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ARTICLE INFO ABSTRACT
Keywords: This study examines the effect of incident large-scale (low-frequency) turbulence on the wind pressure field
Integral length scales acting on low-rise building roofs. Large-scale turbulence modulation was enabled by a high-performance 3 m x

Wind pressure coefficients
Large-scale turbulence
Active turbulence simulation

6 m multi-fan array, termed Flow Field Modulator (FFM), situated at the upwind section of a large boundary
layer wind tunnel (BLWT). The FFM was leveraged to actively generate low-frequency wind velocity fluctuations
Peak pressures in the BLWT and operated in conjunction with a mechanized roughness element grid to simulate large- and small-
Boundary layer wind tunnel scale turbulent atmospheric boundary layer flows. Aerodynamic pressure measurements were monitored on the
TTU WERFL building surface of a 1:20 scale low-rise building model under multiple turbulent length scales and intensities. Experi-
mental results demonstrate how, for similar turbulence intensity levels, higher correlation of pressure fluctua-
tions in flow detachment zones are observed with increasing turbulent scales. Larger integral length scales were
also linked to more pronounced non-Gaussian behavior (i.e., higher skewness) of local pressure signals in flow
separation zones and along the path of conical vortices developed above the roof of the building model in the
case of cornering wind azimuths. Finally, the study highlights how stronger non-Gaussian trends and increased
pressure correlations lead to higher local and area-average peak suction roof loads.

instrumented models; (2) the mismatch in Reynolds number, and (3) the

1. Introduction difficulty of integrating minor architectural features in models with
complex geometries) (Mooneghi et al., 2016; Gan Chowdhury et al.,
Atmospheric boundary layer (ABL) wind flows transport a broad 2017), precise control of large-scale (low frequency) turbulence in
range of turbulent scales that interact with the built environment. Inthe ~ conventional ABLWT flows has proven challenging.
case of bluff body structures (e.g., buildings), the size and duration of Traditional ABLWT facilities are often equipped with passive (static)
such turbulent eddies can influence the magnitude and spatial distri- turbulence-generating devices (e.g., vortex generators, roughness grids,
bution of aerodynamic wind loads imposed on the building’s envelope. castellated barriers, etc.), which are strategically placed along the lon-
Specifically, the intensity of extreme negative (suction) loads developed gitudinal tunnel dimension to achieve desired (target) ABL flow condi-
near flow-separated regions (e.g., roof edges/corners) of sharp-edge tions. Particularly, incident turbulence levels at ABLWT testing sections
bluff bodies have been directly linked to the freestream turbulent are primarily calibrated by adjusting the morphometric properties (e.g.,
characteristics of the incident wind field (e.g. Gartshore, 1973, 1984; height and horizontal arrangement) of roughness element arrays situ-
Bearman and Morel, 1983; Saathoff and Melbourne, 1997). ated upwind to the model. However, the generation of large-scale (low
Knowledge regarding the effects of freestream turbulence on bluff ~ frequency) turbulent fluctuations via passive flow conditioning strate-
body aerodynamics has been derived almost exclusively from experi- gies becomes increasingly difficult as simulation scales increase. For
ments in atmospheric boundary layer wind tunnels (ABLWT). The bulk example, large-scale wind tunnel facilities often exhibit deficiencies in
of these ABLWT studies were conducted using relatively small building the production of large-scale turbulence (LST) with increasing scales

models (<1:50) with geometric (length) scales proportional to the depth (>1:50) (Jayakumari et al., 2023), which prevents researchers and en-
of the simulated ABL wind field. While larger building models may be gineers from calibrating ABLWT flows to target ABL turbulence spectra
desirable to alleviate existing drawbacks associated with reduced-scale models (Von Karman, 1948). Such deficiencies in LST have led to the
ABLWT testing including: (1) the limited spatial pressure resolution of development of partial turbulence simulation (PTS) approaches, where
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Nomenclature

ABL Atmospheric boundary layer

ABLWT Atmospheric boundary layer wind tunnel
BLWT  Boundary layer wind tunnel

DFT Discrete Fourier transforms

EF Experimental facility

FFM Flow Field Modulator

GCA Governing Convergence Algorithm

LST Large-scale turbulence

NHERI  Natural Hazards Engineering Research Infrastructure
PTS Partial turbulence simulation

QS Quasi-steady

SSL Separated shear layer

TTU Texas Tech University

TL Tap line (or line transect)

UF University of Florida

WERFL Wind Engineering Research Field Laboratory
A Roof panel area

aj Tributary area of pressure tap j

Cp Pressure coefficient

Gy Mean pressure coefficient

o Standard deviation pressure coefficient

Ep Peak pressure coefficient

apAVG Area-average peak pressure coefficient
Cpav(t) Area-average pressure time history
cov(p1,p2) Covariance between two local (tap) pressure signals
f Frequency

fe Cut-off frequency

fm Frequency at Melbourne parameter (10u/H)
H Eave height of low-rise building

i Rank order of local peak pressures

I, Longitudinal turbulence intensity

It Target longitudinal turbulence intensity

LY Longitudinal integral length scale

M Mode parameter of extreme value fit

1/a Dispersion parameter of extreme value fit

N Number of sample peaks

ne Number of pressure taps

P Local (tap) air pressure

P Ambient static air pressure

Plseatic Reference static air pressure fluctuations

Pt Reference total air pressure fluctuations

p;iyn Reference dynamic air pressure fluctuations

u Longitudinal mean velocity

uy Longitudinal mean velocity at eave height

p Air density

Puu Autocorrelation of longitudinal velocity component
Re Reynolds number (= uH /v)

Ryp Pearson’s correlation coefficient between local (tap)

pressure signals

x,Y,2 Longitudinal, lateral, and vertical wind tunnel coordinates

T Time lag (delay)

Suu Power spectral density of longitudinal velocity fluctuations

S Melbourne (small-scale) parameter

YR Reduced variate

v Kinematic viscosity of air

u,v,w Longitudinal, lateral, and vertical wind velocity
components

a, B,y Terrain constants

op1,0p2  Standard deviation of two local (tap) pressure signals

only small-scale (high frequency) turbulence is physically simulated in
the wind tunnel and LST effects are analytically modeled using
quasi-steady (QS) theory (Mooneghi et al., 2016; Irwin, 2008). However,
validation of these QS approaches for wind pressure prediction have
been performed using limited full-scale observations and taken under a
reduced set of turbulent/terrain conditions (e.g., open exposure).

