55 38 445 10 ] ® &% I £ F # Vol. 38 No. 10
2025 410 H Journal of Vibration Engineering Oct. 2025

T8 F ZRALHFHR I R % B 2= 574

EOH, EmA, B F, A

(LR R 2 AR TR 2 B, A i AR N 350108
2.4 Jy RSB B T B A PR R AR R LR A M ) ) A K S S, H R 400067
3 MR EAREFE S AR AR 350001 ;4. A BT R A2 R T2 BE AR et AR JH 350118)

FEE: AR A5 5 0w T8 32 G2 RHRLAR BHR e 7 158 00 220 32, LU W R VLR M O TR o, 6 KU 8 ) 6l 1 R =4k 2
RS R T35 12 Xk 2 R A PR i SRR HEAT T ST, O T8 S0 s B R [T U5 G A ik X 9 ST TR 2 A B i B
5 AR EAT TR . SRR AW N BEE BN, S S RS R O 22 B 188 1) KU - 249 IR T R SR R R
23 U T AR IR o 7 R W S5 65 R T ek AT BELJE Ll A R I A S IR o A T 20 B i 22 5 2K S KU (S0
IEESEIRIIvE A TR

KGR RHPLAT ; BHR; T2 33 KOS ; 8508381t BIE 0
hESES: Uddl 3 XEARER: A DOI:10.16385/j.cnki.issn.1004-4523.202307065

Multi-factor analysis of buffeting response in cable-stayed bridge
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Abstract: In order to obtain the main influencing factors of buffeting response calculation of II-shaped main girder cable-stayed
bridge, taking Qingzhou Minjiang River Bridge as the engineering background, the buffeting response characteristics of main girder
displacement were analyzed by using three-dimensional multi-modal coupling buffeting calculation method on the basis of wind tun-
nel test. The significance of nine factors in buffeting response was tested by uniform experimental design and regression analysis
method. The results show that the aerodynamic admittance, fluctuating wind correlation coefficient, vertical wind spectrum, aver-
age wind profile index, surface roughness height and air density have significant influence on the buffeting response of cable-stayed
bridge in the common range of values. The influence of structural mass and damping ratio is not significant, and its value deviation

can be ignored in buffeting calculation. The horizontal wind spectrum only has a significant effect on the lateral buffeting response.
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Fig.1 Bridge layout (Unit: m)
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Fig. 2 Section drawing of main girder (Unit: m)
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Tab.1 Main component material characteristics
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Tab.2 The value ranges and corresponding levels of influencing factors are summarized
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Tab.3 The mid-span buffeting responses of the main girder corresponding to different factor values

K 2 7K - U H] /m M) /m G /()
Si 0.2704 0.0162 0.2308
% 0.2694 0.0125 0.2291
- K1 0.2701 0.0151 0.2303
AP IS Ha 0.2694 0.0125 0.2291
Da 0.2701 0.0150 0.2302
So 0.2694 0.0128 0.2292
LP 0.2346 0.0114 0.2059
1 o) R 245 7Y V2 0.2694 0.0125 0.2291
K2 0.2182 0.0111 0.1892
A=7 0.2694 0.0125 0.2291
A=10 0.2539 0.0120 0.2160
o A=13 0.2410 0.0116 0.2055
PR A i=16 0.2303 0.0112 0.1969
A=19 0.2211 0.0109 0.1896
a=21 0.2157 0.0108 0.1853
a=0.136 0.2482 0.0113 0.2114
a=0.14 0.2516 0.0115 0.2142
, a=0.145 0.2558 0.0118 0.2177
PR a=0.15 0.2601 0.0120 0.2213
a=0.155 0.2644 0.0123 0.2250
a=0.16 0.2694 0.0125 0.2291
£=0.01 0.2185 0.0102 0.1859
2,=0.02 0.2378 0.0111 0.2023
I 2=0.025 0.2448 0.0114 0.2083
SRR /m 2,=0.03 0.2508 0.0117 0.2134
2=0.04 0.2609 0.0121 0.2220
2,=0.05 0.2694 0.0125 0.2291
p=1.20 0.2639 0.0122 0.2244
p=1.22 0.2683 0.0125 0.2282
s . p=1.224 0.2691 0.0125 0.2289
EAEE/ egem ) p=1.225 0.2694 0.0125 0.2291
p=1.25 0.2748 0.0128 0.2338
p=1.28 0.2814 0.0132 0.2394
£, =0.90 0.2670 0.0124 0.2300
£,=0.94 0.2680 0.0121 0.2244
o £,=0.98 0.2689 0.0125 0.2293
AT A £=1.02 0.2698 0.0126 0.2289
£, =1.06 0.2707 0.0125 0.2286
£=1.10 0.2715 0.0125 0.2282
£=0.01 0.2694 0.0125 0.2291
£=0.015 0.2690 0.0125 0.2291
A £=0.02 0.2687 0.0125 0.2291
HLett £=0.03 0.2681 0.0125 0.2291
£=0.04 0.2674 0.0125 0.2291
£=0.05 0.2668 0.0124 0.2291
S, 1 0.3400 0.0152 0.2968
Sears 5 0.2694 0.0125 0.2291
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Tab.4 The maximum variation of RMS value
corresponding to each factor level
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Fig. 6 The process of uniform test design
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Tab.5 Mix level uniform design table U,,(6'X3X2)

