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The aerodynamic stability of a Suramadu cable stayed bridge was investigated by 

a wind tunnel test. All tests in this study were carried out in smooth flow. Some 

fairings were examined to improve aerodynamic stability. The response 

characteristics of this model with the fairing were investigated by a spring 

supported sectional model. The visualization test was carried out to investigate the 

effect of the flow around the model on its aerodynamic stability. As the results of 

this study, it was indicated that the fairing hardly affects the flow below the model 

and the aerodynamic stability is controlled by the separation strength (vorticity) 

and the thickness of separation bubble above the model.  
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1. Introduction 
 

Suramadu Bridge is now being constructed at East Java 

Island Indonesia, and scheduled to start its activity in 2008. 

This bridge on the Madura strait connects Madura Island 

with Java Island. Total length of the bridge is 5 km, 

including main bridge and approach bridges at both sides. 

The type of main bridge is a cable stayed bridge that has 

main span of 434 m and two side spans of 192 m. The deck 

has a 30 m width, supported by two box girders and is 

separated into two carriageways and two sidewalks by 

handrails. 

Wind induced vibrations are primary consideration for the 

safety of long span bridges. Wind tunnel test is the most 

reliable technique to investigate the aerodynamic 

performance of bridge in strong wind. Generally, there are 

three kinds of bridge model test; full model test, sectional 

model test and taut strip model test, for the investigation of 

the aerodynamic characteristics of cable stayed bridge in 

wind tunnel test. Sectional model test is commonly used for 

identification of aerodynamic parameters. Scanlan and 

Tomko
1) 
were one of the pioneers in the testing model of 

long span bridge.  

Several studies concerning in the instability of box girder 

of long span bridge (Walshe and Wyatt
2)
, Miyata et al.

3)
, 

Kobayashi et al.
4)
, Narita et al.

5)
) have been investigated. In 

these studies, some aspects of aerodynamic stability of 

bridge deck were carried out such as, vortex induced 

responses of cable stayed bridge, improvements of flutter 

stability, flow around surface model, pressure distribution 

and unsteady aerodynamic forces. 

Aerodynamic stability is greatly affected by the shape of 

bridge deck section. There are some kinds of aerodynamic 

devices, which can improve the aerodynamic instability of 

bridge deck section, such as flap, edge plate, side plate and 

fairing. Triangular fairing is commonly used to improve the 

aerodynamic instability of the bridge deck. Nagao et al.
6)
 

investigated the effect of triangular fairings on the 

aerodynamic stability of two kinds of box girders whose 

thickness ratio, B/H, was different. In their study, it was 

concluded that the effective fairing shape for individual 

bridge section could be determined by flow properties 

around the individual bridge deck. Yoshimura et al.
7)
 

reported the effect of small triangular fairings. In their study, 

one type of the triangular fairing was effective in 

suppressing the aerodynamic oscillation. Daito et al.
8),9)

 

investigated the aerodynamic properties of two edge girders 

and their aerodynamic stability was improved by the 

inclination of lower flanges  and the location of the edge 

girders. They pointed out that flow around lower surface 

played an important role on the aerodynamic stabilization of 

two edge girders. 

In this study, the aerodynamic stability of the new bridge, 

Suramadu cable stayed bridge, was investigated by a spring 

supported sectional model and the effect of triangular 

fairings on the aerodynamic stability was also examined. 

Moreover, the visualization test of the flow around the 

model was carried out to investigate the effect of the fairings 

on the flow around the model. 
 

2. Experimental Condition 
 

The sectional model test was carried out in the Eiffel type 

of wind tunnel test at the University of Tokushima. The 

wind tunnel test has a working section of 0.7 m wide, 1.5 m 

high and 4 m long. The cross section of the prototype bridge 

for this test is shown in Figure 1.  The bridge deck stiffened 

by two edge boxes and covered by RC slab with 0.25 m 

depth was stayed by multi-cables in two planes above the 

boxes. The reduced scale of 1/85 was chosen, giving a 

model width B = 0.35 m. The properties of structure are 

shown in Table 1.  

The measurement of the aerodynamic responses of 

bending and torsional mode for sectional model was carried 
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out, where the angle of attack α = -3
o
, 0

o
 and +3

o
. The center 

of rotation was assumed at the location between the center of 

gravity and the shear center. The model with a length of 0.6 

m and width of 0.35 m was suspended in eight coil springs 

to enable vertical and torsional motions. Wire systems were 

installed to constrain other motions such as lateral, 

longitudinal deflections and rotation about a vertical axis. 

