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Abstract

The aerodynamic behaviour of a pair of tall towers of a lift bridge placed at close distance
have been investigated through wind tunnel tests. Aerodynamic loads, equivalent static pressure
distributions and interference effects have been studied through proper orthogonal decomposi-
tion in order to better understand the wind-excitation mechanisms. Dominant coherent pressure
structures have been extracted through covariance proper transformation for the different fluctuat-
ing load components, thus simplifying the unsteady wind load characterization and reducing the
storage of data.

1 Introduction

Tall constructions are a structural typology sensitive to wind actions and when their slenderness be-
comes significant, dynamic wind excitations can represent both an issue of serviceability and resis-
tance. Moreover, it is well known that structures located close to each other can give rise to interference
phenomena which increase the complexity of the problem.

In this work two towers about 78 m tall placed at close distance, which are part of a lift bridge, were
tested in a boundary layer wind tunnel in order to understand their aerodynamic behaviour (Pigolotti,
2012). Due to their particular cross section, pronounced vortex-shedding arises for certain directions
and when these correspond to the interference ones, specific wake flow disturbances can significantly
modify the pressure field on the leeward tower.

The examination of the main aerodynamic loads (drag, lift and torque) and their spectral content,
including their variability with the flow incidence and height, gives information about adverse loading
configurations and interference effects. Around the interference directions, when a tower stands in
the wake of the other, such a disturbance induces a significant peak in the drag spectrum, correspond-
ing to the vortex-shedding frequency; an amplification of the lift and torque peaks is observed too.
Interference mainly acts as a band-pass flow filter in the neighborhood of that frequency.

A deeper investigation of the coherent structures contained in the fluctuating pressure field time
histories has been performed using proper orthogonal decomposition (POD, see e.g. Holmes et al.
(1998)), implemented as covariance proper transformation (see e.g. Solari & Carassale (2000)). This
allowed a better comprehension of the wind excitation mechanisms.

2 Wind tunnel tests

The model, reproduced at a scale of 1:75 (Figure 1), has been tested in the close-circuit boundary-
layer wind tunnel of the –Centre Scientifique et Technique du Bâtiment– (CSTB), Nantes, France.
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Figure 1: Geometry of the model tested and pressure taps distribution.

The pressures on the surface of one of the two towers have been measured for 24 wind directions
(one each 15◦), using four 32-channel PSI piezoelectric transducers, for a total of 128 taps. With an
incoming flow speed of about 20.4 m/s, registrations of 152 s at a sampling frequency of 250 Hz were
performed.

The forces at each level have been obtained through pressure integration and were normalized with
respect to the wind speed at the top of the tower and the cross-wind projected depth of the section.
The base resultant forces were adimensionalized also with the height of the tower.

In the load spectra the background contribution has been separated from the narrow-band contribu-
tion implementing a parametric least-square fit of the sum of an exponential and a Gaussian function.
Figure 2 shows the root-mean-square (RMS) of the base-resultant force components for various wind
directions. Referring to the directions perpendicular to the symmetry plane of the cross section, for
incidences around 236◦ (where the instrumented tower is in the windward side) pronounced vortex-
shedding was observed, while around 56◦ (where the instrumented tower is in the leeward side) strong
interference effects were apparent, producing peaks in the drag (not present before), as well as incre-
ments of lift and torque spectral peaks.

Figure 2: RMS contributions of background and vortex-shedding to base-resultant force coefficients.
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3 Computational investigation through POD analysis

POD analysis has been used to better understand the spectral information of the fluctuating pressure
field and to individuate the incidences with the more pronounced excitation mechanisms.

For the wind directions of major interest (56◦ and 236◦) the truncation-selection method has been
applied for an efficient proper orthogonal mode reduction, by controlling the approximation targets
and the consequent errors. In fact, the eigenvalues of the covariance matrix can be interpreted as the
portion of the variance of the fluctuating pressures which has been captured by the corresponding
principal coordinate in the modal space. Hence, due to the fast energy decrease associated with the
eigenvalues, a linear combination of only few modes can be considered, thus reducing the stored data
and allowing a reconstruction with controlled errors (truncation). On the basis of the contribution to
the total RMS, it is possible to define a mode participation coefficient to a particular resultant effect
(selection). Figure 3 shows how dominant modes can be extracted and used to describe wind loading
effects. In this way it is possible to understand which pressure coherent structures produce a specific
effect, identifying the corresponding load patterns and time history.

Moreover, lower-dimensional POD analyses (taking integral forces along the height or pressure
distributions at a certain level have been carried out and their modal patterns have been compared with
those of 3D POD, highlighting in some cases the cylindrical character of the fluctuations. Finally,
the instantaneous pressure fields corresponding to excitation mechanisms, such as buffeting, vortex-
shedding and interference, have been approached to isolate by suitable modal techniques, working on
different covariance spaces.

Figure 3: Modal truncation and dominant mode selection (example for the 4th mode pattern).

4 Equivalent static pressure distributions: comparisons and interference coefficients

Using several methods, such as gust effect factor technique (Davenport, 1967), load response cor-
relation (LRC) approach (Kasperski & Niemann, 1992), POD combined with LRC (Holmes, 2002),
equivalent static pressure distributions of the fluctuating field have been determined to obtain the peak
value of a certain effect. Figure 4 shows for the drag component how modal truncation produces more
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conservative equivalent static forces with respect to simple LRC. Defining the interference coefficients
as the ratio of forces at 56◦ (high interference) to that at 236◦ (no interference), the presence of the
upstream tower produces a screening effect with respect to the mean flow but increases the turbulence,
especially at the tower mid-height, with strong effects on the load fluctuations. It is also worth not-
ing that the gust effect factor method gives a different static distribution due to the proportionality to
the mean field whilst the other methods can account for the previously mentioned effect on the load
fluctuations.

(a) (b) (c)

Figure 4: Base-resultant drag coefficient: (a) equivalent static pressure distribution using LRC+POD
(at 56◦, fluctuating component only); (b) comparison of equivalent static forces (at 56◦, fluctuating
component only); (c) interference coefficient distributions between 56° and 236°.

5 Concluding remarks

Advanced analysis tools, such as POD, can be applied in wind engineering to better investigate the
wind load and its effects on structures. POD analysis gave precious information about the coherent
structures related to the main wind-excitation mechanisms. In particular, it turned out that interference
between the two towers mainly produces an amplification of the pressure fluctuations around the
vortex-shedding frequency on the leeward element of the construction.

In the future, further developments are possible working in different modal spaces both in the time
and frequency domain. In addition, more complex unsteady problems, such as aeroelastic or non-
stationary phenomena, could be fruitfully handled and decomposed with suitable manipulations of the
pressure time histories.
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