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Abstract

The wind-structure interaction for structures sensitive to the wind action is commonly investi-
gated through experimental campaigns in wind tunnel. Aerodynamic tests on rigid body mod-
els are carried out to estimate pressure coefficients that in turn are used to estimate the wind
action on the prototype surfaces. Pressure taps are located on the model surfaces and pres-
sure scanners acquire pressure time histories. Pressure coefficients are calculated from pres-
sure series, they are dimensionless values and they are nondimensionalized on the wind
velocity. In the wind tunnel, the flow is assumed stationary and consequently the mean value
of pressure coefficient time history is independent of the experiment time length. However, the
acquisition time length affects peak values and in particular the peak factor. In addition, the
most of processes acquired near edges and near the flow detachment zones are non-Gaussian,
contrary to what codes and standard suggest. It was estimated that several processes on the
surfaces of a rigid body are non-Gaussian and, in this case, the mean value is not significant.
At contrary, the mean value is mostly assumed as representative value of a measurement and
it is used to size the structure. It is true only for some specific zones. In addition, they depend
on the wind angle of attack. The purpose of this study is to discusses the Gaussian and non-
Gaussian processes localization for two examples of structure families, large span roofs and
bridge closed box section using aerodynamic experiments given by literature. The geometries
subject of this investigation are typical geometries of roofs and bridge sections sensitive to
wind action as for example cable nets roofs and suspended bridges.
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1 INTRODUCTION

The wind tunnel experimental campaign is largely used to estimate the wind effects on
structures sensitive to the wind. Structures very sensitive to the wind action are generally
large span roofs [1-5] as for example tensile structures for which the permanent load is small-
er than the wind action, suspended bridges [6] that differently than traditional bridges made of
reinforced concrete that are sensitive to the seismic action [7] or steel corrosion [8] can be af-
fected by the flutter instability and finally, high-rise buildings [9] that are slender.

The wind tunnel is used to investigate the aerodynamics and the aeroelastic behavior of
structures. The aerodynamics is commonly investigated through rigid body models and the
test purpose is to estimate pressures using tubes and pressure taps [1] or wind forces using
beam balances. The aeroelastic behavior is investigated through dynamic models that repro-
duces the prototype masses and stiffness based on scaling laws [10-14].

Aerodynamic and aeroelastic wind tunnel tests are both carried out for structures very light
and for which instability due to wind effects is expected. However, it is well known that the
more common experiments in wind tunnel are intended to estimate the wind action on the
structure surface through the pressure distribution. The pressure distributions across the test
model have historically been measured by drilling small holes (i.e. pressure taps) along the
airflow path and using multi-tube manometers to measure the pressure at each hole. Pressure
distributions can more conveniently be measured using pressure-sensitive paint, in which
higher local pressure is indicated by lowered fluorescence of the paint at that point. Pressure
distributions can also be conveniently measured using pressure-sensitive pressure belts, a re-
cent development in which multiple ultra-miniaturized pressure sensor modules are integrated
into a flexible strip. The strip is attached to the aerodynamic surface with tape, and it sends
signals depicting the pressure distribution along its surface, [15].

The main results obtained from pressure tests is the pressure coefficients that depend on
the building shape and the turbulence flow. The experimental data are time histories and sta-
tionary processes. Many codes [16-17] suggest assuming the mean value of the pressure coef-
ficient time history as a representative value for the wind action estimation. It is because
codes assuming that the random processes acquired in wind tunnel are gaussian [18] and con-
sequently, the distribution of values is centered around the mean value. However, several
studies have shown that in many cases, processes acquired in wind tunnel are not Gaussian,
[19-23] and the skewness and kurtosis of the process are not negligible [24]. For these cases
the mean value can be not representative of the phenomenon. Another important statistic pa-
rameter of a random process is the absolute maximum that depends on the peak factor that in
turn depends on the time length of the process. The peak factor can be predicted analytically
through models that assume that the process is Gaussian [18] or not-Gaussian [25-31]. This is
a hot topic in the scientific literature because codes suggest the common value of the peak
factor of 3.5 that is commonly smaller than the experimental value.

This paper discusses the statistics of random processes acquired in wind tunnel during dif-
ferent experimental campaign on roofs and bridge sections. The pressure coefficients time his-
tories peak factors are plotted comparing to the 95% level of confidence given by [18] and the
number of Gaussian and non-Gaussian processes were compared.

