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ABSTRACT: Sectional tests have been performed in a bridge section with an optimized struc-
tural configuration. This configuration has been found to be instable at low velocities, suffering 
both vortex induced vibration (VIV) and flutter. Several relevant parameters of the bridge sec-
tion and the upcoming flow have been studied, such as the angle of attack of the bridge section, 
the turbulence of the upcoming flow, the porosity of a central gap and the presence or absence of 
lower beam. All of them have been found to influence the stability in bending and torsion. In a 
second campaign, the outer barriers have been removed, but no positive impact has been found.
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1 INTRODUCTION
Bridge aerodynamics has brought a lot of attention to researchers since the Tacoma Narrows 
bridge collapse in 1940 [1]. Current trend in bridge construction is leading to lighter and less 
stiff bridges, and therefore, wind tunnel tests are a key tool in order to understand the behavior of 
the bridge.

Several parameters influence the stability of the bridge, such as the angle of attack, the turbu-
lence intensity and turbulent length scale of the upcoming flow, the section of the bridge or the 
porosity of the wind barriers [2, 3]. In this paper, an optimized structural configuration is tested, 
and its aeroelastic behavior is studied.

2 EXPERIMENTAL SETUP

2.1 Bridge section

The section of the bridge studied has been proposed as the section for the fourth bridge over the 
Panama Canal. The section has 3 lanes in each direction for traffic and two monorail lanes. Its 
overall width is 51 meters, and the maximum depth of the deck is 4.5 meters. It has two barriers 
in the edges of the deck, and another two separating the traffic lanes and the monorail. Structur-
ally, the deck is supported by four vertical beams. As an alternative, these beams can be con-
nected with a lower plate, leading to a double-box section. The section has been proposed by 
CFC S.L. Ingeniería. Table 1 presents all the configurations tested. Each of those configurations 
has been tested for 3 steady angles of attack, namely -5º, 0º and 5º. In addition, the tests with low 
turbulence and double box have been repeated without the outer barriers, for porous and covered 
central gap and for the three angles of attack.

Table 1. Configurations tested. LT and HT stand for low turbulence and high turbulence flow.

Central gap
Porous Covered

Beams
Four I beam LT & HT LT & HT
Double box LT & HT LT & HT

Figure 1. Bridge section studied. 

The bridge section can be seen in figure 1. Under the monorail system, there are holes, allow-
ing the flow between the upper and the lower parts of the section. Figure 2 shows a picture of 
these holes on the right.

Figure 2. Bridge section in the wind tunnel (left) and upper view of the model (right). 

2.2 Test procedure

The bridge section is 1.7 meter long. It has been suspended from pre-stressed springs, which al-
ways work in their linear range. In order to avoid three dimensional effects, endplates have been 
placed in the sides of the bridge. Figure 2 (left) shows a picture of the model in the wind tunnel.
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Ambient vibration tests have been performed on the bridge section. The response of the bridge 
section is recorded with two lasers for 60 seconds at a sampling frequency of 1000 Hz. The wind 
velocity is simultaneously measured with a hot-wire anemometer. Once the measurement is fin-
ished, the wind tunnel velocity is increased. The displacement of the bridge have been measured 
with two lasers. This way, both the vertical motion and the torsional motion can be studied.

3 RESULTS
The output of the laser sensors is a time series of displacements. The torsion and the bending of 
the section can be calculated by subtracting or adding both signals, respectively. Over the tor-
sional or bending signals, the RMS is calculated:

(1)

(2)

where is the number of samples, the element of the bending time series, the 
mean value of the bending, the depth of the deck, the element of the torsional time 
series, the mean value of the torsion.

Figures 3 and 4 present some results of the tests performed. The graphs present the RMS re-
sponse against the reduced velocity. In those graphs, the upwards pointing triangle represents the 
angle of attack of 5º, the circle represents the angle of attack of 0º and the downwards pointing 
triangle represents the angle of attack of -5º. The continuous line represents the low turbulence 
flow and the discontinuous line, the high turbulence flow.

The first figure shows the results for the configuration with the closed central gap and the four 
I beam box, and the second figure shows the results for the four I beam box but with a porous 
central gap (with a 50% porosity).

Figure 3. RMS of the bending displacement (left) and torsional displacement (right) for the closed central gap and 
four I beam configuration.

Figure 4. RMS of the bending displacement (left) and torsional displacement (right) for the porous central gap and 
four I beam configuration.

3.1 Discussion

From the graphs above, it is clear that there are several bending VIV effects at both configura-
tions tested, specially for the angle of attack of 5º. Turbulent flow has a smaller peak, since the 
longitudinal coherence of the flow is an important variable to take into account. Other configura-
tions also show VIV instability, but its intensity is smaller. At higher velocities, flutter appears 
for both configurations if the angle of attack is 5º. However, for the porous central gap the insta-
bility appears at slightly smaller velocities. 

In addition, in this configuration the torsional movement seems limited in amplitude, whilst 
the bending motion has always been found to be growing. With the close central gap, this differ-
ence has not been found. The porous central gap configuration also presents torsional VIV for 
low turbulence flow and angles of attack of -5º and 5º.

Therefore, this bridge section has been found to have several aeroelastic problems, which 
should be solved.
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