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STANDARDS

In 2006, the Board of Direction approved the revision to the
ASCE Rules for Standards Committees to govern the writing
and maintenance of standards developed by the Society. All such
standards are developed by a consensus standards process
managed by the Society’s Codes and Standards Committee
(CSC). The consensus process includes balloting by a balanced
standards committee made up of Society members and nonmem-
bers, balloting by the membership of the Society as a whole,
and balloting by the public. All standards are updated or
reaffirmed by the same process at intervals not exceeding five
years.
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FOREWORD

The material presented in this standard has been prepared in of Civil Engineers, or of any other person named herein, that this
accordance with recognized engineering principles. This stan- information is suitable for any general or particular use or prom-
dard should not be used without first securing competent advice ises freedom from infringement of any patent or patents. Anyone
with respect to its suitability for any given application. The making use of this information assumes all liability from such
publication of the material contained herein is not intended as a use.

representation or warranty on the part of the American Society
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Chapter 1
GENERAL

1.1 SCOPE

This standard provides minimum requirements for wind tunnel
tests to determine wind loads on and responses of buildings and
other structures. Loads considered in this standard are wind
loads for main wind-force-resisting systems (MWFRSs) and for
individual structural components and cladding (C&C) of build-
ings and other structures. Loads produced by these tests are
suitable for use in building codes and standards.

Provisions of this standard satisfy the requirements for wind
tunnel testing of ASCE 7, Minimum Design Loads for Buildings
and Other Structures. Wind tunnel testing has the capability to
perform measurements beyond those specifically addressed in
this standard, including pedestrian wind evaluations, dispersion
of airborne pollutants, fugitive particulates, and wind energy
siting studies. These studies are permitted to be included within
the test report addressing wind loads.

1.2 REPORT CONTENT

The wind tunnel test report, hereinafter referred to as the report,
shall be prepared to document the wind tunnel test and results.
This report shall, at a minimum, include (1) a description of the
properties of the simulated atmospheric boundary layer, including
mean velocity and longitudinal turbulence intensity profiles, a
spectrum of longitudinal turbulence with computed integral scale,
and comparison to approved atmospheric models; (2) a descrip-
tion of the test and test methodology; and (3) results of the test.
Detailed requirements are described in following sections.

The report shall address how the test laboratory met the
requirements of this standard for instrumentation capability, and
how the wind climate was defined and used to produce results
given in the report.

For some wind tunnel tests, atmospheric boundary-layer mod-
eling as described in this standard is not appropriate. Examples
include (1) tests for parts and portions of a building where
matching of turbulent length scales is not important for deter-
mining the important responses; and (2) tests that are intended
to model nonboundary-layer winds. For these tests, the report
shall discuss the deviation from the requirements of this standard
and its implications, including the desirability of full-scale test
validation.

Where wind tunnel test conditions vary from those specified
in this standard, a justification for the variance shall be included
in the report.

1.3 COORDINATE SYSTEMS

The following coordinate systems with mean and fluctuating
velocities are defined:

x, ¥, z = right-hand coordinate axes, z is vertical;
U, V, W = mean velocities in x, y, z directions; and

u, v, w = fluctuating portion of velocity vector in x, y, z
directions.

1.4 DEFINITIONS

Unless specified in this section, all terms used in this standard
are consistent with definitions of the ASCE 7 wind load
provisions.

Aeroelastic Feedback: The process by which motion of a
body in the wind causes changes in applied wind pressures.

Aeroelastic Model: A model that simulates the stiffness,
mass, and damping of the full-scale structure.

Approved: Acceptable to the authority having jurisdiction.

Atmospheric Boundary Layer (ABL): The lower part of the
atmosphere, typically 800 to 2,000 ft (250 to 600 m) thick, in
which the velocity increases with height and in which the flow
is turbulent.

Atmospheric Surface Layer (ASL): The lower portion of the
ABL in which the wind flow over flat, uniformly rough terrain
has a logarithmic profile.

Integral (Macro) Scale: A characteristic length that repre-
sents a measure of the average size of turbulent eddies or gusts
present in the atmospheric boundary layer.

