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Evaluation of Wind Force Coefficients of a Box-Type Girder Bridge
with Noise Barriers

ABSTRACT

In the study, computational fluid dynamics analysis was performed to estimate wind force coefficients for a box-type concrete girder
bridge under the influence of wind. The drag, lift and pitching moment coefficients were obtained for the bridge section without noise
barrier and compared with those of the bridge section with noise barriers of various heights. The shear stress transport k-o turbulence
model was employed to estimate the wind force coefficients, and the contribution of the friction drag force to the total drag force was
investigated. It was found from the study that the drag force coefficients increased as the height of noise barrier increased when a wind
blew horizontally, and that the contribution of the friction drag force was highest for the bridge section without noise barrier. It is
concluded that the impact of the height of noise barriers should be considered in the design of bridges, and the friction force played an
important role in evaluating wind forces on bridges.
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Fig. 1. Model of a Box-Type Girder Bridge for CFD
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Fig. 2. Flow Area and Boundary Conditions of a Box-Type Girder
Bridge for CFD
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Fig. 3. Mesh Generated for CFD Analysis of a Box-Type Girder
Bridge

Fig. 4. Definition of Wind Force and Wind Direction
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Fig. 5. Wind Velocity and Wind Pressure Distributions Around a
Box-Type Girder Bridge from CFD Analysis
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Fig. 7. Force Coefficients of a Bridge Section without Noise Barrier According to Wind Direction

Table 1. Drag Force Coefficients According to the Height of Noise Barrier and Wind Direction

H (m) a(deg.)
-6 -4 2 0 2 4 6
0 0.168 0.147 0.126 0.118 0.121 0.130 0.146
0.013 0.198 0.176 0.155 0.142 0.144 0.153 0.169
0.031 0.240 0.215 0.190 0.171 0.169 0.185 0.206
0.050 0.290 0.263 0.237 0.215 0.200 0.205 0.501
0.069 0.556 0.591 0.639 0.215 0.635 0.677 0.691
Table 2. Lift Force Coefficients According to the Height of Noise Barrier and Wind Direction
H (m) a(deg.)
6 4 2 0 2 4 6
0 0.334 0.343 0.202 -0.167 -0.441 -0.645 -0.808
0.013 0.272 0.301 0.281 -0.016 -0.415 -0.631 -0.766
0.031 0.195 0.226 0.266 0.197 -0.208 -0.585 -0.758
0.050 0.118 0.144 0.198 0.236 0.142 -0.214 -0.945
0.069 0.250 0.148 -0.091 0.236 -0.527 -0.720 -0.942
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Table 3. Moment Coefficients According to the Height of Noise Barrier and Wind Direction

a(deg.
H (m) (deg)
-6 -4 2 0 2 4 6
0 -0.099 -0.100 -0.100 -0.071 -0.018 0.038 0.091
0.013 -0.078 -0.071 -0.068 -0.058 -0.021 0.032 0.081
0.031 -0.064 -0.053 -0.044 -0.039 -0.022 0.014 0.050
0.050 -0.050 -0.036 -0.023 -0.011 0.002 0.018 -0.001
0.069 -0.133 -0.136 -0.141 -0.011 -0.103 -0.078 -0.048
0.6 0.6 0.3
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Fig. 8. Force Coefficients of a Bridge Section with Noise Barrier (H=0.05m) According to Wind Direction

Table 4. Rate of Change of Drag Force Coefficients with Noise Barrier

Rate of change (%)
H (m)
-6 -4 2 0 2 4 6

0.013 17.6 19.9 22.8 19.9 19.5 17.6 15.2

0.031 429 46.4 50.4 44.7 40.0 42.6 40.7

0.050 72.6 79.6 87.8 81.8 65.6 57.8 242.4

0.069 230.7 302.6 405.5 81.8 426.1 420.7 372.6
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Table 5. Rate of Change of Lift Force Coefficients with Noise Barrier

