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Veterans Administration Puget Sound Mental Health and Research Building located in Seattle,
Washington and opened in 2019. The six-story buckling-restrained steel braced frame was designed as a
Risk Category IV structure.

Credit: © Benjamin Benschneider. Used with permission.
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NOTICE: Any opinions, findings, conclusions, or recommendations expressed in this publication do not
necessarily reflect the views of the Federal Emergency Management Agency. Additionally, neither FEMA
nor any of its employees make any warranty, expressed or implied, nor assume any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, product, or process included
in this publication.

The National Institute of Building Sciences (NIBS) brings together members
of the building industry, labor and consumer interests, government
representatives, and regulatory agencies to identify and resolve problems and
potential problems around the construction of housing and commercial
buildings. NIBS is a nonprofit, non-governmental organization established by
Congress in 1974.

The Building Seismic Safety Council (BSSC) was established in 1979 under
the auspices of NIBS as a forum-based mechanism for dealing with the
complex regulatory, technical, social, and economic issues involved in
developing and promulgating building earthquake hazard mitigation
regulatory provisions that are national in scope. By bringing together in the
BSSC all of the needed expertise and all relevant public and private interests,
it was believed that issues related to the seismic safety of the built environment
could be resolved and jurisdictional problems overcome through authoritative
guidance and assistance backed by a broad consensus.

The BSSC is an independent, voluntary membership body representing a wide
variety of building community interests. Its fundamental purpose is to enhance
public safety by providing a national forum that fosters improved seismic
safety provisions for use by the building community in the planning, design,
construction, regulation, and utilization of buildings.

This report was prepared under Contract HSFE60-15-D-0022 between the
Federal Emergency Management Agency and the National Institute of
Building Sciences.

For further information on Building Seismic Safety Council activities and
products, see the Council’s website (https://www.nibs.org/page/bssc) or
contact the Building Seismic Safety Council, National Institute of Building
Sciences, 1090 Vermont, Avenue, N.W., Suite 700, Washington, D.C. 20005;
phone 202-289-7800; e-mail nibs@nibs.org.

This FEMA resource document can be obtained from the FEMA Publications
Warehouse at 1-800-480-2520 and FEMApubs@gpo.gov or through the
FEMA online library: https://www.fema.gov/emergency-managers/risk-
management/building-science/earthquakes. The report can also be
downloaded in pdf form from the BSSC  website at
https://www.nibs.org/page/bssc.

The National Institute of Building Sciences and its Building Seismic Safety
Council caution users of this Provisions document to be alert to patent and
copyright concerns especially when applying prescriptive requirements.
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FOREWORD

The National Earthquake Hazards Reduction Program (NEHRP) Recommended Seismic Provisions for
New Buildings and Other Structures is a well-known technical resource document for improving national
seismic design standards and model building codes. Each edition of the NEHRP Provisions has been
developed based on the most recent advancements in earthquake engineering and research. The 2020
NEHRP Provisions continues to apply the current state-of-knowledge in earthquake engineering for
improving the seismic design of buildings and other structures. It presents a set of recommended
improvements to the ASCE/SEI 7-16 Standard: Minimum Design Loads and Associated Criteria for
Buildings and Other Structures, and nine resource papers on new concepts, suggested future development,
and technical information in support of the recommended improvements. The NEHRP Provisions is
developed and evaluated through an expert-based consensus process to ensure validity and quality of the
recommended new changes. It is intended primarily for use by national standards and code organizations
and earthquake engineering professionals.

The NEHRP Provisions is intended to support strong seismic standards and codes to bolster earthquake
resilience in the nation. It has been widely recognized that code conforming new buildings increase
earthquake resilience for at-risk communities. When adopting and enforcing the most recent national
standards and model building codes for improving earthquake resilience, local communities expect the
standards and codes to be updated and equipped with the best available new earthquake knowledge and
matured technologies.

The Federal Emergency Management Agency (FEMA) shares a responsibility with other NEHRP agencies
under the NEHRP Reauthorization Act (P.L. 115-307) “to use research results ... support model codes that
are cost effective and affordable in order to promote better practices within the design and construction
industry and reduce losses from earthquakes.” Consistent with this objective, FEMA is proud to support
the development of the tenth edition of the NEHRP Provisions, which has broadly reviewed and translated
many recent NEHRP and private sector research results into codifiable seismic design requirements and
guidelines.

FEMA is grateful to the large number of experts serving on the 2020 Provisions Update Committee, Issue
Teams, Project 17 Committee and its Work Groups, the member organizations of Building Seismic Safety
Council (BSSC) of National Institute of Building Sciences, the BSSC Board of Direction and project
managers, and NEHRP agency representatives whose dedicated and persistent efforts make the 2020
NEHRP Provisions a great success. Americans unfortunate enough to experience the earthquakes that will
inevitably occur in this country in the future will owe much, perhaps even their very lives, to the
contributions and dedication of these individuals for the seismic safety of buildings and other structures.
Without the dedication and hard work of these men and women, this document and all it represents with
respect to earthquake risk mitigation would not have been possible.

Federal Emergency Management Agency

vi



Page intentionally left blank.

vii



PREFACE and
ACKNOWLEDGEMENTS

The 2020 NEHRP Recommended Seismic Provisions for New Buildings and Other Structures (NEHRP
Provisions) marks the 10" edition of this landmark publication since the creation of the National Earthquake
Hazards Reduction Program (NEHRP) in 1979. The NEHRP Provisions has become such a well-known
brand name in earthquake engineering and seismic code development and has widespread influence. The
Building Seismic Safety Council (BSSC) is proud to have been selected by the Federal Emergency
Management Agency (FEMA) once again to play a role under NEHRP in improving the seismic resistance
of the built environment. Similar to earlier editions, the 2020 NEHRP Provisions introduces major
recommended changes and advancements to the national standards and model building codes.

The 2020 NEHRP Provisions development started in 2015 when the National Institute of Building
Sciences, the BSSC parent organization, entered into a contract with FEMA. In early 2015, based on issues
recommended for further study identified in the 2015 NEHRP Provisions Update cycle, and the assessment
of recent research results and the emergence of new technologies, key areas of focus for the 2020 NEHRP
Provisions Update cycle were identified. The BSSC Provisions Update Committee (PUC) was assembled
with national subject matter experts based on specialty and needs, followed by ten Issue Teams with
assigned specific topics to develop code change proposals. At the start of the 2020 NEHRP Provisions
Update cycle, a special joint FEMA/USGS/BSSC Project 17 Committee was also formed with support of
five Work Groups. The Project 17 Committee was tasked with formulating recommendations for the rules
by which the new seismic design value maps for the 2020 NEHRP Provisions are developed. Over 130
subject matter experts were involved in the 2020 NEHRP Provisions development, including structural
engineers, seismologists and geotechnical engineers, construction trade associations, building industry
associations, building officials and others. A group of 37 BSSC Member Organizations, representing
building owners, construction materials industries, earthquake research institutes, architects, and
government agencies, as well as engineering associations, also participated in the vetting and approval
process. This inclusive, rigorous, and national process is a key consensus platform of BSSC and is critical
to the successful development of the NEHRP Provisions.

As chair of the BSSC Board of Direction, and as a practicing engineer for over four decades, I wish to
express my appreciation of FEMA and the other NEHRP agencies for their continuous support of this
important effort which allows for continuous advancements in mitigating seismic risk. It is my pleasure to
express heartfelt appreciation for the over 130 dedicated volunteers who participated in the update process.
The American people benefit immeasurably from their commitment to improving the seismic resistance of
the nation’s buildings and affording protection of lives.

With so many volunteers participating, it is difficult to single out a given number or group for special
recognition without inadvertently omitting others without whose assistance the BSSC program could not
have succeeded; nevertheless, the 2020 NEHRP Provisions would not be complete without at least
recognizing the following individuals to whom I, acting on behalf of the BSSC Board of Direction, heartily
express sincere appreciation:

e The members of the BSSC Provisions Update Committee, especially Chairman David Bonneville

e The members of the BSSC Project 17 Committee on Seismic Design Value Maps, especially
Chairman Ronald Hamburger

e The members of the ten PUC Issue Teams and contributors to the nine resource papers

e Charles Kircher, Nicolas Luco, and Sanaz Rezaeian for developing the multi-period response
spectra
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e Kelly Cobeen for evaluating and updating diaphragm provisions and Satyendra K. Ghosh for
introducing new coupled shear wall systems

e John Gillengerten and Bret Lizundia for introducing the new design force formula for non-
structural components

e FEMA Project Officer Mai Tong and FEMA Technical Advisor Robert Hanson for project
oversight and guidance

Appreciation also is due to the BSSC Executive Directors Jigiu Yuan and Philip Schneider (retired
2019), who work untiringly behind the scenes to support all the groups mentioned above and who bring the
finished product forward for acceptance. Finally, I wish to express my personal gratitude to the members
of the BSSC Board of Direction and to all those who provided advice, counsel, and encouragement during
conduct of the update effort.

We are proud of the 2020 NEHRP Recommended Seismic Provisions, and it is my pleasure to introduce it.
James R. Cagley, P.E., S.E.

Chair, BSSC Board of Direction
June, 2020
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Guide to Using the 2020 NEHRP Provisions

Part 1 of the Provisions provides recommended changes to the seismic requirements of ASCE 7-16,
Chapters 11 to 22. For a given chapter, only those sections with recommended modifications or
additions are shown. Therefore, the Provisions Part 1 should be used side-by-side with ASCE 7-16 in
order to grasp the full context of each chapter.

Part 2 of the Provisions provides a complete commentary for each chapter. It is comprised of the new
commentary to each proposed change contained in Part 1 along with the existing ASCE 7-16
commentary to unchanged sections. Therefore, the Part 2 Commentary is self-contained. Black bars
in the columns indicate new commentary matching Provisions Part 1 changes.

Part 3 provides resource papers adopted in the 2020 Provisions cycle. These resource papers are self-
contained and not necessarily directly associated with a Part 1 provision. They are not written in
standards language format.

The table in the Introduction provides a summary of Part 1 topics along with reference sections in Parts
1 and 2, and any relevant resource paper in Part 3.
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INTRODUCTION

The 2020 edition of the NEHRP Recommended Seismic Provisions for New Buildings and Other
Structures (NEHRP Provisions) is a consensus-based technical resource document that can be used by
model codes and standards organizations, guidelines organizations and the public as the foundation for
improved seismic design. The NEHRP Provisions has been an essential resource in the advancement of
improved seismic design and construction practices. Changes contained in Parts 1 and 2 of the 2020
NEHRP Provisions are expected to be considered for adoption by ASCE/SEI 7-2022 Minimum Design
Loads and Associated Criteria for Buildings and Other Structures, which will be later considered for
adoption by the International Building Code (IBC) 2024.

The NEHRP Recommended Seismic Provisions is a major product of the National Earthquake Hazards
Reduction Program (NEHRP), and results from a convergence of the efforts of the four NEHRP agencies:
Federal Emergency Management Agency (FEMA), National Institute of Standards and Technology (NIST),
National Science Foundation (NSF) and U.S. Geological Survey (USGS). It is developed based on
extensive results and findings from research projects, problem-focused studies, and post-earthquake
investigation reports conducted by various professional organizations, research institutes, universities,
material industries, and the four NEHRP agencies.

