537 B4 6
2024 46 J1

® z T & F #

Journal of Vibration Engineering

KANHES Bisfl FEE AR ERSS
SHMmKL

wOAL FEER, TEES, BB, 0 E, AT

(1AM K+ R TR BE, fREE # N 3501165 2. R A0 8 K2F £ R TR 24, VU1 AR 610031
3. A M R 2E T RS RO B, AR N 350116)

Ty v IR KB AR L 280 1 BELJE 6 0 A 0T R SRR L 221 A0 L ) 249 ) 42 o) R £ (v A LA A, i T st A%
TR ST AR I T Sl 2 H AR T R R ok AT B 4 S E A Vet o 1l SE RS B R A BROTAEL A
TTJ T A7 A% i N7 23 BT, AR AR B0 7 75 R 7 A SR 2 1) 82 B T B2 A% 5 0 S S T B IR LB 7 R 2 i v S )
552 175 BELJE e 25 50 =22 1) %) ) o TR 60 A6 00 5 L2 Wi 7 T A4S 280 S T 58 %k B¢, T e i vk AT BB S 2 42 /) A
TP HT B E T B S B9 e U 280, O 5 SR T 2 B vk 2 A7 05 16 0 52 B9 — LB S 8T X L 2r b7 . D4
RFWT AL Ty 1 AT TSRS B G AP 0% e R G AU 22 A L 24 0 R 4 A A PRl e R A
R AR B BELJE 25 2 KO A AT USRS BB 2 D 2 3R A O LIS 2 B 4L & O D80S IR R, 35 IR S RS R 1,73 00, B
JEJ1i/IN 5.97 %6, B v AL B U /IN 1.66 26 5 16 IG5 2 A BROC IS i S Al b a2 7 08 w5 A R 9 B AR I Ak S 8 &

Vol. 37 No. 6
Jun. 2024

TE 4R 5 PR RCR B TR I R AR T T SRR

KGR AR FRARBLE & 5 SR TR RN T 2 H AR

FESES: Uddl .3; Udds.27 MRS A
DOI:10.16385/].cnki.issn.1004-4523.2024.06.011

5l

T

RN SRR B2 B8 ERMABHIER S
P LA P2 A, % h T B 2 YRR Ar (i
fET1 R 3 B S S50 AR, ) 2 T BRI
HS MR T A% o R S5 F ARG 52 0 45 s Pl 23 A
[ 25 i Z P BT AR RORNEE R R 328, b SR 1K
FARRLE VB BAE Ty 0, R TR AR A
H TR RGBT TEsm = fE T BRI RS
i = DN N TR GG 2727 N gl o
Wik RAEERE . T WUNEREEM T KE
JIE ARF L ATR 1) M R e L, AR b B0 2 RELJE 2%
B RERLAR A 1] 24 SRR B 1206 T LA RO/
ERI NS EIEN T afar ik B O824 i BE
it aie 2GR LRUREEIRVRI N SV € S I ESP RS
HFEH

T 5 i BELJE 4% fe 00 2 RO D7 T 3 R AR 4l
I 5 A R, SR Bl 0 i A O A 0 R AT R R
SR Z T ARG 3T TR 00, PR R UR RIOR
BAF B — AU R R LB 2 A T R RAOR

& B H#3: 2022-09-05; 81T H #5: 2022-11-23

XEHS: 1004-4523(2024)06-1006-09

FOTH RS B B, FE BT 3% 0, FLME LT 24N R
41 AR 22 8] 8 ] )

B N A2 3 O 266 BELJE #8230 Ak 1) 8, I
T BB AR BT B I M A e M BELE 4% 1Y
ghF, 9% [ R N 204 HLR (FEMA) Y R0 26 [ |
M= T AW 5E O (NCEER) Mg T i fb %3107
T2 B 5 A L 1) BELJE 28 8505 X 22 6 A i BELJE 2% 11
ON LR Hwang 55 56 T A5 BHJE [L L 45 118
TR g e S H A SR, B TR AR
PLAT S50 A I (BHJE /N S RR R 4, R B
Bl BELJC 25 2 B0 T T A6y iR O AN E F T R BS E Av
PIAFIR R o JTAF O A7 S0 2 3 B 3 2o o) i T 3% 45
J5 A B 28 S B R A R o AR A S AR
FHMAR RN |, 38 38 W3 2 0 06 B8 3 I 25 i AN B IC
573 34 HARPRESS 1/3 RE N 7, M i — A~ H
P BRI R, 3 T K ik bR RO A, AR A5 B LB JE 28 %
D7 AR S ) AT (AR DY 1 3 A T AR SR 1Y
JoR kRS EME LLRAIE . EW SR T ek
M 37 TR 925 , 30 ok 6T 5 B 4] 74 by 7552 e 7 1 285 i BELJE 8%
SR B 06 R BEAT LA B B S #4585 R AT R R 2
P& S5 RS B 4 o RS A BROME — H BRI L pR

HETR: fmd4 ARB 4T FUH(2020J01479) ;% A AR 54 W FI5H (52178169) .



