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TURBULENCE EFFECTS ON VORTEX-INDUCED OSCILIATIONS OF HEXAGONAL BOX GIRDER
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INTRODUCTION
Modern bridge box girders are designed not to be susceptible to any instabili-
ties caused by wind. Nevertheless, since civil engineering structures differ

from aircraft, some changes in their shapes cause "bluffness" and hence
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sources of aerodynamic excitations.
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Often met are vortex-induced oscilla-
tions (VIio), amplitude  restricted - < .
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vibrations which wusually can not .
destruct bridge but are unallowable. 2] 35 | B_7128 > Las |2
These VIO are the classic Karman type Fig. 1 Hexagonal box girder.

(KV), and also oscillations initiated by the body motion enhancement of the
shear layer (MIO) [11, [2]. For buff bodies with slenderness B/D=2.8-6 both VIO
often exist. Majority of bridge girders possess similar slenderness and depend’
upon their shape, sometimes show VIO. The study is focused on a hexagonal box,

Fig. 1 which have shown destabilization by a low intensity grid turbulence.
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shown in Fig. 2, the heaving was ampli-~

0oz}
fied 2.5 times by turbulence, in oookho —90&9—‘&;58-\%/-)

v/to
. - 0 2 4 6 8 10121
comparison with smooth flow. The measu- Verocity. 1+ 10 "®

/0 27(mm)
rement of the aerodynamic damping in  oio{*° -
| 8y = 0.02729
amplitudes 0-3 mm, have shown a desta- g“ﬂ 0 :6‘: §%2§éé P
35 3.0 : . m
stabilizing force in turbulence. To 2'® g o= 295789 .
] o0 J20 b) in turbulent flow
distinguish both VIO, a splitter plate ooz ho (L=4.6x)
was installed and observed amplitude gl00d gV /)
s ) /
amplification was almost equal to that O 240 Caeyt e e
/D 2n(mm)
in turbulence. Next results were ,,,f° Py -
obtained measuring the power spectral oo o 5 :Dn - §g§§§ ?“;s’/m'
. . . Eo.os 5.0 S 7 294940
density (PSD) of the fluctuating in the ol g 4 ) with spitter piote
. . .04 .
wake velocity. The force wvibration H in smooth fiow
0.0z {1.0
assessment was employed, varying ampli- 4 g% 8 . 8.V
; . 1 4 5
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heaving amplitudes (0-4 mm) two peaks Fig. 2 V-A heaving diagram.
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were observed. Comparing with the gﬁgo —
=~ Motion—induced vortex
steady run, the broad band peak (Fig. q0b

~+Karman vortex

3-a) was assigned to KV while the sharp
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peak in the PSD correspond to MIO. In
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amplitudes higher than 4-5 mn, only the a) smooth flow
second peak was noticed, for the body 4% 0 20

motion "locks-in" both VIO. In turbu-

lent flow the KV peak disappeared and
only one peak corresponding to the mo-

tion frequency remained. Similar PSD

was measured with a splitter plate. b) turbulent flow (1=4.8%)

CONCLUSIONS ) 0 20
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Concerning the effects of turbulence, (@8) ©

some authors state that it can stabi-

lize the response of unstable in smooth

flow structures, e.g.[3]. Several con- _30|. j vvvvvvvvv
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troversial examples are given 1in [4]. ”i?swéﬂheﬂéfme
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Presented study have shown that the 0 10 “jg

hexagonal box girder with handrails Fig. 3 PSD of velocity fluctuations

possess complicated  aerodynamics Pro~  yion at red. amplitude 27/D=0.021).

perties. The results have suggest that:
1) interference between the two VIO occurred at small amplitudes;

in wake at V=2.3 m/s (forced vibra-

2) 1t is the imposed grid turbulence together with the girder shape that

could suppress the Karman VIO and amplify the motion-induced VIO.

Since grid turbulence differ from real and an experimental model from a proto-

type bridge, these results should be interpreted with cation.
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