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Abstract 

For long-span steel arch bridges, long and slender vertical hangers are prone to a variety of wind-
induced vibrations as their bluff section. In the present study, new eddy current turned mass damper 
(ECTMD) was developed for the vibration suppression. The ECTMD consists of the cantilever beam 
of constant strength, the permanent magnets and the conducting copperplate. The ECTMD does not 
require any electronic devices and external power supplies. The galloping and vortex-induced 
vibrations of the rectangular section hangers of a railway steel arch bridge were tested by wind tunnel 
experiments. According to the experiment result, 36 hangers should be equipped with TMDs to 
suppress the wind-induced vibration. On the basis of various factors, 4 ECTMDs were decided to be 
mounted at the centre of each hanger to control the wind-induced vibration along the bridge axis and 
its normal direction respectively. The effect of the ECTMDs was investigated by parameter tests of the 
hangers. 

1 Introduction 

Wind-induced vibrations, of the whole bridge or bridge members, are often critical to the safety and 
serviceability of long span bridges. Compared with the whole arch bridge, long and slender vertical 
steel hangers are prone to a variety of wind-induced vibrations. Taking the Jiujiang Yangtze River 
Bridge built in the 1990’s in China as an example, most of its hangers experienced wind-induced 
vibration at moderate wind of 8m/s shortly after its completion, and tuned mass dampers were 
installed as remedy measures to reduce the vibration (Gu et al. 1994). In fact, there are many reports 
about the large-amplitude wind-induced vibrations of arch bridge hangers or truss bridge bars from the 
early 1970’s. Ulstrup (1980) listed 9 episodes of wind-induced vibrations on slender arch bridge 
components and on members of the steel truss girder Commodore Barry Bridge. More recently, the 
large-amplitude wind-induced vibrations of H-shaped steel hangers were observed in Dongping 
Bridge, China, in August 2006. More than 20 hangers oscillated violently in torsional direction for 20 
hours and 13 longest hangers were damaged with severe cracks on the flanges near the connection 
between the hanger and the girder (Chen et al. 2010). 

With the development of high speed railway, long and slender vertical steel hangers with H-shaped or 
rectangular sections are widely adopted in railway arch bridges recently built in China. For instance, 
the hanger in Dashengguan bridge in Jiangsu, China, has a maximum length of 56m and a slenderness 
ratio of 120. Similar to the H-shaped sections, the galloping and vortex shedding excitation are 
common for the rectangular section hangers because of their aerodynamically unfavorable shape. To 
avoid the wind-induced vibration that may potentially induce severe fatigue damage especially in the 
connections between hanger and bridge girder, the TMD is believed to be the most effective passive 
control means. 

In this paper, the wind tunnel experiments were performed to investigate the galloping and vortex-
induced vibrations for the box hangers of Rongjiang Steel Arch Bridge. And novel ECTMD was 
developed to suppress the wind-induced vibration of the hangers. 144 ECTMDs will be installed in 36 
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hangers of this bridge all together by December 2012, and then the effect of ECTMD on the actual 
bridge will be tested and investigated. 

2 Description of Rongjiang Steel Arch Bridge 

The Rongjiang railway steel arch bridge is located in Shantou, Guangdong, China, and its span 
arrangements are (110+220+220+110) m, as shown in Fig. 1. There is a double-track railway and the 
width of the bridge deck is 15 m. Rise-to-span ratio of the bridge is 1/5. There are a total of 60 hangers 
with eight kinds of serial number, and all hangers have the same cross-section, as illustrated in Fig. 2, 
in which the side of width 1082 mm is perpendicular to the bridge axes.  

 

 

Fig.1 Effect drawing and span arrangement diagram of Rongjiang Steel Arch Bridge (Half-bridge) 

     

Fig.2 Standard Cross-section and serial number of the bridge hangers  

3 Wind tunnel experiment 

As the bridges are located near the sea, an hourly mean wind velocity of 54.5m/s is specified for the 
hangers, corresponding to a required galloping speed of 65.4m/s. In addition, low turbulence intensity 
is expected due to wind blowing from the sea.  Hence galloping and vortex-induced vibration are 
paramount concerns for the bridge hangers. So the section model wind-tunnel experiments were 
performed to check vortex-induced vibration and galloping instability. The section model scale was 
selected to be 1/5, with 1.54m length, 0.216 m width and 0.165 m depth. The aspect ratio, based on 
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model width was 7.1. The model was fixed to the force balance and suspended by eight springs 
respectively to investigate the static coefficients and vibration characteristic, as shown in 
Fig.3. 

 (a)       (b) 

Fig.3. Wind tunnel experiment picture: (a) static forces measurement; (b) free vibration test 

3.1 Static coefficient test and galloping prediction 
The tested static coefficients and the calculated Den Hartog coefficient DL CC +'

are presented in Fig.4. 
Then the galloping critical wind speed can be predicted by the quasi-steady theory as： 

'

4 1

L D

cg

m
V

B C C

ωζ

ρ
= − ⋅

+                             （1） 

0 10 20 30 40 50 60 70 80 90
-0.8

-0.4

0.0

0.4

0.8

1.2

1.6

2.0

st
at
i
c 

fo
r
ce

 c
o
ef

fi
c
ie

nt
s

wind yaw angle（O)

 C
L

 C
D

 C
M

           
0 10 20 30 40 50 60 70 80 90

-4

-2

0

2

4

6

wind yaw angle（O)

C L'+
C D

驰振力系数

 

Fig.4 Variation of the static force coefficients for hangers and the calculated Den Harton coefficient 
with wind yaw angle 

3.2 Free vibration test and vortex-induced vibration investigation 

The model was mounted by eight springs which allowed vertical and torsional vibration. All the tests 

were performed in smooth flow. The tested wind attack angles were 0o~ 90o, and the 0o attack angle 

was corresponding to the wind direction being perpendicular to the bridge axis. The experiment results 

of the hanger numbered G20A20 are presented in Fig.5 and Fig.6. 

    
Fig.5 Wind induced vibration under different wind attack angle: damping ratio,ξ≈0.0015 
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 (a)   (b) 

Fig.6 Damping effect: (a) 0°yaw angle, ξ1=0.0013, ξ2=0.0118, ξ1=0.0205, ξ1=0.0297;  

(b) 90°yaw angle, ξ1=0.0014, ξ2=0.0107, ξ1=0.0172, ξ1=0.0303 

4 Development of ECTMD  

According the wind tunnel experiment result, 36 hangers with serial number G16A16～G20A20 
might vibrate along transverse or axis direction when the velocity was lower than the specified wind 
speed. So the TMD control means were applied to suppress the potential wind-induced galloping and 
vortex-induced vibration. To avoid the fatigue problem of the TMD elements and reduce maintenance 
service, the ECTMD was developed, which consisted of cantilever beam of constant strength, 
permanent magnets and conducting copperplate. The ECTMD did not require any electronic devices 
and external power supplies, as shown in Fig.7 (a). Until now, more than 80 ECTMDs have been 
installed and been tested on the site successfully. The rest ECTMDs will be installed completely in 
two month, and 144 ECTMDs will be installed in 36 hangers of Rongjiang Steel Arch Bridge all 
together. After that, the effect of ECTMDs on the actual bridge hangers will be further checked. 

 (a)       (b)       (c) 

 Fig.7 ECTMD and the installation: (a) developed ECTMD, (b) ECTMDs being installed on the site, 
(c) ECTMDs installed in the hangers 
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