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Executive Summary

The Prestandard for Performance-Based Wind Design developed by the Structural Engineering
Institute (SEI) of the American Society of Civil Engineers (ASCE) presents a recommended
alternative to the prescriptive procedures for wind design of buildings contained in the nationally
adopted standard Minimum Design Loads and Associated Criteria for Buildings and Other
Structures (ASCE/SEI 7) and in the International Building Code (IBC). The intended audience for
this document includes structural engineers, architects, building component and cladding
specifiers/designers, and building officials engaged in the wind design and review of buildings.
Properly implemented, this Prestandard results in buildings that are capable of achieving the wind
performance objectives specified by ASCE/SEI 7, and in many instances, superior performance
to such objectives. Designers, peer reviewers, or the Authority Having Jurisdiction who possess
an understanding of wind engineering may adapt and modify these provisions to achieve higher
wind performance objectives other than those specifically required by this Prestandard.

SEI has published this Prestandard in response to the increasing interest in using performance-
based approaches for the design of buildings. In addition, this Prestandard aims to help resolve
conflicts in performance objectives that exist when using prescriptive procedures for the wind
design and performance-based procedures for the seismic design of individual buildings. Major
innovations introduced here include nonlinear dynamic analysis for wind design, limited
inelasticity in the Main Wind Force Resisting System (MWFRS) elements, system-based
performance criteria, and enhanced design criteria for the building envelope.

About Version 1.1

Version 1.1 of the Prestandard incorporates developments and updates based on user
experience and comments received since the Version 1.0 document was released.

Published in February 2023, Version 1.1 of the Prestandard incorporates developments and
updated based on user experience and comments received since the Version 1.0 document was
released in 2019. Version 1.1 revisions include many minor revisions along with several
substantive technical changes including a new definition for Expected In-Service Live Load, an
increase to four wind directions required for nonlinear time history analysis in Method 1, a rewrite
of Section 6.3 Analysis Procedures and Requirements, the permitted use of expected material
stiffness for modal analysis as basic analysis requirements, how to consider load sequencing,
clarification of adjudication of peer review disputes, and alignment with the provisions of ASCE 7-
22. Appendix C Method 3 has been updated significantly to include a new purpose and
commentary.

Sections where significant changes are made in Version 1.1 are identified by a gray change bar
in the margin.

Vi
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AHJ
ASD

BRB
C&C
cQC
DDI
EOR
ESWL
GFRS
HFB
HFPI
IBC
LRFD
MWFRS
MRI
NLTHA
PBD
PBSD
PBWD

SSi

Abbreviations

Authority Having Jurisdiction

Allowable Stress Design
Buckling-Restrained Braces
Components and Cladding
Complete Quadratic Combination
Deformation Damage Index
Engineer of Record

Equivalent Static Wind Load

Gravity Force Resisting System
High-Frequency Balance
High-Frequency Pressure Integration
International Building Code

Load and Resistance Factor Design
Main Wind Force Resisting System
Mean Recurrence Interval
Nonlinear Time History Analysis
Performance-Based Design
Performance-Based Seismic Design
Performance-Based Wind Design

Soil-Structure Interaction
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Notation
D = Dead load (Chapter 6)
E[-] = Expectation (Chapter 6)
g = Peak factor (Chapter 6)
h = Height of story under consideration (Chapter 7)
H = Height of the building (Chapter 7)
L = Live load (Chapter 6)
Lex = Expected in service live load (Chapter 6)
L, = Roof live load (Chapter 6)
R = Rain load (Chapter 6)

S = Snow load (Chapter 6)

W,,r = Wind effect with specified mean recurrence interval (MRI) (Chapter 6)
u = Mean response (Chapter 6)

o = Standard deviation (Chapter 6)
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Glossary

Acceptance criteria: A quantifiable condition that is judged to express acceptable response of a
component or system within the building. Acceptance criteria are most commonly defined by
an engineering parameter such as force, stress, strain, or deformation.

Authority Having Jurisdiction (AHJ): The city, county, state, or federal building official with
responsibility for administration and enforcement of the building code.

Basis of Design: A formal document prepared by the designer, an approved by the Peer
Reviewer and AHJ, that expresses the performance objectives, acceptance criteria, methods
of analysis, and methods of design to be used in the design and review of the building.

Brittle Element: See Force-controlled element or system.

Deformation-Controlled Element or System: An element or system that exhibits predictable
response until a specific displacement is reached. When an element or system exceeds its
defined maximum permissible displacement, it is considered to have failed for design
purposes. The element or system may respond in a linear or nonlinear manner up to the
displacement limit, and damage may occur within the element or system prior to reaching the
deformation limit. The element or system is modeled in the analysis such that changes in
stiffness and strength are accounted for and for which nonlinear response history analysis is
required to compute the demand.

Commentary: Within seismic engineering deformation-controlled elements and
systems are referred to as ductile elements. Deformation-controlled elements and
systems for wind are not referred to using seismic “Ductile Element’ naming
conventions to avoid implying mandating of seismic detailing requirements.

Deformational Velocity: The rate of deformation in a viscous or viscoelastic damping device.

Demand Parameter: A quantity (e.g., displacement, velocity, acceleration, force, moment) deter-
mined by analysis of the structure.

Design Strength: Strength provided by an element or connection, computed as the nominal
strength multiplied by the appropriate strength reduction factor.

Drift Damage Index (DDI): A measure of the shear strain in a nonstructural component in a Drift
Damage Zone.

Drift Damage Zone: The region of a nonstructural element for which the Drift Damage Index is
computed.

Ductile Element: See Deformation-Controlled Element or System.
Element or System Damage: Demand response that causes the element, system, or building to
exhibit cosmetic or structural changes after the wind event that may affect its value,

usefulness, or function. Damage may not warrant replacement of the element if it is noncritical
to the building function.

Xi
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Element or System Failure: Demand response that causes the element, system, or building to
lose the ability to resist the demand permanently. Failure suggests the element, system, or
building will require replacement to resume function safely or adequately after the wind event.

Expected In-Service Live Load: 50% of the reduced and 50% of the unreduced live loads
indicated in ASCE/SEI 7-22, Chapter 4.

Expected strength: The mean value of resistance of an element or connection at the anticipated
deformation level for a population of similar elements, including consideration of the variability
in material strength, strain hardening, and plastic section development. Strength reduction
factors are taken as 1.0.

Equivalent static wind load (ESWL): Wind load statically applied to the building representing
the wind tunnel determined combination of the mean, background, and resonant wind
components.

Force-controlled element or system: An element that exhibits predictable (mostly linear)
response until a specific force response is reached. When an element exceeds its defined
maximum permissible force, it is considered to have failed for design purposes. Force-
controlled elements include those defined with force and length (e.g., stress or moment).
Damage may occur within the element prior to reaching the force limit.

Commentary: Within seismic engineering, force-controlled elements are referred to as
brittle elements. Force-controlled elements and systems for wind are not referred to
using seismic “Brittle Element” naming conventions to avoid implying mandating of
seismic detailing requirements.

Gravity Force Resisting System (GFRS): An assemblage of structural elements assigned to
provide support and stability of the structure to gravity loads wind load that is independent of
the Main Wind Force Resisting System (MWFRS). The GFRS works together with the
MWEFRS in carrying gravity loads but is not considered to carry lateral wind loads.

Hurricane-Prone Region: Areas vulnerable to hurricanes; in the United States and its territories,
these are defined as

1 The US Atlantic Ocean and Gulf of Mexico coasts where the basic wind speed
for Risk Category Il buildings is greater than 115 mi/h (51.4 m/s); and
2 Hawaii, Puerto Rico, Guam, US Virgin Islands, Northern Mariana Islands, and

American Samoa.
Level: A horizontal plane where a horizontal floor or roof diaphragm exists.

Low cycle fatigue: A tensile material strength limit state associated with repeated plastic
deformations. The low cycle fatigue limit is governed by the number and magnitude of plastic
loading excursions. The number of cycles before low cycle fatigue failure is significantly lower
than the number of cycles associated with standard fatigue.

Main Wind Force Resisting System (MWFRS): An assemblage of structural elements assigned
to resist wind loads and provide support and stability for the overall building. In general, the
system receives wind loading from more than one surface and also contributes to carrying
gravity loads.

Xii



Downloaded from ascelibrary.org by American Society of Civil Engineers (asce) on 02/23/23. Copyright ASCE. For persona use only; all rights reserved.