The linkage between building aerodynamics to large-scale turbu-
lence has been largely assessed on two-dimensional (2D) bodies (e.g.
Gartshore, 1973, 1984; Melbourne, 1979; Castro and Haque, 1988; Kiya
and Sasaki, 1983; Hillier and Cherry, 1981; Saathoff and Melbourne,
1997). For instance, Saathoff and Melbourne (1997) examined the in-
fluence of upstream turbulence characteristics on the flow field around a
2D rectangular prism. Their study explored a broad range of turbulence
intensity and length scales with LX/D = 0.4 to 2.1, where D was the
thickness of a 2D flat plate with a rectangular cross-section (D = 50
mm). Their research demonstrated that freestream turbulence induces
(1) significant disruptions to the separated shear layer (SSL) resulting in
shorter mean reattachment lengths, (2) larger surface pressure fluctua-
tions occurring in closer proximity to the leading edge, and (3) greater
surface pressure fluctuations for larger integral length scales. They also
observed that the location of maximum surface pressure fluctuations
remained unaffected by the integral scales within the investigated range.
This was corroborated by the detailed flow measurements in Lander
et al. (2016).

Li and Melbourne (1999) explored the flow patterns just after the
incident wind flow separates from the edge of a 2D flat blunt surface and
noted that as turbulence intensity increases from I, = 8% to I, = 20%,
the effect of turbulence scale on peak pressures becomes more signifi-
cant. At lower intensities, the turbulence scale, which was LY/ D = 6,
has less impact on fluctuating and negative peak pressures than at higher

intensities. Also, their study found that larger turbulence scales heighten
pressure fluctuations within the separation bubble.

Studies such as those by Gartshore (1973) and more recently by
Lander et al. (2016), have focused on the impact of small-scale turbu-
lence on SSL development, observing earlier turbulence onset closer to
the leading edge, and that turbulence on the stagnation streamline
significantly alters the separated flow. The transition to turbulence in
the separated flow is immediate after separation due to a bypass
mechanism. Larger length scales of upstream turbulence increase the
coherence of shear layer roll-up while decreasing small-scale turbulence
perturbation (Saathoff and Melbourne, 1997). These enhanced vortices
generated from the leading edge contribute to increased surface pressure
fluctuations.

Due to challenges associated with the physical modulation of LST in
ABLWT, the bulk of the research concerning incident turbulence effects
on 3D building aerodynamics has focused on small-scale turbulence (e.g.
Tieleman et al., 1978, 1994, 2003; Hajj et al., 2000; Tieleman, 2003;
Akon and Kopp, 2016, 2018; Fernandez-Caban and Masters, 2018;
Morrison and Kopp, 2018). Most of these studies relied on modifying
turbulent intensity (I,) levels at the testing section by adjusting rough-
ness grid morphometry upstream to the building model (Hajj et al.,
2000). For instance, Tieleman et al. (2003) conducted ABLWT studies on
a 1:50 model of the Texas Tech University (TTU) Wind Engineering
Research Field Laboratory (WERFL) experimental building to map the
dependence of mean, rms, and peak wind pressures on incident turbu-
lence. They investigated a range of I, between 7.1% and 19.3% (at the
prism height = H) and integral length scales (L) were between 2.6 and
8.6 times larger than H. The flow conditions were achieved using a
variety of spires and manual adjustment of the upwind surface rough-
ness grid.
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More recently, Akon and Kopp (2016) performed pressure tests on a
1:50 TTU model and reported that increased upstream turbulence in-
tensity was found to reduce the sizes of mean separation bubbles on
roofs, which also generally heightens fluctuations of wind-induced
suctions on roofs. Further, this change in separation bubble size
directly impacts the distribution of mean roof surface pressures. The
fluctuating component of roof surface pressures is also dependent on
upstream turbulence (Tieleman, 2003; Akon and Kopp, 2016). This
observation was independently validated in Fernandez-Caban and
Masters, (2018).

Akon and Kopp, (2018) leveraged Particle Image Velocimetry (PIV)
to investigate the physics underlying separated-reattaching flows over
the roof surface of a 3D low-building model under six different turbulent
boundary layer conditions. They found that while the mean flow field
above the roof surface displayed similar behavior for the six terrain
conditions, distinct differences were observed in turbulent stresses,
which they attributed to high levels of initial turbulence kinetic energy
in the separated shear layer. While the study examined a wide range of
turbulence intensities (between 14% and 26% at the roof height; H), the
range of L /H was limited.

Full-scale experiments performed by Morrison and Kopp (2018) at
the IBHS Research Center investigated the effects of turbulence intensity
and scale on surface pressure fluctuations on the roof of a full-scale
replica of the TTU building. The study revealed that incident turbu-
lence in the streamwise direction with frequencies in the range 0.1 < fH/
u < 2 govern the intensity and distribution of surface pressure fluctua-
tions near the roof edge in the ABL. However, physical generation of
low-frequency turbulent scales below frequencies of fH/ i < 0.1 proved
challenging.

To address this experimental limitation, studies in recent decades
have explored solutions to account for the missing low-frequency tur-
bulence through analytical approaches based on QS models (e.g. Banks
and Meroney, 2001; Guo et al., 2021; Richards and Hoxey, 2004, 2008,
2012; Richards et al., 2007; Wu and Kopp, 2016, 2018, 2019; Sten-
abaugh et al., 2015; Mooneghi et al., 2016; Irwin, 2008). For instance,
Banks and Meroney (2001) used simultaneous pressure and velocity
BLWT data to assess the basic assumption of QS theory (i.e., building
surface pressure fluctuations are directly related to fluctuations in the
local wind vector). This assumption is found to be mainly valid for
cornering mean wind azimuths (f) and low-frequency changes in . The
work also documented that QS theory ignores the random vortex mo-
tions (e.g., body generated turbulence) and how they contribute to
pressure fluctuations in flow separation zones.

Richards and Hoxey (2004) developed a QS method for predicting
peak pressures from observed mean pressure coefficients. Their
approach calculated the joint probability of instantaneous wind azi-
muths and gust dynamic pressure for wall pressure estimates. In the case
of roof pressures, elevation angle of the incident wind field was also
incorporated in the QS. The study showed reasonable agreement with
field data derived from a full-scale 6-m cube (Silsoe building). Richards
and Hoxey (2012) continued their exploration of quasi-steady and other
processes (building-generated turbulence) affecting pressures on the
6-m Silsoe building, providing a more refined understanding of the dy-
namics of surface pressure and the limitations of various modeling ap-
proaches. An enhanced version of these QS models have been more
recently developed by Wu and Kopp (2016). For example, Wu and Kopp,
2018, 2019 conducted studies focusing on the effects of upstream (pri-
marily small-scale) turbulence characteristics on pressure fluctuations
on a low-rise building and the physical assumptions of a quasi-steady
vector model.

