Il
0 5 10 15 20 25 30
i 1) /s
(b)) TOUZ 26 %6 Jonn i i

B 8 FEl Centro Jk #r N AT 25 32 A ) F) vig 0 BF A2 33 b0
Fig.8 Time history comparison of typical dynamic responses

of structures under El Centro wave

4 % it

X8 /N S e A T
HEAT AR AR S #r, 7T
BHLJE 8 250 515

AR SCR T — M st Y H 3
T I 722 BELJE 2 FE sh il R 2
[F] Hof 52 BN 42 1) Sk S i
B E RO BB TSI

1) g o g e 33 A5 B 125 AR DL A 5 R R — 3 4
i S A S RO T 72 B2 4% 2 H0n) B KA 1R 22
0.60% ; g i 7% BHLJE & A B AL B LA 4 R o8 e — 2
X WIA S AR A4 N B IR AR SR Y
Iy FTEE R TERA Y, HEAT B R RS

2) PR I 1 3 I /DN A BB A B 1 RS B A
AR DR AL LU BIIE B FEAS S8 AR B8 P 45 20 32.7 9%,



152 PN

2 (A RBRA R

2024 4F

AT UL BT L 2 WSS TP 3 R A SO Y
28 SR AE TR Sk 38 ) 3 0 1 5 1 DA SCR R PR
Fofr/INA B R R 6% 0 5 4 v s 2 T A SRR E

3)30 AR A BT 25 R R WY, ek (Y B 8 /A
B 15t A% SRk B R 38 3k Bl B B AT A T o A
A B AL AL S B W RN , TS5
(I8 S0 A AT L, A SR Y RO A A /)
A AR SR S OO ) AR A TR A A e 2
(AR P T

4) G UL HE Y TS N /N AR R A AR A A G T
AR RELJE - 32 24 i R Ge U R AR AR .EL Centro
P A, 2 3 Bl S5 4 J2 18] 057 7 £ W (RN 246 XoF
T U 5 TC A B 43 ) S 493/ 66.8% 11 40.4% 5
SR )2 2 1AV RS AR T2 446 %o o ok 2 14 359 D ARAEL 43
SN 82.7% F1178.8%.

S AR SCHR Y I O Y 1 A N /N A A A B
P EA SO0 S PR R M R S R
ST — AR PEAR 5 BT 5 . R T i 35t 42 B 1
A LA g 78 B e > 3 s il R e AT AR AL
i A 2575 B e pr s ) L CAR R FE T Y
i A BELJE 45 1) 55 K BHJE J7 (FRAE S5 #4511 R 42 1 i
M) I 380 5[] X 428 o 5 vk 2 8 B e A S
T R VA i /10 A O i e o - AN 1 B iR L LR VA2
I 32 45 2y o 7, DA T R A Ak AR v A B
FATE H 78 SR R 1928 S s I

[1] DANIEL C, HEMALATHA G, JEBADURAI S V S, et al. A
review on the magnetorheological fluid, damper and its

applications for seismic mitigation [J]. Civil Engineering Journal—

Tehran, 2018, 4(12): 3058-3074.

[2] AZIZ M A, MOHTASIM S M, AHAMMED R. State—of—the—art
recent developments of large magnetorheological (MR) dampers:
a review [J]. Korea—Australia Rheology Journal, 2022, 34(2) :
105-136.

(3] &U, #Fe, I, 5 B TUcEs ik e f s 5

Hear et B (1. W R R 27 2 4l CH AR B2 R0, 2019, 46
(11): 114-121.

JINB, LIZY, ZHOU W, et al. Optimal analysis on location and
quantity of dampers based on improved genetic algorithm [J].

Journal of Hunan University (Natural Sciences) , 2019, 46(11):

[9]

[10]

[11]

[12]

114-121. (in Chinese)
MEEL, SR ME, WROH . O R R S M BE LI R e
oA (I PR3 TR, 2017, 30(1) : 93-99.

MEI Z, GUO Z X, GAO Y C. Optimization of stochastic control
system of structures using an improved genetic algorithm [J].
Journal of Vibration Engineering, 2017, 30 (1) : 93-99. (in
Chinese)

GUO H Y, ZHANG L. Optimal placement of MR dampers for
structural control using identification crossover genetic algorithm
[J]. Journal of Low Frequency Noise, Vibration and Active
Control, 2004, 23(3): 167-178.

DUFEWY, 227595 . W AR BH ) S e 45 R ua B A i v i 07 A Ak
WroE[)]. LRHUE SN W, 2006, 28(3): 73-78.

BEI W M, LI H N. Study on the optimal placement of
magnetorheological damper in structural control [J]. Earthquake
Resistant Engineering and Retrofitting, 2006, 28(3) : 73-78. (in
Chinese)

BHAIYA V, BHARTI S D, SHRIMALI M K, et al. Genetic
algorithm based optimum semi-active control of building frames
using limited number of magneto—rheological dampers and sensors
[J]. Journal of Dynamic Systems, Measurement, and Control,
2018, 140(10): 101013.

