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Mean and peak wind speeds, as well as gust factors, integral scales, and intensity
of turbulence values, are essential in formulating wind loading standards for
structures. In recent years, the characterization of rooftop wind speeds has
become more important when designing photovoltaic arrays. As part of an
investigation into the wind loading and structural behavior of pedestal mounted
photovoltaic arrays, wind speeds at two elevations were investigated through an
analysis of field measurements performed at the Central Washington University
campus in Ellensburg, Washington. Specifically, two roof-mounted R.M. Young
ultrasonic anemometers were employed in the data collection project: one
located at 21.9 m [72 ft] above ground, and the other, closer to a pedestal-
mounted photovoltaic array, at 12.5 m [41 ft] above ground. The wind speeds
measured by the 21.9 m elevation anemometer were examined with a view to
ascertaining that they are not significantly affected by the Central Washington
building sited near its location. This paper focuses on the examination of the
wind speeds only. Results showed that the wind speeds measured by the 12.5 m
elevation anemometer are significantly affected by the presence of the building
and that significant resonant effects are induced for the photovoltaic panels. The
results of this workmake it possible to adopt Japanese structural design practice
wherein the design is performed for wind effects induced by 10-min, rather
than by 60-min wind speeds as in current U.S. practice, thereby significantly
reducing computation times. The results presented in this work also allow for
the rigorous determination of 10-min speeds as functions of peak 3-s gusts.
Estimates of integral scales of turbulence were shown to be characterized by
large uncertainties, on the basis of which it is possible to obtain coefficients
of variation required for determining the magnitude of wind load factors used
in practice.

KEYWORDS

wind engineering, field measurements, wind speed, turbulence intensity, integral scale
of turbulence, wind spectrum, gust factor, ultrasonic anemometer

1 Introduction

Several studies have been performed for in situ measurements of wind speeds and
pressures for low-rise buildings (Levitan et al., 1991; Cochran andCermak, 1992; Okada and
Ha, 1992). Due to the large number of roofing failures under extreme winds, a significant
amount of research on determining pressures on rooftops has recently been performed, as
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reported in other studies (Martins et al., 2016; Baskaran et al.,
2018). Results of wind tunnel tests of photovoltaic systems have
already been reported previously (Kopp and Banks, 2012; Kopp,
2013; Stenabaugh et al., 2015; SEAOC Solar Photovoltaic Systems
Committee, 2017; Naeiji et al., 2017), a majority of them for
ground-mounted rather than roof-top panels. Studies are scarce on
evaluating the impact of wind effects on roof-mounted photovoltaic
panels as per the Minimum Design Loads and Associated Criteria
for Buildings and Other Structures (ASCE/SEI 7-22) (American
Society of Civil Engineers, 2022). The current study undertakes
an in-depth analysis of in-situ wind velocities affecting roof-top
photovoltaic panels. Two anemometers were installed at different
elevations and different distances from a neighboring building.
It was observed that the wind speeds measured by one of the
anemometers were not unaffected by the presence of that building.
Wind speed time series were obtained as part of an ongoing project
aimed at characterizing wind loadings and the structural behavior
of full-scale in situ rooftop pedestal-mounted photovoltaic systems
(Bender et al., 2018; Estephan, 2021).

The following section elaborates on the data collection
and includes the results of computations aimed at estimating
uncertainties in the estimation of flow parameters (turbulence
intensity, integral turbulence scale, and turbulence spectra). Based
on the principle that wind speed fluctuations in free flow are
normally distributed, an approach is presented to determine wind
speeds averaged over time intervals different from one hour, as
functions of peak (3-s) wind speeds, length of time series record,
and roughness of terrain. This approach could help supersede U.S.
practice wherein 60-min time series are considered in structural
design and to adopt the Japanese practice wherein 10-min time
series are considered instead. Thus, the proposed method helps
substantially reduce computational durations for the design of a
wide class of structures. Overall, the wind speed data acquired in
this project can be used for the validation of various computational
fluid dynamics calculations.

2 Materials and methods

2.1 Data collection

In 2021, time-series wind speed data were collected as part
of a collaborative effort between three US universities: Florida
International University (FIU), Central Washington University
(CWU), and the University of Washington (UW) to investigate
the modeling of full-scale wind pressure loadings on pedestal-
mounted rooftop photovoltaic arrays. The instrumented low-rise
building, Hogue Hall, is located on the Central Washington
campus in Ellensburg, Washington. Hogue Hall is rectangular
in shape with nominal dimensions of 12 m [40 ft] height, 42 m
[138 ft] width, and 56 m [184 ft] length with a rooftop parapet
wall height of 825 mm [2.7 ft]. A close-up aerial view of Hogue
Hall is provided in Figure 1A. The campus surroundings are
low-rise buildings, tennis courts, and parking lots as depicted
in Figure 1B.

