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Investigation on Wake Galloping and Its Control of Super Long
Parallel Stay Cables by Wind Tunnel Test"
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Abstract The wind-induced vibration performance of super long parallel cables was investigated through
a series of systematic aeroelastic model wind tunnel tests. The twin cables with different attack angles
and spacing ratios were tested, and the characteristics of the motion track and the suppression measures
were researched. Studies have shown that the downstream cable motion is elliptical and the vibratory di-
rection is inclined to the wind axis. The direction of the elliptical orbit is such that the cable moves down-
stream near the outer edges of the wake and upstream nearer the center of the wake during the process of
wake galloping. When the wake galloping occurs, the downstream cable absorbs energy from the wind
flow at constant velocity and the amplitude changes slowly, while with the increase of wind velocity, the
amplitude is growing quickly until an apparent limit cycle is reached. However, this motion consists of
large oscillations in an elliptical orbit with the long ellipse axis oriented approximately along the main
flow direction rather than inclined to that. Finally, the separator measures are carried out to suppress the
wake galloping, and the study results can direct both the wind-resistant design and the vibration control

of the parallel cables in cable-stayed bridges.
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Fig.1 Diagrammatic sketch of wind attack angle
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Fig.2 Design schematic diagram of model cables
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Table 1 Experimental parameters of model cables

Solid Similarity Model =~ Model  Error

oli

Parameter brid ratio target test value
ME8C (1=60)  value value %

Unstressed
419.6 1 6.99 6.908 1.2
cable length/m /m

Diameter/m 0.187 1/n 0.0031 0.0032 2.7

Mass perunit

141.3 1/n? 0.0393 0.0402 2.4
length/kg + m™! /n

B3 22 qe WU b i IF: 51 R A AL

Fig.3 Parallel cables installed in wind tunnel
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Table 2 Dynamic characteristics of real cable and model cable

First order

Modal orders

Third order Fourth order

Second order

(out-of-plane) (in-plane) (out-of-plane) (in-plane)
Solid bridge cable Calculation frequency/Hz 0.283 0.565 0.565
Mode characteristic Symmetric Symmetric Antisymmetric Antisymmetric
Calculation frequency /Hz 2.225 4.450 4.450
Target frequency /Hz 2.192 4.376 4.376
Test frequency /Hz 2.173 4.321 4.321
Model cables Error /% 0.87 1.30 1.30

Mode characteristic

Symmetric

Symmetric Antisymmetric Antisymmetric
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Fig.4 The response of leeward cable at different angles of attack (W/D=4.3)
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Fig.6 Wake galloping trajectory of cable various wind velocities
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Fig.9 The response of cable after adding rigid connectors
42 FHELSREREE

IR A P28 22 8] DU 25 7 7 B30 T 3 B 8 1k
43 B 4R (5 I 23 B 2R 14 DX 7E T 7 2R RE 68 7 70 F

UL B Bl L B 10 34 Sk o R AR LR R
O it IR 7 Al fh 2. I 45 SR AT R R SR A A e 2
X e Ut A [ e R R A o R

Ll “o v Wi /8B (HEWREID
: —e— -15° W H-3/885 CHIEH|FEME)
—A— -15° WUf-1/48 (RS
~ 1 BA-1/8% R
209 —e— 15° BUA-3/8% CHEEHIEMD
E —— 15> W1/ RSl
m
2 06
=
if-:,f[ﬂ
=03
0.0
K /s)
Ca) T PH ] JBf

(a) The response of in-plane

—a— 15 Wf-1/815 (A EHIE D
25 —e— —15° If-3/81E (G iEHIEHED
—A— -15° Wff-1/485 6D
20 L —v— 15 WA-1/8F (EHIE D
: —e— 15> IUA-3/8 CFiEHIE D

—— 15° Wff-1/48 CEEHIRE D

HnidEERMSAE.  (m/s?)

<
in
T

0.0 Lise—wsa

= S SS - - S — .= - __ _ W
10 20 30 40 50

A (/s)
(b T 4/ Jif
(b) The response of out-of-plane
10 30 22 4 43 I A5 0 2 o g

Fig.10  The response of cable after adding semi-rigid connectors
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