Prestandard for Performance-Based Wind Design, V1.1

Mean recurrence interval: The average expected period of time between occurrences of a
specific wind intensity.

Nominal strength: Strength provided by an element or connection using specified material
strength, without strength reduction factors.

Performance objective: A specific desired outcome for an element or system of a building during
or following a wind event as chosen by the stakeholders and designers. Performance
objectives are established at the onset of design and are measured according to their related
acceptance criteria.

Commentary: Objectives may be tangible (e.g., continued use), intangible (e.g., increased
comfort), economic (avoidance or delay of cost or loss), or environmental (e.g., reduction
of material waste resulting from loss or reduction of material devoted to construction).

Performance requirement: Project and/or design requirement that is stipulated by the Authority
Having Jurisdiction. The design team may submit to the AHJ request for alternate conforming
methods as permitted by ASCE/SEI 7-16 or 22, Section 1.3.1.3.

Commentary: Requirements are identified as the minimum fundamental levels of safety or
socially expected building continuity expressed in building codes, ordinances, or similar
legislation.
Ratcheting: Progressive unidirectional accumulation of plastic deformations leading to eventual
P-Delta instability. Ratcheting can occur in the along-wind or across-wind direction with
sufficient plastic demand excursions.

Residual drift;: Permanent deformation that exists at the end of the wind event owing to inelastic
response.

Story drift: Maximum difference in lateral displacement over a story at a common plan location.

Story height: The vertical distance between two adjacent floor levels.

REFERENCED STANDARDS

ASCE/SEI 7. 2017. Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. ASCE/SEI 7-16. Reston, VA: ASCE.

ASCE/SEI 7. 2022. Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. ASCE/SEI 7-22. Reston, VA: ASCE.
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Chapter 1. Introduction

11 PURPOSE

The purpose of the Prestandard for Performance-Based Wind Design (Prestandard) is to advance
design for wind for buildings and to enable the performance-based design (PBD), review,
acceptance, and construction of buildings using analyses, materials, structural and nonstructural
systems, and devices that the prescriptive provisions of building codes and standards may not
cover. A secondary purpose is to advance the performance of building envelopes. This
Prestandard includes the latest knowledge and practices related to design process, risk
categorization, performance objectives, wind demand characterization, analysis, acceptance
criteria for both Main Wind Force Resisting System (MWFRS) and building envelope (envelope),
and project review.

This Prestandard benefits building owners and developers by enabling design of more efficient
buildings that meet the desired building functionality requirements and reduce property damage
from wind events while meeting public safety and performance requirements. It benefits design-
ers, reviewers, and building officials by clarifying design requirements for the design and review
of buildings. It benefits the general public by enabling development of buildings that renew urban
centers and enhance sustainable design and use of natural resources.

Commentary: PBD for wind enables the creation of more efficient and effective designs
and buildings that address specified performance objectives. The design guidance applies
to the MWFRS and the envelope.

The procedures contained in this Prestandard are alternatives to the prescribed procedures
contained in ASCE/SEI 7, as well as other standards that are referenced into the 2018 and 2021
editions of the International Building Code (IBC). Both ASCE/SEI 7 and the IBC allow for the use
of performance-based procedures. Many of the building envelope provisions in Chapter 8 of this
Prestandard exceed or are in addition to the requirements in ASCE/SEI 7 and the IBC.

Commentary: Use of these Prestandard procedures constitutes an alternative or
nonprescriptive design approach that takes exception to one or more of the prescriptive
requirements of the 2021 IBC by utilizing Section 104.11 of that code. Section 104.11 reads
as follows:

104.11 Alternative materials, design and methods of construction and equipment. The
provisions of this code are not intended to prevent the installation of any material or to
prohibit any design or method of construction not specifically prescribed by this code,
provided that any such alternative has been approved. An alternative material, design or
method of construction shall be approved where the building official finds that the proposed
alternative meets all of the following:

1. The alternative material, design or method of construction is satisfactory
and complies with the intent of the provisions of this code.

2. The material, method or work offered is, for the proposed application,
not less than the equivalent of that prescribed in this code as it pertains
to the following:

1. Quality
2. Strength



Downloaded from ascelibrary.org by American Society of Civil Engineers (asce) on 02/23/23. Copyright ASCE. For persona use only; all rights reserved.

Prestandard for Performance-Based Wind Design, V1.1

3. Effectiveness
4. Fire Resistance
5. Durability

6. Safety

Where the alternative material, design or method of construction is not approved, the
building official shall respond in writing, stating the reasons why the alternative was not
approved.

ASCE/SEI 7, Section 1.3.1.3 also permits the use of alternate performance-based
procedures. Section 1.3.1.3 states the following:

1.3.1.3 Performance-Based Procedures. Structural and nonstructural components and
their connections designed with performance-based procedures shall be demonstrated by
analysis in accordance with Section 2.3.6 or by analysis procedures supplemented by
testing to provide a reliability that is, in general, consistent with the target reliabilities
stipulated in this section... The analysis procedures used shall account for uncertainties in
loading and resistance.

1.2 APPLICABILITY

This Prestandard’s recommendations for design and detailing apply to the wind resistance of
engineered buildings, and their envelope, and select internal systems (e.g., elevators) that are
identified for enhanced performance. This Prestandard shall be permitted to be used for MWFRS
design, for the building envelope, or for both as determined by the project stakeholders. All projects
using performance-based wind design (PBWD) for the building must use wind tunnel data for the
MWFRS and the building envelope. In addition, the Prestandard shall be permitted to be applied
to the envelope if the MWFRS is designed according to prescriptive standards.

Commentary: At this time, PBD assumes the following characteristics of the building and
wind force data:

* Wind forces and demands are determined by wind tunnel testing.

* The structural system is well-defined, with discrete elements possessing the ductility,
toughness, and fatigue resistance necessary to resist the full spectrum of wind
demands.

* The MWFRS and envelope have a well-defined response mechanism in which the
system behavior must be understood to predict its response to wind effects.

This Prestandard is not intended for use with nonbuilding structures and structures without
well-defined and documented deformation-controlled elements and connections.

This Prestandard considers the wind hazards associated with both extra-tropical, thunderstorm,
and hurricane wind events and the building code provisions for the design of buildings subjected to
these events. These structures are intended to resist design wind events and shall be permitted
to experience inelastic response of their structural components. Tornado wind hazards are not
considered in this Prestandard because of the current lack of wind tunnel capabilities to address
building and envelope response. Climate change effects are not addressed; however,
consideration of such would be prudent in an area known to be impacted by climate change.
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This Prestandard is consistent with the provisions and performance objectives intended by
ASCE/SEI 7 for buildings designed for specified risk categories.

Commentary: Beginning in the early 1990s, performance-based seismic design (PBSD)
has allowed construction of structures subject to seismic demand to meet specific
performance objectives rather than rely on code prescriptive methods and systems. These
efforts largely began with the Applied Technology Council Project 33 development of FEMA
273, NEHRP Guidelines for the Seismic Rehabilitation of Buildings, and were undertaken
to improve building response to seismic ground shaking, increase structural economy, and
focus design efforts on selecting and proportioning those elements best and least suited to

resist seismic demands.

Application of lessons learned through PBSD such as the Peer TBI initiative (PEER 2017),
coupled with broadly available material modeling and response datasets such as ATC-58
(ATC 2006), plus enhanced computational ability, now make similar advances in PBWD

possible.

The benefits of PBWD can be found in several areas including the following:

* Ability to rationally evaluate wind demands and building responses to avoid undesirable

outcomes and/or predict expected wind damage and losses,

* Ability to evaluate the expected response of a structure to wind demands and, where
appropriate, permit deformation-controlled response of appropriately engineered

building elements’

* Ability to apply enhanced detailing, relative to prescriptive code-based requirements, of
the MWFRS and/or the building envelope system to rationally reduce damage and

losses for design wind effects, and

* Ability to gain structural economy through enhanced analysis and design techniques.

* Enhanced ability of the designer to utilize alternate detailing, energy dissipation, or

construction techniques through demonstration of building performance.

A building owner or design team may further desire to apply PBWD for buildings subject to
multiple hazards such as wind plus seismic (Aswegan et al. 2017). In combined seismic
and wind demand environments, the strength or stiffness of seismically ductile elements
can be governed by wind demands that prescriptive codes require to remain elastic. These
seismically ductile elements, if increased for capacity owing to wind demands, provide
reduced seismic energy dissipation, as well as generate increased demands on
surrounding force-controlled structural elements such as connections and protected
elements. The resulting decrease in ductile seismic response and increased demand on
potentially brittle structural elements decreases the seismic performance of the structure.
Introduction of rational and demonstrated ability of the structure to tolerate limited
deformation-controlled response to wind demands helps improve both wind and seismic

performance and overall building economy.

