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Abstract; [Purposes] This paper aims to investigate the aerodynamic interference between parallel
highway and railway bridges. [ Methods] Focusing on the Quanzhou Bay Cross-sea Bridge, this paper
developed a 1: 60 scaled computational fluid dynamics (CFD) numerical model of the bridge girder
section. By introducing the aerodynamic coefficient interference factor, it systematically investigated
the effects of wind attack angle (-5° to 5°), the position of the bridge relative to wind direction, and
the train position on the aerodynamic characteristics of the railway bridge. [Findings] 1) The train
position significantly influences the drag and lift coefficients of the railway bridge, while its impact on
the torque coefficient is relatively minor. The most pronounced interference occurs when the train is on
Line 1. 2) The position of the bridge relative to wind direction primarily influences the lift and torque

coefficients of the railway bridge. In particular, under positive wind attack angle, when the railway
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bridge is on the leeward side, the aerodynamic coefficient interference factor of the lift coefficient
reaches up to 1.8, and the torque coefficient fluctuates by as much as 50%. 3) Changes in the wind
attack angle induce a nonlinear aerodynamic response. The drag and torque coefficients generally
decrease as the wind attack angle increases with maximum reductions of 75% and 78%, respectively.
Meanwhile, the lift coefficient exhibits a three-stage evolution pattern of "decrease-increase-decrease"
in most cases. [ Conclusions ] This study identifies the parameters sensitive to aerodynamic interference
and their evolution characteristics for railway bridges under complex interference conditions, providing
theoretical support for the wind-resistant design of parallel bridges.

Key words: bridge engineering; high-speed railway; computational fluid dynamics; aerodynamic

interference; wind attack angle
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Fig. 1 Flow field distribution near the wall
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Fig.3 Bridge girder section (unit: cm)

3

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



N

%o A

NI AT R IR ABh T AR R S A BAT F A B 09 % ra AT R

22 TIREE
AR TR E WE L, R EENE 4R,
F1 FMAEM TR

Table 1 Numerical simulation cases

R AR GIEALE | KEY (mes™) T /()
T1
SB

T2
T1

TB-W ] 15 +5.,+3.0
T2
T1

TB-L
T2

TE : SBAE BB s TB 15 BRI 5 28 BEAR AT s W L 2350145 e
BEASE T30 A5 35 AU 5 T1 T2 23 53045 810 4580 T Sk i O 2 1
22

T T2

U=15ms &> SB

5 M

+3° wap IB-W 1< 1
0°

T —<J t— TB-L
4 HHINREFER
Fig. 4 Computational cases configuration
23 CFDHEMEKR
AR SO R PEAT TR AL B, 220 0% B ) 15
TR SEMR , 45 R 1:60. fRIALBCARLANE 5 0778
il

1
I 4 |
. = -
20 310 20
2% p -
: ~
— o
o~ .- <«
@
| | P 4
"10825 U 1335 10825
(a) BRESHF £
I |
] 457 '
| L 1ol
347 2% 398 D5«
— <t
T F7E
~— bl o~
<~
|e . ol ol sl N
1035 755 150 T 55 935

(h) 23 s 32522
BE5 #RERHAAER(E4E mm)
Fig. 5 Simplified models of the bridge girders (unit: mm)
TEREREALL R, DA D B i U 9 73 e JR ik % 10
PR BT, B E R B8 R R TR WA
BHL 78 3N BB Ao 5% , 47 RORE A 1 55 45k 1 BEL 28 )3
PEHITE 3% LAY THRI AR B SRR A 7
IR, FE RN A 0 8 5 A

FRIE MM B, 1R 0 A1 AT ke A v
BB PHFEREN o HE T R vEN]  ABFSE R A T
R E AR A FTEEAL R 108, 1 AR 208,
T AR AR IS Ry 6B (HLH kAT 32 BRI T 11 e
J& B=0.350 m) . %3 B R (A B 2P X TR
J5) (JTG/T 3360-01—2018) (ML AE o 43 BlR 73 &
DL 6, P g JRE A O£k B4 ) D=0.775 m.,