‘2

W 2 = S, S, A a o) 14 K ¢ I
1 5(Da) 1(LP) 1(7) 6(0.16) 2(0.02) 4(1.225) 4(1.02) 5(0.04) 1(1)
2 2(V1) 2(V2) 6(21) 5(0.155) 1(0.01) 3(1.224) 5(1.06) 4(0.03) 2(Sears PR L)
3 1(Si) 3(K2) 5(19) 6(0.16) 3(0.025) 4(1.225) 6(1.10) 3(0.02) 1(1)
4 4(Ha) 1(LP) 4(16) 6(0.16) 4(0.03) 6(1.28) 3(0.98) 6(0.05) 2(Sears PR L)
5 3(K1) 3(K2) 2(10) 4(0.15) 1(0.01) 1(1.20) 3(0.98) 6(0.05) 1(1)
6 1(Si) 1(LP) 5(19) 4(0.15) 4(0.03) 1(1.20) 2(0.94) 1(0.01) 2(Sears Fi L)
7 4(Ha) 2(V2) 6(21) 4(0.15) 6(0.05) 5(1.25) 2(0.94) 4(0.03) 1(1)
8 2(V1) 3(K2) 1(7) 2(0.14) 3(0.025) 2(1.22) 2(0.94) 3(0.02) 2(Sears PREL)
9 4(Ha) 2(V2) 2(10) 1(0.136) 3(0.025) 1(1.20) 6(1.10) 5(0.04) 2(Sears PR L)
10 2(V1) 2(V2) 5(19) 2(0.14) 2(0.02) 5(1.25) 1(0.90) 6(0.05) 1(1)
11 6(So) 2(V2) 2(10) 2(0.14) 6(0.05) 3(1.224) 3(0.98) 1(0.01) 1(1)
12 6(So) 2(V2) 5(19) 5(0.155) 4(0.03) 2(1.22) 5(1.06) 6(0.05) 1(1)
13 5(Da) 3(K2) 3(13) 6(0.16) 5(0.04) 2(1.22) 1(0.90) 4(0.03) 2(Sears PREL)
14 6(So) 1(LP) 2(10) 4(0.15) 5(0.04) 5(1.25) 6(1.10) 3(0.02) 2(Sears PR L)
15 1(Si) 3(K2) 1U7) 3(0.145) 6(0.05) 4(1.225) 4(1.02) 6(0.05) 2(Sears PREL)
16 1(Si) 2(V2) 2(10) 5(0.155) 1(0.01) 6(1.28) 2(0.94) 3(0.02) 2(Sears F L)
17 6(So) 1(LP) 3(13) 3(0.145) 1(0.01) 3(1.224) 1(0.90) 5(0.04) 2(Sears PR L)
18 1(Si) 1(LP) 3(13) 1(0.136) 5(0.04) 2(1.22) 3(0.98) 4(0.03) 1(1)
19 5(Da) 2(V2) 17) 3(0.145) 4(0.03) 6(1.28) 5(1.06) 2(0.015) 1(1)
20 3(K1) 1(LP) 1U7) 5(0.155) 3(0.025) 3(1.224) 1(0.90) 2(0.015) 1(1)
21 5(Da) 1(LP) 6(21) 2(0.14) 2(0.02) 1(1.20) 4(1.02) 3(0.02) 1(1)
22 3(K1) 1(LP) 3(13) 1(0.136) 2(0.02) 5(1.25) 5(1.06) 1(0.01) 2(Sears PR L)
23 4(Ha) 2(V2) 5(19) 1(0.136) 5(0.04) 4(1.225) 1(0.90) 2(0.015) 2(Sears PREL)
24 3(K1) 2(V2) 4(16) 6(0.16) 6(0.05) 1(1.20) 4(1.02) 2(0.015) 2(Sears PR L)
25 3(K1) 3(K2) 6(21) 2(0.14) 4(0.03) 6(1.28) 5(1.06) 5(0.04) 2(Sears PREL)
26 4(Ha) 3(K2) 4(16) 3(0.145) 1(0.01) 2(1.22) 6(1.10) 2(0.015) 1(1)
27 5(Da) 3(K2) 6(21) 4(0.15) 2(0.02) 4(1.225) 3(0.98) 1(0.01) 2(Sears EREL)
28 6(So) 3(K2) 4(16) 1(0.136) 3(0.025) 6(1.28) 2(0.94) 4(0.03) 1(1)
29 2(V1) 1(LP) 4(16) 3(0. 140) 6(0.05) 3(1.224) 6(1.10) 5(0.04) 1(1)
30 2(V1) 3(K2) 3(13) 5(0.155) 5(0.04) 5(1.25) 4(1.02) 1(0.01) 1(1)