What is Included in the NEHRP Provisions

The NEHRP Provisions has been focused on adoption of new/significant technologies, which are
brought forth as changes to the most recent edition of ASCE/SEI 7, adopted by the Building Seismic Safety
Council (BSSC) Provisions Update Committee (PUC) as the reference standard. Consistent with the 2009
and 2015 editions, the 2020 NEHRP Provisions includes two volumes:

Volume 1: Part 1 Provisions and Part 2 Commentary: Part 1 Provisions provides recommended
changes to the seismic requirements of ASCE/SEI 7-16, Chapters 11 to 23. For a given chapter, only those
sections with recommended modifications or additions are shown. Therefore, the Provisions Part 1 should
be used side-by-side with ASCE 7-16 in order to grasp the full context of each chapter. Part2 Commentary
provides a complete commentary for each chapter. It is comprised of the new commentary to each proposed
change contained in Part 1 along with the existing ASCE/SEI 7-16 commentary to unchanged
sections. Therefore, the Part 2 Commentary is self-contained. Black bars in the columns indicate new
commentary matching Part 1 Provisions changes.

Volume 2: Part 3 Resource Papers: Part 3 Resource Papers introduces new concepts and procedures
for experimental use by the design community, researchers, and standards-development and code-
development organizations. These resource papers are self-contained and not necessarily directly associated
with a Part 1 provision. They are not written in standards language format. Feedback from these users is
encouraged.

How the 2020 NEHRP Provisions is Developed

Consistent with the approach used in previous editions, the 2020 NEHRP Provisions is developed
through a BSSC consensus process conducted by the PUC and BSSC Member Organizations. In
consideration of balancing geographical and design practices, providing expertise in a broad range of
subject areas, focusing on key areas of code improvement, and collaborating with national standards and
codes, 23 individual experts were selected to serve as the voting members of PUC in the 2020 NEHRP
Provisions update cycle. The PUC, with input from the earthquake engineering community, identified
technical issues considered most critical for improvement of U.S. seismic design practice, and formed nine
Issue Teams for developing change proposals to the ASCE/SEI 7 standard, plus a special Project 17
Committee on Seismic Design Value Maps (later transitioned to PUC Issue Team 10). The NEHRP
Provisions are developed and backed by a broad consensus process. Proposals are developed, vetted, and

XXX



approved within each of the Issue Teams, then all proposals are officially balloted by the PUC, with all
comments and responses reviewed and resolved. Following approval by the BSSC Board of Direction, the
proposals are balloted by BSSC Member Organizations, after which all their comments and responses are
reviewed and resolved by the PUC. The process is briefly illustrated by the chart below.

Proposals by Issue Teams FEMA /BSSC

(technical subcommittees) NEHRP Provisions
BSSC PUC Used and Codified b
Technical Proposal sed and Lodified by

P Is by PUC Memb p

( roposals by embers Development ( ASCE / SEI 7

Technical Proposals by Others Adoption by IBC /IRC / IEBC

including ASCE Seismic

Subcommittee

The Role of the NEHRP Provisions in the U.S. Seismic Code Development Process

Over 130 subject matter experts and FEMA, NIST, and USGS representatives contributed to the 2020
NEHRP Provisions development and 39 BSSC member organizations participated in the proposal vetting
process. A total of 50 technical change proposals were developed and deliberated, with 37 receiving
consensus approval and incorporated into the 2020 NEHRP Provisions publication. The project participants
are presented in the Appendix and the approved change proposals are summarized in next section.

What is New in the 2020 NEHRP Provisions

The 2020 NEHRP Provisions has adopted the national standard ASCE/SEI 7-16 Chapter 11-23,
including Supplement No.1 as its reference standard. Volume I Parts 1 and 2 consist of changes by the
2020 NEHRP Provisions to the ASCE/SEI 7-16 Chapter 11-23 and their commentaries. Topics of the Parts
1 and 2 approved changes are summarized in the table below, along with their relevant ASCE/SEI 7-16
section numbers and commentary section numbers.
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Topic of Change Proposals | Brief Summary of the Changes Related or New Related

Sections of Commentary in
ASCE/SEI 7-16 ASCE/SEI 7-16
Individual Structural Member | Sets a target reliability for individual structural elements. INTENT"1.1.1, INTENT" 2.1.1,2.1.2,
Reliability Targets 1.1.2,and 1.1.3 and 2.1.3
Essential Facility Function | Sets a target reliability for loss of function of buildings and other | INTENT" 1.1.5 INTENT" 2.1.5
Reliability Targets structures assigned to Risk Category IV.
Adoption of ASCE/SEI 7-16 | ASCE/SEI 7-16 is adopted by the PUC as the reference standard | All sections of All sections of Cl11-
Chapters 11-23 and and proposals for technical changes are made relative to specific | Chapter 11-23 in C23 in ASCE/SEI 7-
Supplement No.1 sections of the standard. ASCE/SEI 7-16 16
without exception
Multi-Period Response The MPRS replaces the three-domain spectral definition. It | Sections 11.2, 11.3, | C11.2, C11.3, Cl11.4,
Spectra (MPRS)-Chapter 11 eliminates the need for site-specific hazard analysis required by | 11.4, 11.8 and 11.9 | C11.8 and C11.9
(see below for related ASCE/SEI 7-16 for certain (soft soil) sites. It incorporates values
changes to Chapter 20, 21, of Sus and Sy, derived from multi-period MCEg response spectra
and 22) (provided online by the USGS) that include site amplification and

other site dependent effects. The definition of design parameters
Sps and Sp; and their use in Chapter 12 and other chapters to
define seismic loads for ELF design, etc., remain the same as that
of ASCE/SEI 7-16. Traditional methods familiar to and
commonly used by engineering practitioners for building design
will not change.

Vertical Ground Motions, V/H | Improves methods to derive vertical response spectra from | Section_11.9 C11.9
ratios horizontal response spectra where vertical response spectra are

required and the site-specific procedures of Chapter 21 are not

used.

" The INTENT describes the expected seismic performance that is judged to be inherent in the seismic requirements of NEHRP Provisions. This section is
not contained in ASCE/SEI 7.
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Topic of Change Proposals

Exemption for System Height
Limitations

Reinforced Concrete Ductile
Coupled Walls

Coupled Composite Plate
Shear Walls — Concrete Filled

Cross-Laminated Timber

Shear Walls

Elimination of Mass
Irregularity

Accidental Torsion
Modification

Application of Equivalent
Lateral Force Analysis
Procedure

Brief Summary of the Changes

Provides an exemption that allows buildings with lateral force-
resisting systems otherwise conforming to the design parameters
defined in ASCE/SEI 7-16 Table 12.2-1 to exceed the height
limits prescribed in the table when the building is designed in
accordance with the requirements of Chapter 16.

Introduces reinforced concrete ductile coupled walls into Table
12.2-1.

Introduces steel and concrete coupled composite plate shear walls
into Table 12.2-1 and adds a new Section 14.3.5 to provide
specific provisions for the definition and application.

Introduces cross-laminated timber (CLT) shear walls into Table
12.2-1 and Table 12.14-1 and adds a new section 14.5.2 for
requirements of CLT shear walls.

Eliminates the mass irregularity from Vertical Structural
Irregularities in Table 12.3-2.

Removes some of the unnecessary conservatism from the current
code provisions, while adding requirements for building
configurations not adequately addressed by the current code
provisions.

Eliminates Table 12.6-1 Permitted Analytical Procedures and

replaces it with a sentence stating that each Chapter 12 analysis
procedure is permitted for each seismic design category.
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Related or New
Sections of
ASCE/SEI 7-16

Section 12.2.1

Table 12.2-1,
Section 12.2.5.4

Table 12.2-1,
Sections 12.2.5.4,
14.3.3 and 14.3.5

Tables 12.2-1 and
12.14-1, Section
14.5.2

Table 12.3-2

Table 12.3-1 and
Sections 12.3.3.1,

Related
Commentary in
ASCE/SEI 7-16

Cl2.2.1

Cl2.2and C14.3.5

Cl2.2 and C14.5.2

Cl12.3.2.2

Cl1234.2, C12.5.3,
Cl12.54, C12.6 and

12.3.4.2,12.5.3.1

C12.8.4.3

Table 12.6-1

Cl12.6



Topic of Change Proposals

Alternative Diaphragm
Design Provisions for One-
Story Structures with Flexible
Diaphragms and Rigid
Vertical Elements

One-Story  Structures with
Flexible Diaphragms and
Rigid Vertical Elements

Diaphragm Seismic Design
Methods Additional
Commentary

Seismic Design of Bare Steel
Deck Diaphragms

Design Story Drift and Other
Displacements

Cs = R for Deformation
Compatibility

Brief Summary of the Changes

Adds a new Section 12.10.4 to allow using alternative diaphragm
design provisions for one-story structures with flexible
diaphragms and rigid vertical elements.

Adds a new Section 12.2.3.2.2 to allow using a two-stage
equivalent lateral force analysis for one-story structures with
flexible diaphragms and rigid vertical elements.

Adds explanation about use of and differentiation between the
diaphragm basic design method (Sections 12.10.1 and 12.10.2)
and alternative method (Sections 12.10.3 and 12.10.4).

Allows the use of alternative diaphragm design procedures for
bare steel deck diaphragms. Provisions are added to allow Section
12.10.3 and Section 12.10.4 to be used and a new Section 14.1.5.1
is added to provide the detailing requirements.

Distinguishes and updates three types of movement, the Design
Story Drift [A], the Design Earthquake Displacement [Jpg], and
the Maximum Considered Earthquake Displacement [ Syck].

Sets Cy equal to R for the deformation compatibility check.
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Related or New
Sections of
ASCE/SEI 7-16

Sections 11.3 and
12.10

Section 12.2.3.2.2

Related
Commentary in
ASCE/SEI 7-16

C12.10

Cl12.2.3.2.2

Sections 12.10, and
14.1.5 and Table
12.10-1

Sections 11.2, 11.3

C12.10,Cl14.1.5

C12.8.6,C12.12.4,

12.8.6,12.12.1,
12.12.3,12.12.4,
and 13.3.2

Section 12.12.5

C12.12.5,C13.3.2

C12.12.5




Topic of Change Proposals

Coupled Analysis
Requirement

Nonstructural Seismic Design
Force Equations

Soil-Structure Interaction for
Seismic Design

Multi-Period Response
Spectra (MPRS)-Chapter 20

Multi-Period Response
Spectra (MPRS)-Chapter 21

Multi-Period Response
Spectra (MPRS)-Chapter 22

Brief Summary of the Changes

Identifies components and systems that require seismic design,
regardless of whether they are within or supported by a building
or nonbuilding structure, or if they are supported on grade. It also
updates the triggers when coupled analysis is required.

Introduces significant revisions to the nonstructural seismic
design force equations.

Adds values for the three new sites classes BC, CD, and DE (the
three new site classes are introduced in Chapter 20).

Introduces three new site classes to provide a more refined
classification of site conditions and improve the accuracy of site
amplification and associated values of seismic design parameters
at longer response periods. Also links site classes to only v.

Incorporates MPRS into the site-specific requirements, revises
lower-bound limits on site-specific response spectra and
incorporates geotechnical recommendations. Also updates the
deterministic MCEg ground motion method.