46l

VF A SR TIOE 2 F bR T RE S 0 AR B 2 2 2l Ak 1007

BB T2 3 2k X, i 4 L5 1k il — 4~ 29 s |
s 0 Ak ) 00 SR it o {EL 24 249 B 22 ), VR A A A S5
oAz B, HoME— H bR ek 800 % B AR R Y
SRt R AN . He & W3 Fo/h ek ARYE H
T o1 $0 i /N M8 0E A7 266 T BELJE 28 e 1 2 M0 o L %
75 12 [ T 12 A e b Ao B s - £ 2 9 R 45 ) AR

2 H bk F B B S B B B
D i 7y AR B O A R e 22 H bR A Ak )
A B % 22—, B 76 B Ak A5 2 0 7,
Pournminian &8 T Xt HEAF JE R A AL, 36 F LT 2
RO HR BB R 22 H Ak T 33 5 A7 i 4k, B
BT RAFR AL ROR | [ i 3 f5 K Ak 3t 36 8T 1 45 44
B4 it T A X P H bR BLJF [, AR AR
454 ) 0L TH VR BB BRI R T R IR R R T
etk 45 R R0, Ak )5 AR AT R I Je R A
SV TR TE, R R E AR, £ iR
LR B SR A R RLRLAT Z BELE 28 S 8L Ak
RV e 7 %6 AR SCHE T 2 H bk F B A T R R
W BELJE 25 2 80 AL 3 9, il S sk 24 1
T VRl B ) 104 R i BELJE 25 S B0k B ] R

U, AR SO DL — B 48 A 6 T BELJE 7R 0 U
R A F R G2, 5 T it AL Bk A8 S5 07 ik 4 i
it 22 B Aok B B R R G B A A 9 D
2 M 1, R 2 BEE £ S U S BORUE By s
I, IR FH S BB 23 BT Oy ik i o — LB e 24K
A A B SR RO A 45 AT X o T

1 Bt ERTFREZE

% EUARRL T REDR AL 3 Bk 2l i L A SR v
T £ A7 9 T 2 7 B8 B R AL . 0k LA
S S N & G A WA (971 SN T -4
O e 5t 43 5 R Dok 4 P B O 0 T4
AR R AR A RE S Sk TR A — R A AR
L7 P R A TR 7 24 B

0 (14 1)="0,,(1)+ cr] pbesty (1)— 2,4 (2)]+

cors| gbesti (1) — x,(1)] (1)
Zu(t+ 1D)=a,(£)+ vy, (14 1);
I<<i<IN,1<<d<n (2)

A N b RE R ORL T B pbest, (2) FI
gbesty (1) 53 50 A~ 1 B A6 7 B F 4 J) d (I8 A6 5
O iy A BT R SR I/ A A R 5 0, () B (2)
59 D bR PSR AR AR A R AR Y R R
A B RS d iy 500, 0 HE T INT, — ek
TR 25, 0~1 Z A Y REHLEL .

1 78 R A5 T i AR s T AL, e ez o) A
T o1 5 o 739 KA P HERL T ) pbest 5 gbest ¥AT

HRIEM .
pbest (1)
X () 7

orlgbest (O, (]

cri[pbest (O, (1)]
x, (@) Vi ()
BT ok BB AR R 2R
Fig.1 Schematic diagram of particle update path
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Fig. 3 Three-dimensional finite element model
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Fig.4 Acceleration time-history curves
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Tab. 2 Fitting accuracy of response surfaces
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Tab. 3 Optimization results of the damping design algorithm

7 BS54 /(10° kNem ) B2 J3/(10° kN) WA A /m o BHJE REL/[10° kN=(sem ' ]  HEEIEHK
1 2.328 1.539 0.654 9.292 0.954
2 2.289 1.674 0.636 10.000 1.000
3 2.476 1.120 0.716 6.298 1.000
4 2.695 0.757 0.774 3.995 1.000
5 2.389 1.314 0.687 7.563 1.000
6 2.675 0.786 0.769 4.177 1.000
7 2.402 1.342 0.682 8.460 0.837
8 2.527 1.023 0.731 5.677 1.000
9 2.518 1.140 0.709 8.430 0.514
10 2.314 1.634 0.641 10.000 0.945
11 2.774 0.648 0.792 3.320 1.000
12 2.555 0.975 0.739 5.366 1.000
13 2.570 1.021 0.728 8.024 0.389
14 2.601 1.182 0.689 10.000 0.283
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Parameter optimization of viscous damper for cable-stayed bridge using
improved multi-objective particle swarm algorithm

XU Li', LI Yurmin', DING Zi-hao®, LIU Geng-geng’, LIU Kang', JIA Hong-yu’
(1.College of Civil Engineering, Fuzhou University, Fuzhou 350116, China;
2.School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;
3.College of Computer and Data Science, Fuzhou University, Fuzhou 350116, China)

Abstract: Traditional designs of viscous dampers for large-span cable-stayed bridges often suffer from low efficiency and challenges
in balancing multiple, mutually constrained damping control objectives. To address these issues, this paper proposes an improved
multi-objective particle swarm algorithm for optimal damper parameters design, based on the "variational" method of genetic algo-
rithms. A finite element model of a large span cable-stayed bridge was established, and a seismic response analysis of the entire
bridge was conducted. Viscous dampers were installed in the longitudinal direction of the bridge according to the seismic demand.
Response surface mathematical models were established to represent the relationships between the seismic responses of the tower
bottom bending moment, damping force, beam end displacement, and the damper parameters. Using the seismic response surface
model, a global automatic optimization search analysis of the damper parameters was performed using the proposed algorithm, re-
sulting in the determination of the optimal damper parameters. Additionally, a set of damping parameter combinations were deter-
mined for comparative analysis using the traditional parameter sensitivity analysis method. The results show that the optimization
method offers good computational accuracy, high optimization efficiency, and a better trade-off among multiple, mutually con-
strained seismic control objectives. The combination of damper parameters obtained by the optimization algorithm, compared to
the damping response of the combination of damping parameters obtained by the conventional method, increases the bottom bend-
ing moment of the tower by 1.73%, reduces the damping force by 5.97% , and reduces the displacement of the beam end by
1.66%. The optimized parameter combinations of dampers with higher accuracy are determined without the need for multiple finite

element trial calculations, resulting in improved damping effect and significant time savings.

Key words: bridge engineering; viscous damper; improved particle swarm algorithm; cable-stayed bridge; response surface

method ; multi-objective optimization
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