Longitudinal Turbulence: Fluctuations in wind velocity in
the direction of the mean wind.

Monte Carlo Simulation: A simulation process in which a
series of events, such as hurricane speeds, is predicted by
drawing on statistical properties of the underlying phenomena.

Neutral Thermal Stratification: Wind conditions in which
thermal buoyancy forces are negligible; normally found in high-
wind situations.

Nonboundary-Layer Winds: Winds that do not conform to
the properties of the standard atmospheric boundary layer.

Recognized Literature: Published research findings and
technical papers that are approved.

Reynolds Number: U, L, / v (refer to the individual terms in
Section 1.5, Symbols and Notation).

Turbulence: Random fluctuations in the wind velocity, or
“gusts.”

Upcrossing Procedure: A statistical method of calculating
the mean recurrence rate for events of a stated magnitude.

Vortex Excitation: Time-varying pressures that are applied
to a body predominantly in a direction perpendicular to the wind
direction due to quasiperiodic shedding of vortices from alter-
nate sides of the body.

1.5 SYMBOLS AND NOTATION

ABL = Atmospheric Boundary Layer;
ASL = Atmospheric Surface Layer;
h = mean roof height of a building or height of other

structure;
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L, = characteristic length scale of a building or other
structure;
L, = integral length scale of longitudinal component of
turbulence in the x direction;
n = power-law index for the variation of mean velocity
with height;
u = surface shear velocity;
U = mean velocity at height z;
U, = characteristic velocity scale of a building or other
structure;
U, = mean velocity at height z.;
U, = mean velocity at height z;
z = height above ground;
7o = ground surface aerodynamic roughness length;

z, = gradient height, the top of the atmospheric
boundary layer;
Z.r = a reference height above ground where the mean
velocity is measured or referenced;
z, = height of the atmospheric surface layer,
approximately 100 ft (30.5 m); and
v = kinematic viscosity of air.

Subscripts
m = model;
g = gradient;

p = prototype (full-scale);
ref = reference; and
s = surface layer.
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Chapter 2
SIMULATION OF WIND IN BOUNDARY-LAYER WIND TUNNELS

2.1 GENERAL

Conditions that the approach flow developed in a boundary-layer
wind tunnel (BLWT) must satisfy for testing high-rise and low-
rise structures are prescribed. Specifications are given for model-
ing the effects of nearby structures and topography on the
approach flow. Simulation requirements herein are specified for
the atmospheric boundary layer (ABL) with neutral thermal
stratification (isothermal in the wind tunnel), which is appropri-
ate for most tests to determine wind pressures and loads during
strong winds. For aerodynamic stability tests of long-span bridge
decks, where strong winds with stable stratification and low
turbulence intensity can develop over water, tests in nonbound-
ary-layer flows shall be permitted, provided that the rationale for
the flow is discussed in the report. For testing of low-rise build-
ings and other structures, simulation of only the lower portion
of the ABL or of the atmospheric surface layer (ASL) shall be
permitted.

2.2 REQUIREMENTS FOR SIMULATION OF THE
APPROACH FLOW

2.2.1 General. Approach flows that must be simulated are
determined by roughness of the upwind fetch and height of the
test structure. The reference approach flow is a turbulent bound-
ary layer in which mean wind speed increases and turbulence
intensity decreases with height.

2.2.2 The Reference Approach Flow. Dependence of the
mean (averaged over 20-60 min, full scale) wind speed, U(z),
measured in wind tunnel simulations on upwind fetch roughness
shall be in accordance with an ABL model published in approved
literature. An example commonly used in wind engineering is

the power-law profile:
V@ _ (i) @1
Urcf Lref

Profile parameters (power-law exponent n and gradient height
z,) for Eq. (2-1) are given in Table 2-1 for Exposures A, B, C,
and D as defined in ASCE 7-93 (ASCE 1994). The mean wind
speed power-law exponent for the simulated profile shall be
within £15% of the target value. Other profile exponents shall
be permitted with justification provided in the report. In ASCE
7, n is referred to as 1/0., as discussed in the commentary.