Finally, the building owner or design team may consider wind demands beyond present
ASCE/SEI 7 requirements. PBWD permits the engineering and understanding of special or

signature buildings subject to special wind events.
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13 GUIDANCE ON USE OF THE PRESTANDARD FOR PERFORMANCE-BASED
WIND DESIGN

This Prestandard’s provisions are compatible with, but amplify and amend, ASCE/SEI 7
requirements. When using these provisions for design prior to the official adoption of the 2022
edition of ASCE/SEI 7 in the local building code, include the use of the 2022 edition of the standard
as a project-specific exception to the building code. When adopting the modifications to ASCE/SEI
7 recommended here, include these modifications as exceptions as well, regardless of the
adoption status of ASCE/SEI 7.

Application of the prestandard requires the user to conform to the following aspects:

1 Ensure that the design team has the requisite knowledge and experience in wind demand
characterization, selection of structural and nonstructural systems for resistance to wind
loading, nonlinear dynamic structural response and analysis, and structural proportioning and
detailing necessary to achieve intended performance.

Commentary: Proper execution of these provisions requires extensive knowledge of wind
demand characteristics, structural material behavior, and nonlinear dynamic structural
response and analysis. Therefore, the design team may require the inclusion of wind
consultants, cladding consultants, and other consultants required to provide a design
compliant with these provisions. Designers not possessing the requisite knowledge and
skills can produce designs that will not perform as intended.

2. Specify sufficient construction quality assurance to ensure that construction conforms to the
design requirements.

Commentary: Historically, many of the failures that have occurred during wind events
resulted from construction that did not conform to the design intent. Structures designed
using these provisions may require limited nonlinear straining of designated structural
elements. If appropriate construction quality assurance is not provided, the building may
not perform as intended.

3. Conduct peer-review for envelope designs using Chapter 8 of this prestandard.

Commentary: To identify unigue demands on the envelope, peer review of the envelope
should accompany structural designs utilizing ductile response. The envelope design and
the envelope peer review should specifically review envelope detailing with respect to the
wind demands and global structural response.

4. Prior to initiating a design using these provisions, confirm that this approach will be acceptable
to the AHJ.

Commentary: Acceptance of designs conducted in accordance with these provisions is at
the discretion of the building official, as outlined in IBC Section 104.11. Each building official
can decline to accept such procedures.
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5. Inform the project developer of the risks associated with the use of alternative procedures for
design.

Commentary: The design and permitting process for buildings that will be constructed in
accordance with this Prestandard will, in general, require greater effort and take more time
than those that strictly conform to the building code’s prescriptive criteria. Further, even in
communities where the AHJ is willing to accept alternative designs, the development team
bears a certain risk that the AHJ ultimately will determine that the design is not acceptable
without incorporation of structural requirements, which may make the project less desirable
from a cost or other perspective.

6. Provide peer review by qualified experts as part of the design process.

Commentary: Buildings are expected to sustain damage when subjected to wind events
greater than the design allows. Some stakeholders may deem that the damage exceeds
reasonable levels. In this event, the Engineer of Record may be required to demonstrate
that he or she has conformed to an appropriate standard of care. Doing this for buildings
designed by alternative means may be more difficult than for buildings designed in strict
conformance to the building code. Independent peer review by qualified experts, as
described in Chapter 9, can help to establish that an appropriate standard of care was
followed.

7. When exception is taken to the recommendations contained within this Prestandard, provide
appropriate technical substantiation for these exceptions to the peer reviewers and AHJ and
obtain their approval.

Commentary: The authors have endeavored to develop these provisions to be broadly
applicable to the wind-resistance design of most buildings, given present industry
knowledge and practice limitations. However, no prestandard can anticipate every building
to which it may be applied, nor can it anticipate advances in the state of knowledge and
practice. The authors do not intend to preclude the application of alternative techniques or
approaches when they are appropriately substantiated, justified, and approved.

14 INTERPRETATION

This Prestandard consists of chapters in which primary guidance takes the form of (a) statements
of scope and applicability and (b) text giving instructions on recommended procedures. The
Commentary sections explain the basis for these recommendations, as well as how to implement
the recommendations and provide alternative approaches.

15 LIMITATIONS

This Prestandard is intended to provide an informed basis for the wind-resistance design of
buildings based on the present state of knowledge, laboratory and analytical research, and the
engineering judgment of persons with substantial knowledge in the design and response to wind
loadings. When properly implemented, these provisions permit the design of buildings with
equivalent, or superior, performance to that attainable by wind design in accordance with present
prescriptive building code provisions. Wind engineering is a continually developing field in terms
of nonlinear response and building envelope design, and knowledge gained in the future is likely
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to suggest modifications of some recommendations presented here. Individual engineers and
building officials implementing these provisions must exercise independent judgment as to the
suitability of these recommendations for that purpose.
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Chapter 2. Design Process

2.1 SCOPE

This chapter presents the recommended design process for performance-based wind design
(PBWD) of the Main Wind Force Resisting System (MWFRS) and the building envelope.

2.2 DESIGN PROCESS OBJECTIVE

Prior to using these recommendations, the design team shall confirm that the building owner is
aware of issues, benefits, and risks associated with the use of performance-based design (PBD)
procedures, that the design team has the appropriate knowledge and resources, and that the
construction quality will be adequate to ensure that the structural design is properly executed.

Commentary: Chapter 2 provides examples of situations in which the building owner,
developer, or design team may desire to employ PBWD procedures. The objective for PBD
is to allow the design team to employ enhanced engineering principles considering the
expected structural response of elements, potentially including appropriate inelasticity in
designated elements, to meet the design and construction requirements of a building. The
engineering principles used should include structural elements that, when subject to time
varying wind demands, demonstrate sufficient strength and stiffness over the service life of
the building.

The Engineer of Record (EOR) may determine those elements most capable of providing
the required resistance, provided the resulting response of the structure is demonstrated to
be acceptable using appropriate engineering principles and methods. Elements
experiencing inelastic deformations may require evaluation by physical testing to determine
their cyclic inelastic response characteristics subject to simulated wind time history loading.
The design should be capable of resisting wind effects without unacceptable loss of
strength, stiffness, or gravity resistance. It is the intent of this Prestandard that inelasticity, if
utilized, should be limited to appropriately detailed designated elements shown to have the
necessary toughness to function throughout the required wind demand.

2.3 DESIGN PROCESS CONFIRMATION

Prior to using these recommendations for design, the design team shall confirm that the Authority
Having Jurisdiction (AHJ) approves use of PBD alternatives, including the peer review process
described in Chapter 9.

Commentary: ASCE/SEI 7 accepts alternate methods of design and construction that are
shown to provide equivalent levels of performance (ASCE/SEI 7-22, Section 1.3.1.3)
subject to approval of the AHJ. Acceptance of alternate methods is predicated on rigorous
demonstration of building performance. Although the methods in this Prestandard provide a
framework for demonstrating acceptable performance when using an alternate method
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of design, the design team should consider the ramifications of using an alternate method
carefully before entering a PBWD approach.

2.4 DESIGN PROCESS DESCRIPTION

The following sections describe the design process for the PBWD approach. An acceptable design
is complete when the performance objectives are satisfied. Each performance objective shall be
evaluated independently, and a variety of analysis and assessment methods are permitted.

Linear elastic analysis procedures shall be permitted for evaluation of Occupant Comfort and
Operational performance objectives. Continuous Occupancy performance objective evaluation
shall be permitted using one of the three methods described in this section. Both linear elastic
analysis and nonlinear time history analysis (NLTHA) shall be permitted. Method 1 describes a
linear elastic analysis procedure followed by an NLTHA option, while Methods 2 and 3 use NLTHA
procedures with additional reliability assessments.

Commentary: Acceptable Continuous Occupancy evaluation can be achieved using any
of the three methods described. Method 1 provides a time history-based method to
demonstrate linear elastic structural response and performance. If all the acceptance
criteria are satisfied by a linear analysis, then no further analyses of performance or reliability
are required. When the MWFRS remains linear elastic, the structural elements are deemed
to comply with the target reliabilities in ASCE/SEI 7, Table 1.3-1.