Irwin, 2008 suggested differentiating between small- and large-scale
turbulence effects on wind loading. Following this, Mooneghi et al.
(2016) introduced the partial turbulence simulation (PTS) method,
where small-scale turbulence is physically simulated in the wind tunnel,
and QS theory is analytically applied to the physical pressure data to
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account for the absence of low-frequency turbulence. Recently, Guo
et al., (2021) developed a new method to estimate peak pressures on
low-rise building models based on QS theory and PTS analysis through
Monte Carlo simulation base on independent assumption of small- and
large-scale turbulence, enhancing the prediction of peak area-averaged
pressure coefficients.

While small-scale turbulence can be readily simulated using passive
roughness grids, some researchers have moved to active flow condi-
tioning strategies to impart large-scale turbulence (LST) into wind tun-
nel flows (Bienkiewicz et al., 1983; Kobayashi and Hatanaka, 1992;
Nishi et al., 1993; Nishi and Miyagi, 1995; Nishi et al., 1997; Nishi et al.,
1999; Shuyang et al., 2001; Cao et al., 2002; Ozono et al., 2006; Ozono
and Ikeda, 2018; Mokhtar et al., 2024; Mokhtar et al., 2023). Previous
attempts involved 2D active grid systems, with Bienkiewicz et al. (1983)
successfully introducing larger gust structures through vertical in-plane
grid oscillations. Kobayashi and Hatanaka (1992) explored experimental
approaches to actively control streamwise and vertical flow velocity
components using dynamic actuation of 2D arrays of plates and airfoils.
Nishi et al. (Nishi et al., 1993; Nishi and Miyagi, 1995) pioneered
computer-controlled multi-fan array systems for simulating large-scale
ABL turbulence using iterative correcting approaches based on sensor
feedback from velocity probe readings.

Subsequent works developed active simulation capabilities that
included user-specified targets to achieve desired flow conditions at the
wind tunnel test section (Nishi et al., 1997, 1999; Shuyang et al., 2001;
Cao et al., 2002). Ozono et al., (2006) devised a multi-fan wind tunnel
(MFWT) that generated homogeneous turbulence within a short down-
stream distance. In their study, they achieved turbulence intensities
ranging between 12% and 16%, and integral length scales between 0.6
and 0.7 m. More recently, Mokhtar et al. (2024) used an active 3 m x 6
m (2D) multi-fan array, termed Flow Field Modulator (FFM), in a large
BLWT at the University of Florida (UF) Natural Hazards Engineering
Research Infrastructure (NHERI) Experimental Facility (EF) (Catarelli
et al., 2020b) to achieve prescribed ABL turbulent lengths scales of
approximately one order of magnitude larger than the ones obtained
through passive flow conditioning strategies. Their work examined a
wide range of turbulence intensity levels (from 15% to 30%) and
demonstrated the FFM’s capability to achieve integral length scales of
up to LY /H ~ 40 for 1:20 BLWT simulations (where H = 19.8 cm). The
present work aims at leveraging the active turbulence modulation to
map the intensity and distribution of 3D aerodynamic loading action on
low-rise buildings under highly turbulent flows with length scales
significantly larger than the characteristic building dimension (e.g, H).

This study seeks to systematically assess the effect of LST on aero-
dynamic building loads through active low-frequency turbulence gen-
eration. The research leveraged a high-performance 3 m x 6 m (2D) fan
array to achieve ABL turbulent scales significantly greater than previ-
ously achieved in BLWTs of similar cross-sections. Multiple incident
turbulent intensities (I,) and integral length scales (L) were examined
to characterize the impact of small- and large-scale turbulence on mean,
fluctuating, and peak pressures on the roof of a low-rise structure. The
paper first (Section 2) describes the active and passive flow conditioning
systems used for a series aerodynamic BLWT tests conducted at the UF
NHERI EF (Catarelli et al., 2020b). Results highlighting the influence of
large-scale turbulence on aerodynamic loading are presented in Section
3. This is followed by Section 4, which discusses the limitations of the
BLWT experiments and subsequent research directions. Finally, Section
5 summarizes key research findings and potential implications regarding
wind load provisions.

2. Experimental setup

Aerodynamic tests were conducted at the UF BLWT (Catarelli et al.,
2020Db), a low-speed open-circuit tunnel with dimensions of 6 m (W) x 3
m (H) x 38 m (L). The primary UF BLWT flow conditioning components
include the (1) vaneaxial fan bank, (2) the Flow Field Modulator (FFM),
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Fig. 1. Layout of active and passive flow conditioning systems at the UF BLWT.

and (3) the Terraformer roughness grid (Fig. 1). The vaneaxial fan bank
has a 2 x 4 (vertical x lateral) 448 kW fan array, and the system is
responsible for driving the mean mass flow along the BLWT. The FFM
and Terraformer systems were used in this study to control large- and
small-scale turbulence at the downwind test section, respectively. Sec-
tions 3.1. and 3.2 detail how these two flow conditioning systems
operate.

Injection of large-scale turbulent flow fluctuations was achieved via
the FFM, a high-resolution flow control device located in the upwind
section of the UF BLWT. The FFM is a computer-controlled 240 kW 3 m
(H) x 6 m (W) 2D fan array comprising 319 hexagonal aluminum cells.
Each FFM cell has shrouded three-blade corotating propeller pairs with
high-performance 750-W brushless DC motors driven by electronic
speed controllers (ESC). Command signals are sent to each ESC by two
NI cRIO-9048 eight-slot chassis with NI-9403 C Series digital commu-
nication modules controlled by a custom FFM virtual instrument (VI).
This hardware configuration enables a maximum free discharge velocity
of +20/-17 m/s. The FFM 319 fan bank resides immediately upwind to a
dimensionally identical 319-cell honeycomb system.

This study integrated a computer-controlled roughness element
array, called the Terraformer (Fig. 1), to mechanically generate and
adjust small-scale turbulent content at the BLWT test section. The Ter-
raformer is an 18 m long (fetch length) 18 x 62 roughness element grid
system. The system is fully mechanized and consists of 1116 integrated
stepper motor assemblies that precisely rotate and translate roughness
elements independently from one another to control height and

- 'ulll”

Vaneaxial Fans
+ FFM Array
” 12 Vectoflow
=Wind Flow 4~ valoclty

Probes

432 Pr.essure Taps
(376 Roof Taps)

- TN

Automated
Roughness Grid 2

1:20 TTU

Model

orientation. Each roughness element has plan dimensions of 5 cm by 10
cm, and the heights can vary from 0 cm (element flush with tunnel floor)
to 16 cm. Additional information regarding the Terraformer system can
be found in Catarelli et al., 2020a, 2020b.