Replaces Figures of mapped values of parameters Ss, S;, and PGA
(for Site Class BC) with updated maps of Sus, Sui, and PGAy for
default site conditions and deletes Figures of mapped values of
obsolete parameters Crs and Cgi.
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Related or New
Sections of
ASCE/SEI 7-16

Sections 13.1.1,

Related
Commentary in
ASCE/SEI 7-16

C13.2.8,C15.1.3,

13.2.8,15.2,15.3.1,

C15.2,C15.3.1,

15.3.2,and 15.3.3

C15.3.2,and C15.1.3

Sections 11.2,
13.1.6,13.2.2,
13.3.1,13.4.1,
13.4.2,13.5.3
13.5.10, 13.5.11,
and 13.6.4, Tables
13.5-1 13.6-1

Section 19.3, Tables
19.3-1, 19.3-2 and
19.3-3

Sections 20.1, 20.2,

C133.1,C134.1,
Cl13.4.2

C20.1, €20.2, C20.3

20.3 and 20.4

Sections 21.1, 21.2,

and C20.4

C21.1,21.2,21.3,

21.3,21.4and 21.5

21.4 and 21.5

Chapter 22
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Volume II Part 3 of the 2020 NEHRP Provisions is a collection of resource papers that introduce new
procedures or provisions not currently contained in the referenced standards for consideration and for trial
use by the design community, researchers, and standards-development and code-development
organizations. Part 3 also represents Issue Team efforts on substantive proposals for topics that require
further consideration by the seismic design community and additional research before being considered for
Parts 1 and 2 provisions. Part 3 consists of the following resource papers:

Resilience-Based Design and the NEHRP Provisions
Risk-Based Alternatives to Deterministic Ground Motion Caps

Design of Isolated and Coupled Shear Walls of Concrete, Masonry, Structural Steel, Cold-Formed
Steel and Wood

Seismic Lateral Earth Pressures

Seismic Design Story Drift Provisions — Current Questions and Needed Studies

Diaphragm Design Force Reduction Factor, R, for Composite Concrete on Metal Deck
Diaphragms

Development of Diaphragm Design Force Reduction Factors, Ry

Calculation of Diaphragm Deflections Under Seismic Loading

Modal Response Spectrum Analysis Methods

As part of its efforts to regularly update the NEHRP Recommended Seismic Provisions, the BSSC also
works with its PUC, Member Organizations, and general membership to identify and recommend issues to
be addressed and research needed to advance the state of the art of earthquake-resistant design and to serve
as the basis for future refinement of the Provisions. This future issues and research needs report will be
published separately by FEMA and BSSC.
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2020 NEHRP RECOMMENDED SEISMIC
PROVISIONS FOR NEW BUILDINGS AND
OTHER STRUCTURES:

INTENT

This chapter on the Intent of the 2020 Provisions describes the expected seismic performance that is
judged to be inherent in the seismic requirements in Parts 1 and 2.

1.1 INTENT

The NEHRP Recommended Seismic Provisions for New Buildings and Other Structures presents the
minimum recommended requirements necessary for the design and construction of new buildings and other
structures to resist earthquake ground motions throughout the United States. The objectives of these
provisions are to provide reasonable assurance of seismic performance that will:

1. Avoid serious injury and life loss due to

a. Structure collapse
b. Failure of nonstructural components or systems
c. Release of hazardous materials

2. Preserve means of egress
3. Avoid loss of essential functions in critical facilities, and
4. Reduce structural and nonstructural repair costs where practicable.

These performance objectives do not all have the same likelihood of being achieved. Additional detail on
the objectives is provided in section 1.1.1 through 1.1.6.

The degree to which these objectives can be achieved depends on a number of factors including structural
framing type, building configuration, structural and nonstructural materials and details, and overall quality
of design and construction. In addition, large uncertainties as to the intensity and duration of shaking and
the possibility of unfavorable response of a small subset of buildings or other structures may prevent full
realization of these objectives.

111 Structure Collapse

For objective 1.a the Provisions target performance such that the probability of collapse of a significant
portion or all of an ordinary use (Risk Category II') structure due to earthquake ground shaking does not
exceed 10% given the occurrence of a very rare ground motion. For nearly all of the country, the very rare
ground motion is computed such that for structures that have the typical collapse fragility when subjected
to various seismic ground motions, there is an overall 1% chance of collapse in 50 years due to earthquake
ground shaking. The combination of these two probabilities defines the “Risk Targeted Maximum
Considered Earthquake Ground Motion (MCER).” There are areas near faults that produce frequent, large

! Where the Risk Category is defined in Section 1.5 of ASCE/SEI 7-16




2020 NEHRP Provisions

earthquakes where the MCERr ground shaking is not computed on the basis of the 1% in 50-year target,
because that probabilistic computation produces extremely large ground motions. In such areas the MCEr
ground shaking is determined by assuming that a characteristic earthquake for that fault does occur and
then computing the ground motion attenuation from the fault to the site at the 84™ percentile level.

Objective 1.a is adjusted, using importance factors, to target a higher reliability against collapse for
structures in higher Risk Categories', such as those housing a function essential to the response of a
community following a disastrous event, large or less capable populations, or hazardous materials. There
are additional performance goals for some of these types of structures, addressed in the following sections,
and those other goals may govern the design. Roughly, these adjustments in the risk target reduce by half
the probability of collapse for each incremental increase in the Risk Category. This adjustment applies to
the conditional probability of collapse given the occurrence of the MCERr ground motion. The probabilities
of collapse in 50 years also change in a similar fashion, but there will be some difference from site to site
based upon the nature of the seismic ground motion hazard. The maximum probabilities of collapse for
buildings or other structures designed to the requirements of the four risk categories are targeted as follows:

Probability of Collapse
Risk Category! Given MCEg Shaking In 50 years*
I kok ksk
II 10% 1%
m 5% less than 1%
v 2.5% less than 1%

*The probability of collapse in 50 years is larger in areas where the MCER ground motion is computed from a deterministic
assumption of earthquake occurrence.
**Most Risk Category I structures are designed for the same requirement as Risk Category II, while some are exempted from
any seismic design requirement.
The basic recommendation for Risk Category II structures is based upon acceptance of substantial damage
at the MCER ground motion and lesser damage at lesser ground motions.

The Provisions employ a system of Seismic Design Categories to apply various requirements for more
rigorous design methods, construction details, and limitations on materials and systems. The category
depends on the MCEr ground motion at the specific site and the Risk Category of the structure. The MCEr
ground motion is defined to include modifications for ground conditions at the specific site.

In addition to global collapse of the structure, individual structural elements that are not critical to the global
stability of the structure have a maximum conditional probability of failure against failure as follows:

Conditional Probability of Failure for Member or
Connection
Risk Category' Given DE Shaking Given MCERr Shaking
1 sk sk
11 10% 25%
I 5% 15%
v 2.5% 9%

**Most Risk Category I structures are designed for the same requirement as Risk Category II, while some are exempted from

any seismic design requirement.
Seismic Design Category A is the lowest category. No seismic design requirements are applied for
Category A. It is defined to be those sites where the MCERr ground motion is less than half that associated
with structural damage in historical earthquakes, regardless of Risk Category.




11.2 Nonstructural Damage

For objective 1.b the Provisions recommend that structures and selected nonstructural components be
designed and built to prevent failures of nonstructural components or systems, where such failures would
endanger life. The criterion is based on less severe and more frequent ground shaking than used for
protection against structure collapse. Based on historic precedent, this level of ground motion is taken as
two-thirds of the MCERr ground motion. It is termed the design earthquake ground motion, or DE ground
motion.

For components that pose a life safety threat due to their weight and position, the fundamental requirement
is to maintain the position of the component through anchorage, bracing, and strength. Observations of
damage to some unbraced and unanchored components in past earthquakes suggest that life threatening
damage is unlikely under moderate ground motions, while other components such as parapets and other
appendages still pose a significant risk. Thus the scope of components to consider is substantially less in
the seismic design categories where the ground shaking demand is moderate. Through the use of a
component importance factor to require greater strength and displacement capacity, the probability of
failure given the DE ground motion is reduced for components that are necessary for life safety immediately
following a strong earthquake, such as fire suppression systems and egress stairways. In addition to
requirements for bracing and anchorage, equipment assigned the high component importance factor must
be qualified through testing, experience data, or analysis to assure continuous operation when subject to the
DE ground motion. Performance of nonstructural components is also influenced by the requirements for a
minimum lateral stiffness (drift limits) for structural systems and requirements that nonstructural systems
accommodate the anticipated structural drift; the stiffness requirement is more restrictive for higher Risk
Categories.

11.3 Hazardous Materials

For objective 1.c the Provisions target structures to be designed and built to prevent failure of structural or
nonstructural components or systems that would release unacceptable quantities of hazardous materials.
For buildings and nonbuilding structures the performance target is adjusted for the Risk Category just as it
is for the collapse objective (1.1.1). For nonstructural components, the performance target is adjusted with
component importance factors, and the basis is the DE. For Risk Categories III and IV the objective is to
provide a likelihood of major release of hazardous materials that is very low at the DE ground motion and
thus low at the MCERr ground motion. For nonstructural components the amount of inelastic behavior
permitted at strong ground motions is adjusted with the component importance factor. For nonbuilding
structures the protection from major releases may include secondary containment.

11.4 Preservation of Egress

For Objective 2 the Provisions intend that stairs be designed and built to be functional following the DE
ground motion. The component importance factor is intended to provide a low likelihood that stairs lose
support due to seismic displacements.

1.1.5 Functionality of Critical or Essential Facilities

For Objective 3 the Provisions intend to have a high probability of avoiding earthquake-induced loss of
essential functionality for Risk Category IV structures when subjected to the design earthquake (DE)
shaking intensity. The definition of essential functions shall be left to the determination of the owner or
operator of the facility, the governing building code, or the authority having jurisdiction. In addition, the
Provisions include some requirements to increase the likelihood that function be maintained for
nonstructural components and systems at the DE ground motion. To help achieve these goals, permissible
story drifts are reduced to control damage to nonstructural components connected to multiple floor levels.
Nonstructural system performance is enhanced by strengthening the anchorage and bracing requirements
for components necessary for functionality of the facility, and by requiring that important equipment and
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associated systems be shown to be functional after being shaken. The expectation is that functionality will
usually be maintained at ground motions comparable to the motion used for design of nonstructural
elements (the DE ground motion); however, given the state of knowledge for predicting such performance,
the probability of meeting that expectation is not specified.

For buildings, the following qualitative characteristics define this performance objective when subjected to
the design earthquake shaking intensity:

1. Remains safe for continued occupancy.

2 Equipment required for the essential functions of the building functions after the event.

3. Contents required for the essential functions of the facility have not been damaged.

4 Nonessential equipment and contents may sustain damage, provided that the damage does

not compromise the essential functions of the building.

5. The building envelope maintains integrity where required to preserve essential functions.

6 Piping carrying nontoxic substances have only minor leakage.

7. Toxic and Highly toxic substances are not released in a quantity harmful to occupants
unless controlled through secondary containment.

8. Egress is maintained.

For nonbuilding structures, the following qualitative characteristics define this performance objective when
subjected to the design earthquake shaking intensity:

1. Release of contents essential to the function of the facility is prevented.

2. Equipment required for essential function of the nonbuilding structure functions after the
event.

3. Contents required to fulfill the essential functions of the facility have not been damaged.

Nonessential equipment and contents may sustain damage, provided that the damage does
not compromise the essential functions of the nonbuilding structure.

5. Piping carrying nontoxic substances have only minor leakage.

6. Toxic and Highly toxic substances are not released in a quantity harmful to occupants
unless controlled through secondary containment.

