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Abstract: In order to study the influence of bridge deck railing on the vortex-induced vibration per-
formance of main beams, a domestic scenic pedestrian suspension bridge with wide-span ratio of 0. 028 4
was taken as the engineering background, and the vortex-induced vibration response characteristics of
main beams with and without railings were analyzed and calculated by CFD numerical simulation me-
thod. The effects of the railing form and different air permeability on the vortex-induced vibration charac-
teristics of the main beam are analyzed and summarized. On this basis, the influence mechanism of vor-
tex stripping on the vortex-induced vibration performance of the main beam is revealed from the evolu-
tion form of vortex stripping and the distribution of wind pressure coefficient. The results show that the
maximum vortex-induced vibration amplitude of the main beam with railings is 2.2 times that of the
main beam without railings. Increasing the railing radia will increase the vortex-induced vibration ampli-
tude of the main beam, but increasing the air permeability of the railing can effectively reduce the vor-
tex-induced vibration amplitude of the main beam. Compared with those without railings, the vortices

formed on the upper surface of the main beam with railings are larger in scale and more in number, and
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the curves of the average wind pressure coefficient and the fluctuating wind pressure coefficient both

fluctuate greatly, which explains the reason for the increase of the vortex-induced vibration amplitude of

the main beam after the railings are set up to a certain extent.

Key words: scenic spot pedestrian suspension bridge; bridge deck railings; vortex-induced vibration

characteristic ; vorticity evolution; railing ventilation rate; railing form
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Fig. 1 Cross section of main beam with railings (unit:mm)
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Fig. 2 Schematic diagram of mechanical analysis of

main beam in flow field
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Tab. 1 Calculation of relevant parameters of

vortex-induced vibration response of main beam
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Tab. 2 Comparison of simulation results of different grid systems
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Fig. 4 vortex-induced vibration response of main beam under

different dimensionless reduced wind speeds
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Fig. 5 Relationship between the vortex-induced vibration
amplitude of railings with different air permeability and

dimensionless reduced wind speed
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Fig. 11 Distribution diagram of average wind pressure coefficient at key measuring points on main beam surface

0.40} = HAEH
035} * A
& 030}
‘gﬂ“ 0.25}; g,
L ™
X 0.20—\"'" =1 T
= 0.05[ e, " o
[} 'Y | ] ] Eay
0.10f* o e, - o
e o -‘:"’0000.00"
0.05, i . .
00 02 04 06 08 1.0
X/B

(a) B 3R T S BH 3 Rk B XU R o)A 1

Jik 3l XU 7 3

L AR
| A

04 06 08 10

X/B
(b) EZE TR RN kK3 R R 507

02

P 12 S SRR I O SR A5 bk 3 XU 28 Ko A P

Fig. 12 Distribution of pulsating wind pressure coefficient at key measurement points on the main beam surface

Ao, €, (1,) 0 m 2 SRR @ P07 Ak Y
U BB ;N A ¢ B BB AR B, A SCHRL e =
10 s .

HE 11 (a) ATV, AR 352 ERA7E X/B=
0 AL KU M IE R TCA AT Y 2. 35 4%, X &
FARAFFBEAS T K37 B9 3 3l , T S0P AT B i XU
R, MM GE AR, KRS 2048 8 U,
A 9(a) iTLVE H OEH TR L RAIE
e Ay TR, LR EHREZE R K, 3
TE X/B=0. 25 Ab3 K F]-0. 33 JePLidissN, 75 X/B
=0.35 kbB#ER 0, GRS AT 3252 1 3w W2 S
-0. 36 H4 K F-0. 46, 1 J5— B/, 7E X/B=0. 25
AbFE R O, FHIE I, A5 AT ST 24 XU R et 1
K, X/B=0.41 Ab¥EKF] 0. 18, 1M J5 22 12 3 K,
TE X/B=0.94 A3 K F 0. 25, 4 23 75 KA
FAAFIE P 3 RUE R BN BT R -0. 42, 255 & 9
(a) FTLAFE X2 i T A, PURE AT I 2 i
I REFT LI 1 S 80, TR AF R e 218
HKRF) 0.07 GRS N 0, Fq I8 TN -0.2, X
PR LRI S8 8 (a) HAGIIEIR A, 76 1

T B e 9 B ak AR X 1, T — 2B U A AT
Wi T eI A B B, 5 TOR AT A L, AR AR R
eI B 22 | R BLAE T Y KU R AR LR A
A 11 (b) AT UL A TR 23 1
BRI REOR A IEA — 3, A WHE /N E Y
S B TS S R XU R EIR R, Hod
SN REIGEREA W, AR ORI T R PR
FEREAE X/B=0 kb K/NA—F, 5351 -1.1 F
-0. 85, {HJE7E X/B =1 &b ¥R /N A -0.36, HidtnAT
PIUEEH T R PP KR REEAA SRR 520
ML 12(a) AT UL REFF R 258 121 0 40 1 ik
SRR RBCE AR, B A AT B S, K
ST R ECR KR 0. 22, B 5 2518 45 K, 15 2
A — A RAA A 0. 23, = TCALHF Y 1. 4 1% bl
JE G TR, IS — D R/IME AL 0.1, R TCEFT
12 A5 5 T E RS O A A R R (E
0. 38, R TCHAATIY 3. 4 % 76 H BLER A K AE A
J SGRGHE T B, BB AR R/ IMELAS, 0. 05, Bl
JE N8 LT 7 B = A KA A 0. 13 J5 &
12 TR, BRI AR T KA FE BT GE T 0. 24,
TORAAT RN B MR KA SR8 T