The focus of this paper is the wind speed measurements
recorded by the two R.M. Young ultrasonic anemometers, models
85,000 and 86,000, at 21.9 m [72 ft] and 12.5 m [41 ft], respectively,

as shown in Figure 1A. They are labeled as “rooftop” and “panel”
anemometers because the lower one was installed in front of the
photovoltaic panel array to capture the wind speeds closer in
location to the panels. Presumably, this anemometer would have
been in the disturbed shear flow created by the building itself.
The rooftop anemometer was placed on a 2.82 m [9 ft 3 in] tripod
on the roof on the front or north side of the building. Metal ties
secured the tripod. Data were collected at the maximum recording
frequency of 122 Hz for the rooftop and 25 Hz for the panel
anemometer.

The collected wind data time series were provided to LabVIEW.
The data collection is set to start after 120 s of consistent wind
speed over 4.46 m/s [10 mph] and stop after 120 s of consistent
wind under 4.46 m/s [10mph]. Acquisition and storage of data were
done through National Instruments cRIO controllers. The purpose
of installing the real-time controllers was to acquire and store data
remotely on-site, without any need to directly connect to a primary
computer. The real-time controllers were connected to the primary
computer via the LAN network. This enabled a user to remotely
modify and observe the real-time program on the controller and
then remotely download the data collected after a testwithout having
to physically retrieve the controllers’ flash drives. Each controller had
various data acquisitionmodules installed to which the sensors were
connected. In the next section, parameters used for data analysis
are defined.

2.2 Data Analysis

The turbulence intensity Iu is the ratio of the standard deviation
of the wind speed fluctuations to the mean wind speed:

Iu =
σu
U.

(1)

where σu is the standard deviation and U is the mean.
This parameter provides a measure of the magnitude of the

velocity fluctuations relative to the mean wind speed. Another
important statistical parameter is the gust factor GU . It is important
to convert wind speeds from a short time duration to a longer one,
such as the conversion from a 3-s gust U3 to an hourly value Uhourly
or vice-versa.The ratio of the wind speedU t averaged over t seconds
to that over 3,600 s (i.e., 1 h) is defined as the gust factor GU :

GU =
Ut

Uhourly
=
Ut[ sec ].

U3600
(2)

Typically, these types of conversions are undertaken using the
Durst formulation for gust factors (American Society of Civil
Engineers, 2022; Durst, 1960). However, the Durst model is limited
to open terrain conditions and installed at a height of 10 m
above ground. Investigations for other terrain conditions have been
undertaken in recent years in numerous studies (Wieringa, 1973;
Greenway, 1979; ESDU 83045, 1983; Ashcroft, 1994; Kareem and
Zhou, 2003; Kwon and Kareem, 2014). Wieringa (1973) evaluated
gust factors over a lake and at the edge of a town. The gust
factor was found to be associated with surface roughness and
height above ground. Ashcroft (1994) investigated the influence
of terrain roughness and mean wind speed on the gust factor
and documented that the gust ratio is influenced by the terrain
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FIGURE 1
(A) Aerial view of the rooftop of Hogue with location of anemometers identified. Source: Google Earth. (B) Aerial view of Hogue with surroundings.
Source: Google Earth.

FIGURE 2
Wind roses for the anemometer data.

roughness though he did not report a general pattern of change
for ratios and the increasing wind speed. Engineering Sciences
Data Unit or ESDU (ESDU 83045, 1983) investigated the variation
of mean-hourly wind speeds for various terrain conditions and
their influence on gust factors. Krayer and Marshall evaluated
different gust factors for hurricane records and reported that
an upward adjustment from the existing Durst gust values was
appropriate (Krayer and Marshall, 1992). They also concluded
that a closer examination of the probability distribution function
of the gust factors was in order. Schroeder and Smith (2003)
evaluated wind flow characteristics for Hurricane Bonnie and had
findings similar to those by Krayer and Marshall. Schroeder and
Smith observed greater energy in the low-frequency region of the
longitudinal power spectrum than that predicted in earlier analytical
models, and corresponding discrepancies in the estimation of
integral scales. Masters (2004) examined gust factors for tropical
cyclone data and corroborated the robustness of theKrayer-Marshall
models, i.e., larger gust factors than the Durst values. Yu and