TR
5

i - A2 G jmi

I =1 =
Q
O

X
L L
108 " p T 20B

Be tiHsEH

Fig. 6 Computational domain

SR ICEM CFD 3047 A% Rl o3 o MR 22
= R T A ) BB X R U % S i AR 25 F ik
DR A%, 376 37 DX S0 ol R 4354 A DU S0 TR IS o 4k B AT
R FRR I 4 25— 2 A 954 0.028 7 mm, 3
KR M 1.2, 155 18 2. LU0 T1-SB M ], ki
BF T BE Ty HEEAR E#R/NT L& 7)), 386 2 SST
k- BERY TSR . K8 /R T 0° I A T i
T1-TB-L W) SR M A% R 31 Ol o Ry il — 25 B E 1155
() ] S5 M, AR SCER X 0° WA R T80 T1-SB 5 T1-
TB-L 43 5 #E A7 T A& Bt 5 B[] 201 1 2l 57 M 56
UE, 45 R T2,

1.6 «
14F °
12F .
1.0
"o 0.8
06 =
04

02} *

{37 B /m
B7 SHAHELRW &y 5 A
Fig. 7 Distribution of y* on the railway bridge girder section
L4544
ﬂ:lmlﬁ%

8 ML TER
Fig. 8 Mesh division

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 73



x @ A

5 T 2 %41 %

P22 2 A0, ST P AT AR iF 9 R FH S5 1
XIS K] 2350 RIS R 25 R, DA F 550K B N
TR THAE
R2 MAEHKFTLHE P Kk AESIE

Table 2 Independence tests of cell number and time step size

o | TR y . N
TH | PR ER y B &RE | TH R E | AR
s
249 617 0.471 -0.769 0.222
356 467 | 0.001 0 0.481 -0.774 0.208
540 524 0.485 -0.778 0.213
T1-SB
0.000 5 0.470 -0.771 0.205
356 467 | 0.001 0 0.481 -0.774 0.208
0.002 0 0.475 -0.784 0.216
397 907 0.357 -0.772 0.209
550953 | 0.001 0 0.361 -0.780 0.214
805 797 0.364 -0.785 0.211
T1-TB-L
0.000 5 0.366 -0.778 0.209
550953 | 0.001 0 0.361 -0.780 0.214
0.002 0 0.363 -0.785 0.215

AWE5E R Ik CFD 23 87 4K 44 Fluent® &,
NV BUERLIAIGE o SR AR AS 88 R ) BER 4%, i
TSI R SST k- BEAL A 1130 LR FH# A
F1, R 3 G A 15 m/s , i 9t 280 28 B AR i 568 B R
BROME, B T AR 0. BN RS AT
PR320 5L, A7 G 8 TR0 5] 42 DR T 34738 o G T A [ R
BET . SR A% 5 1% F SIMPLEC 8.3, iZ B L 7EAR 1
SIMPLE %3 % S filt - 38 aoF ek s 7 -3 B R 5 ¢
2, W ERT T A RSO F e | R iE
T A2 F I sl ) R B

3 BREHSEN RS TIHRE
31 REIR THRERSH N RYBERABHEL

K19~ 1145 T AR A0 T BRES I 3l ) R 8K
Wt AT A ) A A AL

0.8 r
—=—TI1-SB
0.7 T1-TB-L
—A—TI1-TB-W
0.6

LI Z%C,
o o
PO

0
R A1)
(a) B4 T4k

W F/(7)
(b) BN A T4 2
B9 SkHH Ty R AR A 0 AL

Fig. 9 Drag coefficient of railway bridge versus wind attack

angle

—=—TI-SB
T1-TB-L
—4A—TI-TB-W

-0.8
_09 L
-5 -3 0 3 5
I

(a) FULANL TER L

-0.7
—=—T2-SB

-0.8 T2-TB-L

—4—T2-TB-W

W)
(b) FNFENL T4 2
Bl 10 kAT 2 BN A o TAL
Fig. 10  Lift coefficient of railway bridge versus wind attack

angle

-5 -3

0
WICfIC7)
(a) FIHAL TER

74 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



AR, R GRS T AR RSl 0RO X Bk
B R E

I A1)
(b) FN AL T4k 2
B 11 SR RAFALLE R N A 69 T AL
Fig. 11 Torque coefficient of railway bridge versus wind