66 o TR R A E M (A R OB W)

2024 4

FERE AN /ME S 0.07 J5— H %18 E TR
0.15, AFFFFITCAEFT Ik 3h XU 52 80 445 AE
XL 9 (a) TR R =NER A, LA, A, S
Kl 8(a) E5E L RIEMAUER A, LA, B92E RS M
T, IE S 3PP A8 B I R I VK 15 3 7 AR T kBl R
F1U SRR R AR B Bh U R AT
(VE ] B A 32 2 b 3R A e B 2 A
Z e i A B 5 T 2 AR I B R R
T A Ik 3l XU 22 30, a2 175 BOA R AT 32 22 0 ik R
HAS TR K,

HIE 12(b) AT LA AR FF 52T R ik
S REAE X/B=0 Ab2R 0. 02, HTCHATHY 0. 14
£, MM D TFNE TR 0.24, 0T
FAFTFEY 1. 8 4% ; BLJG PR & S AR FR 2R 12 4 K, 7256
TANTEFAAL A REAT B TCARE AT 2 1 Rk s KUE &R
BOR R B B S RN R X/B M REFT
BERE NG s WO = A TSN B 04 1k 20 XU 22 5008
JEACIGE b T 5 BRI, ELICARE AT IR % o5 TG 2 404
B X/B XA FATE G, 2A K 9(a) ik
P, 4347 5 DH AT R R T KU A AT Ak o 1 T A
IR C, 5~ R MNERES &, 23T &
VAR AR IO PR, 8 T 5 BOR R AT R 2% A ik 3l
AU 2R R % S AR R O AT ST

5 #ig

1) X /N GE 85 H S X AAT B R R I, A AT X
ERIMBAIRS R EOR , BEE KT t I 1, 3
GRS ) PR MR K IR PR REALE 22

2) SR 1] T SR M i A AT 3 DXL AR 8 DR T
Pl N s PRI KRN | O R T I RE I, 2 Bt 1%
6] o PR WS I A AT 912 1 8 R T 34 A, {EL R
AR

3) Gk R A e RO BEOR B
22, T 20T AN 32 520 5 - 249 XU 2R KAk
S XU R B A B e TE, 1 3 XU 2R B0R1 bk 31 X
i 2R H BUBR B AN SR TY, b T bk 3h KU Z Both
2Bl S ] A, 0 R o S T XU 2

Sk

[1] LI H, LAIMA S, OU J, et al. Investigation of vortex-in-
duced vibration of a suspension bridge with two separated
steel box girders based on field measurements[J]. Engi-
neering Structures, 2011, 33(6) ; 1894-1907.

[2] LIM, SUN Y, JING H, et al. Vortex-induced vibration
optimization of a wide streamline box girder by wind tun-
nel test[ J]. KSCE Journal of Civil Engineering, 2018,
22(12): 5143-5153.

[3] BLaksC MRIRATR 3= 523 s LR s i B 5
[J]. BRIERAES TRAER, 2016, 13(10) : 1945-1954.

[4] XKL, TN, #h— "8, 55 FAT 8 X I 4 B A
RipfRrEresm il s (1], W RE¥H (A
SREMERR) , 2023, 50(07) : 140-150.

[5] # fik, BB, B, 5 RS KR 3 2R
Fetszma i KRR I [ )], KRERFZMR(H BB
RR), 2018, 38(03): 71-79.

(6] EiiE, 2k, WIJRE, 55, AT R 52 Wy i
IR S A B[], RS i, 2014, 33
(03) : 150-156.

[7] NAGAO F, UTSUNOMIYA H, YOSHIOKA E, et al.
Effects of handrails on separated shear flow and vortex-in-
duced oscillation[ J]. Journal of Wind Engineering and
Industrial Aerodynamics: The Journal of the International
Association for Wind Engineering, 1997, 69. 819-827.

[8] AUk k, BOGIH, MIGER, 5. K5 BB RN
R IRPERE AL R IR AT [ )], 2R3 S22
2011, 29(06) ; 702-708.

(9] 7= W], MR, 2K, 2. SEMR 2k RUA B i iRk
RE S RIIRASHEMITE [ )], PURI S R =274, 2018, 53
(04) . 712-719.

[10] sz . BRI BET R JTG/T 3360~

01-2018[S]. Jbrt. ARz st , 2018.

(11] BRRI, T, BOMES, S8 MRmimmSfe R R
PR R R R RE SR KU 3 A6 [ T]. AR R
SR (FARBRARRD) |, 2022, 52(05) : 833-840.

[12] #lakse, XPasede, BR 21 BIH & Re SR K
AREUIESE )], Rah T2, 2014, 27(1) : 51-59.

(DTS T THE)



