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Numerical and physical simulation and full-scale measurement of local wind
environment around slotted box girder with wind barriers
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Abstract; To reasonably assess the local wind environment around bridge decks, the CFD method was used to
simulate the wind fields around a slotted box bridge with wind barriers. Experiments on the local wind environment
of the model of Xihoumen Bridge girder were carried out, and field measurements of the bridge were conducted for
verification. The wind barriers of the bridge deck were optimized and compared, and the wind environment
characteristics of the slotted box girder with wind barriers were analyzed. The CFD method was adopted for
simulating the local wind environment of the bridge deck installed with different types of wind barriers. The variation
rules of wind speed at different positions of lanes along different heights were analyzed, and the influences of types,
heights, and porosities of wind barriers on the crosswind reduction factor were quantified. Results show that the
CFD method could provide highly accurate results and reveal more detailed characteristics of actual flow-fields
around the bridge deck. The deviation was between 3% and 9%, which met the accuracy requirement of
engineering application. Wind barriers had significant effects on reducing the wind speed under the condition of
crosswind, and wind speed reduction on different lanes was about 30% - 50%. The effective wind reduction regions
of wind barriers were closely related to the height-width ratios, heights, positions, and porosities of the barriers,
among which porosity was the crucial factor that decided the crosswind reduction effects of wind barriers. In
addition, compared with integrated box girder, the wind speed on the downstream surface of the slotted box girder
was obviously lower than that on the upstream surface due to the dredging effects of the center slot.

Keywords: slotted box girder; wind barrier; local wind environment; crosswind reduction factor; numerical

simulation; wind tunnel test; field measurement

RS 2021-03-02 Fifi 2 B #F R L 0 H £ 18 22 M7 H #4422

E4WA.: HEARP#EE4 (52078383, 52008314) ; + A THER) X ERES K2k O B M R e v 18 I T
R 5 T A S 2 1 IS (SLDRCE19-B-11) ’

TEERA . RRIE(1994—) & W+-FF L i 28 A e AR T XU AN S 2 B I RS 27 2
B AK(1974—) B L WAL (8 R R AR | XA A 2 S 7 A R ), A 4 AT

BIS1EE . & K, zhaolin@ tongji.edu.cn . e A ~ s
o gyt e RUBOAT 4 2 4 S )| e g



5 3 10 I, A TR LB KA T 22 MR SRR 88 5 5 21 -

BT AL 2500 D AE AR R IR T /Y
RESHRIAT L, S m i RAE SRR
AR R IR AT 42 % R AE A IR AT 1Y
DR, N T AEAFI R EREE T RE R FRe R B A 4T 42
LA AT BUE A B B 9 SME S BRI X A
AU LR S T 2 e 7 R0 SR
B BAT PO A AR S5 B 25, AR A
RSO AR XU P B AT T X3, ok 47 B 2 A
W RAE TR s o o 7 4 de 4 2 e iz
PR ARG T O, FRTEA s L
IEEARATR T 000 1) XS | W83 A7 1T 47 4 XUBR 352 38 T 25
FediFidi PERBIESE 5 N H 2535 2, i3 [ Severn &
B PO 5 10 KO B R 77 DR 2 1 2
[LRZIES IR

IR T DU BEL USSR RIS R 5 A7 2 T XA
JO7 7 T B4 BF 5 AT SR LA XU 3K TR A (A
UL B = H e XU A A REL KT BRI AL B
DLW AAT) 2 35 32 A A T A, SCHk [ 15 ] 3 5 K
TS MR A 7 208 T S XU R 2 e I
L, SCHIRL 16 ] 38 i B (AR 0L A9 7 35 Lk 17 i 2%
TR PR A7 1l XL A 52, N EL A I R L kB
A7 T8 222 BB B35 A9 T 47 4 XA 52 19 [R] I, 2%
R 2 W 2 BT KU RE A — E S, (H 58
JRUBREARE: Ay 2 14 REAR AT 255t ATR TR SR I XL 14 B
LR W DR BEAE R KRS 8 97 KA T IR ES 1 2
e e 2, DRI ATR I KU ) 75 BEAL AL
PERUZAERF TS A UEL,  F ATE A KB AR AT 42
DRERIE 9 R 11 FH 25 FH GBI ST IR AT ke =2 0 1) B
GyeMBUE T A, B TR A T 2 B A R ok
BB BT RS RO T TR, &
HE FHRCETH R Y TH R Sl BRI T vk N S 2%
R DR BB DL A5 SRR 1 Y 2, TR BE A8 AT
BRI H B T3 95 AR 1 AR I5E 70 Ar S5 0T P 7
o R PR BRI EEAS AU 7 2 0 P T T AT 7 KR
B BT & AR L, O JR AT DG XU 1058 5 SE A
S AERAE TAF = e, PR, AR SCLA PG M