If the acceptance criteria are not satisfied by a linear time history analysis, then the design
team can either revise the design or conduct an NLTHA to see if the acceptance criteria are
met. If the NLTHA successfully meets the acceptance criteria specified in Chapter 7, no
further analysis is needed. Appendix A offers guidance on conducting time history-based
analyses for Method 1.

Method 2 and Method 3 use an NLTHA to demonstrate inelastic structural response and
performance, which must be limited to defined deformation-controlled elements. NLTHA
procedures are substantially more complex and require careful attention to modeling of
structural characteristics (e.g., strength, stiffness, and wind demands), as well as
uncertainties.

If the NLTHA does not meet the acceptance criteria specified in Section 7.4.3, then a
reliability analysis can be conducted to verify appropriate system reliabilities. Reliability
analysis is used to demonstrate structural performance consistent with ASCE/SEI 7 wind
design.

The reliability analysis as required in this Prestandard should be performed using the
method described in Appendix B or an alternative method as described in Appendix C. Both
methods also check against the conditional system reliability target defined in Section 7.4.5.

Appendix B presents a conditional reliability approach to evaluate structural performance
for a given wind scenario that is based on FEMA P-695 studies (FEMA 2009). This
method requires that a minimum of 10 critical design wind scenarios are used in the
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NLTHA, a lognormal distribution for strength parameters is utilized, and a probability of
failure less than 0.0001 is provided for the design wind scenarios. Appendix B describes a
conditional reliability analysis procedure for Method 2.

Appendix C offers additional guidance on alternative approaches for system reliability
analysis for Method 3. System reliability analysis may use Monte Carlo simulations in which
all significant parameters are taken as random variables with parameter distribution values
consistent with laboratory testing, analytical data, and engineering judgment to evaluate
the reliability requirements in this section.

When using Methods 2 or 3, the peer review team should include an individual well-versed
in reliability theory because the design incorporates a reliability investigation. The
conditional system reliability goals were developed to be compatible with those contained
in ASCE/SEI 7 Chapter 1. Elements that comply with the LRFD criteria of ASCE/SEI 7 and
the companion industry design standards may be deemed to comply with the criterion.

241 Step 1: Identify Risk Category, Performance Objectives, and Performance
Requirements, and Acceptance Criteria

The design team shall identify the risk category, performance objectives, and acceptance criteria,
as well as the performance requirements stipulated, for the building design and functions that the
PBWD will address. Separate performance objectives, performance requirements, and
acceptance criteria need to be developed for the MWFRS and the building envelope (components
and cladding (C&C)). Risk category shall be determined in accordance with Chapter 3. The
minimum performance objectives, based on risk category and desired level of performance, shall
be determined in accordance with Chapter 4. The minimum acceptance criteria shall be
determined in accordance with Chapters 7 and 8.

Commentary: Performance objectives described in Chapter 4 include occupant comfort,
operational, and continuous occupancy/limited interruption. All project performance
objectives, including those in Table C4-1, should be satisfied to achieve an acceptable
design. Acceptance criteria in Chapters 7 and 8 and performance requirements when
stipulated should quantitatively evaluate response mechanisms of the building system and
elements therein.

(1) Minimum acceptance criteria may be defined for an element based on the response or
capacity of another element to protect against force-controlled response or to enhance
deformation-controlled response, and

(2) May differ for a single element at differing wind mean recurrence intervals (MRI),
depending on the severity of the element response and its role in supporting building
performance objectives and desired building functionality.

242 Step 2: Identify Wind Loads

The design team shall identify wind loads and effects specific to the building site, including
representations of wind speed expressed in terms of MRI or as the likelihood that a storm
system will generate that demand. The wind tunnel techniques and scientific methods in

Chapter 5 shall
9
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be used to establish the relationships between wind directions, velocities, and design loads and
responses. Wind tunnel investigation is required under the following circumstances:

* Where linear or nonlinear response history analysis is used to evaluate MWFRS response,
* For any design investigating MWFRS reliability,
* For buildings with unique facades and exterior appurtenances,
* For envelope wind demands if a wind tunnel investigation was conducted for the MWFRS, and
* For buildings that are not, in general, prismatic in plan.
For linear elastic analyses used for Occupant Comfort, Operational, or Continuous Occupancy
evaluation, the wind demand scenarios developed from Chapter 5 shall be used.
For the NLTHA used for Continuous Occupancy evaluation of the MWFRS response, there are
two options permitted for the required wind demand input depending on the analysis method
chosen, see Figure 2-1.
For NLTHA in Method 1, the four most critical wind demand time histories developed in
accordance with the provisions of Chapter 5 shall be used as outlined in Chapter 6. Alternatively,
if the enhanced Nonlinear Time History Analysis of Section 2.4.5 is performed then the Linear
Time History is not required.

Commentary: For NLTHA in Method 2 or Method 3, a minimum of 10 of the most critical

wind design scenarios developed in accordance with the provisions of Chapter 5, in terms
of wind directions and speeds appropriate to the structure’s risk category, shall be used.

ASCE/SEI 7 wind loads in Chapter 26 to Chapter 30 are permitted to be used for envelope evaluation

when the MWFRS is not addressed in the PBWD building project.

Commentary: Building response to local wind climatology is highly dependent on building
shape, height, dynamic properties, and the influence of natural terrain and built terrain
(nearby buildings). The wind tunnel method is considered to be the only reliable technique
for establishing specific wind effects on a structure. This Prestandard does not address
wind events including, but not limited to, tornado or climate change effects. The EOR may
consider such effects using available approved literature.

243 Step 3: Conceptual Design

The design team shall select the MWFRS and materials, their approximate proportions,
configuration, detailing, strengths, and desired mechanisms for inelastic behavior. The conceptual
design selections shall be documented in a Basis of Design document for approval by the AHJ

and peer review team.

244 Step 4: Develop a MWFRS Analysis Model and Basis of Design Document

The design team shall develop an analysis model of the MWFRS that can express wind demands
10
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and structural responses in engineering terms at the system and element level. The analysis model
shall be based on appropriate building code requirements and engineering principles, including
the wind demands developed in Step 2. The development of mathematical and/or empirical
analysis models and techniques, based on the methods in Chapter 6, shall be able to determine
the wind demand on MWFRS elements, including element stresses, strains, and other appropriate
parameters.

At the completion of Step 4, the design team shall document the risk category, performance
objectives, performance requirements, wind loads, acceptance criteria, methods of analysis, and
methods of design in a Basis of Design document for use by the peer review (see Chapter9).

245 Step 5: Evaluate MWFRS and Building Envelope Acceptance Criteria

The design team shall demonstrate and document acceptable design in terms of satisfactory
evaluation against the acceptance criteria, and performance requirements as stipulated, for
occupant comfort, operational, and continuous occupancy performance objectives (Figure 2-1).
The design team shall evaluate the building response results for the analysis model developed in
Step 4, using the wind loads and effects developed in Step 2, and compare those results with the
specified performance requirements and acceptance criteria established in Step 1.

NLTHA to evaluate the continuous occupancy performance objective shall be permitted. In
addition, the load effects shall be not less than 80% of the mean recurrence interval (MRI) wind
base overturning force or base shear of ASCE/SEI 7 prescribed load effect for continuous
occupancy. Or, if the specific requirements for wind tunnel testing per ASCE/SEI 7-22 Section
31.4.4 are met in the wind tunnel testing required in Chapter 5, the load effects shall be not less
than 50% of the MRI wind base overturning force or base shear of ASCE/SEI 7 prescribed load
effect for continuous occupancy.

Commentary: ASCE/SEI 7 Chapter 31 limits wind tunnel effects to not less than 80% of
the ASCE/SEI 7 Chapter 26 to 29 determined load effect. This limit may be reduced to 50%
of the ASCE/SEI 7 determined load effects provided additional wind tunnel testing is
performed for the building under consideration. A similar minimum wind load effect is
adopted for PBWD. The load effect limits apply to all continuous occupancy methods.

When applying the minimum base overturning effect from ASCE/SEI 7 the load effects may
be distributed with height in accordance with the relative distribution of load effects
established by the wind tunnel test.