The aspect ratio of model defined by the ratio of length to 

width is about 1.7 and the aspect ratio defined between 

length and depth is 15. However, the effect of aspect ratio of 

model should be ignored by the use of enough large end 

plates as shown in Photo 1. The wind tunnel test was carried 

out in smooth flow condition at wind speed up to 10 ms
-1
. 

LabVIEW software was used to measure and analyze the 

data signal. 

To improve the aerodynamic instability of the deck, some 

fairings shown in Table 2 were examined. The angle of 

elevation of lower surface of fairing was changed from 30
o
 

to 60
o
, where 44

o
 was coincide with the angle of elevation of 

the deck as shown in Figure 2. First two digits of fairing 

name is the angle of elevation of lower surface and last two 

digits expresses the angle of depression of upper surface. 
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Figure 1 Cross section of the bridge 

 

 
 

Photo 1 Sectional model 
 

Table 1 Structural properties of prototype and model 
 

model 
Properties prototype 

required measured 

width  (m) 30 0.353 0.35 

depth  (m) 3.64 0.042 0.04 

equivalent mass  (kg/m) 35,212 4.873 4.958 

center of rotation from 

bottom surface (m) 
(3.07)  0.030 

mass of moment inertia 

(kg m
2
/m) 

2,097,466 0.040 0.039 

bending natural frequency  

fη (Hz) 
0.39 3.596 2.977 

torsional natural frequency  

fφ (Hz) 
0.54 4.979 4.094 

fφ/fη  1.385 1.385 1.375 

Logarithmic damping      

δφ  (2φ = 1
o
)   0.008 

δφ  (2φ = 2
o
)   0.012 

Logarithmic damping δη 

(2η/B = 0.03) 
  0.009 

In order to clarify the aerodynamic properties of the 

bridge deck in detail, structural damping of model was set to 

smaller value than that of estimated prototype deck. 

 

Table 2 Type of fairing (mm) 
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Figure 2. Fairing position 

 

The smoke wire method was used to visualize the flow 

surrounding the model under forced vibration. A stainless 

steel wire with diameter 0.1 mm coated with liquid paraffin 

was placed at the upstream of the model. The stainless steel 

wire was heated by using an electric current and white 

smoke was then appearing into the flow. The flow patterns 

around surface of model were recorded using a high speed 

camera (100 frames/s). The amplitude of oscillation for 

torsional mode (2φ) was 2
o
 and reduced wind velocity (U/fB) 

were 3, 4 and 5, where wind velocity ,U, was fixed to 1 m/s 

for all cases. 

 
3. Result and analysis 

 

3.1. Aerodynamic damping 

 

Figure 3 shows the aerodynamic damping of torsional 

vibration at specified double amplitude, 2φ=2
o
, under the 

angle of attack, α=3
o
, as the function of reduced wind 

velocity. In this figure, the maximum damping, reduced 

wind velocity appearing the maximum damping and reduced 

wind velocity at zero cross indicate the stability of the model. 

The result of F4460 shows almost the same as that of WOF 

(basic section model without fairing). On the other hand, in 

the result of fairing F4430 was the most stable and has a 

possibility of flutter appearance in the higher reduced wind 

velocity.  
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Figure 3 Aerodynamic damping (2φ= 2

o
, α=3

o
)  

 

3.2 Aerodynamic responses 

 

For all sections tested here, aerodynamic properties of 

vertical bending mode were quite stable. The aerodynamic 

stability of two edge box girder deck section decreased in 

positive angle of attack as same as the result obtained in 

previous research
8)
. In the case of α=-3

 o
, there was no 

oscillation and more stable results were obtained in α=0
 o
 in 

comparison with those in α=+3
 o
.   

Figure 4 shows the chart of double torsional amplitude of 

the model, 2φ, to reduced wind velocity, U/fB, for all 

fairings at α=+3
o
. The line entitled “WOH” represents the 

result of the model without handrail.  From the comparison 

of the critical flutter speed between WOH and WOF, the 

handrail reduces the flutter speeds about 10%. For the basic 

section, WOF, vortex induced oscillation and torsional 

flutter were observed. In the vortex induced oscillation 

region, minimum aerodynamic damping measured in the 

wind tunnel test was δφaero=-0.0075, which was enough small 

in comparison with the estimated structural damping of 

prototype bridge, δφ=0.02. Therefore, the vortex induced 

oscillation of the prototype bridge should be disappeared. 

