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 To study the influence of the railing ventilation rate on the vortex vibration characteristics of 

the blunt body box girder, the wind tunnel test is carried out by changing the ventilation rate 

of the lateral railing, and arranging the pressure measuring holes on the surface of the model. 

The railings are sealed in two ways: in the one-sealed three-open plan, a sealed segment is 

arranged every three open segments and in the one-sealed two-open plan, a sealed segment is 

arranged every two open segments. The ventilation rate of two ways was reduced by 25% 

and 33% respectively. Under different ventilation rate conditions, the relationship between 

the wind speed and amplitude of the main beam section and the wind pressure duration of 

each measuring point are measured. Then, the changes of average pressure coefficient, 

fluctuating pressure coefficient and power spectral density with the railing ventilation rate on 

each measuring point of the model surface are analyzed. The results show that the vortex-

induced vibration of the main beam can be effectively suppressed by reducing the railing 

ventilation rate. However, the sensitivity of the torsional and vertical bending vortex-induced 

vibration to the railing ventilation rate of is different. When the railing ventilation rate 

decreases to a certain threshold, the vortex-induced vibration can be effectively restrained.  
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1. INTRODUCTION 

 

Vortex-induced vibration is one of wind-induced 

vibrations which is easy to occur to long-span bridges at low 

speed wind. Vortex-induced vibration is a kind of amplitude 

limiting vibration with self-excited property. Although it 

does not destroy the bridge structure as much as flutter, it has 

a high frequency at low wind speed, and the amplitude is 

large enough to influence the traffic safety. Therefore, it is 

very important to restrain vortex-induced vibration or limit 

amplitude to an acceptable range during construction or 

completion stage. At present, the measures to restrain vortex-

induced vibration can be divided into structural measures, 

mechanical measures and pneumatic measures whose 

parameter analysis have been carried out in literature [1~7]. 

Conventional pneumatic measures include deflector, flow 

suppression plate, wind nozzle, rectifier plate, spoiler, splitter 

plate, stabilizer plate and so on [2]. Although some 

aerodynamic measures can effectively eliminate or mitigate 

the vortex-induced vibration phenomenon for bridges [8], 

some very good measures are often abandoned because they 

do not meet the design requirements [9]. In fact, the vortex-

induced vibration satisfying the standard requirements is 

allowed in the wind resistant design of long-span bridges [10]. 

Thus, the exploration of some economical and effective 

pneumatic measures has become the main work of vortex 

vibration control for bridges. Although the railing shape has 

significant influence on the vortex-induced vibration of the 

main, it is proved by many scholars; however, the railing 

shape is not always changed at will, because it involves the 

bridge landscape and so on. In this paper, the influence of the 

railing ventilation rate on the vortex-induced vibration of 

blunt body box girder is studied based on a cable-stayed 

bridge in China, and the vibration suppression mechanism is 

revealed from the energy level. 

 

 

2. TESTING SITUATION [11] 

 

This experiment was carried out in the CA-1 wind tunnel 

laboratory in Chang’an University under the background of a 

cable-stayed bridge under construction. This bridge is a 

cable-stayed bridge with single cable plane and steel box 

girder. The section shape of the main beam is shown in Fig. 1, 

and a segmental model with the scaled ratio of 1:50 was 

made at the finished stage. The model is 2.2 m in length, 

0.776 m in width and 0.092 m in height. Vortex-induced 

vibration test and surface pressure measurement were carried 

out. 