The wind tunnel building specimen was constructed and instru-
mented at the UF NHERI EF and consisted of a rigid 1:20 scaled repre-
sentation of the Texas Tech University (TTU) Wind Engineering
Research Field Laboratory (WERFL) experimental building (Levitan and
Mehta, 1992a, 1992b). The model’s flat faces (walls and roof) were
fabricated from 0.22" (5.6 mm) thick clear plastic (polycarbonate)
sheets, and the roof perimeter consisted of interchangeable 3D printed
parts, which enabled future testing of other architectural/geometric
features (e.g., parapet, spoilers, rounded edge) (Mokhtar et al., 2025).
However, in this study, the 1:20 building model was only tested using
the actual roof geometry of the TTU WERFL building (i.e., 1:48 sloped
gable roof with sharp edges along the roof’s perimeter). A representative
BLWT configuration is depicted in Fig. 2a. Incident mean and turbulent
profile measurements were monitored during aerodynamic testing using
12 five-hole Vectoflow velocity probes mounted to an automated in-
strument traverse system. The probes were set to measurement heights
z =15, 10, 15, 19.8, 25, 30, 52.5, 72.5, 95, 115, 137.5, and 157.5 cm
above the BLWT floor and horizontally positioned at the BLWT location
x =31 m and y = 1.35 m (position B in Fig. 2b).

The building model was instrumented with 376 pressure sensors
(taps) on the roof and 56 taps on the four walls (432 total taps), as shown
in Fig. 3. The horizontal coordinates of roof taps were symmetric (i.e.,

f———— BLWTWidth=6m ————|

Wind
Flow

Vectoflow

1:20 TTU
Building

BLWT —*
Sidewall BLWT
Sidewall

Turntable

| (b)

Fig. 2. Experimental setup for aerodynamic tests performed on the 1:20 TTU model.
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Fig. 3. Roof dimensions and pressure tap layout of the 1:20 TTU building model.

mirrored) about the long building dimension to provide redundancy in
pressure data at wind azimuths of § = 0°. All 432 pressure taps were
connected to a 512-channel Scanivalve system via 48" long urethane
tubes with an outer diameter (0.D.) of 0.063" (1.59 mm). Pressure co-
efficients were computed as follows:

_pfpoo

= 1
0.5pty> .

P

where p — p, is the local (tap) gauge pressure; p is the air density; and Uy
is the reference mean flow velocity taken by the Vectoflow sensor po-
sition at the eave height of the building model (H = 0.198 m). The
sampling rate for the Vectoflow and Scanivalve measurements were 850
Hz and 625 Hz, respectively.

Two post-processing filters were applied to the local (tap) pressure
measurements. First, dynamic tubing response corrections described in
Fernandez-Caban and Masters (2020) were applied using frequency
response (transfer) functions developed for the specific tube and (inner)
diameter sizes used to instrument the building model. Fig. 4 illustrates
the transfer function for the 48” tubing system used. Second, active
generation of low frequency (less than ~6 Hz) velocity fluctuations in
the BLWT produced non-negligible static pressure fluctuation (p,,, ) at
the BLWT testing section. During aerodynamic testing, these static
pressure fluctuations were monitored by the Vectoflow sensor at Posi-
tion B and a height z = 0.198 (i.e., roof height) and digitally filtered
from local (tap) pressure signals. Filtering was performed in the fre-
quency domain, where Discrete Fourier transforms (DFT) were applied
to mean-removed total (p,,) and dynamic (velocity) pressure (piiyn)

Tube Length = 48" (1.22 m)
Tube Diameter (O.D.) = 0.063" (1.59 mm)

Transfer Function

0.2

L L L L L L L L L L L L L

40 60 80 100 120 140 160 180 200 220 240 260 280 300
Frequency [Hz]

0.0 '
0 20

Fig. 4. Transfer function of the tubing system applied to correct local (tap)
pressure signals.

signals collected by the Vectoflow probe at z = 19.8 cm (where p;,, =
Ditatic + p:iyn)' The amplitude ratio of p), and p’dyn was then used to
attenuate low frequency p;,,,,. amplitudes from the local (tap) pressure
readings in the frequency domain. Lastly, an inverse DFT was applied to
convert the corrected tap pressure signal back to the time domain. Fig. 5
depicts a representative example of the filtering process applied to Tap
131 for a wind azimuth of # = 0° (see Fig. 3).

Input settings for the UF BLWT flow conditioning systems (i.e.,
vaneaxial fans, FFM, and Terraformer roughness grid) calibrated in
Mokhtar et al., 2024 and (Mokhtar et al., 2023) were adopted in this
study to recreate a range of actively generated turbulence intensities ()
and integral length scales (LY). To achieve target (user-specified) ABL
turbulence levels at the BLWT testing section, Mokhtar et al. (2024)
implemented a Governing Convergence Algorithm (GCA)
(Pinyochotiwong, 2022) to iteratively adjust input settings of the
vaneaxial fans, FFM, and Terraformer roughness grid. Adjustments were
based on sensor feedback from the 12 Vectoflow velocity probes that
monitored the flow conditions at the BLWT testing section. For all ex-
periments, the target longitudinal mean velocity at H = 0.198 m was
approximately 6 m/s. A detailed description of the GCA and the flow
calibration procedures used in this study to achieve the target mean and
turbulent wind profiles are presented in Mokhtar et al. (2024).

Table 1 includes measured turbulent conditions captured during
BLWT aerodynamic tests (Vectoflow probe locations shown in Fig. 2b).
The TTU model was immersed in eight (actively generated) large-scale
turbulent (LST) flow conditions. LST ID cases 1-4 comprise moderate
turbulence intensity levels (15%), and LST cases 5-8 represent high
levels of I, (30%). While the flow calibration procedures detailed in
Mokhtar et al. (2024) were conducted at the center (x = 31.52m,y =0
m; position A in Fig. 2b) of the BLWT test section (i.e., in the absence of
the building model), measured I, and L} values obtained at the new
Vectoflow probe location (x = 31 m, y = 1.35 m; position B in Fig. 2b)
agree well with observations from the original flow calibration tests.