attack angle

H1 P 9 m UL, B AT A 9 AR AL, Sk B 9T 1) BHL
FABURAR BT RS, HAR GO X A A fE
RN A A2 AT e B X R R BH ) 2R A 2 )
HARFE . HHNEATL N, BRI TO0T
PR B ) R BBEN I BB AR, HERiE 0.5 7245 o
(EAEFFATA R TOLT L BR-5" WIS Ab , HoA X f
B BR ST B 7 28 B0 S BR AT T 00T /DN,
22 B Bl AT 4 38 R Soin B ., Bk i A BT 28 8K
O3 SAE =57 F1 57 ATCA Rk 3 e KAR A e /IMEL, X
F W AR AR A3 TP RN X8k M 4 BEL T FR E0A
RO, LR i i RV B2 R T . Y
BT 2 I, BRI B T 28 BRI 23 3l 76 57 Al
5° DRI A U B RAEL A e /IMEL, {5 DX 37 T 4% T30
NIZRBUNZEBN .

B 10 B, BReAr i T 0 2 80 o0 (L, AT
B 52 T 00T HAE AR b 52 S sl 18 DR Rl /N Y
R UHN AT LI, BRI 00T T+
Z B ARG S AT BRI 00 T AR B 5 2481 42
(2T 2 I, BREEAT 19 T 0 R BCR AR L HEARTR T2
IR &2 WP I KN VAS 2 B Wi R S NS

ML T AT AR Y, BRI A L8 2R 800 T 0.05
F0.26 Z 1] . BEAE XA -5"34 R 57, Foph gk
AR T 00T FHE 2R B A AT B R 00 T Bk
S 4L R 2R O X 338 3 2 -3 I IR R R
(6, BEJE i D . SR 0L T XU, H1180 32 2K
Bl R B A o X e I R S 8l I ok O LR AR
RO 3, U AR BR AR O T 75 KU HL A TE X
WO TOUN , 80 447 20 B 2 m] L2200
32 BREHSHNRBTREFETANE

P12 [ 7 D BRI B 1 R BT L IR 7 1

RIS
(a) BHJI Z 2K
2.0
—=—TI-TB-L
i 1.8 T1-TB-W
1.6 —a—T2-TB-L
B4 —v— T2-TB-W
T
%} 1.2
ﬁ 1.0
R
i S 0.8
0.6
0.4 ‘ ‘ ‘ !
-5 -3 0 3 5
KNI fa(°)
(OYFIVIEY

RICAAC°)
(o) HIAE Z %L
B12 Az HEHKTFHRRAFEENE

Fig. 12 Evolution law of aerodynamic coefficient

interference factor

H AT 12 R, X TR R RS, S50 AT
2 LI BREEAT 2 A S T R . BR-5T XK
FAN , HoR A X R 8l 1 2L 20
T 1, RWIAE-5" KIS I R AT BHL ) 3R 802 A8 <
BB A BTN, 75 =37 ~ 5° KB T 48
it v O 1N IR 7S =2 VI S BN P KB
BT 2 I, Bl ) R BTN 7 1R/ i
), B ER B B0 J o0 S84 3l TN I E A

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 75



x @ # % 5 1 £ %41 %
MURC S AT UL, B AR AT AN R A BE O R G TR T1-SB

R VAL T2 1 IR B AT BH ) AR B3I 5 24991 42
AT ZEASE R [T, 7 % %) AR 2000 JXU A7 8 T K (6 A REL
T ZRBFE A K

SBH 1 RZEERI IS US4 T4 1IN BRI
Wiy 1 RBCZ B T a2 Y R . AE
3P AR, R R BT IR #] 1.7 ~ 1.8
MPN AT 20, K 3h 1 RECT A 19 Sl
FER/IN G MO EAT A B AR R, 78 1IE XIS R B
GRAERT I IRUAE XK B T 1 R B R

X TR ZR B, R B T XU B K 2
Br U R A2 s T 2w o 25, U HOR 7R IE
NI THF o Bldn, 76 5° NI R sh h 280+
MHEFIE05 254 . HRJ) REHA ) ZECA R
I . IS 0 i1 O e D VA W O R A
U
33 mBESHR

ASCHEBUAIL A -5 .07 F1 5T A S R iR 1 7
A3 CR R ¥ R B 22 100 47 ), e 07 2= R R &
B 13 ~ 15 R .