The design team shall conduct PBWD for continuous occupancy evaluation of the MWFRS
following one of the three methods indicated in Figure 2-1. At the conclusion of linear elastic
response time history, if the analysis indicates elements with demand to capacity ratio greater
than the acceptable limit, the designer may either: revise the design to decrease the demands,
increase the capacity of the elements in question or the designer may carry out further non-linear
time history evaluations. The nonlinear evaluation shall specifically query all elements identified
in the Linear Time History stage and verify that those members exhibit acceptable stress and
deformation performance, in addition to similar evaluation of all other deformation- and force-
controlled elements.

Commentary: Figure 2-1 illustrates permissible PBWD methods of MWFRS analysis and
acceptance criteria evaluation for each of the performance objectives. The continuous
occupancy performance objective may include NLTHA.

11
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For evaluation of the continuous occupancy performance objectives, three methods have
been developed and included in this Prestandard. Other methods may also satisfy the
performance objectives.

Method 1 is a deemed-to-comply method based on engineering experience and judgement;
Appendix A provides more guidance.

Method 2 is based on nonlinear time history analysis of the structure followed by a
conditional probability reliability assessment of the design; Appendix B provides additional
guidance. This method requires the use of a minimum of ten sets of wind demand design
scenarios for loading input for the analysis and an evaluation of the probability of failure as

noted next.
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Figure 2-1. Outline of PBWD MWFRS analysis and acceptance

methods for each performance objective.

Method 3 also is based on nonlinear time history analysis of the structure in conjunction
with an alternative procedure to evaluate the reliability of the structure as described in
Appendix C.

12
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246 Step 6: Refine the Design

The design team shall review the building performance achieved in Step 5. Where necessary or
desired, the design team and project stakeholders may alter the design to achieve the
performance objectives, performance requirements, and acceptance criteria. At the completion of
Step 6, the design team shall document the final analysis and design steps employed in a Basis
of Design document for review by the peer review team and the AHJ.

Commentary: The EOR should confirm at this point that the building analysis modeling
assumptions, acceptance criteria, system and element response, and element detailing are
compatible. For example, if the modeling of an element is only valid between specific
calibrated limits, then the response of that element must exist within those calibrated lim-
its. Similarly, if acceptable response of an element is based on specific detailing or number
of inelastic cycles limits, then the design must include the necessary detailing and element
performance requirements.

247 Step 7: Gain Agreement of the Peer Review Team and the AHJ

The peer review team and the AHJ shall review the design steps, calculations, and project
documents for agreement with the Basis of Design and for general completeness. The design
team shall address requested clarifications and modifications of the project documents or
calculations by the peer review team and the AHJ.

Commentary: At resolution of the review comments by the peer review team and AHJ, the
project design is deemed to satisfy the building code requirements for an alternate
performance-based design method.

248 Step 8: Implement Construction Observation and Supplemental Special
Inspections

The design team shall be involved with construction contract administration and provide
intermittent observation, and documentation, of construction progress. If the design team
intentionally alters the design during construction, and those deviations meaningfully alter the
performance objectives or ability of the building to meet the performance requirements or
acceptance criteria, the design team shall bring identified deviations of the design intent to the
attention of the peer review team and AHJ.

When required, the design team shall conduct supplemental special inspections to confirm correct
installation of the building elements or systems.

Commentary: 2021 International Building Code Sections 1704.3.1, 1704.3.3, 1704.6.3,
1705.11, 1709.4, and 1709.5 (ICC 2020) require special inspection for wind resistance.
Supplemental special inspections are critical for achieving acceptable response of
elements subjected to design wind effects. Correct installation becomes particularly critical
for the building envelope and rooftop equipment where a local breach or failure may cre-
ate progressive failure that results in widespread damage. Chapter 8 includes
recommendations for construction inspection and testing to establish envelope
performance against wind, wind-driven rain, and windborne debris.

13
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Chapter 3. Risk Category

3.1 SCOPE

This chapter presents the considerations and requirements necessary to establish the project’s
risk category. This chapter draws on building code requirements enforced by the AHJ and risk-
based criteria that consider the project’s use and importance to occupants and society.

3.2 RISK CATEGORY DETERMINATION

The design team shall establish the risk category for the building to meet or exceed the risk cate-
gory requirements in the governing building code.

Commentary: IBC Section 1604.5 requires the determination of the building risk cate-
gory, which is based on the consequences of building failure and/or nonperformance to
the building occupants and users and potential impacts on society. Other performance-
based design guides such as PEER TBI (PEER 2017) and FEMA P-424 (FEMA 2010)
express general performance objectives specific to hazards and building risk category.
With respect to wind, ASCE/SEI 7-22 (ASCE 2021) risk category criteria pertain only to
the determination of the basic wind speed; the standard does not address other issues
such as drift control or envelope toughness that are necessary to achieve a desired
functional level of building performance. PBWD addresses these issues.

3.3 NONMANDATORY PERFORMANCE CONSIDERATION BASED ON
COMMUNITY IMPACTS

If agreed to by the project stakeholders, the design team shall be permitted to identify a higher risk
category and/or enhanced MWFRS or envelope detailing to meet performance objectives that
support community needs or goals, while maintaining or improving building function or
performance based on ASCE/SEI 7 requirements.

Commentary: The methods and criteria described in this Prestandard are not meant to
preclude additional performance objectives, performance requirements, or enhanced
design and construction methods to meet desired building functionality.

Hurricanes and other design wind events have the potential to impact a large geographical
area and cause widespread building damage in communities. Building owners may elect
to enhance wind performance through voluntary selection of enhanced design, structural
detailing, or envelope detailing, when interruption to the building or facility function creates
an unacceptable economic and/or community impact. Examples include high-value
commercial facilities such as data centers, research laboratories, or manufacturing
facilities; disaster response food or medical storage facilities; and select municipal facilities
such as city halls beneficial for community disaster response. Publications such as FEMA
577 (FEMA 2007b) have provided enhancement techniques for facilities such as hospitals.

15
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A building will most likely depend on local services for utilities, transportation, and
communication. Minor to severe service interruption may be expected for wind events of
various mean recurrence intervals (MRI). Table C3-1 shows examples of possible service
interruption by wind events to inform the likelihood of project impact for the wind MRI cited
in ASCE/SEI 7. The design team may elect to provide enhanced building mechanical or
utility infrastructure to increase building and community resilience against utility,
transportation, or communication interruption. This is an important consideration for critical
and essential buildings.

Table C3-1. Potential Local Service Interruptions and Community Impacts for Wind Events.

wWind MRI Utility Service Continuity General Community Impact
1 year * Interruption to service not + Little noticeable damage to trees or
expected site work
+ Limited disruption to normal activities
* Regular cleanup of leaves and small
branches
10 years » Short interruption to electrical » Larger broken tree limbs
service for minutes to hours « Common outside activities disrupted
(transportation, shopping, exterior
events)
50 years * Interruption to electrical service * Many broken trees and limbs; some
for hours to days healthy trees uprooted
* Possible interruption to
telecommunications
* No interruption to water or sewer,
unless accompanied by flood or
prolonged power outage
700 years * Interruption of electrical and tele- | + Large-scale tree damage and wide-

communication service for days to
several weeks

* Interruption of water and sewer
for days to weeks

» Possible contamination of potable
water supply if accompanied by
flood

spread debris
Infrastructure damage

Several days to weeks of disruption
to economic activity

Casualties expected from wind
debris

Evacuations ordered in flood-prone
areas of hurricane-prone regions

Moderate population relocation
expected
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wWind MRI Utility Service Continuity General Community Impact
1,700 years * Interruption of water, sewer, and |+ Extensive damage to civil
3,000 years electrical services for several infrastructure

weeks or months » Several weeks to months disruption

* Above ground electrical of economic activity
distribution Ilkel_y . severely .  Injuries and casualties expected

damaged, requiring rebuilding

* Widespread evacuations ordered in
flood-prone areas of hurricane-prone

regions

» Possible contamination of water
supply system if accompanied by
flood

» Long-term population relocation
expected

Land-falling hurricanes typically interrupt municipal power, water, and sewers. Interruptions
may range from a few days to several months. For critical and essential facilities (e.g.,
hospitals, fire and police stations, emergency operations centers, evacuation, and
recovery shelters) and other buildings that are intended to be operational during and/or
soon after a wind event, their design should incorporate special measures to account for
temporary loss of municipal utilities. The loss of power, water, and/or sewer has resulted
in the forced evacuation of facilities that would otherwise have remained operational or
the inability to resume operations.