The rigid body suspension model is used in the vortex-

induced vibration test, which is connected with the rigid arm, 

and the system consisting of the model and the rigid arm is 

suspended on the inner support alpha structure through 8 

springs (Fig. 2). 3 acceleration sensors are installed at both 

ends of the rigid arm to collect the vibration signals of 

vertical bending and torsion. The damping ratio of the test 

model is 0.5%, and the wind speed ratio is 1:2.5. The design 

parameters of the model are listed in Tab. 1. 
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Figure 1.  Typical cross section of box girder 

 

 rigid arm

rigid arm

sensor 1 sensor 2

sensor 3

 pressure measurement point

220cm

 

 (a) Top view           (b) I-I cross-section diagram 

 

(c) Test model in wind tunnel 

 

Figure 2. Layout of wind tunnel test 

 

Table 1. Parameters of segmental model 

 

Parameter name Unit 

Actual 

bridge 

value 

Model 

design 

value 

Model 

measured 

value 

Error

（%） 

Equivalent mass kg/m 35000 14.00 13.93 0.50 

Equivalent mass of 

inertia moment 

kg.m2/

m 
3630000 0.58 — — 

Fundamental 

frequency of vertical 

bending 

Hz 0.3373 6.75 6.67 1.19 

Fundamental 

frequency of torsion. 
Hz 0.9253 18.51 18.25 1.41 

 

80 pressure taps with an aperture of 1mm were set at the 

1/2 length of the model which are used to measure the 

surface pressure of the model. The distribution of these taps 

is shown in Fig. 3, and 1, 2 ,... 80 is the number of pressure 

measuring points in the figure. In the figure 6 to figure 13, 

DD is defined as follow: if the distance of a pressure 

measuring point from upstream point A is Ddist, and the 

distance from the upstream point A to the downstream point 

B is Dtotal, then the dimension- distance: 

 

total

dist

D

D
DD                                                                             (1) 

 

 
 

Figure 3. Schematic diagram of pressure taps distribution 

 
In the uniform flow field, the wind tunnel tests are carried 

out on angles of attack of +5°, +3°, 0°, -3° and -5°. It is found 

that the vertical bent vortex-induced vibration occurs at angle 

of attack of +5° and torsional vortex-induced vibration occurs 

at -5°. In order to restrain the occurrence of vertical and 

torsional vortex-induced vibration, the two rows of railings 

on the outer side of the standard section in Figure 1 are 

closed. The railings are sealed in two ways: in the one-sealed 

three-open plan, a sealed segment is arranged every three 

open segments and in the one-sealed two-open plan, a sealed 

segment is arranged every two open segments, which are 

shown in Fig. 4. The vortex-induced vibration test and 

surface pressure measurement of the two schemes are carried 

out at -5° and +5°, respectively, and this paper attempts to 

reveal the influence mechanism of railing ventilation rate on 

the vortex-induced characteristics of the bridge deck section 

from the pressure level. 

 

(a)  One-sealed three-open plan (a sealed segment is arranged 

every three open segments)   

(b)  One-sealed two-open plan (a sealed segment is arranged 

every two open segments) 

 

Figure 4. Schematic diagram of railing closing measures 

 

 

3. TEST RESULTS AND ANSLYSIS 
 

3.1 Relationship between vortex vibration response and 

wind speed [12] 
 

Fig. 5 (a) is the relationship curve between the twist angle 

and wind speed of the original scheme and the two closed 

railings schemes at -5° angle of attack. The longitudinal 

coordinate is the standard deviation of the twist angle at the 

corresponding wind speed. It can be seen from Fig. 5 (a) that 

a significant torsional vortex-induced resonance at -5° 

appeared in the original scheme. When the actual bridge 

wind speed is 23.5m/s, the torsional angle amplitude is 

0.2488° (the amplitude is 2  times of the standard 

deviation), which does not meet the requirements of 

“Highway and Bridge Wind-resistance Design Standard”. 

The torsional vortex-induced resonance phenomenon still 

exists when the one-sealed three-open plan is adopted but the 

amplitude of the torsional angle decreases to 0.1708°. It is 

shown that the closed railings can effectively reduce the 

amplitude of torsional vortex-induced resonance. When the 

one-sealed two-open plan is used to close the outside railings, 

the maximum amplitude is only 0.0337° when the wind 
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speed is 24.5m/s, which meets the “Highway and Bridge 

Wind-resistance Design Standard”. The experimental results 

show that the change of the ventilation rate of the railing can 

significantly reduce the amplitude of the torsional vortex-

induced resonance. 
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(a) Torsional vortex vibration 
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Figure 5. Relationship between amplitude of vortex vibration 

and wind speed 

 