Chowdhury (2009) examined gust factors for the Florida Coastal
Monitoring Program (FCMP) tropical cyclone data compared with
Automated Surface Observing System (ASOS) data for extratropical
storms; they reported higher gust factors supporting the findings
by Krayer and Marshall. They highlighted the importance of
further study on thermal stratification to assess the influence of
temperature on the gusts. Empirical relationships for gust factors
for various terrain conditions based on the log law description
for wind speed have been established (Simiu, 2011). The current
study also aimed to compare these empirical predictions with
the in-situ data. In another study (Simiu and Scanlan, 1996)
introduced a formulation was introduced for modifying the Durst
equation for other terrains and hurricane wind speeds using the
logarithmic law with correction factors. The equation for GU is
as follows:

GU =
Ut(z)

Umean(z)
= 1+

η(z0)c(t)

2.5 ln ( z
z0
),

(3)
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FIGURE 3
(A) Rooftop anemometer time series. (B) Panel anemometer time series.

where η(z0) denotes a factor for surface roughness and c(t) is a factor
for averaging time.

ESDU 83045 (ESDU 83045, 1983) makes use of a peak factor g,
the mean velocityU, and the turbulence intensity Iu as follows, in its
definition of the gust factor:

GU[akaKτ] =
Û(t,T0)

U
=
U(t,T0) + û(t,T0)

U
= 1+ gIu, (4)

where T0 is the time interval within which wind speed applies or the
observation period over which wind speed is measured and ̂u is a
peak value.

While the peak factor g can be estimated from measured data,
the ESDU document has formulated a methodology for estimating
the second term in Equation 4 based on different gust averaging

times (t). The following equations apply in this formulation:

g =
û(t,T0)
σu (t,T0)

∗
σu (t,T0)

σu
. (5)

û(t,T0)
σu (t,T0)

= √2 ln[T0ν(t,T0 )] +
0.577

√2 ln[T0ν(t,T0 )].
(6)

Tu = 3.13z0.2 seconds. (7)

σu(t,T0 = 1hour)
σu

= 1− 0.193[
Tu

t
+ 0.1]

−0.68
. (8)

ν(t,T0 = 1hour) =
0.007+ 0.213( Tu

t
)
0.654.

Tu
(9)
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FIGURE 4
(A) Example spectrum using pwelch (MATLAB, 2020) for the time
series in Figure 3A with the Kaimal expression shown. (B) Example
spectrum using pwelch (MATLAB, 2020) for the
time series in Figure 3B with the Kaimal expression shown.

where Tu = the integral time scale; z = height above ground; t =
gust averaging time; û = peak value.

Liu et al. (2021) examined the ASCE7 gust effect or response
factor for rigid buildings in conjunction with the aerodynamic
admittance function. The gust factor is a component of the
ASCE7 formulation of the gust response factor for buildings, which
separates the low and high-frequency contributions of the wind
speed spectrum from the corresponding pressure loadings. As the
low-frequency region remains poorly understood, the Standard
is expected to benefit from further investigation into the wind
spectrum.

Various formulations for wind spectra exist in the literature
(Simiu and Scanlan, 1996). Although ESDU 74030 and 74,031
(ESDU, 1974a; ESDU, 1974b) use the von Karman expression to
characterize wind velocities, the Kaimal expression has been found
more appropriate (Simiu, 2011). The Kaimal expression for the
spectrum Su at height z above ground is represented as under (Simiu

and Scanlan, 1996):

nSu(z,n)
u2∗
=

200 f

(1+ 50 f)
5
3

. (10)

where f = nz
U(z)

; n is frequency in Hz; U(z,n) is the mean wind
speed; u∗ is the friction velocity.

The integral scale of turbulence xLu is defined as the integration
of the autocovariance function Ru as follows, e.g., (Simiu and
Scanlan, 1996)

xLu = U
∞

∫
0

Ru(τ)
σ2u

dτ = U
∞

∫
0

ρu(τ)dτ. (11)

where Ru(τ) is the autocovariance function; ρu(τ) is the
autocorrelation; τ is the time lag.

Because the autocovariance Ru is the Fourier transform of the
spectrum Su, the following equation is employed to determine
xLu, e.g., (Simiu and Scanlan, 1996)

xLu =
USu (n ≅ 0)

4σ2u
. (12)

Equation 12 implies that knowledge of the lower-frequency
region is critical for estimating the integral scale of turbulence.

