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Fig.1 Estimation flow of the vortex-induced vibration of bridge girder under natural wind and the outline of the current study
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Table1 Experimental cases and their conditions.
(3-dimensional effect)

Scruton
Case | Model| Test method No.
no. 6 o/(0B?)| Flow
1-1 | A1—S2 | Spring-mounted | 1.1~3. 3
1-2 Al Taut strip 2.2~2.7
Smooth
1-3 | B1—S82 ] Spring-mounted | 0.4~0.5
1-4 Bl Taut strip 0.4~0.5
200 Curb 12X3
Bﬁ(.;x) %500) (30X7.5)
Al 50 B1 53
(A1 - 82) ) (B1-52) T"m’
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Fig.2 Response comparison between Model Al and Al1-S2
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Fig.3 Response comparison between Model Bl and B1-S2
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Fig.4 Spanwise pressure correlation on a vibrating taut strip
model. (Model B1)
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Table 2 Experimental cases and their conditions.
(Effect of turbulence intensity)

Scruton
Case | Hod- | B/D | Attack | Test No. Flow
no el angle |wmethod | 6 o/(oB%)
2-1 Al J2.0 0° 0.8~1.6
2-2 | A2 | 4.0 0° 0.8~1.5
2-3 | Bl |3.8 0° 0.4~0.5
2-4 | B2 | 5.4 +4° 0.4~0.5
2-5 | B3 | 6.5 +7° 0.7~1.6
2-6 | DB | 5.4 +4° 0.4~0.6
2-7 | HX | 3.8 0° 0.4~0.9 |
Grid
2-8 |B1-2| 1.4 0 0.8~1.8 | Table
2-9 |BI1-3| 1.9 0 Taut | 0.5~1.4 3
2-10 | B1-4] 2.4 0 strip | 0.4~1.1
2-11|B1-5] 2.8 0 0.3~1.3
2-12|B1-6] 3.3 0 0.3~1.3
2-13 | HX-2] 2.8 0 0.2~1.1
BX-3138.3 0 0.3~0.8
2-15 | HX-41 4.2 0 0.2~0.8
2-16 | HX-5| 4.7 0 0.2~0.7
Curb (not specified) 12X3
Ba100 r;'ﬁ"u_.‘
Al B2
R s e o
—2 "
e T Tk v ==

80
1
100
B1-3 Tff
125
Bt LT
150
Bs ]
175
B1-6 _}
=

Fig.5 Cross section of models.
(Effect of turbulence intensity)
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Table 3 Flow characteristics.
(Effect of turbulence intensity)

Turbu. intensity,%| Turbu. scale (cm)

In Iv Ly |Ly |L:
Smooth | 0.2~0.3(0.2~0.5{ ___ |__ _|_
0.3 €0.3)
Grid 4.9~5.7} 8.9~4.83 | 14~15} 5~9 5
Xo/H=20 (5) 4 (15) D} ®
Grid 8.7~9.6|6.4~7.0 4~14]|3~4 4
Xe/H=10 9> D an 3| @

DNeasured at z=0. To where taut strip model was

EERERTES &HEL . installed. 2)X¢: Distance between grid and model,
b) SEEREEE - EX ¥: Hesh size of grid. (200mm)
Y=}
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K, = Feak amp. in turbu. flow

'~ Peak amp. in smooth fiow

Model

Al — 3

A2 =T
Bl ="
B2 7
B3 — —
DB —~1T
HX —~<>

OC<SONMOD x

0l (%)
Turbu. intensity

[ 2 4 6 8

lw (%)

Fig.6 Variation of K, with turbu. intensity for Models A1~HX
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Fig.7 Variation of K, with turbu. intensity for Model B1 series
and Model Al
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Fig.9 Variation of K, with turbu. intensity for Model HX series
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Fig.10 Effect of width to depth ratio (B/D) on K, for Model HX
series
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Table4 Experimental cases and their conditions.
(Effect of turbulence scale)