The level of emergency power required by code for critical facilities such as hospitals
provides minimum requirements for continued operations. An emergency generator can be
beneficial for a building, even if the building does not need to be operational soon after a
wind event to support repairs and maintain essential building operations. For example, if
the building experiences water infiltration, a generator can facilitate drying of the building.
See FEMA P-1019 (2014) for guidance on emergency power systems for critical facilities.

Access to potable water may be interrupted either by loss of power to pumping stations or
by contamination of the water supply. FEMA 543 (2007a) includes recommendations to
enhance water and sewer systems from flooding and high winds.

Additional resilience references can be found in the FEMA Building Science Series: https://
www.fema.gov/building-science-publications-flood-wind.
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4.1

Chapter 4. Performance Objectives

SCOPE

This chapter provides minimum building performance objectives. The design team and
stakeholders shall select additional or alternate levels of performance that are consistent with
performance requirements mandated by the code or AHJ. When enhanced performance is
desired, the basis of design shall explicitly state both the desired performance objectives and the
acceptable criteria employed to achieve the performance.

4.2

Commentary: This Prestandard addresses design considerations for the structural sys-
tem, building envelope, and select building internal systems for design wind events. Other
demand types (i.e., tornado, seismic, tsunami, and flood) are not addressed in this
document, but may require special detailing or system design.

Minimum project performance objectives for the MWFRS, building envelope, and non-
structural components are provided in Table C4-1. Additional performance objectives and
acceptance criteria may be selected to meet specific project goals.

MAIN WIND FORCE RESISTING SYSTEM AND ENVELOPE PERFORMANCE
OBJECTIVES

The design team shall include the performance objectives in Table C4-1 for PBWD in the project
design and documentation.

Commentary: Table 4-1 provides a summary of the performance objectives and
acceptance criteria contained in this Prestandard, which constitute a minimum or baseline
set of design requirements for a wind-resistant building. The design team should identify
pertinent building response and include measurement of the building demands and
magnitude of response of each response.

Table C4-1. Performance Objectives and Acceptance Criteria.

Occupant Comfort Operational Continuous Occupancy,
Limited Interruption
Risk Category Il | Risk 10-year MRI 700-year MRI
Risk Category Il _category 25-year MRI 1,700-year MRI
independent '
Risk Category IV 50-year MRI 3,000-year MRI
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MWFRS Performance Performance Performance Obijective:
Objective: Objective: Specific elements or com-
The structural The structural system | ponents of the structural
system shall remain shall remain elastic. system shall be permitted
elastic. The building systems to become inelastic.
The building motions | shall remain The structural system shall
and vibrations shall operational during withstand a design wind
minimize occupant the wind event for event for the building risk
discomfort at design  |the building risk category with a low prob-
winds of 1-month category. ability of partial or total
MRI, 1-year MRI, .. |collapse.
and/or 10-year MRI. Acceptance Criteria: Accentance Criteria
Acceptance See Section 7.3 P '
P See Section 7.4
Criteria: See
Section 7.2
Building Performance Performance Objective:
Envelope Objective: The building envelope shall
The building envelope |remain attached to the
shall remain attached |structure.
10 the strucilire. The building envelope
The building envelope |system shall be designed
shall maintain wind- | to maintain wind-driven rain
driven rain resistance. |resistance for 25-year MRI
... |wind events for Risk
Acceptance Criteria: Category Il and 50-year
See Section 8.3 MRI wind events for Risk
Categories lll and IV.
Acceptance Criteria:
See Section 8.3
Nonstructural Performance Performance Objective:
Components and Objective:

Systems

Nonstructural com-
ponents and systems
shall remain attached
and maintain wind-
driven rain resistance.

Acceptance Criteria:

See Sections 7.3.1
and 8.4.3

Nonstructural components
and systems shall remain
attached.

Acceptance Criteria:

See Sections 7.4.1 and
8.4.3
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5.1

Chapter 5. Wind Demand Characterization

SCOPE

Wind engineering design of buildings using this Prestandard requires characterization of wind
loads and/or responses at serviceability and ultimate strength levels. This chapter provides guid-
ance on the following topics:

5.2

Wind hazard analysis,
Wind tunnel test methodologies, and

Analysis of wind tunnel test data.

WIND HAZARD ANALYSIS

Probabilistic wind climate analysis shall be used to determine wind speeds and directionality for
assessing loads and responses at varying return periods for the limit states of interest.

5.2.1

Commentary: The two approaches to determining site wind speeds are to use codified
values (ASCE/SEI 7) or to conduct a site-specific wind climate analysis. In most cases,
codified values are more conservative than site-specific analyses. Codified wind speed
values also do not account, with a few exceptions, for directionality of the wind climate.

Code-Specified Hazard Maps

If a site-specific hazard analysis is not conducted, basic wind speeds shall be obtained from
ASCE/SEI 7 or as specified by the appropriate local AHJ.

Commentary: ASCE/SEI 7 provides nondirectional strength design wind speeds for a
range of return periods, ranging from 300 to 3,000 years. Serviceability wind speeds are
given in the commentary Appendix CC for return periods of 10, 25, 50, and 100 years.
These wind speeds can also be obtained for any US location from the ASCE 7 Hazard
Tool (https://asce7hazardtool.online/). If performance objectives require consideration of
return periods between the, intermediate values can be interpolated taking consideration
of the logarithmic-linear relationship between wind speed and return period. For return
periods outside of these ranges, a site-specific wind climate analysis should be conducted.

In areas marked as Special Wind Regions on the ASCE/SEI 7 maps, the AHJ may specify
design wind speeds or specify that a site-specific wind climate analysis be conducted in
accordance with the requirements laid out in ASCE/SEI 7-22, Section 26.5.3 Estimation
of Basic Wind Speeds from Regional Climatic Data.
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5.2.2 Site-Specific Hazard Analysis

For PBWD, if the code-specific hazard maps noted in Section 5.2.1 are not used, a site-specific
hazard analysis shall be performed to determine the appropriate wind speeds and directionality
associated with the MRI for each performance objective.

5.2.2.1 Local climatology and windstorm types

Site-specific wind hazard analyses shall account for all windstorm types relevant to the return
period of interest.

Commentary: The storm type that governs each return period of interest may vary among
geographical locations. In mixed wind climates, multiple storm types contribute to the
extremes. Storm types include synoptic winds (straight-line winds associated with high-
and low-pressure weather systems), thunderstorms, hurricanes, and tornadoes. Tornado
effects are not considered by this Prestandard. Special wind regions may also experience
thermally driven winds as a result of local topography.

Typically, synoptic winds govern low-return period wind speeds, with the influence of other
storm types becoming more significant as mean recurrence intervals increase.

ASCE/SEl 7 provides guidance in the commentary to Chapter 26 on minimum
requirements for reliability for this type of analysis.

5.2.2.2 Acceptable analysis methods and relevant factors affecting wind speed data quality

Site-specific hazard analysis shall be based on locally measured historical wind data and/or storm
simulation, and where the impact of wind-driven rain on serviceability issues is required,
precipitation data. Where historical data form the basis of the analyses, such data shall be used
to derive 3-second gust basic wind speeds consistent with ASCE/SEI 7 at a standard height of 10
m (33 ft) in Exposure Category C. The data shall be screened to ensure that only reliable data
points are contained within the statistical analysis.

For longer return periods, where extrapolation of the data to MRIs beyond the length of the historical
data set is required, extreme value analysis techniques shall be employed. Allowance shall be
made for uncertainty in the extrapolated wind speeds based on the quality of the data set.

Commentary: It is common to find unreliable information within historical meteorological
records. Where possible, data from multiple local meteorological stations should be
compared, and the reliable data can then be combined into a superstation to increase the
effective length of record, and hence, the reliability of the analyses.

Extreme value analysis involves the fitting of a statistical distribution to the maxima. The
Method of Independent Storms (Cook 1982, Harris 1999) is, in general, considered the
most robust of current analysis techniques. Before fitting, extracted maxima should be
classified according to storm type. Individual extreme value fits should be conducted for
each storm type before recombining to determine the overall risk.

23



Downloaded from ascelibrary.org by American Society of Civil Engineers (asce) on 02/23/23. Copyright ASCE. For persona use only; all rights reserved.

Prestandard for Performance-Based Wind Design, V1.1

Surface data sets are rarely perfect, are often of limited duration, and as a result, a degree
of uncertainty is present in the extreme value fits. A reliable statistical approach should be
taken to the quantification of this uncertainty, which should be accounted for in the
resultant wind speed recommendations.