TABLE 2-1. MEAN VELOCITY PROFILE PARAMETERS

Exposure® n 2z, (m)
D 0.10 213
C 0.14 274
B 0.22 366
A 0.33 457

Note: n is the power law exponent.
“Exposure categories from ASCE 7.

For simulation of substantially the entire ABL, the reference
quantities in Eq. (2-1) shall be set at a location in the wind tunnel
to minimize interference from model structures. The relationship
of the selected reference velocity and height to the approved
reference boundary-layer model will be explained in the report.
For modeling of low-rise buildings or smaller structures, simula-
tion of only a portion of the ABL shall be permitted. For this
case of partial ABL simulation, the relationship of the reference
quantities U, and Z, to the approved boundary layer will be
explained in the report. If the partial ABL simulation is deficient
in similarity, as described in Section 2.2.3 (for example, missing
spectral content at the low-frequency end of the spectrum), then
any additional interpretation of the data shall refer to recognized
literature for methods to make corrections.

Hurricane winds shall be simulated as prescribed for ABL
winds in which U, is determined in accordance with provisions
of Chapter 6. Selection of a C exposure for hurricane wind simu-
lation over water approach shall be permitted.

2.2.3 Simulation of the Approach Flow

2.2.3.1 Conditions for similarity. A properly simulated ABL
shall satisfy the following conditions:

1. The simulated mean velocity profile for a particular site
and wind direction is consistent with the ABL profile or,
in partial simulation for low-rise structures, a portion of
the ABL or ASL.

2. Macro (integral) length scale, measured at the average
height of the structure or other height related to test objec-
tives of the longitudinal component of atmospheric turbu-
lence, is simulated to be consistent with the scale of the
modeled structure, and the turbulence intensity of this com-
ponent of turbulence is consistent with that in the ABL or
ASL at corresponding scaled heights.

3. To avoid excessive distortion of the flow, the geometric
scale (Ly),/(Ly), shall cause blockage no greater than 5%
of the test section cross-sectional area for all wind direc-
tions unless specific measures are taken in the test proce-
dures to account for the effects of blockage. The blockage
area includes projected areas of both the test model and
the proximity model on a plane normal to the test-section
axis.

4. The surface-roughness Reynolds number for the upwind
fetch, u=zy/v, satisfies Eq. (2-2).

B 595 (2-2)
Vv

where u- is the mean surface shear velocity and z, is the aerody-
namic roughness length.

2.2.3.2 The proximity model. Modifications of the approach
wind by buildings, structures, and local topographic features
surrounding the model being tested in an ABL shall be simulated
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within a minimum radius of 820 ft (250 m). Common practice
is to extend the proximity model over the entire turntable. This
simulation shall be accomplished by placing simplified models
(same scale as the test model) of the surrounding objects on the
wind tunnel turntable at their proper locations. In the event a
major object is located beyond the turntable that will signifi-
cantly increase wind loading, a scaled model of the object shall
be placed upwind of the turntable for appropriate wind directions
during the testing program. Where simulation of a portion of the
ABL or the ASL is used, the proximity model shall extend to the
edge of the turntable. In addition, the effects of upwind influ-
ences shall be qualitatively evaluated to determine that modeling
to a greater radius is not required.

2.2.3.3 Topographic models. Wind characteristics at a project
site shall be established by a wind tunnel simulation for sites
surrounded by extensive complex topography beyond the prox-
imity model that result in approach flows not specified by Section
2.2.2 and for which local meteorological data do not exist. In
such cases, a topographic model of small scale in the range of
1:500 to 1:5,000 shall be constructed and measurements made
of mean wind speed and direction and turbulence at the site of
study. Alternatively, a simpler test is permitted to obtain an upper
bound for these flow properties, with the rationale justified in the
report. The measurements shall be made for approach flows from
a sufficient number of gradient wind directions to define flow
over the site for all 360°, recognizing that the approach flow may
be the same for some directions, and that satisfy the conditions
set forth in Section 2.2.3.1. Model scales smaller than 1:5,000
shall be permitted provided the implications of the model scale
are explained in the report.