3. Results

Fig. 6 highlights the range of achievable small- and large-scale
incident turbulent flow conditions in the BLWT largely enabled by the
FFM and Terraformer subsystems. Square (blue) data points indicate
velocity probe measurements taken under traditional (i.e., baseline)
BLWT conditions (Fernandez-Caban and Masters, 2018) where me-
chanical turbulence was only introduced passively by the Terraformer
(no active FFM turbulence modulation). Circular (yellow and green)
markers correspond to turbulent flow statistics, from 20 s velocity time
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Fig. 5. Local pressure correction (Tap 131) for low-frequency (FFM-generated) static pressure fluctuations in the BLWT.

Table 1

Turbulent flow statistics at the eave height (z = H = 0.198 m) of the 1:20 TTU model.
BLWT ID I,r (Target) L ;/H (Target) Turbulence Intensity, I, Length Scale, LY /H s° Eq. (3)

0=0° 0 = 45° 0=0° 0 = 45° 0 =0° 0 = 45°

LST-1 0.15 5.1 0.14 0.15 7.3 7.9 108 124
LST-2 15 0.14 0.15 9.7 9.8 123 144
LST-3 25 0.16 0.17 26 23 159 196
LST-4 35 0.17 0.18 23 23 299 380
LST-5 0.3 5.1 0.31 0.30 5.7 5.5 764 936
LST-6 15 0.34 0.33 9.4 7.3 689 715
LST-7 25 0.32 0.32 18 21 299 380
LST-8 35 0.32 0.32 30 28 294 433

series, generated by modulating low-frequency turbulence using the
FFM subsystem. Integral length scale (L¥) estimates were obtained from
velocity time histories by applying Taylor’s “frozen” turbulence hy-
pothesis, where L} is obtained as follows:

L= [ pu(ods @
0

in which p,, is the autocorrelation of the longitudinal velocity compo-
nent; and 7 is the time lag. Representative autocorrelation plots of
similar FFM-generated flows can be found in Mokhtar et al. (2024).

In Fig. 6b, small-scale turbulence was quantified by measuring the
incident turbulence content at a frequency equivalent to 10 times the
characteristic dimension of the building (i.e., 10 H; where H is the eave
height of the model). The turbulent energy at this frequency is known as
the Melbourne parameter S (Melbourne, 1980) and is defined in Tiele-
man (2003) as:

s:f’"s‘ii“z(f'") x 10° (3)
u
where S, is the one-sided power spectral density (PSD) of turbulent

velocity fluctuations; u is the mean velocity; and f,, = 10u/ H. The S
parameter is loosely associated with the turbulent content of the inci-

dent flow with a wavelength comparable to the thickness of the sepa-
rated shear layer (SSL). Tieleman (2003) details that for a low-rise
structure, such SSL thickness is approximately 1/10 of the building
height (H). Fig. 6 reveals how traditional (i.e., baseline) BLWT config-
uration can achieve a broad range of S values (from 0.1 to 1.9 x 10%). In
the UF BLWT, the larger S values are associated with higher (i.e.,
rougher) upwind terrain morphometries enabled by the Terraformer
(see Fig. 1).

Fig. 6a shows the large range of L¥/H achieved across multiple tur-
bulence intensities (I, = o,/u), with maximum length scales exceeding
40 H. It is noticeable from Fig. 6a that FFM (yellow) data points are
clustered around three specific turbulence intensity levels, namely I, =
0.15, 0.2, and 0.3. These correspond to the three (user-specified) target
turbulence levels (or I,7) selected when calibrating the BLWT flows
(Mokhtar et al., 2024). In this study, only I, 1 of 0.15 (moderate turbu-
lence) and 0.3 (high turbulence) were investigated.

Fig. 7 depicts mean and turbulent profile data captured by the 12
Vectoflow probes during BLWT pressure tests (i.e., with the building
model) at Position B (see Fig. 2b) for & = 0°. Mean and turbulent flow
statistics were computed from flow velocity data taken for a duration of
360 s. Subplots containing “blue” and “orange” markers correspond to
target turbulence intensities (I, 1) of 0.15 and 0.3, respectively. Black
dashed lines represent the target power law profile models where u(z) =
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Fig. 6. Incident turbulent intensities and length scales at the BLWT test section
(x=31.52m,y=0m, z=H = 0.198 m).

U (z/H), L(2) = Lr(H/2 ), Li(z) = L3 (z/H )", and a, f, and y are
terrain constants specified in Mokhtar et al. (2024),
Measured mean velocity profiles show very close agreement with the
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empirical models. Especially, target mean, and turbulence statistics
closely match BLWT observations near the building height (z = H). As
shown in Table 1, the highest target LY was 7.0 m (L /H ~ 35) for LST-4
Iyt = 0.15) and LST-8 (I, r = 0.3). Fig. 7e and f suggests that the FFM
was able to approach such length scales but was unable to reach it.
Nevertheless, the FFM subsystem enable L /H values considerably larger
than the ones obtained from traditional BLWT testing. While most of the
turbulent scale profiles displayed a gradual increase of LY /H with height,
the sudden increase in LY /H at the upper regions (z/H > 5) of LST-2 is
due to a greater area under the autocorrelation curve. This is a conse-
quence of the varying levels of LST actively generated by the different
vertical cell rows of the FFM.

Injection of low-frequency fluctuations into BLWT flows can be
detected in Fig. 8, which includes time series of standardized velocity
fluctuations for LST tests with the lowest (LST-1 and LST-5; “teal” color)
and highest (LST-4 and LST-8; “red” color) L% /H estimates. The velocity
signals were low-pass filtered (using a cutoff-frequency of f, = 5 Hz) to
reveal turbulent fluctuations at the lower frequencies. Subplots LST-4
and LST-8 display higher low-frequency fluctuations, and, at the same
time, lower high-frequency turbulent energy compared to LST-1 and
LST-5. This may be better illustrated in Fig. 9, which includes the cor-
responding (nondimensional) velocity spectra fS,,(f, H)/u* for the four
velocity traces shown in Fig. 8. The black dashed curves represent the
von Karméan spectral density model (Von Karman, 1948) for isotropic
turbulence defined as:

4T
5/6
flr+708(f/a)’]

Albeit more pronounced in the right subplot (I, = 0.3) of Fig. 9, a
leftward horizontal shift in the spectral peak is noticeable for higher
magnitudes of LY/H. This is consistent with the spectral analysis con-
ducted in Mokhtar et al. (2024). In the case of I,y = 0.3 (Fig. 9b), both
LST-5 and LST-8 have very similar turbulence intensities (see Table 1),
however it is evident from Fig. 9 that the distribution of the turbulent

Suw(2,f) =

@

Fig. 7. Longitudinal mean (left subplots), turbulence intensity (middle subplots), and integral length scale (right subplots) profiles (6 = 0°).
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Fig. 9. Nondimensional velocity spectra at 2 = H = 0.198 m under moderate (a) and high turbulent (b) intensities.

content differs between the two LST-5 and LST-8 cases. For instance,
LST-5 has higher turbulent content across the inertial subrange (n >
0.1), while larger levels of low-frequency turbulence (n < 0.01) are
noticeable in LST-8. Conversely, LST cases under moderate turbulence
levels (I,r = 0.15) displayed similar turbulent content through the in-
ertial subrange.