SR, IRENE, WA, AF B T R R I Y R S L
w2 HAR = WAL AL A ()] WImE K2 M CAH AR =R
2023, 50(5): 85-94.

ZHANG X C, XU H H, ZHAO J, et al. Multi-objective spatial
optimization of magnetorheological dampers based on improved
genetic algorithm [J]. Journal of Hunan University (Natural
Sciences ) , 2023, 50(5): 85-94. (in Chinese)

YAN G, ZHOU L L. Integrated fuzzy logic and genetic algorithms
for multi—objective control of structures using MR dampers [J].
Journal of Sound and Vibration, 2006, 296(1/2) : 368-382.
LAFONTAINE M, MORONI O, SARRAZIN M, et al. Optimal
control of accelerations in a base—isolated building using magneto—
1
Earthquake Engineering, 2009, 13(8): 1153-1171.
SRIMER, AL, RE, AR BT L A A i B TR DR A
PRI RIBT ST L) ], BT 122541, 2020, 37(4) : 1500-1507.
GUO Y Q, ZHOU M, WU J, et al. Study on fuzzy control of
based

rheological dampers and genetic algorithms Journal of

magnetorheological  structure on genetic algorithm
optimization [J]. Chinese Journal of Applied Mechanics, 2020,
37(4): 1500~1507. (in Chinese)

MEHRKIAN B, BAHAR A, CHAIBAKHSH A. Semiactive
conceptual fuzzy control of magnetorheological dampers in an
irregular base—isolated benchmark building optimized by multi—

objective genetic algorithm [J]. Structural Control and Health



CHRE

LA BT AR B O R AL R A = sl ] R e A 1

153

[13]

[14]

[15]

[16]

[17]

[18]

Monitoring, 2019, 26(3): €2302.1-¢2302.28.

BOZORGVAR M, ZAHRAI S M. Semi—active seismic control of
buildings using MR damper and adaptive neural-fuzzy intelligent
controller optimized with genetic algorithm [J]. Journal of
Vibration and Control, 2019, 25(2): 273-285.

SALAJEGHEH S, ASADI P. Life-cycle cost optimization of
semiactive magnetorheological dampers for the seismic control of
steel frames [J]. The Structural Design of Tall and Special
Buildings, 2020, 29(18): e1807.

XUE X M, SUN Q, ZHANG L, et al. Semi-active control strategy
using genetic algorithm for seismically excited structure combined
with MR damper [J]. Journal of Intelligent Material Systems and
Structures, 2011, 22(3): 291-302.

CHAUDHURI P, MAITY D, MAITI D K. Semi-active control of
a three—storey building structure [C]// Recent Advances in
Theoretical, Applied, Computational and Experimental Mechanics
—Proceedings of ICTACEM 2017. Switzerland: Springer Science
and Business Media Deutschland GmbH, 2020: 297-309.
T/, B R R e W SRS M. P
% UL SR AT, 2002: 73-76.

WANG X P, CAO L M. Genetic algorithm—theory, application
and software implementation [M]. Xi’ an: Xi’ an Jiaotong
University Press, 2002: 73=76. (in Chinese)

WRESTE . SR IR s P il —— 8 o Esh A s d (M. b
HU: RRE AL, 2003: 313-315.

[19]

[20]

[21]

[22]

[23]

OU J P. Structural vibration control—active, semi—active and
intelligent control [M]. Beijing: Science Press, 2003: 313-315.
(in Chinese)

HROVAT D, BARAK P, RABINS M. Semi-active versus passive
or active tuned mass dampers for structural control [J]. Journal of
Engineering Mechanics, 1983, 109(3): 691-705.

BERAE, I, SRBe, A% JE T3 AL 00 1k M ) 55 I i 5 My
S LEERIBITEL) ). TR, 2011, 28(3): 143-149.

XUE X M, SUN Q, ZHANG L, et al. Research on active control
for time delayed structure using modified genetic algorithm [J].
Engineering Mechanics, 2011, 28(3): 143-149. (in Chinese)
YANG J N, WU J C, REINHORN A M, et al. Control of sliding—
isolated buildings using sliding-mode control [J]. Journal of
Structural Engineering, 1996, 122(2): 179-186.

THEE, . AR AL S IR (1 S HOR S ae i Al
BT ] ERRE . BORBLEE, 2018, 48(12): 1422-1432.

DING Y Q, LI J. Parameters identification and statistical
modelling of physical stochastic model of seismic ground motion
for engineering purposes [J]. Scientia Sinica Technologica,
2018, 48(12): 1422-1432. (in Chinese)

R, PRI AR . 8t A s 3 R M) A s B Tl R
#E, 1999: 118-119.

ZHOU M, SUN S D. Genetic algorithms: theory and applications
[M]. Beijing: National Defense Industry Press, 1999: 118-119.
(in Chinese)