Fig. 5 (b) is relationship curve of the vertical displacement 

and wind speed under the original scheme and the two railing 

closure plans at the angle of attack of +5°. The vertical 

coordinate is the standard deviation of the vertical 

displacement under the corresponding wind speed. It can be 

seen from Fig.5 (b) that there is a significant vertical bending 

vortex-induced resonance at the angle of attack of +5° in the 

original scheme. When the wind speed of the actual bridge is 

26.5m/s, the vertical bending amplitude is 0.4061m, which 

does not meet the requirements of the “Highway and Bridge 

Wind-resistance Design Standard”. Wind tunnel tests are 

carried out on the one-sealed three-open plan and one-sealed 

two-open plan. It can be seen from the figure that no obvious 

vertical bending vortex-induced resonance appeared in the 

test wind speed. The test results show that the change of the 

ventilation rate of the railing can effectively restrain the 

occurrence of the vertical bending vortex-induced resonance.  

Both the one-sealed three-open plan and the one-sealed 

two-open plan meet the requirements of bridge to flutter 

stability and aerostatic stability, and no obvious vortex-

induced resonances appeared in these two plans at other 

angle of attack. 

 

3.2 Pressure distribution [13] 

 

3.2.1 Mean pressure coefficient 
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Figure 6. Mean pressure coefficient of the surface of 

measured points at the wind speed when the torsional vortex 

vibration amplitude reaches the maximum 
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Figure 7. The mean pressure coefficient of the surface of the 

measured points at the wind speed when the torsional vortex-

vibration amplitude reaches the maximum 
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Fig. 6 and Fig. 7 are the mean pressure coefficients of the 

measured points on the surface of the model at the wind 

speed when the torsional and vertical bending vortex-

vibration amplitude reaches the maximum. Since there are 

many wrong data in the one-sealed three-open plan at the 

angle of attack of -5°, only the pressure coefficients of the 

original scheme and the one-sealed two-open plan are shown 

in Figure 6. It can be seen from the diagram that the 

distribution law of the mean pressure coefficient of the 

original scheme and the closed railing scheme is consistent, 

whether it be the torsional vortex vibration or the vertical 

bending vortex vibration. That is to say, the change of the 

ventilation rate of the railing does not essentially change the 

shape of the cross section. However, the mean pressure 

coefficient increases with the decrease of the ventilation rate 

of the railing, which is due to the decrease of ventilation rate 

and the increase of the wind resistance area of the railing. 

The distribution of the surface pressure coefficient can not 

explain the influence of the railing ventilation rate on the 

vortex-induced resonance of the bridge. 

 

3.2.2 Fluctuating pressure coefficient 
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Figure 8. The fluctuating pressure coefficient of the 

measured points at the wind speed when the torsional vortex 

vibration amplitude reaches the maximum  
 

Fig. 8 is the fluctuating pressure coefficient of the 

measured points of the model at the wind speed when the 

torsional vortex vibration amplitude reaches the maximum. 

Fig. 5(a) shows clearly that the vortex-induced vibration 

amplitude in the one-sealed two-open plan is much smaller 

than the original scheme. But in Fig. 8(a), the fluctuation 

pressure coefficient on the upper surface of the model in the 

one-sealed two-open plan is significantly greater than that in 

the original scheme. Although the change situation of the 

fluctuating pressure coefficient on the lower surface with the 

ventilation rate is more complex than the upper surface, it can 

be seen from Fig. 8(b) that the fluctuating pressure 

coefficient of the lower surface in the closed railing scheme 

is still greater than that in the original scheme. The above 

analysis shows that the fluctuation of the surface pressure at 

each measuring point of the closed railing scheme model is 

greater than that of the original scheme. 
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Figure 9. The fluctuating pressure coefficient of the 

measurement points at the wind speed when the vertical 

bending vortex-vibration amplitude reaches the maximum  

 