3.1. Surface pressure statistics

In this work, analysis of aerodynamic roof pressure data acting on the
building model was limited to wind azimuths (6) of 0° (parallel to the
longest horizontal building dimension) and 45° (cornering wind).
Figs. 10 and 11 show representative mean, standard deviation (SD), and
skewness pressure contours on the roof of the model for LST-5 and LST-8
(I.r = 0.3) under a parallel (¢ = 0°) and cornering wind azimuth (6 =
45°), respectively. For = 0° (Fig. 10), a clear reduction in mean pres-
sures near the leading roof edge is evident for the larger L/ H case (LST-
8). At the same time, slightly larger standard deviation (SD or Cp)
pressure zones are noticeable near the roof corners (‘dark gray’ areas)
with increased turbulent scale. Interestingly, a marked rise in negative
skewness values is observed under the separation ‘bubble’ in LST-8

compared to LST-5.

For § = 45°, the two mean pressure contours for LST-5 and LST-8
show strong similarities in both intensity and spatial distribution, with
LST-8 showing slightly larger means than LST-5 under conical vortices
(‘red’ regions). On the other hand, SD contours shown in Fig. 11 for the
higher L7 /H case (LST-8) display visibly stronger C, near the roof corner
(‘gray’ regions) and downstream along the path of conical vortices
(‘white’ regions). Like the 6 = 0° tests, larger skewness values of pres-
sures were observed under for turbulent flows with greater LY /H.

Fig. 12 displays local mean, standard deviation, and skewness pres-
sure coefficients (C,) derived from 280 s pressure time histories along
roof line transects TL1 and TL2 (see Fig. 3) and 8 = 0°. Like Fig. 6, ‘blue’
markers represent C, obtained under moderate turbulence levels (I, r =
0.15), while ‘orange’ markers correspond to high incident turbulent
conditions (I, r = 0.3; see Table 1). Fig. 12 suggests that for turbulence
intensities around 15 % (‘blue’ markers), mean C, values appear to be
weakly dependent on L¥/H. However, a noticeable rise in —C, near the
leading roof edge (x/H < 0.3) is evident for LST cases tested under
higher incident turbulence levels (LST 5-8; I, 7 = 0.3). This trend in-
dicates lower —C, with increasing L¥/H in the flow separation “bubble”
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Fig. 10. Mean (left subplot), standard deviation (middle subplot), and skewness (right subplot) pressures contours (4 = 0°).
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Fig. 11. Mean (left subplot), standard deviation (middle subplot), and skewness (right subplot) pressures contours 6 = 45°).

(x/H < 0.5). For instance, at x/H ~ 0.25, LST-5 (L¥/ H = 5.7) produced
the largest magnitude of — C,, while LST-8 (L*/H = 30) consistently
showed the lowest —C, in this roof region. This decrease in mean
pressure with increasing LY /H was also observed in other works of 2D
wall-mounted bodies [e.g. (Li and Melbourne, 1999; Saathoff and Mel-
bourne, 1997),].

Overall, roof line transects of standard deviation (SD) pressures (Cp)
depicted in Fig. 12 reveal a slight increase with L¥/H under the sepa-
ration “bubble” for both turbulence levels (15% and 30%). However,
both TL1 and TL2 display significantly higher magnitudes of skewness

near the leading roof edge for greater LY/H values. These elevated
skewness values suggest an increased likelihood of higher peak pres-
sures developed in these roof zones (investigated in Section 3.3). A
detailed mapping of surface pressure statistics of corner taps for § = 45°
can be found in Fig. 13, which includes roof line transects along TL3 (see
Fig. 3) for both turbulence intensity conditions (i.e., I, = 0.15 and 0.3).

3.2. Correlation of roof pressure fluctuations

The spatiotemporal correlation between local (i.e., tap) pressures
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Fig. 12. Mean (a-b), standard deviation (c-d), and skewness (e-f) pressures along roof line transects TL1 (left subplots) and TL2 (right subplots) (§ = 0°).

plays a critical role in the intensity of area-average wind loads specified
in codes and standards (ASCE 7-22, 2022). Some wind tunnel studies
have reported greater correlation between surface pressures with
increasing L}/H (tested under similar turbulence intensity levels).
However, these studies, including the ones of Saathoff and Melbourne
(1997) and Li and Melbourne (1999), were conducted using relatively
small 2D bluff-body models and tested under moderate turbulence levels
(e.g., I, = 0.18).

Cross-correlation of pressures along tap lines TL1, TL2, and TL3 are
depicted in Fig. 14 for 6 = 0°. Pearson’s correlation coefficient (Ry,) was
applied in this work, and can be defined as:
_cov(p1,p2)

R, 5

Op10p2
where p; and p, are local (tap) pressure signals; cov(pi,pz) is the
covariance; and o6p; and op; are the standard deviation of gauge pressure
signals p; and p,, respectively. For each tap line, p; represents the
pressure signal at the first upwind tap location (e.g., Tap 1 for TL3; see
Fig. 3); while py correspond to the pressure signal at any other down-
stream tap location.

10

All three line transects (TL1, TL2, and TL3) in Fig. 14 reveal sharp
drops in Ry, for LST cases corresponding to I, r = 0.3 and low L} /H. For
example, at x/H = 0.5, both TL1 and TL2 detected correlation values of
0.4 for LST-5 (L¥/H = 5.7), while LST-8 (L}/H = 30) shows R, values
exceeding 0.6 at the same roof location. Although not as pronounced,
pressure correlations for LST cases tested under moderate incident tur-
bulence levels (‘blue’ markers) also display lower Ry, values for smaller
LX/H. Interestingly, lower correlation is observed far away from the
windward roof edge (x/H) 1.0) in LST cases with the greatest length
scales. The systematic trend of increased correlation with LY /H may be
better visualized in Fig. 15, which offers a closeup view of Ry, near the
roof corner (# = 45°) for the higher incident turbulence intensity (I, 1 =
0.3).

