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Effect of turbulence intensity on aerodynamic force of bridge girder
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2. State Key Lab of Disaster Reduction in Civil Engineering ( Tongji University) , Shanghai 200092, China)

Abstract: Due to the complex profile of a bridge girder with several corners, the flow around its section exhibits
obvious flow separation and reattachment phenomena. It is necessary to assess how atmospheric turbulence affects
aerodynamic force. A segment model pressure wind tunnel test was carried out, and the mean and fluctuating
pressure distributions in a uniform wind field and three grid-generated wind fields were obtained. The changes in the
aerodynamic forces were evaluated, and the effects of turbulence on flow separation and reattachment phenomena
were analyzed. Results showed that turbulence significantly changed the separation and reattachment characteristics
of the section at the leading edge ( especially the upper surface at zero and positive attack angles and the lower
surface at negative attack angles) , which in turn affected the aerodynamic characteristics of the bridge section. As
the turbulence intensity increased, the amplitude of the mean pressure coefficient at the separation point near the
leading edge increased, while the reattachment point moved upstream. The influence of turbulence intensity on
separation and reattachment became more noticeable with the increase in the wind attack angle. The force coefficient
was more affected by turbulence intensity at a high attack angle than at a small attack angle, mostly because of the
pressure changes at the leading edge.
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Fig.1 Geometric dimensions of a segment model and layout of pressure taps (mm)
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Fig.2 Segment model and testing conditions
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Fig.3 Spatial distribution of turbulence intensity and integral scale
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Tab. 1  Turbulence flow characteristics
AR Tt AR
i
a/ m ¢/ m d/ m [u / % [‘ / % Iw / % Lu"/m va / m wa / m
1# 0.60 0.05 5.50 4.87 3.78 4.37 0.161 0.059 0.060
214 0.55 0.10 4.50 10.49 9.22 9.31 0.160 0.082 0.073
34 0.50 0.15 4.00 14.59 14.08 13.02 0.163 0.105 0.079
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Fig.4 Pressure coefficient distribution at different attack angles under smooth flow
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Fig.5 Variation of mean pressure coefficient distribution with turbulence intensity



55 3 3 EAA,

S5 ¢ Jin IR0 B XA

Z TR DAk SR d b A .25

REEHETI R, 76 XA T, R il Ui
SREEXS b R R AR ) 4 AR AR A/ (H
YT RAE AR5 B 8 o Z S5 BE A it it 5
AIHG RGO, S AR AR, s IR ek, &
B AR = Sl e e TG 8 = e D
TR RS 3R A oy B L Z 5 4R )
FEBERE T ik R BE B3 RGO (B ) &
Wi e BE 559 1o B YRR A R SRR
HE HH 321502 00 RO AL, SCHR[ 10 ] 46
K Ui -5 B A A 43 B 0 )2 A AR S A 53
B AR R IR R oy B BN SCHR[ 20 ]
R IRN L T e 2 (A5 Ly B 39 T BRF 30 50 s 1 2 g 3
JE A R b it Ak, DA TR/ N B E R RE

IR (6°) T, b MTHTS ) 04 52 i 7L 5
FERC AR, TS S M T T8 71434 32 It Uik
5 BESEMA AR R AL /N NS R i B A Ol — 2K, 3
Aot i 5 P T Y b SR T Y o B R R AR AR A o A
It H o s 57 i (8 BE 5 i it 5 1Y) 3 K% i v
KR @ sAb 5358 7 A B i B DX 2 B o i It
5 E (Y IG RB sl bR P R R R Y
353 A i 5 BE ) 1S R SR I R R, fA Ik
(- 6°) T, b2 T Ui 8 BE S M 88/ 0N T R

S 5 IE T T ZRE S 2SR

BRI (120, —12°) Bf B 0 R S 2804y
At Fif T Y 5 B AR S AL B A 5 A (60, —6°) 1Y
TEOL T, B AN TR R, Al 1200 78 3
MATZ L aSANC 2R T JRdl o B, I Ho i it o
S, BRI
33 minEEXNBEIIRERBMBEHRESMLEN

E/ur]

L R T R R B R ) A 2 e R R
FE T R TE TR B 1)1 B AR 3 11 R 67 A B 7Y
SRS B FZ RS B R A TR
FIZk s MAERSRL IS &, in L 560 B A9 F 2 AR — 35, AP

&7 Z BB T R R B R TG R, PR, AR

F BT TETCAA B 141 B A L 3R 11 R 67 A B Y
T R B 43 B 1 A2 R R

& 6 25 th T B R SR ITAE 0°,6°, 12° U Ff Fl
FERWAE 0°,-6°, - 12° F 1 ik sh XU 28 500534 Bl i
s EE AR, L SRS ) R GRS E A i Ui
5eR B () BE NI B 0, I EL A W I % A B B
WA IR A 2, 2T ab 18] AY K 3h XU 2R B (8
P i D 5 FE B I T A o BB, TR TR
W AE S AL T 2% L 7550,

06 ¢ v ¢ wop ¢ : 06[ : <
' ety — I | T ——
. | ——1,24.99 ! P 1,=4.9% | LT =T
= P ——[=10.5% L 1=105% ! LY ! oy
04 L ——1,=14.6% L ——1=14.6% 041 | i [ﬂj’fé@ :
' , 5 ! l P J —=1=4.9%
© ' l@bl}i £ 03 Y. . 2 & {——1,=10.5%
0.2f 4 i ¢ 0a Jt | L=14.6%
olL= - = io—o.—o—o—?—o—azzl ) olLs ; . ; ) - : E :‘: ,
0 02 04 06 08 1.0 0 02 04 06 08 1.0 070702 04 06 08 10
L E—flih IH— L
(a) 0°_I-Fm (b) 0°F & 1fi (¢) 6° - Fm
101 ¢ ; S ' or 4 ¢
: b S o} § ST
. g————T U Pl ¢ v /
oL 7 Ce ! e T /-\" L ej/j/j
; a L : ; : \ . i
) — Y570 ) : e ISR ——1,=4.9%
£ 05 ——1,=4.9% & \——124.9% | i 05f /»-‘ ——[=10.5%
< ——1,=10.5% 0.5 I——1,=10.5%" © ; ——1,=14.6%
——1=14.6% —v—I 14. 6% y |
[ . e Mh ) et |
" i " " i i oL - N o N " i L
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 1.0
I — ki 2 A —AbiE s 53—
(d) —6°F (e) 12° 3 (f) —12° F = mhi

6 REURERKIIRKE RE 5 b R AL

Fig.6  Variation of fluctuating pressure coefficient distribution with turbulence intensity
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