Figure 9 is the fluctuating pressure coefficient of the 

measured points on the surface of the model at the maximum 

wind speed when the vertical bending vortex vibration 

amplitude reaches the maximum. Compared with Fig. 8, the 

distribution of the fluctuating pressure coefficient of the 

measuring point is significantly affected by the ventilation 

rate of the railing. It can be seen from Fig. 9 (a) that the 

coefficient of fluctuating pressure on the surface of the closed 

railing scheme model is relatively stable. Especially when 

DD is larger than 0.4, the surface fluctuating pressure 

coefficients of one-sealed three-open plan and one-sealed 

two-open plan models are both near 0.1, while the fluctuating 

pressure coefficient of the original scheme has a sudden 

increase after this point. It indicates that there is a larger 

vortex at the middle and lower reaches of the upper surfaces 

when the railings are not closed. In Fig. 9(b), the distribution 

law of fluctuating pressure coefficients of the lower surface 

in the original scheme is close to that of the closed railing 

scheme when DD is smaller than 0.3, and the values are close 

to each other. But after crossing this point, the fluctuating 
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pressure coefficient of the original scheme is obviously larger 

than that of the closed railing scheme. It indicates that there 

is also a large vortex at the middle and lower reaches on the 

lower surface in the original scheme. The fluctuating pressure 

coefficients of the closed railing scheme and the original 

scheme have significant difference, but the fluctuating 

pressure coefficient distribution of one-sealed three-open 

plan and one-sealed two-open plan are relatively close, and 

the measured pressure fluctuation is smaller than that of the 

original scheme. 

Through the above analysis, it can be concluded that the 

size of the fluctuating pressure coefficient is not exactly the 

same as that of the amplitude of vortex vibration and it is not 

determined by whether the vortex vibration occurs or not. 

That is to say, the suppression effect of the vibration 

suppression measures on vortex induced resonance cannot be 

judged by the size of fluctuating pressure coefficient. 

 

3.3 Power spectral (PSD) [14-15] 
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Figure 10. The frequency corresponding to the peak value of 

pressure coefficient PSD (torsional vortex vibration) 

 

The comparison between the mean pressure coefficients 

and fluctuating pressure coefficients of the measuring points 

on the surface of the original scheme model and the closed 

railing scheme model did not reveal the internal reasons for 

the impact of the change of railing ventilation rate on the 

performance of vortex vibration. Therefore, it will be further 

analyzed next from the perspective of energy. The pressure 

duration of each measuring point on the model surface 

contains abundant information, and its spectrum can not only 

reflect the pulsation frequency characteristics of each 

measuring point, but also reflect the relationship with the 

whole vibration. 

It can be seen from Fig. 5 (a) that the maximum wind 

speed when the vortex vibration amplitude of the original 

scheme reaches the maximum is not the same as the 

maximum wind speed when the vortex vibration amplitude of 

the closed railing scheme reaches the maximum. In order to 

avoid the influence of wind speed on energy, the pressure 

duration is nondimensionalized, and the power spectrum 

density of pressure coefficient duration is studied. 
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Figure 11. Frequency corresponding to the peak value of 

pressure coefficient PSD (vertical bending vortex vibration) 

 

Fig. 10 is the frequency corresponding to the peak value of 

power spectral density of the measuring points at the 

maximum wind speed when the vortex vibration amplitude 

reaches the maximum in the original scheme and the one-

sealed two-open scheme. It can be seen from the diagram that 

the predominant frequency of most of the measuring points in 

the original scheme is 18.34Hz, and is located near the first 

order torsional frequency of the model. However, the 

predominant frequency of only a few measuring points on the 

upper surface of the closed railing scheme are concentrated 

near the first order torsional frequency. It also explained that 

the fluctuating pressure coefficient of the closed railing 

scheme shown in Fig. 8 is relatively larger and that no 

significant torsional vortex resonance phenomenon is 

observed in Figure 5. That is to say, the surface pressure 

fluctuation of the closed railing scheme occurs at a distance 

away from the first order torsion frequency. This 

phenomenon explains the internal reason for the influence of 

the rail ventilation rate on the vortex-induced resonance 

characteristics of the bridge structure: the decrease of the 

ventilation rate of the railing changes the frequency of vortex 

shedding, so that it is far away from the torsional frequency, 
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thus weakening the amplitude of vortex vibration or 

restraining the vortex vibration. 