Themethod attributed to Davenport and Solari (Davenport and
Dalgliesh, 1971; Solari, 1993a; Solari, 1993b; Solari and Kareem,
1998) for determining the influence of the wind spectrum on the
gust factor and loading of structures, has been defined by the
following set of equations (Solari, 1993a; Solari, 1993b):

GU = 1+ guIu√P0, (13)

gu ≅ {1.175+ 2 ln[ ̃t√
P1
P0
]}

1
2

, (14)

P0 =
∞

∫
0

Su(n)
σ2u

X(n,τ)dn, (15)

X(n,τ) = sin
2πnτ,
(πnτ)2

(16)

P1 =
∞

∫
0

[
n xLu
U
]
2 Su(n)

σ2u
X(n,τ)dn, (17)

̃t = TU
xLu.

(18)

where gu = peak factor; Iu = turbulence intensity; n = frequency
in Hz; xLu = integral scale of turbulence; Su = wind speed spectrum;
σ2u = variance of wind speed; U = mean wind speed; T = time
duration over which the wind speed is averaged; τ = the averaging
time of the peak gust.

As a peak value, GU can be fitted by an extreme value
distribution. The equation for the probability density function y
associated with the generalized extreme value distribution for x is

y = f(x|k,μ,σ) = ( 1
σ
) exp(−(1+ k

(x− μ)
σ
)
−( 1k )
)(1+ k

(x− μ)
σ
)
−1−( 1k )
,

(19)

where k, μ, and σ are the parameters of the
distribution (MATLAB, 2020).
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FIGURE 5
Histograms for the wind speed data.

FIGURE 6
Normal probability plot for the turbulence intensity values for the rooftop and panel. N = 24.

3 Results

3.1 Data processing

Measurements during the windy period yielded 94 1-h time
series records.The rooftop anemometer recorded slightly more data
than the panel because the mean wind speed surpassed the set
point of 4.46 m/s more often. Furthermore, each 1-h record for
the wind speed data consisted of approximately 90,000 (panel) to
440,000 (roof) observations; the number varies due to the 25 Hz
recording for the panel anemometer and 122 Hz for the rooftop
one. The directionality of the data was checked to examine any

large deviations in wind direction through wind roses. The wind
roses were fitted to mean wind directions for the records. The site
exhibits a strong directionality in the NW quadrant with the angles
being between 325–340° as shown in the wind rose of Figure 2.
Hence, using each 1-h record for its entirety was considered
appropriate.

Stationarity tests were undertaken for the hour-long records.
Visual inspection of the hour-long records showed storms with
small or no changes to the mean value. When fitting a linear
regression model to the mean as a function of time, the slope was
found close to 0. The substantial number of observations proved
somewhat problematic for stationarity testing. That is, tabulated
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FIGURE 7
(A, B) Integral scales of turbulence for the rooftop and panel,
respectively.

values are provided for observations much smaller than 90,000. The
Augmented Dickey-Fuller test was used on hour-long storms with
the highest mean values, e.g., (MATLAB, 2020). For these records,
the p-value was 0.045 (<0.05) with a test statistic of −1.986 and a
critical value of −1.942 for a significance level of 5%. Resultantly,
the Augmented Dickey Fuller test confirmed weak stationarity for
the records. In order to compare results with previous investigations,
the hourly data sets were initially separated into subsets of over four
hundred 15-min (900 s) packets.These data sets are examined in the
next section.

3.2 Measured wind flow characteristics

An example of the wind velocity time series data is furnished
in Figures 3A, B for the 15-min highest wind speed data for the

FIGURE 8
Gust factor plots for the rooftop and panel, respectively.

FIGURE 9
Comparison of data with empirical prediction method in Equation 3.

rooftop and panel data, respectively, for the 25 Hz sampling
time. Figures 4A, B depict the corresponding spectra for the
time series. The Kaimal spectrum of Equation 10 fitted to the
data is shown for comparison. The rooftop data have shown
markedly higher energy in the lower frequencies and lesser
in the higher frequencies, whereas the panel record appears
to have significant energy contributions for a larger range of
frequencies.

Figure 5 shows histograms for the mean and maximum wind
speeds, as well as the turbulence intensity data for the rooftop and
panel. The mean hourly wind speed values ranged from 2 to 7 m/s
for the panel and 3 to 12 m/s for the rooftop anemometer. The
turbulence intensity Iu, defined in Equation 1 was in the range of
0.15 to 0.53, with the panel anemometer showing higher values.The
panel intensities illustrate the disturbance of the wind flow near the
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TABLE 1 Statistics for GU for 3 s and 15 min. COV = coefficient of variation.