In hurricane-prone regions, there are insufficient quantities of surface data for analysis and
storm simulation, typically based on Monte Carlo techniques (Georgiou et al. 1983), must
be used.

In Special Wind Regions especially, the influence of local topography on both the
anemometer and site locations should be recognized, and appropriate adjustments made.

5.2.2.3 Wind profiles

Site wind profiles shall be determined from those provided in ASCE/SEI 7 or by alternative
recognized methods. The profiles used shall be appropriate to the upwind terrain for the wind
directions of interest (see Section 5.3.2.1 for further discussion).

Commentary: ASCE/SEI 7 provides basic wind profiles of mean and gust wind speeds
for three uniform ground roughnesses. A simplified technique for accounting for surface
roughness changes is contained in ASCE/SEI 7 Commentary. These recommendations
are based on the work of Deaves and Harris (1978), which was further developed by the
Engineering Sciences Data Unit (ESDU 2006a, b). Most wind engineering practitioners
use the ESDU approach to determine appropriate boundary layer characteristics for use
in wind tunnel testing. This takes into account the upwind terrain and changes in terrain
roughness for each wind direction for a sufficient distance to ensure that the assumption
of equilibrium conditions is satisfied. A sufficient number of profiles and compass sectors
should also be used to account for the directional variation of terrain roughness radially
around the site.

5.2.2.4 Wind directionality

If ASCE/SEI 7’s wind hazard maps are the sole basis of wind hazard determination, then a uniform
directionality shall be assumed. Where supported by site-specific wind hazard analyses, the prob-
ability of the occurrence of design wind speeds may vary by direction.

Commentary: The site-specific wind hazard analyses allow statistical fits to the wind cli-
mate data to vary by wind direction. As the variation of wind speed with return period and
the contribution of different storm types can change significantly between wind directions,
the wind climate directionality may be quite different for serviceability and strength design.
The wind climate models provided for use in design must reflect this variability.

24



Downloaded from ascelibrary.org by American Society of Civil Engineers (asce) on 02/23/23. Copyright ASCE. For persona use only; all rights reserved.

Prestandard for Performance-Based Wind Design, V1.1

5.2.2.5 Relevant mean recurrence interval

Wind speeds appropriate for the determination of mean recurrence interval load effects shall be
developed from the hazard analyses and provided for design. For the determination of pressures
for the design of building envelope and facade components, the MRI shall be adjusted so that
specified pressures are consistent with the design basis for product specifications and approvals
while ensuring that the performance criteria and target reliabilities are maintained.

Commentary: For most buildings, a given mean recurrence interval wind speed can be
used to calculate the load effect of interest for the same return period for that given wind
direction. However, three important factors must be accounted for:

1. Overall mean recurrence interval load effect needs to consider the total probability of
occurrence of loads from all wind directions. In strongly directional wind climates or for
buildings with highly directional loading or response characteristics, it may be the case
that one or two wind directions dominate the joint probability. For many buildings,
however, multiple wind directions may contribute significantly to the probability of
occurrence of a given load effect.

2. For tall buildings exhibiting a crosswind response, peak load effects can occur at lower
return period wind speeds. This is most often an issue for strength design when
ensuring the full consideration of the wind speed that results in the largest load effect
up to the return period of interest is important.

3. For building envelope and facade components, shorter MRIs are often used in product
specifications and approvals, typically associated with ASD approaches to design. In

these cases, analysis of wind tunnel data with appropriate MRIs to allow comparison
with these data sheets should be conducted.

5.3 WIND TUNNEL TEST METHODOLOGIES

Appropriate wind tunnel test and analysis methodologies shall be used in the determination of
load and response effects of interest.

531 Review of Wind Tunnel Technique

Wind tunnel testing is the only approach consistent with reliable application of performance-based
design principles for wind engineering and shall be used to determine local wind pressures and
global wind-induced structural loads and responses.

Wind tunnel tests shall meet the requirements of ASCE/SEI 7, Chapter 31, and ASCE/SEI 49.
The only wind tunnels to be used for wind loading studies of buildings and structures need to be

those capable of simulating the atmospheric boundary layer. Minimum boundary layer simulation
requirements are
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* Appropriate variation of mean wind speed with height,

* Appropriate variation of longitudinal turbulence intensity with height,
* Suitable turbulence integral length scales, and

* Minimal longitudinal pressure gradient.

The wind tunnel shall be large enough to allow a sufficient radius of surroundings to be included,
so their influence on wind effects on the subject building can be assessed.

The wind tunnel shall be capable of generating sufficient wind speed to allow testing to ensure
Reynolds number independence at typical test speeds on rigid sharp-edged models, although
care must be taken with structures that may demonstrate Reynolds number dependence.

Commentary: Texts and guides to wind tunnel testing include ASCE/SEI 49-21 (ASCE
2021), ASCE Manual of Practice 67 (ASCE 1999), AWES Quality Assurance Manual
QAM-1- 2019 (AWES 2019), and CTBUH Guide to Wind Tunnel Testing of Tall Buildings
(CTBUH 2013). These provide either a background to requirements, or minimum
standards that must be achieved.

Standard practice is to model an atmospheric boundary layer for design, regardless of the
storm type that may cause the peak load effects of interest. Current research into
thunderstorm and tornado loading effects may change this in the future, but there is not
yet sufficient validated data to justify alternate approaches for design.

A boundary layer shall be considered adequate if the variation of mean wind speed with
height and the turbulence intensity are both within 10% of target values, and the turbulence
integral length scale is within a factor of 3. A minimal, or ideally zero, longitudinal pressure
gradient in the wind tunnel ensures that the measured results are not affected by blockage
effects, whether these are positive blockage in closed-circuit wind tunnels or negative
blockage effects in open-section wind tunnels. Information that demonstrates
conformance to these requirements should be provided in the design reports and reviewed
by the peer review team.

The radius of surroundings required is dependent on the test site. In open country, few
surroundings will be required, whereas in more urban environments, individual buildings
up to 500 m (1,600 ft) or more away may have an influence on the measured wind effects.

The minimum Reynolds number requirements are necessary to ensure similarity between
force and/or pressure coefficients measured in the wind tunnel and those that would be
expected in the field. A typical minimum value for sharp-edged buildings in turbulent flow
is around 5 x 10* based on the mean wind speed at roof height and arepresentative
minimum building width. For most buildings and structures, this means that measured
coefficients on rigid models should be Reynolds number independent when minimum
Reynolds number requirements are met; that is, they should be unchanging with
increasing wind speed. Note that requirements may be more stringent for bodies with
curved surfaces, and wind speed scaling is required for aeroelastic studies.
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Structural analysis capable of replicating nonlinear response characteristics may not be
practical for structures exhibiting significant aerodynamic damping effects. For structures
exhibiting such aeroelastic response, specific aeroelastic model tests with conventional
linear—elastic strength design methods may provide a more reliable basis of design.

5.3.2 Additional Data Requirements for PBWD

For PBWD, records shall be a minimum of 3 hours of full-scale time in length to permit evaluation
of the variability of nonlinear responses to different event records of the same intensity. Records
shall also include an appropriate initial ramp-up period to avoid impulse effects.

5.3.2.1 Minimum number of wind directions
At least 36 wind directions at equally spaced 10-degree increments of azimuth shall be tested.

Commentary: Ten-degree azimuthal increments are common for most buildings and
structures. In some rare cases, for example, where very strong crosswind responses are
present, the peak response may occur at intermediate wind directions and may be
significantly larger than at adjacent directions; care should be taken to capture these
effects.

5.3.2.2 Duration and number of records

Time histories measured in the wind tunnel normally approximate 1-hour at prototype (full) scale
duration. Shorter records may be used when it has been demonstrated that the statistical analysis
techniques used provide equally reliable results, and multiple records may be used as part of the
analysis procedure.

The peak responses of the structure may often be associated with two or three critical wind
directions, and it is recommended that records used in the analysis reflect the critical load cases.
The initial selection of time histories for nonlinear time history verification should consider load
cases that maximize overturning moments in the primary translational directions and maximize
resultant moments in each of the four cardinal quadrants. Torsional load cases should be included
as appropriate. The total number of load cases for nonlinear time history verification may be
reduced when it can be shown that several of the primary load cases occur from the same records
or have similar resultant effects.