3.3. Local peak pressure coefficients

Fig. 16 displays the cumulative distribution of minimum local peak
pressures (— E‘p) captured by the corner roof tap (Tap 1; see Fig. 3) for

the eight LST cases and two wind azimuths (9 = 0° and 45°). The ab-
scissa of Fig. 16 represents the reduced variate, yg, defined as:
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Yr= ,h{,]n(ﬂ)}
N+0.12

following Gringorten (1963). In Eq. (6), N is the number of sample peaks
(N = 56; in this work), and i is the rank order of peaks (i.e., i = 1 is the

(6)

smallest 76',, and i = 56 is the largest peak measured). Peaks were ob-
tained by segmenting the 280 s pressure signal into 5 s non-overlapping
subintervals (N = 280/5 = 56).

For 6 = 0° (‘blue’ markers), —E’p values do not show significant
differences between LST cases at Tap 1, although the largest peaks
detected (ygr ) 4) occurred for the largest L}/H case (‘pentagonal’
markers) in both I 1 = 0.15 and 0.3. However, a greater dispersion in —

E’p is observed for the cornering wind azimuth (6 = 45°). Specifically,
LST cases tested under I, 7 = 0.15 (top right subplot) systematic rise in
local peaks with increasing LY /H. Similar behavior is observed for I, 7 =
0.3, but the local peaks deviate from the linear relation with reduced
variate values (yg). This may be a result of the elevated turbulence in-
tensity levels. Nevertheless, Fig. 16 suggests that the influence LY/ H on
local peaks seems to be more pronounced for cornering horizontal wind
angles. Table 2 reports the mode (M) and dispersion (1/ a) parameters

12

Journal of Wind Engineering & Industrial Aerodynamics 258 (2025) 106009

from a Fisher-Tippett Type I (Gumbel) extreme value distribution for all
LST cases included in Fig. 13, where 6‘1, =(1/a)yr+ M.

4. Discussion

In general, local mean and fluctuating wind pressure data monitored
on flow recirculating zones display similar behavior, in terms of integral
length scale effects, documented in previous wind tunnel studies per-
formed on 2D bluff bodies (e.g. Li and Melbourne, 1999; Saathoff and
Melbourne, 1997). Particularly, roof pressure data taken at = 0° (wind
azimuth parallel to the long building dimension) consistently demon-
strated that the primary effect of LST (for the same I, levels) is a
reduction in mean pressures near the leading roof edge (under the
separation “bubble”). The reduction in the magnitude of Ep with
increasing LY /H was more pronounced for the higher incident turbulent
level investigated (I, = 0.30). These observations agree with the works
of Nakamura and Ozono (1987) and Li and Melbourne (1999). The
former work argues that the presence LST is equivalent to slowly fluc-
tuating upstream flows, which prevents such flows from influencing the
mean pressure field on the bluff body. However, for the cornering wind
azimuth (@ = 45°), a decreasing trend in mean pressure with increasing
LY /H was not detected in the present study. Instead, a small increase in
the magnitude of Ep was seen for both the moderate (I, = 0.15) and
high turbulent (I, r = 0.30) conditions (as shown in Fig. 13). This may be
a consequence of the distinctly different roof vortices that form as a
consequence of oblique wind azimuths (Banks and Meroney, 2001).

Fluctuating (C,) roof pressures along line transect parallel to the roof
ridgeline (f = 0°) showed similar trends to the ones presented in pre-
vious 2D bluff body studies (Saathoff and Melbourne, 1997; Lander
et al., 2016) under moderate (I, 7 = 0.15) turbulence levels. These Cp
values displayed higher magnitudes with increasing LY /H. Yet, at least
for 6 = 0°, negligeable differences in the magnitude and distribution of
C;, were observed under high turbulent conditions (I, = 0.30) for the
same line transects. The insensitivity of C, with increasing L}/H may be
due to the upstream turbulence reaching a critical condition, where the
effects of turbulence on the development of the separating shear layer
are saturated and would have limited alterations of the aerodynamics
(Wu and Kopp, 2018, 2019). Nevertheless, this condition was only
observed for line transects away from the roof corners and 6 = 0°.
Conversely, pressure fluctuations near roof corners generally displayed
higher values with increasing LY /H for I+ = 0.30.

Examination of higher order statistics (e.g., skewness) and cross-
correlation of pressure time histories reveal stronger non-Gaussian
trends and higher correlation of local (taps) pressure readings with
increasing L¥/H; particularly in high suction zones. Observed cross-
correlation of pressures indicate lower perturbation frequencies under
the separated shear layer, which increases the duration of the vorticity
entrainment (Saathoff and Melbourne, 1997) and allows for the devel-
opment of higher peak pressures, as noted by Tieleman (2003). These
observations can have implications to wind design provisions that apply
area-average pressure loads (e.g., ASCE 7-22, 2022); Components and
Cladding (C&C) wind loads).

Fig. 17 illustrates the influence of L¥/H on area-averaged peak

pressures (6,, avg) near the roof corner of the building model for wind

azimuths of & = 0° and 45° and all LST cases examined. The area-
average pressure time history was computed as

Cpave(t) = % 2 a;Cp,(t) )
i=1

where A is the roof corner (panel) area; q; is the tributary area of pres-
sure tap i; Cp;(t) is the pressure coefficient time history of pressure tap i;

and n; is the total number of taps within the panel area A. The ap,AVG
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Fig. 16. Minimum (suction) pressure coefficients measured on Tap 1 (N = 56).

Table 2
Fitting parameters for Type I Extreme Value Distribution of — E‘p (Tap 1).

BLWT I Lir/H Mode, M Dispersion, 1/a
D (Target) (Target) 5 5 5 P
0° 45° 0° 45°
LST-1 0.15 5.1 2.5 5.3 0.6 0.5
LST-2 15 2.5 5.6 0.5 0.8
LST-3 25 2.4 6.1 0.5 1.1
LST-4 35 2.7 6.8 0.7 1.7
LST-5 0.3 5.1 5.0 7.6 1.1 1.0
LST-6 15 4.9 8.0 1.1 1.8
LST-7 25 4.0 7.4 1.5 1.6
LST-8 35 4.1 7.9 1.8 3.4

value for the smallest panel area (A/H? = 0.0062) was calculated by
averaging the local peak pressure (estimated by fitting a Fisher-Tippett
Type I (Gumbel) distribution for a 78% probability of non-exceedance
(Cook and Mayne, 1979) to N = 56 observed pressure peaks; see
Fig. 16); over the four taps closest to the roof corner. On the other hand,
the largest panel area (A/H? = 0.30) corresponds to the average — E’P
from 64 taps closest to the corner of the roof (i.e., all the taps within the
densely tapped corner region shown in Fig. 3). The abscissa in Fig. 15 is
presented in logarithmic scale to corroborate if the linear relation be-
tween Cpave and panel area holds for different LX/H cases.