T1-SB
JE71/Pa

-350-300

B 13 KA A5 EHZBRRER
Fig. 13 Pressure contour and streamline plots at wind attack

angle of -5°

76

&A% W 4k https: //jtkxygc.

—350 -300 -250 -200 =150 ~100 =50 0 50 100

JEJ1/Pa

El 14 KA H 0K o9 RN = B F R & H
Fig. 14 Pressure contour and streamline plots at wind attack

angle of 0°

T1-SB
JEJ1/Pa

-300-250-200-150-100-50 0 50 100

El15 KA A SO ENERPALE

Fig. 15 Pressure contour and streamline plots at wind attack

angle of 5°

csust. edu. cn/jtkxyge/home



N

%248

B A NRIFAT R A TR AR R B A BAT F A% B 0 AT R

MIEN13 ~ 15 AT LAFE Y, 90 4250 J Jlat 20 A 1
WEYLS, AL B AR EARR A R A . Sl
B3t X DI B A R B A IR
I ZUAEAE o Ty T s 90 2l XU B T
DX 7 T 7 R AU DU i U] 2 R X, 310 42 s
FRAE TR, (AR AR, P AT 2 0
BRI b2 B IE R X R F YR

T 3 W 4 Rt — RS, AR X 20 XU
XA A T R AT R
RIS S U BRI T 00T AOAH HEAT
TEW I 22 5, R A RBAF AT AE R i etk . 4
§731%:2 v VA s AN 11 W 1 /A9 3 P e Y OB S E BV 1A
SRR AT XU T T DX P g s fl A1

DRI 3 %5k s 7 69 23 A1 R 35 08 0 B 1 AT I
FRW o XA 0%, S BB AT AT L U
AR EXFRII AT o MAERS" KA T, A0
SR 0 PRE TR, 8 (92 187 505 46
BB 2S5 IR N kB AR bR SR e g 22
WA R S XA 5 S R AR Y TR )
{IER GRS

4 Zig

ARSCULUR AN A FFFATHR RN BTN 4, i i
CFD BUH AN B ARBETE T I e AT 30 KL
EMG AT G AR AT QB B TR0 X Bk
AT B 1 R B, A AR 2598

1) B AT A0 B R AT B BEL ) R BRI
FBCA W, WL R BON 9 44T A BN
B AL T LR LI BRES IR B ) R BRI ) &
B 2 Al TR B 2

2) W AT 0 XU B 0 Bk B A L g 2R B0 5
M AN R, AR T 7 28 ORI AR 38 0 BB i,
IR AE TE AT Ay IE 5000 B O 00 5 o Y BR B AE 16 T
TR, H T ) O R A B8l Tk
SO FEASE 300 XA R £ B 4 5

3) RIS X R AT B 0 FR B B2 A T 2
W o BEE X -5 A3 57, BREAT BT &R 4L
FIHH A RO S % . T+ R R
7%, BRAN AL T B SO BRI T T 004, R T
N BR BT B T T AR B B SN RS RN Y
JER

5% 30 Hf (References) :

(1] XURRSC, BRBOR , S, 45 R R SO AF T 1 2 <

TPRLT ] KL R4 (A SRFIEMD L 2008, 28
(6): 55-59.
LIU Zhiwen, CHEN Zhengqing, HU Jianhua, et al.
Acrodynamic interference effects of twin decks bridges
with long span [J]. Journal of Chang’an University
(Natural Science Edition), 2008, 28(6): 55-59.

(2] ST, FAE, UG BUR B #5301 R 88 TR0
WF5E (0], H R A K24k (A AR BR A , 2011, 30
(5) : 899-902, 942. DOI: 10.3969/. issn. 1674-0696.
2011.05.003
GUO Chunping, BAI Hua, HONG Guang. On effects of
aerodynamic interference on aerodynamic coefficients of
twin-deck bridges [J]. Journal of Chongqing Jiaotong
University (Natural Science) , 2008, 28 (6) : 55-59.
DOI: 10.19721/j.cnki.1671-8879.2008.06.012.