7. Access required for essential functions of the nonbuilding structure is preserved after the
event.

8. Egress from the nonbuilding structure is maintained.

1.1.6 Repair Costs

Objective 4 is primarily aimed at those nonstructural elements for which seismic anchorage and bracing are
both low cost and effective in reducing economic losses in ground motions that are smaller and more
frequent than the motions used for life safety. There are also provisions in various material design standards
that aim to provide additional resistance for certain structural failure states that are not particularly
threatening to life, but are very expensive to repair.

21 COMMENTARY TO THE INTENT

The primary intent of the NEHRP Recommended Seismic Provisions for New Buildings and Other
Structures is to prevent, for ordinary buildings and structures, serious injury and life loss caused by damage
from earthquake ground shaking and ground failure. Most earthquake injuries and deaths are caused by
structural collapse; therefore, the major thrust of the Provisions is to prevent collapse for very rare, intense
ground motion, termed the risk targeted maximum considered earthquake (MCERr) ground motion.
Additional objectives to preserve means of egress, maintain functionality of critical or essential facilities




following major earthquakes, and to reduce damage costs, where practicable, are addressed as corollaries
to the primary intent.

The Provisions requirements are not intended to prevent damage due to landslides (such as those that
occurred in Anchorage, Alaska) or tsunami (such as occurred in Hilo, Hawaii, the Indian Ocean, and Japan).
They provide only for required resistance to earthquake ground shaking and movements due to liquefaction
without significant slides, subsidence, or faulting in the immediate vicinity of the structure. In most cases,
practical engineering solutions are available to resist other potential earthquake hazards, but they must be
developed on a case-by-case basis. The Provisions do require geotechnical investigations for sites where
such instabilities are possible, and the geotechnical reports must recommend appropriate mitigation.

Although the Provisions sets the minimum performance goals described in Section 1.1, earthquake
performance of buildings and other structures is highly variable. The characteristics of the shaking itself
are highly uncertain and even different ground motion records defined to qualify as maximum considered
earthquake ground motions for the same target spectrum can result in significantly different responses.
Additional uncertainty is created by the wide variety of systems and configurations allowed under the
regulations as well as by the various interpretations and implementation practices of individual designers.
Thus, a small percentage of buildings designed to the requirements of the Provisions may not meet the
performance intent when exposed to earthquake ground motions. The commentary of the Tentative
Provisions for the Development of Seismic Regulations for Buildings (Applied Technology Council, 1978),
upon which the first edition of the NEHRP Recommended Provisions (1985) was based, suggested a less
than 1% chance of collapse in a 50-year period for a building designed using the tentative requirements.
More recent studies (e.g., Quantification of Building Seismic Performance Factors, FEMA P-695, 2009)
suggest a 10% chance of collapse with shaking at the maximum considered earthquake level, which is
roughly equivalent to the 1978 estimations.

In the future it is possible that the risk targeting concepts implemented for the structural collapse objective
may be applied to other objectives, using methods such as described in Tentative Framework for Advanced
Seismic Design Criteria for New Building (NIST, 2012). More knowledge of seismic performance of
constructed systems is needed to accomplish this.

211 Structure Collapse

The primary objective regarding collapse has remained the same since the 1997 edition of the Provisions;
however, the quantification was not added until the 2009 edition when the prevention of collapse was
redefined in terms of risk-targeted maximum considered earthquake (MCER) ground motions. A building
deemed to have higher importance due to hazardous contents or critical occupancy is assigned to a higher
Risk Category (see ASCE/SEI 7-16, Table 1.5-1). The damage level in such buildings is intended to be
reduced by decreasing nonlinear demand using an importance factor, I, to reduce the response modification
coefficient, R. The resulting increased strength will reduce structural damage, and increase reliability of
acceptable performance, for a given level of shaking. Some authorities having jurisdiction subject the
design and construction of such buildings to a higher level of scrutiny to reduce uncertainties associated
with design or construction error.

The amplitude of the MCEg shaking, except where the deterministic limit applies, generally is somewhat
less than a ground motion hazard having a probability of 2% of being exceeded in 50 years. The
deterministic limit is imposed on the MCERr ground motion, because the large uncertainty in our ability to
predict ground motion at a site, given an earthquake of known magnitude at a known location, drives the
probabilistic computation to predict very large ground motions where the return period of the characteristic
earthquake is only a small fraction of the return period of interest for failure. The alternative calculation
effectively places a bound on that uncertainty in ground motion while preserving the occurrence of a rare
and large earthquake at a known location with some conservatism in the prediction of ground motion for
that event as the design basis. Compared to less seismically active regions where earthquake records are
rare, there is much more data available on the likely magnitude of earthquakes that active faults in such
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regions are capable of generating. It is also true that very large ground motions make some types of
construction economically impractical, and there is insufficient experience to validate that design for such
extreme ground motions without the deterministic limit is necessary.

The risk target of a 1% chance of collapse in 50 years is roughly an order of magnitude higher than the
chance of failure of structural elements subject to combinations of conventional loads without earthquake,
in large part because the cost of providing seismic protection is substantial in high hazard locations. These
probabilities are meaningful when computed with the carefully constrained methodologies (FEMA, 2009
and Luco, 2007) used in developing the probabilities cited here and are not intended to imply that the actual
failure rates will be that large or that such failure rates would be considered acceptable. It is believed the
real rates are lower because

1. historical damage statistics would support better performance

2. the beneficial effect of the gravity load framing is ignored in establishing the seismic response
modification factor (the R factor),

3. conservative assumptions on uncertainties are included in the analysis of the seismic hazard and
the structural performance, and

4. on the average, structures are not actually designed at the limit of the design criterion

The constraints are intended to permit rational comparison of differing probabilities for differing
circumstances.

The provisions also seek to protect against local failure that does not result in global collapse but could
result in injury risk to a few persons. Local failure is prevented by prescriptive provisions in Chapter 12
and explicit design provisions in Chapter 16. Chapter 12 requires structural design for vertical seismic
effects and deformation compatibility for members that are not part of the seismic force-resisting system to
prevent local failures. Chapter 16 defines structural elements according to their criticality as critical,
ordinary and noncritical, where critical elements can lead to global collapse; ordinary elements to
endangerment to a limited number of lives; and noncritical elements, which do not have safety
consequences. For ordinary elements in Risk Category II structures, the standard is based on a 25%
probability of failure given MCERr shaking. Assuming the DE is 67% of the MCEg, that correlates to
approximately 10% probability of failure for DE shaking. Failure probabilities for ordinary elements in
Risk Category III and IV structures are respectively 15% and 10% for MCEr shaking and 45% and 2.5%
for DE shaking.

The ground motion level below which seismic design is not required is established at a conservatively low
level in part to recognize the lower confidence of knowledge of seismic hazards in such areas, but also to
address this discrepancy in risk under other loadings in an approximate fashion. In other words, given the
variation in ground shaking hazard with probability of exceedance in the pertinent range of probabilities,
the risk of collapse due to seismic action should be well under the 1% in 50 years target near the transition
in hazard level from Seismic Design Category A to B. The transition in risk of collapse to the target of 1%
in 50 years where the MCERr motions are higher is not yet well understood.

21.2 Nonstructural Damage

Falling exterior walls and cladding and falling interior ceilings, light fixtures, pipes, equipment, and other
nonstructural components also cause deaths and injuries, as well as loss of function. The Provisions
minimizes this risk using requirements for anchoring and bracing nonstructural components. In the future
it may be possible to target this objective to a specific risk, but at this time the level of protection is set at
two-thirds of the MCERr ground motion in part because that level is roughly the same as the level used for
design in Coastal California before the criterion for structure collapse was defined at the MCEr ground
motion. The level of ground motion of two-thirds of the MCER ground motion is referred to as the Design
Earthquake ground motion; the probability of that level of ground motion occurring varies with location.
Another complicating factor in understanding the level of risk surrounding nonstructural failures is that the




demand on nonstructural components would vary with the amount of actual yielding in the structural
response to ground shaking, but it is currently not possible to provide for that in any design procedure based
upon linear response analysis methods.

The component importance factor is used to reduce the probability of failure of nonstructural components
or systems that create a risk to life stemming from loss of their function immediately following the
earthquake, such as the failure of the fire suppression system, rather than risks posed by the component
from its weight and position. The uncertainty in performance would be similar to the uncertainty in
structural collapse, because the overall uncertainty is dominated by variations in ground motion and
dynamic response of both the structure and the component, therefore the risk of failure of such components
is likely reduced but the degree cannot be stated at this time.

21.3 Hazardous Materials

Hazardous materials can be released by a structural and nonstructural failure, however such failures can
occur short of collapse. The expectation is that the probability of catastrophic release of such materials
across a facility boundary would be similar to the probability of structure collapse for ordinary structures,
although more study will be needed to validate that any target is indeed met by the recommended provisions.
Release within a facility where relatively fewer lives are at risk would be less rare, although no specific
target exists at this time. There is a lack of data, especially regarding the performance of nonstructural
systems under strong ground shaking that makes quantification of the objective impossible without further
study. Refer to the commentary for Section 1.5.3 of ASCE/SEI 7-16 for the quantitative definition of toxic,
highly toxic, and explosive categories of hazardous materials.

214 Preservation of Egress

In the 2015 Provisions preservation of egress was identified as a distinct objective. At this time the specific
requirements are focused on deformation compatibility of stairs and ramps.

21.5 Functionality of Critical or Essential Facilities

This section describes qualitatively the intended performance of Risk Category IV buildings and other
structures designed to the Provisions with respect to preservation of critical functions. The Provisions
intent is that Risk Category IV buildings and other structures have a high probability of resuming their
essential functions following the design earthquake. The qualifier of “essential” on functions and
functionality is present because it is recognized that following design earthquake level shaking the
nonessential functions of the facility may be impaired, but that the most important functions the facility
performs can still be accomplished. Moderate damage to components and contents not essential to the
function of the facility may occur, but must not compromise the functionality of essential components.
Cleanup and minor repairs, which can be carried out while the facility is operating, may be required.

It is important to realize that functionality does not imply an absence of damage, or even function as it
would be under ordinary circumstances before an earthquake. Experience has shown that extensive
workaround solutions are made to respond to damage in essential facilities so that some level of function is
maintained, however such solutions are not the goal of the Provisions. More work is necessary to improve
standards so that functional performance is achieved when desired for all structural systems and for
nonstructural components and their systems. Some analytical studies (ATC, 2018) have shown that the
probability of an unsafe placard and damage likelihood is not uniform for all structural systems, and some
with potentially unacceptable results. The functionality objective for Risk Category IV will often control
the structural design over the collapse objective. The performance of critical occupancy structures in past
earthquakes indicates that the increase in the importance factor and more stringent story drift limits, in
combination with strict regulation of design, testing, and inspection, reduces structural damage in moderate
shaking. Experience data show that some nonstructural components will remain functional if they stay in
position, but other components will require testing to show that they will function following strong shaking.
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The emphasis to date has been on the seismic qualification of individual components and analysis of
individual systems. However, the nonstructural systems of many buildings are, in reality, complex networks
that can be shut down by a single failure. For example, a break in a pressurized pipe can flood a critical
area of the facility, or if not quickly isolated, all of a building, forcing it to close, and failure of the anchorage
(or internal workings) of a battery, day tank, fuel lines, muffler, or main engine can shut down an emergency
generator. Therefore, the special regulations for seismic protection of nonstructural systems represent a
rational approach to achieving performance appropriate for the various occupancies, but experience data to
confirm their adequacy are lacking.