U 7228 CTELR OB E (RER R ASE R 1T 134

Case Test Scruton Flow
no. | Hodel | method No. L./B
nd ./ (oB*)| Type Tu=5% 9%
3-1 | A1-S2 | Spring- 2.6~5.2 Grid 0.3] 0.8
3-2 | A1-S3 | mounted 2.6~5.2 | Table § 0.7 0.5
3-3 Al 0.3~1.8 Grid L5 1.1
3-4 | Al-S4 0.8~4.4 | Table 3 3.0 2.2
Tant
8-5 | Al-83 | strip 0.8~1.6 | Boundary 2.3
3-6 Al 0.8~1.6 layer 3.4
3-7 | A1-84 0.8~1.6 | Table § 6.8
3-8 | B1-S2 | Spring- 1.3~2.3 Grid 0.2 0.2
3-8 [ B1-83 | Mounted | 1.3~2.3 | Table 5 0.4 0.3
Grid
3-10 Table 3 0.8, 0.6
Bl Taut 0.4~0.5
strip Boundary
3-11 layer 1.7
Table 5
300 . 500 30X75 [
A1-82 o p1-82 m{
. o200 i
15 250 /15x:«u
88.9
A1=S3. e BI-S3 [T _k
(both) 20 123
100
53
S o ] F
15 Note : __for spring mounted model
A1-84 % (otherwise, taut strip model)

Fig.11 Cross section of models.
(Effect of turbulence scale)
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Table 5 Flow characteristics.
(Effect of turbulence scale)

Turbu. intensity,%| Turbu. scale (cm)

In Iv Lx | Ly |Li

0.1~0.8{0.1~0.8
| Smooth® €0.2) 0.3

Grid? | 4.5~5.9|8.2~4.6] 9~12| 3~5 |6~8
Xe/Me20 | (5) @ | an | ® | ™
Grid? | 8.0~8.6|6.5~8.1 T~9 | 2~6 | 6

Xe/e10 | (9) m ® | @ | ®

Boundary | 6.2~8.5 | 4.7~5.7| 21~49| 7~15] 11
layer?® M (5) 34 10y | (1D

DHeasured at z=ln where spring-mounted model was
installed. 2)At z=0.Tnm, taut strip model.
3)( ):Mean value.

EWTE, ZDEE, BTEHEDOST —227 b o
¥ — 7 B ERE O BEESNICIZIE ST 50w
LT, BREAMDZIIE, EREFLICOEET, &

FEEBRICY 7 UL, SBICRERELE

ULTWBEEXBNEH, I TIEEOBEIZHER/N
BNEHEFL 72

FOM, FEROFETCRMOENDRF —VOHES
AET2HE, BRULLOTNEZ S Z0ENNL opL
Fohd, £F, BFEK L SABEREORN TS 55,
LB ORIZEEND RS — VRSB OFEE,
BN ERSA M EREHFEOENE X O Tw/Iu iz
LEEPHONDE L ERERTAMBENSB. 203 b,
KFRTHRELE LT OB ORBROBMEZ DT, HBE
FHOFEEAENTORBIBETES 500, Enik
SOH Iw/lu DENCOVT BRESERICANTEER
BROBRETHOMVENSS. £, BHOAE35%
LS TRREITIHE, BEOSERERECHELR
BIERELT, VA /VIHPERBPERLZEIZA
NBIEDEETHZ. D35, LA/ VvHIL S
FRBEREBRO L & 9X10°~2.7X104, ¥ RRA MY v
THEREEBRODOE & 6X10°~1.5X10' S FEFELTH S
DTCIOHBIERTESEBbNs. —F, EiFAEE
ERHEROEETH (Model A1-S2) 5% THY, <D
HELEILAELVEHBENS, DloERIZLY,
Table 4 IIRT—EDERBRIZ L > TKHEOEND R 4 —
WISBERERGERBICRITIHEL i 2:E2 5
hs,

b) EEERIER

Model Al ¥ — X & Model Bl ¥ V) — XD izxd
LT, ERAAOELNRE In & KHROENDRICES
LHIEBRE K L DOB%%, IL/BR3FA—5 LT
Tay hU2R% Figld2i, $£172, Model Al 1) —
ARHUTCK &[4 EDBFRE2RLIZBD % Figl3 i
RE. INHOERE® S, Model Al DBAITIIEHD

Kt *
A1 series
- /B
® 03
A 0.5~0.7
Grid | ] 1.1~1.5
v 22~3.0
Boundary layer % 23~6.8
B1 series
O
%, (o] 0.2
4 Gid (A 03~04
0.2 i3 fm] 06~0.8
O Boundary fayer % 17
1 1 L 1 1
0 2 4 6 8 10 1o (%)

Fig.12 Variation of K, with turbu. intensity for different values
of turbu. scale

Kt Boundary layer (lu=7%,w=5%)