2.3 GEOMETRIC SCALE CONSIDERATIONS

The geometric (length) scale selected for the building or other
structure to be tested shall satisfy similarity criteria that ensure
compatibility with lengths associated with the approach flow.
Criteria that shall be satisfied for ABL and partial ABL simula-
tions are as follows, in which subscripts m and p refer to model
and prototype, respectively:

L L

1. (—”) =(—") (2-3)
Z() m Z() P

()2
Zref m Zref P

3, (Lj =(L“j or (L) >3 (2-5)
L), \L, ), L, ),

4. (L,Uv), 211,000 (2-6)

The requirement of Eq. (2-3) shall be met within a factor of 2
to 3, reflecting the uncertainties in specification of Z; in the full
scale. The requirement of Eq. (2-4) is readily met within 1%
by selecting the identical reference locations for model and full
scale. The first relationship in Eq. (2-5) shall be met within a
factor of 3, and the second relationship should be adhered to
as a minimum requirement. Eq. (2-6) is a minimum require-
ment. If any of Eqgs. (2-3), (2-5), or (2-6) cannot be adhered to
within these tolerances, the resulting uncertainties in the test
results shall be discussed in the report, including any possible
additional studies (such as high Reynolds number testing or
tests in larger facilities) that may be needed to resolve the
uncertainties.
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Chapter 3
LOCAL AND AREA-AVERAGED WIND LOADS

3.1 GENERAL

Wind pressure measurements are carried out using rigid models
equipped with pressure taps. Local wind loads refer to wind
forces acting on small areas, such as individual windows. Panel
loads refer to forces on larger portions of a structure, such as
parts of walls supported by the structural frame or a portion of
the roof supported by a single truss. The two load types are
distinguished by the effects of area-averaging of wind pressure.
The reference dynamic velocity pressure used in the wind tunnel
shall be specified in the report of the study. In situations where
no aeroelastic magnification occurs, and where Reynolds number
effects are not significant, tests are permitted to be carried out
only for a single wind tunnel speed. Instrumentation with fre-
quency response sufficient to capture peak pressures of interest
shall be used.

3.2 LOCAL PRESSURES

When measuring local exterior pressures to evaluate wind loads
on components of the curtainwall and cladding systems, care
shall be taken to ensure that measurements are obtained in all
areas of significance to the designer, with particular attention to
areas of high local pressure or potential aerodynamic “hot spots.”
Pressure shall be measured at a sufficient number of locations
and wind directions so that no significant aerodynamic events
are missed. Measurements of peak pressure magnitudes shall
account for the statistical variability in individual samples of the
peak.

Wind Tunnel Testing for Buildings and Other Structures

3.3 AREA-AVERAGED PRESSURES

Area-averaged pressures are permitted to be evaluated by real-
time spatial averaging of local pressures over the area of interest
or by posttest processing of time series data on pressures mea-
sured simultaneously at multiple locations. The evaluation shall
be carried out either by online algebraic addition in the data
acquisition system of pressures measured simultaneously at a
number of locations, or by pneumatic averaging using a single
pressure transducer connected by a manifold to multiple taps.
Measurement using porous surfaces and strain gauge elements
shall be permitted.

For elements on which wind pressures can act on both sides
(e.g., canopies, signs, solar collectors, parapets, freestanding
walls), the differential pressures across the element shall be
obtained by simultaneously measuring the area-averaged pres-
sure on each side and algebraically summing the values. Direct
force measurements on such elements are also permitted using
specially designed instrumentation.

3.4 INTERNAL PRESSURES

Consideration shall be given to the effect of internal pressures
and special care shall be taken in the evaluation of mean and
dynamic internal pressures for different opening sizes, including
the inherent porosity of the building envelope. For the assess-
ment of both local and area-averaged loads, internal pressures
shall be (1) evaluated analytically from the measured external
pressures, (2) measured directly using appropriate wind tunnel
models, or (3) obtained from a building code or standard.
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