Statistic Rooftop U3/U3600 Rooftop U3/U900 Panel U3/U3600 Panel U3/U900

Average 2.07 1.88 2.31 2.13

Maximum 2.62 2.32 2.70 2.50

Minimum 1.80 1.2 1.87 1.75

COV 0.09 0.10 0.08 0.08

FIGURE 10
Gust factor distribution fitting. GEV = Generalized Extreme Value. N =
94 observations.

panel array in situ. The maximum hourly wind speeds were in the
range of 5 to 23 m/s. Using the log law as well as ESDU 83045, the
value of the surface roughness parameter z0 was estimated to be
0.25 m [9.8 in].

The intensity of turbulence values Iu were fitted by a normal
distribution as shown in Figure 6 for the rooftop and the panel,
respectively. The rooftop values ranged from 0.27 to 0.45, with
a mean of 0.30 and a coefficient of variation COV of 0.07. For
the panel data, the mean value of Iu is 0.39 with a COV of 0.05.
The range of values is slightly higher than that for the rooftop,
thereby reflecting its position in the disturbed flow region of the
lower roof.

The integral scales xLu were derived from the integration of the
autocovariance function as given in Equation 11. The rooftop data
results demonstrate an approximate range of 34.6–81 m for xLu.
The mean value was 52.1 m, with a COV of 0.24. The values of
the integral scales derived from the 15-minute spectra are smaller
than the estimate of 106.8 m from ASCE7-22 (American Society
of Civil Engineers, 2022). The panel data have a smaller range of
values. For the panel data, the mean xLu is 9.2 m with a COV
of 0.21. Both were best fitted by normal distributions as shown
in Figure 7.

3.3 Gust factor estimation

The data sets were used to determine the gust factor GU as
defined in Equation 2. Because the moving average and segmental
approaches to time averaging provided comparable results, the
segmental was employed for the records as it was computationally
faster. The peak t-second average value for each hour was divided
by the mean for that hour. The averaging time t ranged from 0.1 to
3,600 s. These GU values are shown in Figure 8. The data exhibit a
wide scatter for the smaller t values.The rooftopGU ranged from 1.0
to 2.76 with an average of 1.57 and COV of 0.31. The panel GU had
a maximum of 3.89, with an average of 1.73, and a COV of 0.41.The
best fit relationship for the rooftop data as a function of averaging
time t in seconds is

Ut

U3600
= 2.059t−0.089 withR2 = 0.8696. (20)

Thepanel data have a similar relationship as given inEquation 21:

Ut

U3600
= 2.423t−0.116 withR2 = 0.9112. (21)

3.3.1 Comparison with empirical methods
Equation 3 was evaluated for the rooftop and panel data

assuming a z0 factor of 0.25 m [9.8 in] and the hourly mean wind
speed.The results are furnished in Figure 9 along with Equations 20
and 21. In addition, the empirical approximation for the Durst curve
is shown in ASCE7-22 (American Society of Civil Engineers, 2022).
Gust factor values in the lower averaging times are underestimated
by the empirical model.

3.3.2 Extreme value analysis
TheU t/U3600 data for the lower averaging time t values display a

wide scatter relative to the larger averaging times. As used in ASCE7
criteria, the 3-s averaging time was evaluated for these data. Table 1
provides some sample statistics for theU3/U3600 andU3/U900 values
for the rooftop and panel, respectively.

Because the gust factor is a peak value divided by a mean
value, the Central Washington measurements provide suitable data
for fitting an extreme value distribution. The generalized extreme
value (GEV) distribution in MATLAB (MATLAB, 2020) given in
Equation 19 was found to be the best fit for U3/U900 and U3/U3600
as shown in Figure 10, for the rooftop and panel, respectively.

Table 2 provides various distribution parameters for both
the hourly and 15-min (900 s) GU values, which are commonly
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TABLE 2 Generalized Extreme Value (GEV) parameters for gust factors from Equation 19.

