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Design of Highway Light Pole with Resistance to Wind Vortex-Induced Oscillation
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Synopsis :

The Karman-vortex oscillation behavior of light poles vibrated by steady wind is greatly
affected by size and shape of cross-section of poles. As a result of wind tunnel tests with
full-scale models, nondimensionalized double displacement amplitude of octagonal
cross-section pole was greater than that of round cross-section pole. Study on the
relationship between the clearance of the steel balls in an impact damper and the
displacement amplitude at the section where the damping device is to be installed, were
made in terms of sympathetic vibration. The results clarified the mechanism of the
relationship which greatly affects damping efficiency. And the design technique of
anti-wind vortex oscillation pole can be established after the development of the
oscillation analysis program. Anti-wind vortex oscillation light poles based on the
design technique were adopted for the Yokohama Bay Bridge after a confirmation test

by Metropolitan Expressway Public Corporation.
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Design of Highway Light Pole with Resistance

to Wind Vortex-Induced Oscillation
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Synopsis:

The Karman-vortex oscillation behavior of light poles vibrated by
steady wind is greatly affected by size and shape of cross-section of
poles. As a result of wind tunnel tests with full-scale models,
nondimensionalized double displacement amplitude of octagonal cross-
section pole was greater than that of round cross-section pole.

Study on the relationship between the clearance of the steel balls
in an impact damper and the displacement amplitude at the section
where the damping device is to be installed, were made in terms of
sympathetic vibration. The results clarified the mechanism of the
relationship which greatly affects damping efficiency. And the de-
sign technique of anti-wind vortex osciliation pole can be established
after the development of the oscillation analysis program.

Anti-wind vortex oscillation light poles based on the design iech-
nique were adopted for the Yokohama Bay Bridge after a confirma-
tion test by Metropolitan Expressway Public Corporation,
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Fig. 1 Transformation of shape of streamline behind a round
column
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Karmién vortex row
Fig. 2 State of vortices behind a round column
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Table 1 Results of wind tunnel test (Octagonal pole)

\_"“*--—.,k_ i Qsci]lation mode Out-of-plane | Qut-of-plane
Measured items "= 1st mode Znd mode
Frequency f {Hz) 2.82 ; 7.13
Velocity in resonant state i

V (mjs) 3.8 i 9.0
Strouhal number S, 0.16 | 0.17
Displacement amplitude
at top of pole (mm) 2.7 2.7
Acceleration amplitude
at top of pole (cm/s?) 697 1033

25
E
E 20
5]
=
E ) Q : 1st mode (out-of-plane)
E 12 A 2nd mode {out-oi-plane)
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Logarithmic decrement

Fig. 4 Eflect of logarithmic decrement on the displacement
amplitude of the top of the octagonal pole at resonant
state
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Qut-of-plain 1st order ascillation

Qut-of-plain 2nd order oscillation

Fig. 5 Shape of response waves in resonant state ({octagonal
pole)

‘able 2 Results of wind tunnel test (round pole}

T Oscillation mode Out-of- | Out-of- Out-of -
plane plane plane

Measured items L 2nd mode | 3rd mode | 4th mode

Frequency f (Hz) 5.58 | 13.55 29
Velocity in resonant state

V (mjs) 4.0 9.8 17.8
Strouhal number 8, 0.18 0.18 0.20
Displacement amplitude 0.7 0.7 0.04

at top of pole {mm)

Acceleration amplitude 82

at top of pole (cmys?) 550 190

)

O : 2nd mode (out-of-plane)
A 3rd mode (out-of-plane)

Displacement amplitude
(m)
o

.01 0.02 0.03 0.04
Logarithmic decrement
Fig. 6 Effect of logarithmic decrement on the displacement

amplitude of the top of the round pole at resonant
state
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Qut-of-plain 3rd order cscillation

Fig. 7 Shape of response waves in resonant state (round pole}
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Fig. 8 Relation between Scruton number S; and nondimen-
sionalized double displacement amplitude 2¢/ D
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Table 3 Effect of cross-section of the pole on oseillation

Nondimension- Max; di
Shape of Seruton alized double ]ax:mun: 15-
cross-section number displacement Plécelénen am-
261D plitude (mm)
Octagonal
(1st order) 10 0.07 7.5
Round
(2nd order) 3 0.008 0.51

Table 4 Influence of damper on Scruten number

Scruton number S¢
Type of pole Oscillation mode Withont Wb
damper damper
Out-of-plane
Octagonal pole |- 5t mode _ ! 59
& pote Oat-of-plane 14 =1
- . 2nd mode
Ogt-of-plane
Round pole __2nd mode 13 65
unc po Out-of-plane o3 80
3rd mode
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Diameter of steel ball : 50.8 mmg
Weight of steel ball : 0.54 kgf
Finished surface : #1530

(o . C —."r_li.(] mm

I I

Load cell C2MI{100 kgf)

Fig. 9 Basic experiment set up for movement of steel ball and
measurement of impact force

QO : Synchronized (7.2 Hz)

@ : Non-synchronized (7.2 Hz)
[ : Synchranized {19.9 Hz)

W : Non-synchronized (19.9 iHz)
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Fig. 10 Relation between nondimensionalized clearance and
impact farce
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Fig. 11 Inter-relations between acceleration amplitude ¢ and
clearance divided by displacement amplitude Cf¢
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Table 5 Comparison between experimental and analysed re-
sponse of octagonal pole oscillation

Out-of-plane 1st mode IOut-of-plane 2nd mode
Oscillation mode Experi- Expers
mental Analysed mentai Analysed
Displacement
amplitude (mm) | 016 | 0.21 0.11 | 0.10
“Acceleration ! |
amplitude (emy/s?) 49 | 67 210 | 199

Table 6 Influence of clearance on effect of the damper

Displace- . .
Clearance ment ACCE]{?‘:’EO“ Effect of Tntnetto
C (mm) amplitude ampitude | e damper SH?“'.
{cm) ; (Cm!sz) colilsion
0.07 150 0.90 2.7
2 0.12 240 0.83 6.0
2.3 0.13 270 0.82 7.1
3 0.16 325 0.78 102
0.20 440 0.72 16.4
1.0
£ l
a Acﬂ A &
E A G
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[ 1 R T

3 4 11 13

Nurber of steel balls

Fig. 12 Influence of number of steel balls on effect of damper

Table 7 Influence of rebound coefficient and initial place of
steel ball in damper on effect of the damper

cléz%ocl?ggt diggﬁ:emmﬂt rE"efiﬁl;,li“:i?tsifde .t}iﬁsgtnc;ir
e (mm)
0.1 0.20 0.72
0.2 0.16 0.77
0.3 0.13 0.82
0.4 0.10 0.86
0.5 0.08 0.89
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