The Provisions include some requirements to increase the likelihood that function be maintained for
nonstructural components and systems at the DE ground motion. To achieve these goals, permissible story
drifts are reduced in the Provisions to control damage to structural components and nonstructural
components connected to multiple floor levels. Nonstructural system performance is enhanced by
strengthening the anchorage and bracing requirements for components necessary for functionality of the
facility, and by requiring that equipment required for the function of the facility and associated systems be
shown to be functional after being shaken through direct testing or detailed analysis. The expectation is
that functionality will usually be maintained at ground motions comparable to the motion used for design
of nonstructural elements (the DE ground motion); however, given the state of knowledge for predicting
such performance, the probability of meeting that expectation is not specified and may not be consistent for
all structural systems and configurations.

The intent dictates a high probability of preventing loss of function, but does not explicitly state a reliability
target. A desired target reliability for Risk Category IV buildings and nonbuilding structures is for there to
be a 10% probability of loss of essential function given the Design Earthquake ground motion. Observations
from past earthquakes has shown that the performance of many structural systems, particularly those used
in nonbuilding structures, will meet or exceed this goal. However, it may be difficult to demonstrate so
analytically. Many nonbuilding structures designed to modern codes performed well in the Chile
Earthquake of 2010 (Soules, Bachman, Silva 2016). Ground supported tanks and pressure vessels did not
release their contents even though the measured ground motions were in excess of the design level event.
Steel and concrete stacks and a recently completed bar mill building were completely undamaged during
the Chile event.

21.6 Repair Costs

The requirements for anchoring and bracing of nonstructural components and systems coupled with
reasonable limitations on differential movement between floors (i.e., story drift limits) may serve to control
damage that may be costly to repair or that would result in lengthy building closures, particularly for
moderate shaking levels. This level of economic protection will vary across different types of structural
and nonstructural systems, and no specific target has been established, nor is there a consensus among
stakeholders as to the appropriate levels of protection. Nonstructural designs for story drift that focus on
limiting damage to the component or system rather than only preventing catastrophic failure are much more
effective at reducing economic losses.

Stricter story drift limits can further limit damage to components connected to more than one floor (e.g.,
walls, cladding and stairways) but, at the same time, can create higher acceleration levels in the building
that could increase damage to nonstructural components braced or anchored to a single floor (e.g., ceilings,
light fixtures, and pipes). Achieving an optimum balance between the cost and performance of the structural
system and the effect of structural stiffness on performance of the nonstructural systems is not accomplished
using the prescriptive rules of a building code, particularly given the variety of structural systems used in
the United States.

Examples of provisions with a primary focus of damage control, rather than life safety, include bracing of
lightweight ceiling systems, limitations on punching shear in concrete flat slabs (in the design standard for
concrete structures), and limitations on interstory drift for masonry walls.
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REFERENCE DOCUMENT

Design for seismic resistance of structural elements including foundation elements and nonstructural
components shall conform to the requirements of ASCE/SEI 7-16, Minimum Design Loads for Buildings
and Other Structures, including Supplement No. 1 (referred to hereinafter as ASCE/SEI 7-16), as modified
herein.
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2020 NEHRP RECOMMENDED SEISMIC PROVISIONS FOR NEW
BUILDINGS AND OTHER STRUCTURES:

PART 1, PROVISIONS

MODIFICATIONS TO ASCE/SEI 7-16, CHAPTERS 11-22

Part 1 Provisions provides recommended changes to the seismic requirements of ASCE/SEI 7-16, Chapters
11 to 22. For a given chapter, only those sections with recommended modifications or additions are
shown. Therefore, the Provisions Part 1 should be used side-by-side with ASCE 7-16 in order to grasp the
full context of each chapter.
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CHAPTER 11, SEISMIC DESIGN CRITERIA

(Modifications)

SECTION 11.2 DEFINITIONS

Add the following definitions to Section 11.2:

DESIGN EARTHQUAKE DISPLACEMENT: See “displacement and drift.”
DESIGN STORY DRIFT: See “displacement and drift.”

DISTRIBUTION SYSTEM: An interconnected system composed primarily of linear components
including piping, tubing, conduit, raceways, and ducts. Distribution systems include in-line components
such as valves, in-line suspended pumps, and mixing boxes.

DISPLACEMENT AND DRIFT

DESIGN EARTHQUAKE DISPLACEMENT: The displacement at a given location of the structure
corresponding to the Design Earthquake.

DESIGN STORY DRIFT: The story drift corresponding to the Design Earthquake, taken at a
representative location (center of mass or building perimeter, as required by Section 12.8.6).

MAXIMUM CONSIDERED EARTHQUAKE DISPLACEMENT: The displacement at a given
location of the structure corresponding to the Risk-Targeted Maximum Considered Earthquake
(MCEg).

STORY DRIFT: The horizontal displacement at the top of the story relative to the bottom of the story
at a given location.

STORY DRIFT RATIO: The story drift divided by the story height, .

EQUIPMENT SUPPORT: Those structural members or assemblies of members or manufactured
elements, including braces, frames, legs, lugs, snubbers, hangers, or saddles, that transmit gravity loads and
operating loads between the equipment and the structure.

Equipment Support Structure: Assemblies of members or manufactured elements other than integral
supports, including moment frames, braced frames, skids, legs greater than 24 inches (600 mm) in length,
or walls that support a nonstructural component or system.

Distribution System Support: Hangers, vertical supports, and bracing members that provide vertical or
lateral seismic resistance for distribution systems, including hangers, braces, pipe racks, and trapeze
assemblies.

Equipment Support, Integral: Supports and their associated attachments and base plates that provide
vertical or lateral support for nonstructural components and are directly connected to both the nonstructural
component and the attachment to the structure or foundation, including lugs, skirts, saddles, or legs less
than or equal to 24 inches (600 mm) in length, and where the nonstructural component acts as part of the
lateral force-resisting system of the equipment support.

Equipment Support Platform: Assemblies of structural members or manufactured elements including
moment frames and braced frames that support multiple nonstructural components or systems.

REINFORCED CONCRETE DUCTILE COUPLED WALL: A seismic force-resisting system with a
minimum height of 60 feet as defined in ACI 318-19 Section 2.3 and complying with ACI 318-19 Section
18.10.9.

STORY DRIFT: See “displacement and drift.”

12
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USGS SEISMIC DESIGN GEODATABASE: The United States Geological Survey (USGS) database of
geocoded values of seismic design parameters Ss, S7, Sus, Sui, and PGAy and geocoded sets of multi-period
5%-damped risk-targeted maximum considered earthquake (MCER) response spectra.

User Note: The USGS Seismic Design Geodatabase is intended to be accessed through a USGS Seismic
Design Web Service that allows the user to specify the site location, by latitude and longitude, and the site
class to obtain the seismic design data. The USGS web service spatially interpolates between the gridded
data of the USGS geodatabase. Both the USGS geodatabase and the USGS web service can be accessed at
https://doi.org/10.5066/F7NK3C76. A web interface https://www.wbdg.org/additional-resources/tools/bssc2020nehrp is
provide by the BSSC for users to access the USGS web service, including determination of the Seismic
Design Category (SDC) at any specified location.

SECTION 11.3 SYMBOLS
Add and revise the following symbols:

C4z= component resonance ductility factor that converts the peak floor or ground acceleration into the peak
component acceleration as determined in Section 13.3.1.3;

Coa.diapn = deflection amplification factor for diaphragm deflection (12.10.4).

Cs.aiqpn = seismic response coefficient for design of diaphragms using the alternative diaphragm design
method of Section 12.10.4.

Hy = factor for force amplification as a function of height in the structure as determined in Section 13.3.1.1;

Laiapn = the span in feet of the horizontal diaphragm or diaphragm segment being considered, measured
between vertical elements or collectors that provide support to the diaphragm or diaphragm segment
(12.10.4).

PGAG = lower-bound limit on deterministic maximum considered earthquake geometric mean peak
ground acceleration, Table 21.2-1

PGAwm = mapped MCEjg peak ground acceleration as defined in Section 11.8.3.

Raiapn = response modification coefficient for design of diaphragms using the alternative diaphragm design
method of Section 12.10.4.

R, = structure ductility reduction factor as determined in Section 13.3.1.2;
R,,= component strength factor as determined in Section 13.3.1.4

S; = the MCER, 5% damped, spectral response acceleration parameter at a period of 1 s for Site Class BC
site conditions as defined in Section 11.4.3

Sa = the 5% damped design spectral response acceleration parameter at any period as defined in Section
11.4.5

S, = the site-specific, 5% damped, MCERr spectral response acceleration parameter at any period

S,, = the design, 5% damped, spectral response acceleration parameter at a period of 1 s as defined in
Section 11.4.4
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Sps = the design, 5% damped, spectral response acceleration parameter at short periods as defined in
Section 11.4.4

S

M

Section 11.4.3

, = the MCE, , 5% damped, spectral response acceleration parameter at a period of 1 s as defined in

S,s = theMCE, , 5% damped, spectral response acceleration parameter at short periods as defined in
Section 11.4.3

Ss = the MCEg, 5% damped, spectral response acceleration parameter at a period of 0.2 s for Site Class
BC site conditions as defined in Section 11.4.3

Tyiapn = period of diaphragm for design of diaphragm using the alternative diaphragm design method of
Section 12.10.4

T, = long-period transition period shown in Figs. 22-14 through 22-17

= design story drift as determined in Section 12.8.6
S, = Design Earthquake Displacement as determined in Section 12.8.6.
0,cx = Maximum Considered Earthquake Displacement as determined in Section 12.8.6.

Qo-giapn = diaphragm overstrength factor (12.10.4)

Q,, = anchorage overstrength factor for nonstructural components (13.4.1).

Delete the following symbols:
a, = the amplification factor related to the response of a system or component as affected by the type of

seismic attachment, determined in Section 13.3.1

Cr = site-specific risk coefficient at any period (Section 21.2.1.1)

Cr; = mapped value of the risk coefficient at a period of 1 s as given by Figure 22-19
Crs = mapped value of the risk coefficient at short periods as given by Figure 22-18
F, = short-period site coefficient (at 0.2-s period); see Section 11.4.4

Frga = site coefficient for peak ground acceleration (PGA); see Section 11.8.3

F, = long-period site coefficient (at 1.0-s period); see Section 11.4.4

PGA = mapped MCEg peak ground acceleration shown in Figs. 22-9 through 22-13

R, =- component response modification factor as defined in Section 13.3.1
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SECTION 11.4 SEISMIC GROUND MOTION VALUES
Replace Section 11.4 with the following:

11.41 Near-fault sites

Sites satisfying either of the following conditions shall be classified as near fault:

1. 9.5 miles (15 km) or less from the surface projection of a known active fault capable of
producing Mw 7 or larger events, or
2. 6.25 miles (10 km) or less from the surface projection of a known active fault capable of
producing Mw 6 or larger events.
EXCEPTIONS:
1. Faults with estimated slip rate less than 0.04 in. (1 mm) per year shall not be considered

in determining whether a site is a near-fault site.

2. The surface projection used in the determination of near-fault site classification shall not
include portions of the fault at depths of 6.25 mi (10 km) or greater.

11.4.2 Site Class
The site shall be classified as Site Class A, B, BC, C, CD, D, DE, E, or F in accordance with Chapter 20.

11.4.2.1 Default Site Class

Where the soil properties are not known in sufficient detail to determine the site class, risk-targeted
maximum considered earthquake (MCER) spectral response accelerations shall be based on the most critical
spectral response acceleration of Site Class C, Site Class CD and Site Class D, unless the authority having
jurisdiction determines, based on geotechnical data, that Site Class DE, E or F soils are present at the site.