ABZ S BCAMA
A B C

FIRAF A WFFETE 56, R CFD BT 5 B KU i J5
AR T XS e T AL A L, 4 G X 0 S92 00 235 2R %
FLER AT TR, 7RO RERE T IT R T4 I KU A4
PRI TAE  WFFE o0 M 1 XURRE S A5 1o KA 58 ok %
DRSS 2G| S ESE RTINS/ &I I wN
WRRAT A e e AP IG BE SR AL T BB LA,

1 AR

R 32 Aoy 28 A RTISE A7 v XU 2 i 8 A7 1
1+ AR AT AZ A, Sy 4885 A5 18T L L — S Y0 [T PA) 0 )
DR AR /DN AR S XU A 45 B S0 58 SO T 45 5%

RGN Ay
Vg = lzlrjzrvz(z)dz (1)

b Z, BEER0 BETE L, 5 A E A T b AT B
AN XU W] 14 g 85 90 PR X oz, o) 4 B A - 22 /)N
BB 4.5 m F12.0 m; Vﬁ‘ﬂ:ﬁﬁm@, S A=
M T

SRy B DR Yo A i RGEE F T A T, 2 A 5K
IR 55 225 R (R U X ) 1 FE A Ay DR ) A XL
I RE B, FikA N

B=1" (2)
RV, WEH R,
2 RFAEBKEEN

21 AREE

DAVGHE TR FEAE AR B2 M A 15 5%, 40 bT T 1%
B IR 2% T 0 1 >F 3 AT T XA B8 B AR AR A
P G g v ok I A o AR S A 2, S8 3.5 m,
36.0 m, FFHEFE 6.0 m, =GR AN A 42 T8 0 B A0
KL R, BRI S NS A B A R
] F 438, KUl 00, B2 45 T KU i 5
5 AR 200 mmx80 mm AT B 5 G A4 A J R XU
SRR B

36 000 D E ¥

i 5002500, 3750 , 3750
— 1 1 1

8 000 , 3750
1

3750 2500500 ]
1 1 1 1

a iy o °
wy
B 2
S

!_l 00011 6 000 l 7 500 |

Kk ‘ o
a=0° | 500
162° 137° |
7893 1 _L__ <

s~ R88

2170 lfﬁ)

| 7500 [ - 6000 {1 000,

1 HREERTEFEREE(mm)

Fig.1 Schematic diagram of Xihoumen Bridge cross-section and calculation lanes ( mm)
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Fig.2 Schematic diagram of bridge and wind barriers
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Fig.3 Boundary conditions and computation domain setting
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Fig.4 Comparison of different types of meshes
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Fig.5 Schematic diagram of flow-field discretization
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Fig.7 Layout of wind speed measuring points
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Tab.1  Different wind barrier setting schemes
75 AT 2 B/ % i /m
1 2 2 100 mmx100 mm 87 3
2 2 4 150 mmx100 mm 84 3
3 2 #% 200 mmx 100 mm 81 3
4 3 42 100 mmx100 mm 84 3
5 4 2 100 mmx 100 mm 81 3
6 4 R 150 mmx100 mm 74 3
7 4 % 200 mmx100 mm 67 3
8 4 2 200 mmx 100 mm 73 3.6
9 4 2 200 mmx80 mm,3.6 m 67 3
10 5 R 200 mmx80 mm, FL#% 61 3
11 6 A 150 mmx80 mm 64 3
12 5 R 200 mmx80 mm , % 61 3
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Tab.2  Crosswind reduction factors of different lanes at 4.5 m of bridge deck under different wind barrier setting schemes

AT IR 4
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A FjE B %iH C Fif D i E Fi# F i
1 2 42 100 mmx100 mm 0.99 0.93 0.89 0.82 0.81 0.80
2 2 41 150 mmx100 mm 0.97 0.89 0.85 0.77 0.76 0.74
3 2 4% 200 mmx 100 mm 0.94 0.85 0.81 0.71 0.69 0.65
4 3 42 100 mmx100 mm 0.97 0.9 0.86 0.77 0.76 0.69
5 4 2 100 mmx 100 mm 0.94 0.87 0.82 0.72 0.71 0.75
6 4 2 150 mmx100 mm 0.88 0.78 0.72 0.59 0.58 0.68
7 4 1R 200 mmx 100 mm 0.82 0.70 0.63 0.5 0.47 0.46
8 4 H2 200 mmx 100 mm,3.6m 0.83 0.71 0.67 0.54 0.52 0.50
9 4 1 200 mmx80 mm 0.80 0.67 0.59 0.45 0.43 0.42
10 5 R 200 mmx80 mm, B % 0.73 0.58 0.51 0.35 0.33 0.32
11 6 #2 150 mmx80 mm 0.75 0.61 0.54 0.38 0.36 0.34
12 5 #2200 mmx80 mm, filliZ% 0.77 0.64 0.57 0.45 0.43 0.42
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Fig.15 Comparison of reduction effects of different types of wind barriers
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