In the present work, BLWT experiments were conducted under
relatively low Reynolds number values [Re = uH/v = (6 m/s)(0.198 m)
(1.48 x 10> m?%/s) ] compared to other BLWT tests of similar geometric
scales (e.g., approximately half the u intensity reported in
Fernandez-Caban and Masters (2018)). While higher Re conditions are
generally desirable for aerodynamic building model testing, preliminary
tests at the UF BLWT revealed that increasing the mean flow velocity (u)
influenced the FFM’s effectiveness for imparting low-frequency turbu-
lent fluctuations. For instance, a higher @ (mainly driven by the
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vaneaxial fans) would require the FFM to generate larger low-frequency
turbulent fluctuations (oy10w = standard deviation of low-frequency
turbulence; approximately less than 5 Hz) to maintain a similar turbu-
lence intensity level (Iyrow = Ourow/W. As the mean velocity is
increased, the discharge velocity limits of the FFM cells will be reached
before the maximum u can be achieved. A more detailed discussion of
this limitation is documented in Mokhtar et al. (2024). Nevertheless,
statistics of pressure measurements seem to agree with past wind tunnel
studies, which is likely due to the sharp-edged nature of the building
specimen (i.e., rounded/curved geometries have proven to be more
sensitive to Re).

While the scope of this work was limited to longitudinal turbulence
characteristics, subsequent studies will examine the impact of the lateral
(spanwise) and vertical flow velocity components and their role in the
development of surface pressure fluctuations. Information derived from
3D wind velocity data (e.g., instantaneous wind azimuth and elevation
angles) are readily applied in the development of quasi-steady (Q-S)
models (e.g. Banks and Meroney, 2001; Richards and Hoxey, 2004; Wu
and Kopp, 2016) to infer the instantaneous pressure field acting on
buildings. Specifically, most Q-S models were developed to predict the
effects of integral length scales significantly larger than the building
dimension (e.g., eave height = H), which are not possible to simulate in
the BLWT using traditional (i.e., passive) flow conditioning approaches.

As mentioned in Mokhtar et al. (2024), while active FFM turbulence
modulation procedures were effective in generating low-frequency ve-
locity fluctuations of the streamwise (1), control of the incident span-
wise (v) and vertical (w) wind turbulence was not attempted. The work
reported that v and w were mostly insensitive to significant increases in
LY/H. Nevertheless, time synchronized pressure and 3D velocity mea-
surements will be used in future research to investigate the performance
and robustness of QS models for predicting peak pressures on building
structures.



N.O. Mokhtar et al.

Journal of Wind Engineering & Industrial Aerodynamics 258 (2025) 106009

8 8
I, =0.15 . I,7=0.15
7 wT = . 7{ L*/H wT - ”
Se6l 9=0"1 ¢ 2306 § =45
S Li/H
=’ 233 > ol
o S P ] 7.98.. 8.
=4 o~ N I R R A = S\G
s 7.3m I ey .
I . ®--0.04 34 ﬁ.‘ﬂﬂh@,@
I O -\_Dl \Ef"-{__:].. ﬂﬂ
2 H.m 2 4
(a) (c)
1 T T 1 T T
1073 1072 107! 1073 1072 107!
14 14
5 Iy = 0.30 ] L/H ]1L,T_: 0.30
) 6 =0° 2829 g = 45°
S04 LZ/H 10 -
a
S g 29.7 o\\ ) 81 o\\
5.7m T -
= ©-. "l
5 6 el e 61 S| ».
9 [ Te. Teem ®-e
I 4 \ﬁ\ @‘@ 4 \\\D ~Q
4 4 ‘D\\ 9@ - I~ ~<
(b) .03 d) e,
2 ; \ 2 . .
1073 1072 107! 1073 1072 107!

Normalized Area, A/H?

Normalized Area, A/H?

Fig. 17. Area-averaged peak pressures near the roof corner of the 1:20 TTU model for § = 0° (a-b) and 6 = 45° (c-d).

Conclusions

A series of aerodynamic tests were performed in a large BLWT to
investigate the dependence of mean and fluctuating building pressures
on the low-frequency turbulent content of incident wind fields. The
research leveraged an active turbulence modulation instrument to inject
low-frequency wind velocity fluctuations into BLWT flows. The instru-
ment generated larger turbulent length scales than those produced
through traditional (passive) BLWT flow conditioning approaches (e.g.,
spire/roughness configuration). Four LY /H conditions were investigated
for two turbulence intensity levels (I, = 0.15 and 0.3). Simultaneous
pressure measurements were monitored on the roof of a 1:20 scale low-
rise building model, particularly near roof edges and corners (e.g., flow
detachment zones). The following conclusion can be inferred from the
statistical analysis of BLWT pressure data:

e Mean and standard deviation pressure coefficients on the roof were
only slightly sensitive to L¥/H conditions for moderate turbulent
intensity levels (I, = 15 %).

e For higher turbulence intensities (I, = 30%), the magnitude of
negative mean pressure coefficients under the separation “bubble”
was attenuated with increasing L /H for wind azimuths parallel to
the longest horizontal building dimension (6 = 0°).

e A significant rise in local (tap) peak pressures was detected for
greater turbulent length scales, particularly for the cornering wind
direction (0 = 45°).

e Under similar I, levels, larger L} /H values appear to:

olntensify non-Gaussian behavior (i.e., higher skewness values of
pressure signals) in high suction pressure zones. This trend was
observed for all LST cases and wind azimuths considered.

olncrease the spatiotemporal correlation of pressure fluctuations
near roof corners and edges, leading to higher magnitudes of
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area-averaged wind pressures often used in wind load provision
(ASCE 7-22, 2022).

Subsequent research will use this study as a baseline to examine LST
effects on building envelopes with more intricate roof edge/corner ge-
ometries (e.g., parapets, spoilers, etc.). Future work will also investigate
the 3D incident turbulent features and their role in developing extreme
suction loads under the separation “bubble”. Finally, the dataset will be
used to assess and refine QS models (e.g., partial turbulence simulation)
developed for large-scale wind engineering experimental facilities
(Acosta et al., 2024).
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