11.4.3 Risk-Targeted Maximum Considered Earthquake (MCEgr) Spectral Response
Acceleration Parameters

Risk-targeted maximum considered earthquake (MCER) spectral response acceleration parameters Ss, S,
Sus and Sy; shall be obtained from the USGS Seismic Design Geodatabase
https://doi.org/10.5066/F7NK3C76. Values of these parameters are provided by the USGS Seismic Design
Web Service for the site class determined in accordance with Section 11.4.2.

EXCEPTION: Where a site-specific ground motion analysis is performed in accordance with Section
11.4.7, risk-targeted maximum considered earthquake (MCER) spectral response acceleration parameters
Sus and Sy shall be determined in accordance with Section 21.4 and risk-targeted maximum considered
earthquake (MCER) spectral response acceleration parameters Ss and S; shall be determined from the site-
specific MCEr response spectrum of Section 21.2.3.

11.4.4 Design Spectral Acceleration Parameters

Design earthquake spectral response acceleration parameters at short periods, Sps, and at a 1-s period, Spy,
shall be determined from Eqgs. (11.4-1) and (11.4-2), respectively. Where the alternate simplified design
procedure of Section 12.14 is used, the value of Sps shall be determined in accordance with
Section 12.14.8.1, and the value for Sp; need not be determined.

(11.4-1)
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D1 = M1

8]

(11.4-2)

Where

Sus = the 5% damped MCERr spectral response acceleration parameter at short periods as determined in
accordance with Section 11.4.3, and

Sur = the 5% damped MCER spectral response acceleration parameter at a period of 1 s as determined
in accordance with Section 11.4.3.

11.4.5 Design Response Spectrum

Where a design response spectrum is required by this standard, the design response spectrum shall be
determined in accordance with the requirements of Section 11.4.5.1.

EXCEPTIONS:

1. Where a site-specific ground motion analysis is performed in accordance with Section
11.4.7, the design response spectrum shall be determined in accordance with Section 21.3.

2. Where values of the multi-period 5%-damped MCEg response spectrum are not available
from the USGS Seismic Design Geodatabase, the design response spectrum shall be
permitted to be determined in accordance with Section 11.4.5.2.

11.4.5.1 Multi-Period Design Response Spectrum
The multi-period design response spectrum shall be developed as follows:

1. At discrete values of period, 7, equal to 0.0 s, 0.01 s, 0.02 s, 0.03 s, 0.05 s, 0.075 5, 0.1 s,
0.15s5,0.25,0.255,0.35,045s,0.5s5,0.75s,1.0s,1.55,2.0s,3.05,4.05s,5.0s,7.5sand
10 s, the 5%-damped design spectral response acceleration, S,, shall be taken as two-thirds
of the multi-period 5%-damped MCER response spectrum of the USGS Seismic Design
Geodatabase https://doi.org/10.5066/F7NK3C76. Values of these parameters are provided
by the USGS Seismic Design Web Service for the site class determined in accordance with
Section 11.4.2.

2. At each response period, 7, less than 10 s and not equal to one of the discrete values of
period, 7, listed in Item 1 above, S,, shall be determined by linear interpolation between
values of S,, of Item 1 above.

3. At each response period, 7, greater than 10 s, S,, shall be taken as the value of S, at the
period of 10 s of Item 1 above, factored by 10/7, where the value of T is less than or equal
to that of the long-period transition period, 77, and shall be taken as the value of S, at the
period of 10 s factored by 107;/T%, where the value of T is greater than that of the long-
period transition period, 77.

11.4.5.2 Two-Period Design Response Spectrum
The two-period design response spectrum shall be developed as indicated in Figure 11.4-1 and as follows:

1. For periods less than T, , the design spectral response acceleration, §_, shall be taken as
given in Eq. (11.4-3):
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S, =8, [O.4+0.61J (11.4-3)
(0]
2. For periods greater than or equal to 7, and less than or equal to 77 , the design spectral
response acceleration, S, shall be taken as equal to S .
3. For periods greater than 7, and less than or equal to 7, , the design spectral response
acceleration, S, shall be taken as given in Eq. (11.4-4):
s —Sou (11.4-4)
“ T
4 For periods greater than 7, , S shall be taken as given in Eq. (11.4-5):
s =Sl (11.4-5)
a T2

Where
Sps = the design spectral response acceleration parameter at short periods

Spi = the design spectral response acceleration parameter at a 1-s period
T = the fundamental period of the structure
To=0.2(Sp1/ Sbs)

Ty = Spi/ Sps, and
T:. = long-period transition period(s) shown in Figs. 22-14 through 22-17.

Sbs

A1 : :
S frovfrms § =gt

Spedral Response Accelemtion, Saig)
/
T
~

TD Ts 10 TL
Period, T (sec)

FIGURE 11.4-1 Two-Period Design Response Spectrum
11.4.6 Risk-Targeted Maximum Considered Earthquake (MCERr) Response Spectrum

Where an MCERg response spectrum is required, it shall be determined by multiplying the design response

spectrum by 1.5.
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11.4.7 Site-Specific Ground Motion Procedures

A site response analysis shall be performed in accordance with Section 21.1 for structures on Site Class F
sites, unless exempted in accordance with Section 20.3.1. A ground motion hazard analysis shall be
performed in accordance with Section 21.2 for seismically isolated structures and structures with damping
systems on sites with S; greater than or equal to 0.6.

It shall be permitted to perform a site response analysis in accordance with Section 21.1 and/or a ground
motion hazard analysis in accordance with Section 21.2 to determine ground motions for any structure.

When the procedures of either Section 21.1 or 21.2 are used, the design response spectrum shall be
determined in accordance with Section 21.3, the design acceleration parameters shall be determined in
accordance with Section 21.4, and, if required, the MCE, peak ground acceleration parameter PGAy shall

be determined in accordance with Section 21.5.

SECTION 11.5 IMPORTANCE FACTOR AND RISK CATEGORY
Replace Section 11.5 with the following:

11.5.1 Importance Factor

An Importance Factor, ., shall be assigned to each structure in accordance with Table 1.5-2.

11.5.2 Protected Access for Risk Category IV

Where operational access to a Risk Category IV structure is required through an adjacent structure, the
adjacent structure shall conform to the requirements for Risk Category IV structures. Where operational
access is less than 10 ft (3.048 m) from an interior lot line or another structure on the same lot, protection
from potential falling debris from adjacent structures shall be provided by the owner of the Risk Category
IV structure.

SECTION 11.6 SEISMIC DESIGN CATEGORY
Replace Section 11.6 with the following:
Structures shall be assigned a Seismic Design Category in accordance with this section.

Risk Category I, II, or III structures located where the mapped spectral response acceleration parameter
at 1-s period, Si, is greater than or equal to 0.75 shall be assigned to Seismic Design Category E. Risk
Category IV structures located where the mapped spectral response acceleration parameter at 1-s period,
S1, is greater than or equal to 0.75 shall be assigned to Seismic Design Category F. All other structures shall
be assigned to a Seismic Design Category based on their Risk Category and the design spectral response
acceleration parameters, Sps and Sp;, determined in accordance with Section 11.4.4. Each building and
structure shall be assigned to the more severe Seismic Design Category in accordance with Table 11.6-1 or
11.6-2, irrespective of the fundamental period of vibration of the structure, 7. The provisions in Chapter 19
shall not be used to modify the spectral response acceleration parameters for determining Seismic Design
Category.
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TABLE 11.6-1 Seismic Design Category Based on Short-Period Response Acceleration

Parameter
Value of S, Risk Category
Tor Il orIII v
Sps <0.167 A A
0.167<S§,<0.33 B C
0.33< 8,5 <0.50 C D
0.50< S, D D

TABLE 11.6-2 Seismic Design Category Based on 1-s Period Response Acceleration

Parameter
Value of S}, Risk Category
TorII or I1I v
S, <0.067 A A
0.067<S,, <0.133 B C
0.133<5,, <0.20 C D
0.20<S,, D D

Where §; is less than 0.75, the Seismic Design Category is permitted to be determined from Table 11.6-
1 alone where all of the following apply:

1. In each of the two orthogonal directions, the approximate fundamental period of the
structure, T, determined in accordance with Section 12.8.2.1 is less than 0.87;, where T is
determined in accordance with Section 11.4.5.

2. In each of two orthogonal directions, the fundamental period of the structure used to

calculate the story drift is less than T.

Eq. (12.8-2) is used to determine the seismic response coefficient Cs.

4. The diaphragms are rigid in accordance with Section 12.3; or, for diaphragms that are not
rigid, the horizontal distance between vertical elements of the seismic force-resisting
system does not exceed 40 ft (12.192 m).

W

Where the alternate simplified design procedure of Section 12.14 is used, the Seismic Design Category
is permitted to be determined from Table 11.6-1 alone, using the value of Sps determined in
Section 12.14.8.1, except that where S; is greater than or equal to 0.75, the Seismic Design Category shall
be E.

User note: The Seismic Design Category is provided via the USGS Seismic Design Geodatabase, defined
in Section 11.2.
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SECTION 11.7 DESIGN REQUIREMENTS FOR SEISMIC DESIGN CATEGORY A
Replace Section 11.7 with the following:

Buildings and other structures assigned to Seismic Design Category A need only comply with the
requirements of Section 1.4. Nonstructural components in SDC A are exempt from seismic design
requirements. In addition, tanks assigned to Risk Category IV shall satisfy the freeboard requirement in
Section 15.6.5.1.

SECTION 11.8 GEOLOGIC HAZARDS AND GEOTECHNICAL INVESTIGATION
Replace Section 11.8 with the following:

11.8.1 Site Limitation for Seismic Design Categories E and F

A structure assigned to Seismic Design Category E or F shall not be located where a known potential exists
for an active fault to cause rupture of the ground surface at the structure.

11.8.2 Geotechnical Investigation Report Requirements for Seismic Design Categories C
through F

A geotechnical investigation report shall be provided for a structure assigned to Seismic Design Category
C, D, E, or F in accordance with this section. An investigation shall be conducted, and a report shall be
submitted that includes an evaluation of the following potential geologic and seismic hazards:

a. Slope instability,

b. Liquefaction,

c. Total and differential settlement, and

d. Surface displacement caused by faulting or seismically induced lateral spreading or

lateral flow.

The report shall contain recommendations for foundation designs or other measures to mitigate the
effects of the previously mentioned hazards.

EXCEPTION: Where approved by the authority having jurisdiction, a site-specific geotechnical report
is not required where prior evaluations of nearby sites with similar soil conditions provide direction relative
to the proposed construction.

11.8.3 Additional Geotechnical Investigation Report Requirements for Seismic Design
Categories D through F

The geotechnical investigation report for a structure assigned to Seismic Design Category D, E, or F shall
include all of the following, as applicable:

1. The determination of dynamic seismic lateral earth pressures on basement and retaining
walls caused by design earthquake ground motions.