(3] XS, TN, BRIBOH . 11750 53 55 ) XU TR W 1

WAk s 3 TR [T]. A i, 2010, 23
(5): 44-50.
LIU Zhiwen, LI Xiaohu, CHEN Zhengqing. Experiment
of aerodynamic interference on vortex-induced vibration
of two rectangular cylinders in tandem in smooth flow
field [J]. China Journal of Highway and Transport,
2010, 23(5): 44-50.

(4] XGRS, BRECE , S/, 45 . 83510002k 2 B 1 e 38
PR S TR [T ] E A H A, 2011, 24(3)

51-57.
LIU Zhiwen, CHEN Zhengqing, LI Xiaohu, et al.
Aerodynamic interference test on vortex-induced

vibration of two streamline cylinders in tandem [J].
China Journal of Highway and Transport, 2011, 24(3):
51-57.

(5] MBI, Wz, JH4T, & BT MR R BB i i =

o3 1 BB S RO [T, TR J124,2010,27(9) -
181-186, 200.
GUO Zhenshan, MENG Xiaoliang, ZHOU qi, et al.
Aerodynamic interference effects of an existed bridge on
aerodynamic coefficients of an adjacent new bridge [J].
Engineering Mechanics, 2010, 27(9): 181-186, 200.

(6] Taak, THEZE, A& . BEA B X B R E 2R
B TR AN 19 g AR AT (). B B 1%, 2023, 53 (1 1Al
1): 25-30. DOI: 10.20051/j.issn.1003-4722.2023.S1.004.
WANG Chengcheng, DING Dehao, ZHU Yu.
Experimental study of aerodynamic disturbance effect of
existing bridge on main girder of under-construction
cable-stayed bridge [J]. Bridge Construction, 2023, 53
(sup 1) :25-30. DOI: 10.20051/j.issn. 1003-4722.2023.
S1.004.

(7] XK M EIR AR =W, 45 N BRIA] 2 BUIR AF XK 3 2
S TIRRHEDTFE [T ] BRE R 5 TR, 2023, 20
(10) : 3861-3872. DOI: 10.19713/j. cnki. 43-1423/u.

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 77



x @ # F 5 I £ %41 %

t20222067.
LIU Lulu, YANG Haoran, ZOU Yunfeng, et al.
Aerodynamic interference effect of twin separated

bridges under cross winds [J]. Journal of Railway
Science and Enginnering, 2012, 9 (1) : 12-17. DOI:
10.19713/j.cnki.43-1423/u.2012.01.003.

asymmetric parallel decks for a rail-cum-road bridge[J]. (15T BRECH . PR TR ML b A Rsg i et

Journal of Railway Science and Engineering, 2023, 20
(10) : 3861-3872. DOI: 10.19713/j. cnki. 43-1423/u.
t20222067.

2005: 55-63.
CHEN Zhengging. Bridge wind engineering [M].
Beijing: China Communications Press, 2005: 55-63.

[8] LIULL, ZOU Y F, HE X H, et al. Effect of spacing on [16] XIFSC, BRECHS . 55100 SR Wi — 53 REC T

vortex-induced vibration performances for rail-cum-road
bridges with twin asymmetric parallel decks [J].
Structures, 2024, 65: 106749. DOI: 10.1016/j. istruc.
2024.106749.

[9] LIU L L, ZOU Y F, HE X H, et al. Experimental
investigation on vortex-induced vibration of a long-span

rail-cum-road bridge with twin separated parallel decks

PR [J]. = sh 5 wpidi , 2015, 34(5): 6-13. DOI:
10.13465/j.cnki.jvs.2015.05.002.

LIU Zhiwen, CHEN Zhengqing. Aerodynamic
interference effects on aerostatic coefficients of typical
sections in tandem arrangement[J]. Journal of Vibration
and Shock, 2015,34(5) :6-13. DOI: 10.13465/j.cnki.jvs.
2015.05.002.

