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ABSTRACT: Experiments of four basic dome-like models were conducted for the wind pressure
measurement. With the different ratios of height-to-span, characteristics of wind pressure fluctu-
ations on the dome roofs can be categorized into three regions. It was indicated that different re-
gions have different patterns of power and cross spectra. Therefore the wind loads may be evalu-
ated with different contributions in three regions.
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1 INTRODUCTION

Dome-like roofs are most popular and constructed among large-scale structures. However, such
kind of curved geometric design makes the estimation of wind loads a laborious task for wind
engineers. Toy et al. (1983) showed that with the increased turbulent intensity, both separation
and reattachment points move downstream. Ogawa et al. (1991) investigated the characteristics
of power and cross spectra and proposed location-dependent approximated models. Uematsu
(1997 & 2008) studied the statistical nature of wind pressure coefficients and proposed an evalu-
ation system for the cladding design by neural network technique. This research intends to inves-
tigate the characteristics of power and cross spectra on the dome roof. Wind pressure coefficients
are calculated for the zoning of dome roofs. Power and cross spectra in each region are presented
to show different patterns. Another aim of this research is to indicate that a uniform pattern of
spectral characteristics may be insufficient for the estimation of wind loads.

2 EXPERIMENT DESIGN

Wind pressure measurements were conducted in a boundary layer wind tunnel with a 12.0m
(length) x 2.0m (width) x 1.8 (height) dimensions. A turbulent boundary layer flow similar to
suburban terrain with power law index equals to 0.27 was used. Figure 1 shows the picture of the
setup of the wind tunnel. Figure 2 shows the profiles of mean wind velocity and turbulence in-
tensity. Table 1 shows the combinations of the models. Pressure taps are installed along the me-
ridian and other two parallel lines in an equally 50mm interval. The coordinate dimensions and
the labeling of acrylic model are shown in Figure 3. Wind speed of 10 m/sec at boundary layer
height, 1200mm, was fixed and the turbulence intensity varied from 18% to 24% at the model
height. Four corresponding Reynolds numbers of model heights are in the range of
0.91x10°~1.28x10°,

Table 1 Testing model
f/D=0.2 f/ID=0.5
h/D =0.0 A0 DO
h/D = 0.2 A2 D2
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Figure 2 Profiles of turbulent flow
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Figure 3 Labeling of acrylic models

Figure 1 Setup of wind tunnel

3 WIND PRESSURE DISTRIBUTIONS
All pressure measured are normalized by velocity pressure at the model height as defined by
Equation 1.
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where P; = i-th dynamic pressure; P,.r = reference pressure at model height; p = air density; Uy =
wind velocity at model height. Figure 4 shows the distributions of mean pressure coefficients.
For A0 and A2, positive values can be observed in the frontal and rear part in L1 and L2. The in-
crease of h/D results in the downward shifting of distribution in A2 model. For DO and D2, only
the frontal part of L1 and L2 shows the positive pressure, meanwhile, the rear part shows a flat
distribution. L3 in both models shows a similar distribution to that in A0 and A2.
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Figure 4 Mean pressure coefficient distributions

Cross correlations between two adjacent pressure fluctuations, R;;+;, are calculated in Figure
5. In A0 and A2, the lowest correlation occurs in the rear part of L1 and L2. The lowest point is
earlier in AO than that in A2. In DO and D2, the lowest point seems occur at the same position in
the rear part of L1 and L2. Comparing four models, it can be observed that the increase of /D re-
sults in relatively large occurrence of lower cross correlation.

From the mean pressure coefficients and the correlation between two adjacent pressure fluctu-
ations, three regions can be preliminarily assumed to present different pattern of wind flows. Re-
gion 1 is assumed as the frontal part up to x/D=-0.45 for AO and -0.35 for DO. Region 3 is as-
sumed as the rear part begins from x/D=0.4 for A0 and 0.3 for DO. Region 2 is between Region 1



and 3. For Region 1, the pressure fluctuation is affected directly by the wind velocity fluctuation
of approaching wind so that positive values are observed. For Region 3, the lowest point of cross
correlation may represent the separation point of wind flow. After the separation point, wakes are
formed and the pressure fluctuations become less significant.
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Figure 5 Cross correlation coefficients of two adjacent pressure fluctuations

4 POWER AND CROSS SPECTRA IN THREE REGIONS
The admittance function is defined by Equation 2 where S,(f) = power spectra of pressure fluctu-
ation; Sy.(f) = power spectra of wind velocity at model height.
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Figure 6 shows different patterns of admittance functions in each region along L1 in DO mod-
el. From Region 1 to Region 3, it is observed that the energy in the lower frequency range is de-
creasing and increasing in the higher frequency range. The pattern in Region 1 is similar to that
of the approaching wind and Region 3 is considered being affected by the higher frequency of
vortex after the separation.
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Figure 6 Admittance function in three regions

Cross spectra between pressure fluctuations at position i and i+1 can be approximated by
Equation 3 where r; ;1,(f) = root-coherence; &(f) = phase.

Figure 7 shows the root-coherence and Figure 8 shows the phase between two adjacent pres-
sure fluctuations along L1 in DO model. Region 1 and 3 has rather scatter distribution than Re-
gion 2. Studies in the past suggest a uniform pattern of root coherence and phase function for any
location of the dome roofs. However, results in Figure 7 and 8 shows that since root-coherence



and phase functions are location-dependent, cross spectra should be calculated based on different

locations of the dome roof.
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Figure 7 Root coherence function in three regions
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Figure 8 Phase function in three regions

5 CONCLUSIONS

The effects of f/D and h/D are investigated by observing wind pressure coefficients. Zoning of
wind flow patterns on the dome roof is discussed based on wind pressure coefficients and cross
correlation between two adjacent pressure fluctuations. Different regions show the location-
dependent characteristics of pressure fluctuations and further indicate that a uniform flow pattern
for any location of the dome roof may be insufficient for the estimation of wind loads in the fu-
ture studies.
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