3.2 ZU&MEEPESH

22 TL A 191 A 23 A 6 45 B A [ S S 0 2R R Al
T EA R WE 7 R 5 A R RO 56 348, B

PRI 7 7R o AR SOR H die /)y 360 04T Il I 22 4K

Fh T 5 SRR SE 22 B0 R S0 B Tk 2 R B0 R HEAT [l
_ mi | [FErE (EErE| (moek
| | R | | s | [ WRHE| (08
- ik BR[| Bk

RADZHR| | HEBRE
Pz] fli it FH

B 7 WA o3 B i

The process of regression analysis

i
PRI |

Fig. 7

J5 BRI A A U0 BE A g, v R B R A IR 3 L Ay
(O, 1], B fl Mgz 1, nl I 7 2 09 36 2R B4y 5 i
b FARG S ([l )3 7 R A 96 p i) XoF 150 U1 7y % ) &8 5 e
AR5, 2 ol B AL FAE R Tl FHE F (s, n—s—1)
1 S i D (€ A N R T ) < | = R IS Wy 4
AT ) S N T U 4 rA W CI = B 04 s
P BB REINE B g T e i By od e A LW E[E
BRI R I8 p AH /DT I 35 P KO g R 56 (8 K F 3
PEAKCE T B I 5 (8 B, 0] 3% W 1m0 05 2R 5R07E I B 3
PEIKSF T 82 m %

XRS5 94 W& ks KUAH ¢ &
T3 DA T A R M R RS R R L A RO R G5
i RBCPH R L 6 A4 PR R A B R AR i, T D R



2412 & o T OB ¥ R 55 38 &
(NGRS 1 N S N DR R R W B A, I EE 2RI ERE A FHA 2

K TR B

a4 3R N o AL B e E o —
KA D 2 B AR TG A A4 K 7 o 2R A

K U Z B T (1) 2 IR, &%
BCE 1A AR B R UL B AY (R B0 K 6

2 H o

O-1 & By jE A8 o K P KOG A 6 DK B s
Simiu 3 2 B AL, 7 5 4h B W5 A M LA AL HAE 2 5 1 1 2K P41 4 315 th O R s F
B 1) M A 3K F B Lumley-Panofsky #% 2 & FEA S b BRI RMS {6 .
x6 NETEMEBR
Tab. 6 The assignment of categorical variables
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Tab.7 Related parameters of buffeting response
regression equation
RS HL 1% o) o 1% 1]
HHXRER 0.989 0.989 0.989
hE R R 0.978 0.978 0.979
P R R? 0.957 0.957 0.960
B AT T 5 24 0.00826 0.00046 0.00758
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Fig.8 Test value of regression coefficient of buffeting
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Tab.8 Comparison of significance of factors influencing
chattering response between multi-factor analysis

and single factor analysis
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