U3/U3600 Panel GEV Rooftop GEV U3/U900 Panel GEV Rooftop GEV

Mean 2.31 2.07 Mean 2.13 1.88

Variance 0.03 0.03 Variance 0.03 0.03

µ 2.24 1.99 µ 2.07 1.82

σ 0.18 0.14 σ 0.16 0.19

k −0.23 0.013 k −0.24 −0.36

FIGURE 11
ESDU 83045 data fits for the peak factor g.

employed in practice. Other GU comparisons were made using
ESDU 83045 (ESDU 83045, 1983). Equation 4 for the panel data
yielded a fitted g of 2.34 for the hourly data. Equations 5–9
were used to determine relationships for the peak factor g for
both the U t/U900 and U t/U3600 data, respectively as shown in
Figure 11. Equations 22–25 were found fit to the results. These
peak factor values are slightly larger than those determined from
the data.

Peakfactorg[rooftopUt/U3600] = 3.4701t−0.117,R2 = 0.6997. (22)

Peakfactorg[rooftopUt/U900] = 3.13231t−0.123,R2 = 0.695. (23)

Peakfactorg[panelUt/U3600] = 3.5341t−0.141,R2 = 0.8322. (24)

Peakfactorg[panelUt/U900] = 3.2056t−0.15,R2 = 0.8446. (25)

Themethod attributed toDavenport and Solari (D-S) e.g., (Solari,
1993a; Solari, 1993b) as shown in Equations 13–18 was investigated
for the rooftop and panel data. For this method, the rooftopmeanGU
was 1.79 with associated mean gu = 3.01, which matches the ESDU
estimate. The mean values of the other parameters were P0 = 0.77; P1
=0.07; Iu = 0.30; andwind speed= 10 m/s.TheseGU valueswere close
to the mean U3/U3600 of 1.74 for the in situ records. The panel data
resulted in Davenport-Solari values of mean GU = 1.87 with mean gu
= 3.16, which is higher than the mean GU = 2.10 from the data. The
mean values of the other parameters were P0 = 0.51; P1 = 0.01; Iu =
0.39; and wind speed = 6.3 m/s.

4 Discussion

Analysis of the spectral content for both data sets identified
differences in the low and high-frequency ranges. The Kaimal
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spectrum was a good fit for the rooftop spectrum overall, although
the rapid drop-off in the higher frequency range for the data was
unexpected. It is suggested to conduct more studies in future.
The spectral content for the panel anemometer located in a
disturbed flow region displayed energy contributions for both
low and high frequency regions. As expected, the spectrum is
not representative of the Kaimal expression and illustrates the
effects of the building itself. In addition, the energy content in
the high-frequency range for the panel anemometer may indicate
the possibility of wind-induced vibrations (dynamic response)
of the photovoltaic arrays corresponding to the system’s natural
frequencies. The corresponding lower integral scale of turbulence
values indicates that a lower spatial correlation exists in the
disturbed flow region. The large turbulence intensities for the
panel also reflect the disturbed wind flow in that section of the
roof. The turbulence intensity and integral scales of turbulence
parameters were found to be Normal variables, with COV values
of about 20%. This level of uncertainty seems reasonable for in situ
conditions.

Gust factors for the rooftop and panel locations had similar
trends in overall averaging times, with both locations displaying
a large scatter for lower t values. The measured sparse suburban
values were larger than those for open terrain as expected.
Generalized extreme value distributions provided good fits for
both anemometers and simplified the process of determining
extreme values for the sparse suburban conditions for given
probability levels.

The entire formulation of the ASCE7 gust response factor
calculations, even for rigid buildings, depends upon the gust factor
GU , the wind spectrum Su(n), and the integral scale of turbulence
xLu. Notably, the COV for gust factors in the lower averaging times
is about 30%, which suggests that the suggested gust response
factor of 0.85 for rigid buildings may not be as conservative as
assumed.

5 Conclusion

Wind speed field measurements from two ultrasonic
anemometers mounted on a low-rise building were presented and
discussed. The Kaimal spectrum was a good fit to the rooftop
data overall, with the measured data displaying a more rapid
drop-off in the higher frequency range than expected. The panel
spectra exhibited energy over a larger range of frequencies, which is
indicative of the disturbed flow region. The high energy content in
the high-frequency range of the spectrum can lead to wind-induced
dynamic effects on the photovoltaic systems (which is a topic of
future research). It was found that the gust factors display a wide
scatter for low t values when plotted against the averaging time t.
A generalized extreme value distribution was fit to the U3/U3600
and U3/U900 ratios for both anemometers. The integral scale of
turbulence and the turbulence intensity were best fit by Normal
distributions.The corresponding ASCE7-22 integral scale value was
much higher than the field data, suggesting a greater correlation
than in situ.
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