Commentary: The use of a sampling time prototype (full) scale of 1-hour (typically 30-
second to 1-min. in the wind tunnel) has traditionally been used, as this allows confirmation
of statistical stationarity of the wind tunnel data. More recent statistical approaches have
shown that shorter periods can sometimes be used without degradation of data reliability.
Care must be taken to ensure that data quantities and resolution are sufficient to be
consistent with the integration of the wind tunnel data when the PBWD structural analysis
framework is employed. It is recommended that a ramp-up to and ramp-down from the peak
1-hour storm event be included as part of the time series record for nonlinear PBWD. The
duration of the ramp may be on the order of 1-hour at full-scale. Full storm time histories
may be generated by applying meteorological data to multiple wind tunnel records. This
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approach can be used to simulate the effects of longer storms, or the effects of the
variation of mean wind speed and direction through a storm.

5.3.2.3 Pressure tap distribution for fagade design

Pressure taps shall be distributed over the areas of the building envelope where external
pressures are required and also at locations of potential building openings that will influence
internal pressures.

Commentary: Where PBWD is being used to determine design pressures for cladding and
building envelope component specification, pressure taps need to cover the areas of inter-
est with a sufficient density to ensure the peak external pressures are captured. Because
many components of the building envelope are subjected to net pressures including a
contribution from internal pressures, the internal pressures need to be determined through
either code-based values or, more accurately, through analysis of measured pressures at
potential areas of infiltration. For buildings with uniform or well-distributed leakage, this will
require pressure taps over the entire, or at least large portions of, the building envelope.
For buildings with potentially dominant openings during the design-level storm, pressure
taps should be placed in these areas. For buildings with large internal volumes, the
adjustment procedure in ASCE/SEI 7 should be used to account for the effects of this
volume on the internal pressures.

5.3.2.4 Full Scale Reporting Frequency

Wind time history data for structural analysis shall be provided at time steps no greater than
the larger of 0.25 seconds or a step duration to achieve no fewer than 8-time steps per lowest
frequency sway mode.

Commentary: Owing to the requirement to model building response for roughly one
hour at the Continuous Occupancy limit state, it is advantageous to use a larger loading
history time step than commonly used in seismic design. However, too large a time step
risks loss of resolution (aliasing) within the resulting analysis findings.

5.4 EQUIVALENT STATIC LOAD METHOD

Where equivalent static wind loads are provided for design in the linear elastic domain, an
adequate number of load cases that combine the measured wind tunnel data and the wind climate
analysis to maximize the load effects of interest shall be provided. The load cases shall include
suitable distributions of mean, background, and resonant components of response and shall be
developed based on consideration of simultaneous building responses about the primary struc-
tural axes.

Commentary: The conventional design approach uses equivalent static wind loads to
account for the combined effect of quasi-static and dynamic wind effects. Equivalent static
wind loads are most commonly determined through high-frequency balance (HFB) or
pressure integration approaches. The HFB approach only measures applied loads at the
base of the building, and hence, assumptions must be made about the distribution of the
mean and background components of the load, whereas the resonant components are
distributed as a function of mass and mode shape. The pressure integration approach has
the advantages of providing measured distributions of the mean and background
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components and permits generalized forces to be integrated directly. Whereas an HFB
model acts as a mechanical integrator of applied load, pressure integration relies on
integration of discrete pressure tap data, and hence, care must be taken to ensure that
sufficient pressure locations can be measured simultaneously to describe the overall
pressure fieldson the building. For particularly tall and/or slender buildings, the number of
pressure tubes that can be extracted simultaneously from the pressure model may be
limited, thus limiting the use of this technique.

There are a number of different methods of integrating the wind climate analysis with the
wind tunnel data to calculate the load effects of interest. These range from simple
approaches using nondirectional wind speeds, as would be the case using wind hazard
maps from ASCE/SEI 7-22 to more refined approaches that take into account directional
wind climate data. These directional approaches include sector methods, multisector joint
probability approaches, upcrossing analyses, and storm passage techniques. Discussion
of the pros and cons of each of these approaches can be found in other publications (e.g.,
Isyumov et al. 2014), but for performance-based design, the method used must be
consistent with the design reliability intent.

Typically, load combinations are developed based on maximizing base loads (moments or
shears). Maximum and minimum values about each axis, in general, are used as a starting
point, with load cases providing simultaneous companion loads about the other axes.
These load cases are applied to the structural model using floor-by-floor distributions with
height typically comprising orthogonal translational shears and a torsional moment.

5.5 WIND LOADING TIME HISTORIES METHOD

In a time domain analysis, measured applied loads from a wind tunnel study shall be applied to a
structural model of the building. The time histories shall have a sufficiently finely resolved time
step to allow the dynamic responses of interest to be determined. Sufficient directional time
histories to allow determination of the load effects of interest shall be applied. Wind speeds
relevant to generating the load effects of the required MRI must either be determined in advance
or be determined from extensive time history analysis.

551 Scaling Laws: Time, Force, and Pressure Scaling

Time histories of forces and/or pressures shall be converted to prototype (full) scale values for
incorporation into structural analysis models.

Commentary: Basic wind tunnel test data usually come in the form of loading or pressure
coefficients that must be converted to prototype (full) scale time series using appropriate
scaling factors. This may be done by the wind tunnel laboratory with the prototype (full)
scale values provided directly to the design team, or the wind tunnel laboratory may pro-
vide the raw time histories with scaling factors for the design team use. The wind loads
and/or pressures should be scaled to values consistent with the performance objectives
for the design.

55.2 Spatial Resolution of Loading Time Histories
Time histories shall be distributed appropriately taking account of the variation of mean and fluc-
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tuating components of wind loading. The method employed for doing this shall be compatible with
the wind tunnel test technique that was employed.

5.5.2.1 High-frequency pressure data

Simultaneous pressure data shall be provided for a sufficient number of locations distributed over
the building envelope to be able to accurately describe the fluctuating pressures fields over the
building as a whole. Areas of influence of each of the pressure time histories shall be provided to
the design team by the wind engineer. The time steps of the pressure data shall be sufficiently
small to allow excitation of all of the important modes of resonant response.

Commentary: The pressure data can be provided as simultaneous individual pressure
time histories at point locations with associated areas of application, or the time histories
may be integrated over defined height segments of the building and provided as
simultaneous time histories of wind loads on each height segment. Height segments
should be selected to allow determination of mode generalized loads corresponding to
building mode shapes of interest. Where pressure data are used, ensuring that the spatial
resolution of the pressure taps is consistent with the architectural complexity of the
building is important. For buildings with a high degree of modulation in the external
envelope, an increased number- and density- of pressure taps are required. For
architecturally complex towers, model scale limitations may limit the ability to use this
technique.

5.5.2.2 High-frequency balance data

When HFB time histories are provided for performance-based design, guidance shall be provided
on how to distribute the applied loads with height.

Commentary: While the HFB approach is very accurate in the provision of applied loads
at the base of the building, it does not provide information on the distribution and
correlation of wind pressures with height. An approximation of the distribution of mean
loads can be provided by matching base moments and shears, but no information is
available on the correlation of the background excitation with height. As such, the HFB
approach may be more limited in its application to advanced performance-based design,
especially if higher modes of vibration may be excited. Additional information can be
obtained when multiple balances are distributed over the height of the building, although
this is a relatively uncommon test technique. Model/balance response characteristics
should be filtered from the time histories if that response is likely to affect the calculated
protype (full) scale response for any modes of concern.

5.5.3 Data Analysis

Appropriate data analysis techniques must be used to ensure quantifiable reliability of results.

5.5.3.1 Windstorm type and duration

For synoptic scale storms, the loading and/or pressure data to be used in the analysis shall be of
sufficient duration to allow self-stationarity of linear-elastic responses to be demonstrated.
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Commentary: Wind tunnel data are, by their very nature, self-stationary as test records
for each direction are obtained for invariant test wind speeds. Typically, wind tunnel records
are obtained for the equivalent of around 1-hour at full scale, consistent with the Van der
Hoven spectral gap. Other windstorm types, such as thunderstorms or tornadoes, may
have much shorter durations, but an approach to how the time histories of building loads
and responses may vary as a result of the temporal and spatial variation of smaller-scale
storm types has not yet been commonly agreed to and validated.

Where hurricane events cause the wind effects of interest, the general assumption is that
the wind speeds from a given direction will last long enough for self-stationarity of
response to be achieved, but that a number of wind directions are likely to be important for
building performance within any given storm.

5.5.3.2 Transient effects

Current wind engineering approaches do not address transient effects. For strength design, the
assumption shall be that the peak wind speeds generated by transient stor