Referring to this figure, F4415, F4445, F4460, F3044, 

F6030 and F5353 show a little increase of flutter speed.  On 

the other hand, the flutter speeds for F4430, F6044 and 

F5237 were as high as 30% of that of WOF.  
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Figure 4 Aerodynamic responses at α= +3

o
 

Critical flutter speeds with fairing models that had the 

same angle of elevation of lower surface of fairing and the 

different angle of depression of upper surface did not 

coincide each other. Moreover, critical flutter speeds with 

fairing models that had the different angle of elevation of 

lower surface of fairing and the same angle of depression of 

upper surface were also different. The representative 

parameters of the fairing shape are the position of the fairing 

tip and tip angle. Figure 5 (a), (b) and (c) show the effect of 

the nondimensional height of fairing tip, He/Hf, that of the 

nondimensional length of it, Le/Hf, and that of fairing tip 

angle on flutter speed, respectively. For this cross section, 

the flutter speed has a sharp peak around He/Hf=0.62. On the 

contrary, flutter speeds are no relation between Le/Hf and tip 

angle, αe, respectively. 
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Figure 5(a) Flutter speed v.s. Ratio of the height of fairing 

tip to the depth of fairing 
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Figure 5(b) Flutter speed v.s. Ratio of the width of fairing tip 

to the depth of fairing 
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Figure 5(c) Flutter speed v.s. Angle of fairing tip  
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Figure 6  Instantaneous flows around the model without fairing (WOF) 
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3.3. Flow visualization test 

 

Figures 6 and 7 show the flows around the model at each 

phase in one time cycle of torsional motion with 2φ=2
o
, 

α=+3
o
, U/fB=3, 4, 5 are indicated for WOF, F4430, F4460, 

and F6044, respectively. Furthermore, the photographs 

entitled “at rest” represent the flow around the model, where 

the angle of attack is set to the same with the instantaneous 

angle of attack for each phase. The circular arrow in these 

figures indicates the most outside point where two adjacent 

smoke lines unified. It is supposed that this point relates to 

the formation of separated bubble. L is the distance from the 

leading edge to the circular arrow. H is the depth of the 

separation bubble at the point of 0.4B from the leading edge. 

Actually the height of separation flow is variable along the 

width of bridge deck (B) and each phase angle. The value of 

0.4 B was chosen for the representative point of reference to 

calculate the height of separation flow, because the point of 

0.4B always presents in all figures. Referring to these figures, 

the separation flow below the model for all conditions is 

very similar, because the separation flow below the model is 

controlled by the edge of the box girder. Therefore, the 

fairing hardly affects the flow below the model. In order to 

modify the flow around lower surface, the change of 

location of two girders or the inclination of lower flanges 

was necessary, as pointed out by Daito et al
8),9)

. The 

separation flow above the model is different each other. 
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Figure 8 Ratio H/B to reduced wind velocity 
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Figure 9 Ratio L/B to reduced wind velocity 

Figures 8 and 9 show the L/B and H/B averaged for one 

cycle of the motion. L/B became larger in the order of WOF, 

F4460, F6044 and F4430, and H/B decreased in the same 

order. Moreover, the ratio L/B decreased with increasing the 

reduced wind velocity, on the other hand, the ratio H/B 

increased with increasing the reduced wind velocity. 

Therefore, for the aerodynamic unstable condition, L/B and 

H/B became smaller and larger, respectively. In the other 

word, the decrease of L/B and the increase of H/B indicate 

the increase of separation strength. It is considered that the 

behaviors of L/B and H/B reflect the unstability of flutter. It 

also shows good agreement with the results of the 

aerodynamic response. 

 

 

4. Conclusion 

 

The results of the study are summarized as follows: 

1) Some fairings improve the flutter instability of 

Suramadu bridge successfully. 

2) The fairing does not affect the flow below the model. 

3) The fairing controls the flow above the model. 

4) The effective fairing reduces the strength of separation 

flow above the model. 

In order to clarify the effect of fairings on the flutter 

instability, unsteady pressure and unsteady aerodynamic 

forces should be investigated. 
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