[J]. Journal of Wind Engineering and Industrial (170 H W . Q0 BE S Bk JT AT 22 1 8 T4 &0 it 58

Aerodynamics, 2022, 228: 105086. DOI: 10.1016/j.
jweia.2022.105086.

[10]HE X H, KANG X M, YAN L, et al. Numerical
investigation of flow structures and aerodynamic
interference around stationary parallel box girders [J].
Journal of Wind Engineering and Industrial

[D]. K ¥ WIH K%, 2021. DOI: 10.27135/d. cnki.
ghudu.2021.001637.

XIAO Han. Research on aerodynamic interference effects
of main girders of the parallel long-span highway and
railway bridges [D]. Changsha: Hunan University,
2021. DOI: 10.27135/d.cnki.ghudu.2021.001637.

Aerodynamics, 2021, 215: 104610. DOI: 10.1016/j. (18] 84, FENA, AL, & IR X TE DI CHEE

jweia.2021.104610.

[11] ARGENTINI T, ROCCHI D, ZASSO A. Aerodynamic
interference and vortex-induced vibrations on parallel
bridges: the Ewijk bridge during different stages of
refurbishment [J]. Journal of Wind Engineering and
Industrial Aerodynamics, 2015, 147: 276-282. DOI:

e R 28 1 23 B 5 L [T ). 23 <3l i 554k, 2007, 25
(4): 504-508.

ZENG Kai, WANG Congjun, HUANG Bencai, et al.
Suggestion and analysis of several key factors in
computational wind engineering [J]. Acta Aerodynamica
Sinica, 2007, 25(4): 504-508.

10.1016/j.jweia.2015.07.012. [19] EALAR, He 4= . IRBIna 2hs ZAERA R4 TR

[12] MENTER F R. Two-equation eddy-viscosity turbulence
models for engineering applications [J]. ATAA Journal,
1994, 32(8): 1598-1605. DOI:10.2514/3.12149.

[13]#URG, TEF A IE . 56 T A A 5 i 52 M A%
RSN A BUE T ENE BE AT [C 1201717422
SN SR 2 S A0 RS TR
CVRBEE R B 1%y 45, 2017 75-83.

Gk SRR T [T]. 2 %5 as , 2023 (1)« 107-
110, 115. DOI: 10.20035/j.issn.1671-2668.2023.01.021.

WANG Chuanfu, YANG Dingjun. Study on the structure
and performance of the wind-resistant system of the main
cable catwalk of Harrogand Bridge in Norway [J].
Highways & Automotive Applications, 2023 (1) : 107-
110, 115. DOI: 10.20035/j.issn.1671-2668.2023.01.021.

LAI Chenguang, WANG Qingyu, FU Zhongzheng. [20] XEsI0, JRGA, BRI IR, 45 . B RIS X 5 T RHAL

Accuracy analysis of numerical calculation of outer flow
field around vehicle based on turbulence model and
boundary layer grid strategy [ C]//Proceedings of 2017
Automotive Aerodynamics Committee of China-SAE.
Hefei: Automotive Aerodynamics Branch of China-
SAE, 2017: 75-83.

[14] gh¥, W9 X, 3 RXUE TR 2 8% 450 S5 A 2L i
E M BEBR BT (V). BB R S TR 2=,
2012, 9 (1) : 12-17. DOI: 10.19713/j. cnki. 43-1423/u.
2012.01.003.

HAN Yan, HU Jiexuan, CAI Chunsheng. Numerical

simulation on static aerodynamic forces of vehicles and

78 A% M ik - https: //jtkxyge. csust

BrRHIRm N 5 [ ], S2i R 5 TR, 2024, 40(3):
108-116. DOI:  10.16544/j. cnki. cn43-1494/u.
202203122024061971.

DENG Chaogui, ZHOU Guangwei, QIAN Changzhao,
et al. Influence of tower wind effect on buffeting
response of special-shaped cable-stayed bridge [J].
Journal of Transport Science and Engineering, 2024, 40
(3) : 108-116. DOI: 10.16544/j. cnki. cn43-1494/u.
202203122024061971.

(RERE:AAE)

. edu. en/jtkxygce/home