2  RANDOM PROCESSES STATISTICS

In this paper two set of pressure coefficients time histories are discussed. The first one con-
sists of pressure coefficients time histories acquired on hyperbolic paraboloid roofs given by
[21] (Fig.1) and the second one consists of pressure coefficients time histories acquired on
closed box section of suspended bridges (Fig.2).
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The experimental campaign of hyperbolic paraboloid roofs discussed by [21] consists of
sixteen different geometries of hyperbolic paraboloid roofs with different plan shape (i.e.
square, rectangular, circular, and elliptical), two different curvature (i.e. more curved and flat-
ter) and two different heights (i.e. tall and low). All geometries were tested in wind tunnel to
acquire pressure coefficients subsequently published in [16]. Models were equipped with
pressure taps (Fig.1) connected to pressure scanners.

Figure 1: Pressure taps tubes on a large span roof test model.

Pressure taps were located on the model external surfaces and more thickly along edges
were the flow detachment occurs. In these zones the pressure coefficient is generally bigger
than elsewhere for both values, the mean, and the peak value. In these zones the processes are

generally non-Gaussian [19].
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Figure 2: Test model setup for a closed box section model [6, 13].

The pressure coefficients time histories were analyses to estimate the Gaussianity observ-
ing the empirical cumulative density function (ECDF), the skewness and the excessive kurto-

sis of the processes.
If the ECDF of the local peaks of the random process is fitted by a Rayleigh distribution,

the processes is Gaussian [18]. Otherwise, it the ECDF of the local peaks is fitted by a
Weibull distribution it corresponds to a non-Gaussian condition.
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According to [24] the roof regions where the pressure coefficient process is non—Gaussian
are identified by the skewness bigger than 0.5 and/or the excessive kurtosis bigger than 0.5.

3 GAUSSIAN AND NON-GAUSSIAN PROCESSES

In this study the assumption given by [24] was assumed to select Gaussian and non-
Gaussian processes. They were compared with the 95% level of confidence of the Davenport
peak factor [18-19], for two set of data, pressure coefficients time history of hyperbolic pa-
raboloid roofs [20] (Figs. 3-5) and of an example of closed box section for suspended pedes-
trian bridge [6, 13] (Fig.6). In Figs. 3-6, graphs show the peak factor g, for each pressure taps
#, gray continues line means the 95% Davenport level of confidence [18], green squared dot
means non-Gaussian processes and finally red dot means Gaussian processes.

Figures 3 show a comparison between a flutter (Fig.3a) and a more curved (Fig.3b) roofs
and it was observed that the curvature promotes the non-Gaussian processes decreasing.
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Figure 3: Gaussian and non-Gaussian processes for hyperbolic paraboloid roof: comparison between flatter (a)
and more curved (b) roof.

Figure 4 shows a comparison between low (Fig.4a) and tall (Fig.4b) building covered with
a hyperbolic paraboloid roof. It was observed that the building height slightly increase the
number of non-Gaussian processes.
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Figure 4: Gaussian and non-Gaussian processes for hyperbolic paraboloid roof: comparison between low (a) and
tall (b) building.
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Figure 5 shows a comparison between two wind angles, 0° (Fig.5a) and 90° (Fig.5b). For
the wind angle equal to 0° the flow is parallel to cables with a downward curvature, for the
wind angle equal to 90° the flow is parallel to cables with an upward curvature. It was ob-
served that the wind direction closely affects the Gaussianity. Fig.5b shows that the number of
non-Gaussian process for 90° is bigger than 0°.
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Figure 5: Gaussian and non-Gaussian processes for hyperbolic paraboloid roof: compari-
son between wind angle equal to 0° and 90°.

Figure 6 shows results for a closed box section (Fig.2) with two angles of attach, -10° and
0°, respectively. Results show a very relevant difference between the two configurations
(Fig.6a and Fig.6b). The number of Gaussian process decreases from -10° to 0° due to the
aerodynamics.
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Figure 6: Gaussian and non-Gaussian processes for closed box bridge section: comparison between angel of at-
tack equal to -10° (a) and 0° (b).

4 CONCLUSIONS

The Gaussianity of random processes was investigated on different geometries of roofs and
closed box section with different angle of attack. It was observed that:

e For roofs the curvature affects the number of Gaussian processes that increases for
flatter roofs.
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The building height is not relevant in term of number of non-Gaussian processes for

the geometry investigated.

The wind direction closely affect the number of non-Gaussian processes for roofs with

a double curvature (i.e. Hyperbolic paraboloid roofs) and during the oscillation of a closed
box section for a suspended pedestrian bridge.

Data have shown that non-Gaussian processes are mostly located near edges and near the
detachment zones. For these zones the davenport peak factor is not reliable because it under-
estimates the peaks of the random processes.
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