1.0 0-05—-'0—‘—0
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i Grid (1u=9%,iw=7%)

0.5 H Modet A1 seriss
Sprpg mountbd Taut strip model
L 1 1 ] L 1 1
0 1 2 3 4 s 6 7
Ix/B
Fig.13 Effect of turbu. scale on K, for Model Al
series :
Y/B . 8

0.1
0.05
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Y/B
0
01 0.2
0.05

0 25

5 U/ (8)
(@ Ly / B=6.8 (Model AT — 54)
Y/B @& E ]
-0.05
01 ‘ 0.2
0
005r ﬁ -3 o1 Y/B
L e 0.05
0 25 5 U/ (6B
[ ®Y L7 7 B=3.4 (Model A1} |
YIB i)
-0.05
il )] :Ltél
0.05[ ~[_] 0d 0.2
0.05 L
0 25 5 U/ (£B) UI(f.B)%26

[(c) Ly 7B=2.3 (Model A1—S3)

Fig.14 Effect of turbu. scale on thefesponse characteristics of
Model Al series.
(Boundary layer turbu. flow ; u=7%, Iw=5%)
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®, ShE7zhd 1 KIREE— FOBEORNE (Fig.15) I
BT, REBERZ S CIFIEEORE 2T -1z, E
HEEDOHIE L, BT L5 BN HEZ BT 5129,
BEL4n OB 70 RS HERES S & CBERE
EEERBE LTI, WIEEORIER, SFRICINE
Bt 2E8REB L TT- o FBEIC L hiE, EHAR
IEFHOELNBES R4 In=30~45%, Jw=20~45%
THY, BEORRERCHEET 2ELLBE (Iu=10%,
Tw=5% &) EHANTHEICRE 2EIER S,
Zhid, KEVAHRERICMET 52 & of, BElF—4
DEESMEP 522 LB EICERT LD EBbRS.
BERREEHCE5/37 — 27 MVEIEKED» 5K D
TEMOENDO AT — ik, [4=20~30m TH o1z,
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1521 =
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<
il |
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Fig.15 Measurement of wind velocity and girder vibration

Table 6 Experimental cases and their conditions.
(Observation of prototype bridge)

Scruton
Case | Model Attack | Test No. Flow
no. angle | method |m& ./(0B%)
B3-82 ~7°~ | Spring-
4-1 | (8=1725)| +T° mounted 0.8~1.1 Snooth
Grid-
4-2 B3 Table 3
(8=1/80)§ +T° Taut 0.7~1.6
[Fig.5] strip Boundary
4-3 layer
Table 5
Kt = Peak amp. In turbu. flow
t = "Peak amp. in smooth flow u
/B
1.0
A T 0.8~1.0
0.8 AT 24
0.6
0.4
0.2
L i 1, i
0 2 4 6 8 10 ly )
0 2 4 6 8 lw (%)

Fig.16 Variation of K, with turbu. intensity
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Y/B
(em)
004} 8
I B —
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002 .
20 Spring-mounted model test
/ (Smooth flow ; a==7"~7")
10 o /FS—D and & effect corrected
~ P
N4 , - Turbu, effect comrected
0 L - .-/‘ & / |
0 10 20

Prototype wind speed (nvs)

Fig.17 Comparison of measured response with predicted one
from wind tunnel test
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DS 3 HAFIRAISEER (Table 6) DRRMSTRENTHY,
FREE LT, EERESLTIWTEEBELR D
D, ILHIERPREBEL-HDD 2 BEIRANT
V5. 02 5BBEETRICOVTIE, FEORSRRO
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(1992. 4,14 24F)

ESTIMATION OF THE VORTEX-INDUCED VIBRATION OF BRIDGE GIRDER
UNDER NATURAL WIND

in the present study.

Katsuaki TAKEDA and Nobumitsu FUJISAWA

This paper deals with a method to estimate the amplitude of vortex-induced vibration
of long span bridge girder under natural wind based on the test results of conventional
spring-mounted model test in smooth flow. A series of experiments were conducted to
clarify the effects of vibration mode, turbulence intensity and scale on bridge response,
and the results indicate that turbulence effect is remarkable ;it was found that the
effect of turbulence intensity which is the most important parameter depends on
cross-sectional shape of girder, width to depth ratio (B/D) and so on. Observation of
vortex-induced vibration of an actual bridge is consistent with the test results obtained