2. The potential for liquefaction and soil strength loss evaluated for site peak ground
acceleration, earthquake magnitude, and source characteristics consistent with the MCEg
peak ground acceleration. Peak ground acceleration shall be determined based on either
(1) a site-specific study taking into account soil amplification effects as specified in
Section 11.4.7 or (2) the value of the MCEg peak ground acceleration parameter PGAy of
the USGS Seismic Design Geodatabase https://doi.org/10.5066/F7NK3C76, from which
the value of the PGAy parameter is provided by the USGS Seismic Design Web Service
for the site class determined in accordance with Section 11.4.2.
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3. Assessment of potential consequences of liquefaction and soil strength loss, including, but
not limited to, estimation of total and differential settlement, lateral soil movement, lateral
soil loads on foundations, reduction in foundation soil-bearing capacity and lateral soil
reaction, soil downdrag and reduction in axial and lateral soil reaction for pile foundations,
increases in soil lateral pressures on retaining walls, and flotation of buried structures.

4. Discussion of mitigation measures such as, but not limited to, selection of appropriate
foundation type and depths, selection of appropriate structural systems to accommodate
anticipated displacements and forces, ground stabilization, or any combination of these
measures and how they shall be considered in the design of the structure.

SECTION 11.9 VERTICAL GROUND MOTIONS FOR SEISMIC DESIGN
Replace Section 11.9 with the following:

11.9.1 General

If the option to incorporate the effects of vertical seismic ground motions is exercised in lieu of the
requirements of Section 12.4.2.2, the requirements of this section are permitted to be used in the
determination of the vertical design earthquake ground motions. The requirements of Section 11.9.2 shall
only apply to structures in Seismic Design Categories C, D, E, and F located in the conterminous United
States at or west of -105 degrees longitude, Alaska, Hawaii, and other non-conterminous United States
sites. For structures in Seismic Design Categories C, D, E, and F in the conterminous United States east of
-105 degrees longitude, the value of S, shall be taken as two-thirds of the value of S,;,. The requirements
of Section 11.9.3 shall apply to all structures in Seismic Design Categories C, D, E, and F.

11.9.2 MCERr Vertical Response Spectrum

Where a vertical response spectrum is required by this standard and site-specific procedures are not used,
the MCE,, vertical response spectral acceleration, Sqp,, , shall be developed as follows:

1. For vertical periods (T,) less than or equal to 0.025s, S, shall be determined in
accordance with Eq. (11.9-1) as follows:

Samv = 0.65C,(Sam/Fna) (11.9-1)

2. For vertical periods greater than 0.025 s and less than or equal to 0.05 s, S, shall be
determined in accordance with Eq. (11.9-2) as follows:

Samv = 16Cy,(Sap/Fma) (T, — 0.025) + 0.65C,(Sam/Fima) (11.9-2)

3. For vertical periods greater than 0.05 s and less than or equal to 0.1's, S,y shall be
determined in accordance with Eq. (11.9-3) as follows:

Samvy = 1.05C,(Sart/ Fma) (11.9-3)
4. For vertical periods greater than 0.1 s and less than or equal to 2.0's, S, shall be
determined as:
0.1\0->
Samv = 1.05C,(Sam/Fina) (T_v) (11.9-4)

The value of S, shall not be less than 0.5(S;p/ Frna)-
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5. For vertical periods greater than 2.0 s and less than 10 s, S, shall be determined using
Eq. (11.9-5) as follows:

Samv = 0.5(Sam/Fna) (11.9-5)

Where
C,=is defined in terms of Sy in Table 11.9-1,
Sam= the MCEpR spectral response acceleration parameter at the same period as Sgy,,,

Fn.a= factor to convert the median-component spectral ordinate to a maximum direction
spectral ordinate, and

T, = the fundamental vertical period of vibration.

TABLE 11.9-1 Values of Vertical Coefficient C

MCER Spectral Site Class | Site Class | Site Class | Site Class | Site  Class
Response Parameter | A, B BC C CD D,DE, E, F
at Short Periods”
Sus > 2.0 0.9 1.1 1.3 1.4 1.5
Sus=1.0 0.9 1.0 1.1 1.2 1.3
Swus=0.6 0.9 0.95 1.0 1.05 1.1
Sus=0.3 0.8 0.8 0.8 0.85 0.9
Sus<0.2 0.7 0.7 0.7 0.7 0.7

“Use straight-line interpolation for intermediate values of Sis.

Maximum-component factor F,,4 shall be taken as follows:

T, < 0.2 sec: Fppg = 1.2 (11.9-6)
0.2 < T, < 1.0 sec: Fppg = 1.2 + 0.0625(T, — 0.2) (11.9-7)
1< T, <10 sec: Fpgq = 1.25 + 0.05 (T, — 1.0) /9 (11.9-8)

In lieu of using the above procedure, a site-specific study is permitted to be performed to obtain Sgp,,
but the value so determined shall not be less than 80% of the S, value determined from Egs. (11.9-1)
through (11.9-5).

11.9.3 Design Vertical Response Spectrum

The design vertical response spectral acceleration, S,,,, shall be taken as two-thirds of the value of S,
determined in Sections 11.9.1 or 11.9.2.
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CHAPTER 12, SEISMIC DESIGN REQUIREMENTS FOR BUILDING
STRUCTURES

(Modifications)

SECTION 12.2.1 SEISMIC FORCE-RESISTING SYSTEM SELECTION AND LIMITATIONS
Revise Section 12.2.1 as follows:

Except as noted in Sections 12.2.1.1, the basic lateral and vertical seismic force-resisting system shall
conform to one of the types indicated in Table 12.2-1 or a combination of systems as permitted in Sections
12.2.2,12.2.3, and 12.2.4. Each system is subdivided by the types of vertical elements used to resist lateral
seismic forces. The structural systems used shall be in accordance with the structural system limitations
and the limits on structural height, %,, contained in Table 12.2-1. The appropriate response modification
coefficient, R; overstrength factor, €y; and deflection amplification factor, C,, indicated in Table 12.2-1
shall be used in determining the base shear, element design forces, and design story drift.

EXCEPTION: For structures with seismic-force resisting systems that otherwise conform with
the system requirements in Table 12.2-1, limitations on structural height, 4,, are permitted to be exceeded
for structures designed to meet the requirements of Chapter 16. This exception shall not apply to seismic
force-resisting systems designated as NP for the Seismic Design Category in Table 12.2-1.

Each selected seismic force-resisting system shall be designed and detailed in accordance with
the specific requirements for the system as set forth in the applicable reference document listed in Table
12.2-1 and the additional requirements set forth in Chapter 14.

Nothing contained in this section shall prohibit the use of alternative procedures for the design of
individual structures that demonstrate acceptable performance in accordance with the requirements of
Section 1.3.1.3 of this standard."

Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems

Add new line items featuring Reinforced Concrete Ductile Coupled Walls, Steel and Concrete
Coupled Composite Plate Shear Walls, and Cross-Laminated Timber Shear Walls as follows:

ASCE 7 Section Structm:al .S);stem Limitations Including Structural Height,
- ha (ft) Limits
- L Where Detailing

Seismic Force-Resisting System Requirements Are R Q Ca Seismic Design Category

Specified B C D E F
A.BEARING WALL SYSTEMS
Reinforced concrete ductile 142 3 2 3 NL NL 160 160 100
coupled walls
Cross laminated timber shear 145 3 3 3 65 65 65 65 65
walls
Cross laminated timber shear
walls with shear resistance
provided by high aspect ratio 14.5 4 3 4 65 65 63 65 65
panels only
B. BUILDING FRAME SYSTEMS
Reinforced concrete ductile 142 3 oy | g NL NL 160 160 100
coupled walls
Steel and concrete coupled 14.3 8 2% | 5% NL NL 160 160 100
composite plate shear walls
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D. DUAL SYSTEMS WITH SPECIAL MOMENT FRAMES...

Reinforced concrete ductile

14.2 8 2 8 NL NL NL NL NL
coupled walls

Steel and concrete coupled 14.3 8 2% 5% | NL NL NL NL NL
composite plate shear walls

12.2.1.1 Alternative Seismic Force-Resisting Systems

Use of alternative seismic force-resisting systems not contained in Table 12.2-1 shall be permitted
contingent on submittal to and approval by the Authority Having Jurisdiction and independent structural
design review of an accompanying set of design criteria and substantiating analytical and test data. The
design criteria shall specify any limitations on system use, including Seismic Design Category and height;
required procedures for designing the system’s components and connections; required detailing; and the
values of the response modification coefficient, R; overstrength factor, {y; and deflection amplification
factor, C;. The submitted data shall establish the system’s nonlinear dynamic characteristics and
demonstrate that the design criteria result in a probability of collapse conditioned on the occurrence of
MCE, shaking not greater than 10% for Risk Category II structures. The conditional probability of collapse

shall be determined based on a nonlinear analytical evaluation of the system and shall account for sources
of uncertainty in quality of the design criteria, modeling fidelity, laboratory test data, and ground motions.
Structural design review shall conform to the criteria of Section 16.5.

This Section shall be permitted for the design of single buildings on a given site with a seismic
force-resisting system not conforming to one of the systems included in Table 12.2-1.

12.21.2 Elements of Seismic Force-Resisting Systems

Elements of seismic force-resisting systems, including members and their connections, shall conform to the
detailing requirements specified in Table 12.2-1 for the selected structural system.

EXCEPTION: Substitute elements that do not conform to the requirements specified in Table
12.2-1 shall be permitted contingent on submittal to and approval by the authority having jurisdiction of all
of the following:

a. In-depth description of the methodology used to evaluate equivalency of the substitute
element for the seismic force- resisting system of interest, or reference to published
documentation describing the methodology in depth.

b. Justification of the applicability of the equivalency methodology, including but not limited
to consideration of the similarity of the forces transferred across the connection between
the substitute and conforming elements and the balance of the seismic force-resisting
system, and the similarity between the substitute and conforming element on the
distribution of forces and displacements in the balance of the structure.

c. A design procedure for the substitute elements, including procedures to determine design
strength stiffness, detailing, connections, and limitations to applicability and use.

d. Requirements for the manufacturing, installation, and maintenance of the substitute elements.

e. Experimental evidence demonstrating that the hysteretic characteristics of the conforming

and substitute elements are similar through deformation levels anticipated in response to
MCER shaking. The evaluation of experimental evidence shall include assessment of the
ratio of the measured maximum strength to design strength; the ratio of the measured initial

25



2020 NEHRP Provisions

stiffness to design stiffness; the ultimate deformation capacity; and the cyclic strength and
stiffness deterioration characteristics of the conforming and substitute elements.

Evidence of independent structural design review, in accordance with Section 16.5 or
review by a third party acceptable to the authority having jurisdiction, of conformance to
the requirements of this section.

SECTION 12.2.3.2 TWO-STAGE ANALYSIS PROCEDURE
Replace Section 12.2.3.2 with the following:

Two-stage equivalent lateral force procedures for vertical combinations of systems or for one-story
structures with flexible diaphragms and rigid vertical elements are permitted in accordance with the section.

12.2.3.2.1 Vertical Combinations of Systems

A two-stage equivalent lateral force procedure is permitted to be used for structures that have a flexible
upper portion and a rigid lower portion, provided that the design of the structure conforms with all of the

following:

The stiffness of the lower portion shall be not less than 10 times the stiffness of the upper portion.

The period of the entire structure shall not be greater than 1.1 times the period of the upper
structure considered as a separate structure supported at the transition from the upper to the
lower portion.

The upper portion shall be designed as a separate structure using the appropriate values of
R and p.

The lower portion shall be designed as a separate structure using the appropriate values of
R and p. The reactions from the upper portion amplified by the ratio of the R/p of the upper
portion over the R/p of the lower portion. This ratio shall not be less than 1.0.

The upper portion is analyzed with the equivalent lateral force or modal response spectrum
procedure, and lower portion is analyzed with the equivalent lateral force procedure.