~9 Adie] FEA45 B

Rate of change (%)
H (m)
-6 -4 2 0 2 4 6
0.013 -18.5 -122 39.6 -90.3 -5.8 22 =52
0.031 -41.5 -342 32.0 18.0 -52.8 9.3 -6.1
0.050 -64.7 -58.0 -1.8 41.5 -67.8 -66.8 17.0
0.069 -25.0 -56.8 -54.8 41.5 19.5 11.7 16.7
Table 6. Rate of Change of Moment Coefficients with Noise Barrier
H (m) Rate of change (%)
-6 -4 2 0 2 4 6
0.013 2213 -28.6 -31.6 -18.4 16.9 -18.0 -11.4
0.031 -35.8 -472 -55.8 -44.8 22.5 -64.0 -45.6
0.050 -49.5 -64.4 =772 -83.8 -89.8 -51.9 -98.5
0.069 339 369 40.8 -83.8 474.0 102.9 -47.0
| Z71stdek E8o] a=4" oA a=6" 2 W33 o 34 W3HHo| = I01I e A

A4 02059041 0.5012 F23] 718tk Table 49
vehd 2 FF a= —2", —4" ¥ -6 A o FHAF=
W o] (s AET 242t 88%, 80% B 73% = %—7}0}@‘
26" L we] A= BeHol §h
73R}t ZhzE 66%, 58% L 242% H%E Z71skich

Fig. 8(b)= H=0.05m (4] H,=4.0m)3] #-&- o] A5 %)
< o) FY| w2 FEAHCPE BIF FF a=0" oA
a= —6"d o|2rA] FFo] 2= gl wh} AR
£ 0236904 0.118¢]] ©]27171A] ghakalA 73
A eI FF a =27 ol FHAITE 5l 0142

o], Tl a=4" M a=6" 2 W of FHA =

-0.21404 -0.945% -] +¥e] =77} F4 1

Table 5¢] LFERE A3} o], H=0.05m (XA H,

Ho] AL W a=0"9 a=6"2 BFE AfstaL

FeAlre] Ao 271 waH ol §ls el vish 2~68%
= 71—/\0}%1\1:].

Fig. 8(c)& H=0.05m (24 Hy=4.0m)2] #-&-=o] A =]%]$]
< o Fl| wE HEHEHEA ]'/l:( CyE HolEr: WY
o] §1& wiot frAkHAl HIEHRHEA F= Aot G
ol vlsjA 2717k A5& & F AL, a=0"% a=6"
2 & TFY o HEFRAEAFE -0.00104 -0.050¢]
=R l hol F()9] AT RS HERAIUAE, a =27 9}
a=4"% g 2z 0.002914 0.0182 A(H)2] FEHIA
e AT B3 Table 60 vehd B2 g-5H o]

el HSHEMEA R Al 27]= 49-99%

L, FFa=2",4"

632 Journal of the Korean Society of Civil Engineers

Fig 9= 3% a=0" o thefe] 51| Folo whe =4
lsss @101 Ne o 3]'&]7:““[{60)_ 0118°]MJ—,

2 wolET,

W] o)k F/K) ueb JeASE Sk we

¥e] o] H-0.05mY o A 5o ghe 0215015k
F% 0=0" o tste] P&ue] oo wke iAo

Bz, ¥ 4301 YA o] o] H-0013mE v

wol] FEAR(C,)E $O)) FRGF S} ATE ol

2 U8 F2= e 25k e8] =o)7F H=0.013m
B} o & A FEATE AHY e Hol Fon,
gHe) o7k SNl ujet Al 2kl e
o] o] H=0.05m% ) FHAF] #e 0.2360] 3tk
TF a=0" o thate] W] Fold whE vl PR
o} A, MERRAEAF(C)) 7 5ol
oo} WEH o] 9ls o R F()e HAA HHES B
Atk o] gle wioll 7HE 2 F(0)e] RlEHEHE
\F0.0710] MYSHTL, & H ) Folk F7hge] Wb

meé
%ﬁ&zlm

0.250
= ===(CDfor 0 deg.
20.200
S
0,150
1=}

W
£0.100

L
#0.050

o
0.000

0 0.013 0.031 0.050 0.069
wall height H(m)

Fig. 9. Drag Force Coefficients According to the Height of Noise
Barrier for the Wind Direction of 0 Degrees
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Fig. 11. Contribution Ratio of Shear (Friction) Lift Force According
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