Fig. 11 is the frequency corresponding to the peak value of 

the power spectral density of the measuring point duration at 

the maximum wind speed when the vortex vibration 

amplitude reaches the maximum in the original scheme and 

the two closed railings schemes. Similar to the rule shown in 

Fig. 10, the predominant frequencies of most of the 

measurements in the original scheme are 6.49Hz, near the 

first order vertical bending frequency of the model. The 

predominant frequencies of all measured points of the two 

closed railing schemes are all 0Hz, much lower than the 

vertical bending frequency. The decrease of the ventilation 

rate of the railing changes the concentration of the energy on 

the vertical bending frequency, thus inhibiting the occurrence 

of the vertical bending vortex-induced resonance. 

Through comparing Fig. 5 (a) and (b), it is found that the 

vertical bending vortex-induced resonance is more sensitive 

to the change of the ventilation rate of the railings than the 

torsional vortex-induced resonance. In order to study the 

sensitive threshold of vertical bend vortex-induced resonance 

to the ventilation rate of railings, the wind tunnel test was 

carried out through one-sealed  five-open scheme and one-

sealed four-open scheme, and the vortex-induced resonance 

has not been effectively suppressed. It can be seen that when 

the ventilation rate of railings reduced by 25%, it is the 

threshold of its influence on the vertical bending vortex-

induced resonance. 
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Figure 12. The pressure coefficient PSD of each measuring 

point corresponding to the frequency of torsional vortex 

shedding 
 

The energy of each measuring point corresponding to 

torsion frequency and vertical bending frequency is extracted, 

such as Fig. 12 and Fig. 13. It can be seen from the diagram 

that the energy in the measured points in the original scheme 

concentrated on the model torsion and the vertical bending 

frequency, which is much larger than that of the closed 

railing scheme. The larger energy on the first order frequency 

motivates corresponding vortex-induced resonance, and the 

energy concentrated on the first order frequency is small in 

the closed railing program, which is not enough to motivate 

the vibration of the structure. This is the inherent mechanism 

to restrain vortex-induced resonance by changing the railing 

ventilation rate. 
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Figure 13. The pressure coefficient PSD of each measuring 

point corresponding to the frequency of vertical bending 

vortex shedding 

 

 
4. CONCLUSIONS 

 

Through the wind tunnel test research, the following 

conclusions can be drawn: 

(1) The change of the railing ventilation rate effectively 

breaks the concentration of the energy of each point on the 

surface at the first order frequency. So changing the railing 

ventilation rate can be taken as an effective measure to 

suppress the occurrence of torsional and vertical bending 

vortex-induced resonance. 

(2) The sensitivities of torsional and vertical bending vortex-

induced vibration to the railing ventilation rate are different. 

When the railing ventilation rate decreases to certain 

threshold, the vortex-induced resonance can be effectively 

suppressed. Vertical vortex-induced vibration for railing 

ventilation rate is more sensitive, when the railing ventilation 

rate reduced 25% can effectively suppress the vertical vortex-
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induced vibration, the railing ventilation rate reduced 33% 

can effectively limit the torsional vortex-induced vibration. It 

is suggested that the railings of this bridge should be reduced 

by 33% with the one-sealed two-open plan. 

(3) The size of fluctuating pressure coefficient can not be 

used as the basis for judging the occurrence or amplitude of 

vortex-induced resonance which should be analyzed with the 

power spectral characteristics. 

Changing the ventilation rate of railing can be used as a 

measure to suppress the vortex-induced of main beam. 

However, this paper only uses a sealed rule to reduced the 

ventilation rate of the railings, the influence on vortex-

induced vibration characteristics of main beam should be 

further studied by different sealed rules. 
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