12.2.3.2.2 One-Story Structures with Flexible Diaphragms and Rigid Vertical Elements

A two-stage equivalent lateral force procedure shall be permitted to be used for determination of seismic
design forces in vertical elements of one-story structures having flexible diaphragms supported by rigid
vertical elements, provided that the structure conforms to all of the following:

The structure shall comply with the requirements of Section 12.10.4.

The seismic design forces to the vertical elements in each horizontal direction shall be
taken as the sum of forces contributed by the effective seismic weight tributary to the
diaphragm and forces contributed by the effective seismic weight tributary to the in-plane
vertical elements as follows:

i. Forces contributed by the effective seismic weight tributary to the diaphragm shall
be the reactions from diaphragm forces determined in accordance with Section
12.10.4.2.1, amplified by the ratio of Raispn divided by R/p of the vertical seismic
force-resisting system. This ratio shall not be taken as less than 1.0.

ii. Forces contributed by the effective seismic weight tributary to the in-plane rigid
vertical elements shall be determined in accordance with Section 12.8 using the
period calculated in accordance with Section 12.8.
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SECTION 12.2.5 SYSTEM-SPECIFIC REQUIREMENTS

Revise Section 12.2.5.4 as follows:

12.2.5.4 Increased Structural Height Limit for Steel Eccentrically Braced Frames, Steel
Special Concentrically Braced Frames, Steel Buckling-Restrained Braced
Frames, Steel Special Plate Shear Walls, Steel and Concrete Coupled Composite
Plate Shear Walls, Reinforced Concrete Ductile Coupled Walls, and Special
Reinforced Concrete Shear Walls

The limits on structural height, 4,, in Table 12.2-1 are permitted to be increased from 160 ft (50 m) to 240 ft
(75 m) for structures assigned to Seismic Design Categories D or E and from 100 ft (30 m) to 160 ft (50 m)
for structures assigned to Seismic Design Category F, provided that the seismic force-resisting systems are
limited to steel eccentrically braced frames, steel special concentrically braced frames, steel buckling-
restrained braced frames, steel special plate shear walls, reinforced concrete ductile coupled walls, or special
reinforced concrete cast-in-place shear walls and both of the following requirements are met:

1. The structure shall not have an extreme torsional irregularity as defined in Table 12.3-1
(horizontal structural irregularity Type 1b).

2. The steel eccentrically braced frames, steel special concentrically braced frames, steel
buckling-restrained braced frames, steel special plate shear walls, steel and concrete
coupled composite plate shear walls, reinforced concrete ductile coupled walls, or special
reinforced cast-in-place concrete shear walls in any one plane shall resist no more than
60% of the total seismic forces in each direction, neglecting accidental torsional effects.

ACI 318, Building Code Requirements and Commentary, American Concrete Institute, 2019.
Cited in: Section 11.2.

SECTION 12.3.2 IRREGULAR AND REGULAR CLASSIFICATION

Revise Section 12.3.2.2 as follows:

12.3.2.2  Vertical Irregularity
EXCEPTIONS:

Vertical structural irregularities of Types la, 1b, and 2 in Table 12.3-2 do not apply where no story drift
ratio is greater than 130% of the story drift ratio of the next story above. For this exception torsional effects
need not be considered in the calculation of story drifts and the story drift ratio relationship of the top two
stories of the structure is not required to be evaluated.

Table 12.3-1 Horizontal Structural Irregularities
Revise Tables 12.3-1 and 12.3-2 as follows:

Seismic Design
Reference Category
Type Description Section Application

la. Torsional Irregularity: Torsional irregularity is defined to exist |[12.3.3.4 |D,E, and F
where more than 75% of the story lateral strength is provided at or
on one side of the center of mass or where the maximum story
drift, computed including accidental torsion with 4,=1.0, at one
end of the structure transverse to an axis is more than 1.2 times the
average of the story drifts at the two ends of the structure.
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irregularity is defined to exist where vertical lateral force-resisting

Seismic Design
Reference Category

Type Description Section Application

Torsional irregularity requirements in the reference sections apply

only to structures in which the diaphragms are rigid or semirigid.
[12.5.3.1] C,D,Eand F | [ |
11273 | B,C,D,E, and F | | |
12.8.4.3 C,D,E,and F | I |
[12.12.1] C,D,E,and F | [ |
11634 | B,C,D,E,and F | I |
1b. Extreme Torsional Irregularity: Extreme torsional irregularity is

defined to exist where the maximum story drift, computed

including accidental torsion with 4 =1.0, at one end of the

structure transverse to an axis is more than 1.4 times the average

of the story drifts at the two ends of the structure. Extreme

torsional irregularity requirements in the reference sections apply

only to structures in which the diaphragms are rigid or semirigid.
[12.3.3.4) D,EandF | I |
12.3.4.2] D, E and F | [ |
[12.5.3.1] C,D,Eand F | | |
112,73 | B,C,D,EandF | I |
[12.8.4.3] C,D,Eand F | [ |
[12.12.1]| C,D,Eand F I I |
1 16.3.4 || B,C,D, E and F | | |
2. Reentrant Corner Irregularity: Reentrant corner irregularity is |[12.3.3.4 D,E,and F

defined to exist where both plan projections of the structure

beyond a reentrant corner are greater than 15% of the plan

dimension of the structure in the given direction.
3. Diaphragm Discontinuity Irregularity: Diaphragm discontinuity||12.3.3.4 D,E,and F

irregularity is defined to exist where there is a diaphragm with an

abrupt discontinuity or variation in stiffness, including one that

has a cutout or open area greater than 50% of the gross enclosed

diaphragm area, or a change in effective diaphragm stiffness of

more than 50% from one story to the next.
4. Out-of-Plane Offset Irregularity: Out-of-plane offset 12.3.3.3 B, C,D,E, and

irregularity is defined to exist where there is a discontinuity in a F

lateral force-resistance path, such as an out-of-plane offset of at

least one of the vertical elements.
[12.3.34] D, E,and F | [ |
11273 | B,C,D,E,and F | | |
1 16.3.4 | B,C,D,E,and F | I |
5. Nonparallel System Irregularity: Nonparallel system 12.5.3 C,D,E,and F
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Type

Description

Seismic Design
Reference Category
Section Application

elements are not parallel to the major orthogonal axes of the

seismic force-resisting system.

11273 |

B.C.D.E,and F | | |

116.3.4 |

B.C.D,E,and F [ | |

Table 12.3-2 Vertical Structural Irregularities

Type

Description

Seismic Design
Reference Category
Section Application

la.

Stiffness—Soft Story Irregularity: Stiffness—soft story
irregularity is defined to exist where there is a story in which the
lateral stiffness is less than 70% of that in the story above or less
than 80% of the average stiffness of the three stories above.

Table D,E,and F
12.6-1

1b.

Stiffness—Extreme Soft Story Irregularity: Stiffness—extreme
soft story irregularity is defined to exist where there is a story in
which the lateral stiffness is less than 60% of that in the story
above or less than 70% of the average stiffness of the three stories
above.

1233.1 |EandF

Vertical Geometric Irregularity: Vertical geometric irregularity
is defined to exist where the horizontal dimension of the seismic
force-resisting system in any story is more than 130% of that in an
adjacent story.

Table D,E,and F
12.6-1

In-Plane Discontinuity in Vertical Lateral Force-Resisting
Element Irregularity: In-plane discontinuity in vertical lateral
force-resisting element irregularity is defined to exist where there
is an in-plane offset of a vertical seismic force-resisting element
resulting in overturning demands on supporting structural
elements.

12333 |B,C,D,E, and
F

123.3.4

D,E,and F

Table 12.6-1 | D, E,and F

4a.

Discontinuity in Lateral Strength—Weak Story Irregularity:
Discontinuity in lateral strength—weak story irregularity is defined
to exist where the story lateral strength is less than 80% of that in
the story above. The story lateral strength is the total lateral
strength of all seismic-resisting elements sharing the story shear
for the direction under consideration.

12.3.3.1 Eand F

Table 12.6-1 | D,E,and F

|

4b.

Discontinuity in Lateral Strength—Extreme Weak Story
Irregularity: Discontinuity in lateral strength—extreme weak story
irregularity is defined to exist where the story lateral strength is

1233.1 |D,E,and F

less than 65% of that in the story above. The story strength is the
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Seismic Design
Reference Category
Type Description Section Application

total strength of all seismic-resisting elements sharing the story
shear for the direction under consideration.

12.3.3.2 B and C [ | |
| Table 12.6-1 [ D, E, and F [ [ |

SECTION 12.3.3 LIMITATIONS AND ADDITIONAL REQUIREMENTS FOR SYSTEMS WITH
STRUCTURAL IRREGULARITIES

Replace Section 12.3.3 with the following:

12.3.3.1  Prohibited Vertical Irregularities for Seismic Design Categories D through F

Structures assigned to Seismic Design Category E or F that have vertical irregularities Type 1b, 4a, or 4b,
of Table 12.3-2 shall not be permitted. Structures assigned to Seismic Design Category D that have vertical
irregularity Type 4b of Table 12.3-2 shall not be permitted.

12.3.3.2 Extreme Weak Stories

Structures with a vertical irregularity Type 4b, as defined in Table 12.3-2, shall not be more than two stories
or 30 ft (9 m) in structural height, 4,.

EXCEPTION: The limit does not apply where the “weak” story is capable of resisting a total seismic
force equal to Q times the design force prescribed in Section 12.8.

12.3.3.3 Elements Supporting Discontinuous Walls or Frames

Structural elements supporting discontinuous walls or frames of structures that have horizontal irregularity
Type 4 of Table 12.3-1 or vertical irregularity Type 3 of Table 12.3-2 shall be designed to resist the seismic
load effects, including overstrength of Section 12.4.3. The connections of such discontinuous walls or
frames to the supporting members shall be adequate to transmit the forces for which the discontinuous walls
or frames were required to be designed.

12.3.3.4 Increase in Forces Caused by Irregularities for Seismic Design Categories D
through F

For structures assigned to Seismic Design Category D, E, or F and having a horizontal structural irregularity
of Type 1a, 1b, 2, 3, or 4 in Table 12.3-1 or a vertical structural irregularity of Type 3 in Table 12.3-2, the
design forces determined from Section 12.10.1.1 shall be increased 25% for the following elements of the
seismic force-resisting system:

1. Connections of diaphragms to vertical elements and to collectors and

2. Collectors and their connections, including connections to vertical elements, of the seismic
force-resisting system.

EXCEPTION: Forces calculated using the seismic load effects, including overstrength of Section
12.4.3, need not be increased.

SECTION 12.3.4 REDUNDANCY
Revise Sections 12.3.4.1 and 12.3.4.2 as follows:
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12.3.41 Conditions Where Value of p is 1.0.
The value of p is permitted to be equal to 1.0 for the following:

1. Structures assigned to Seismic Design Category B or C;

2 Drift calculation and P-delta effects;

3 Design of nonstructural components;

4. Design of nonbuilding structures that are not similar to buildings;

5 Design of collector elements, splices, and their connections for which the seismic load

effects, including overstrength of Section 12.4.3 are used;

6. Design of members or connections where the seismic load effects, including overstrength
of Section 12.4.3 are required for design;

7. Diaphragm loads determined using Eq. (12.10-1) including the limits imposed by Eqgs.
(12.10-2) and (12.10-3);

8. Diaphragm seismic design forces determined in accordance with Section 12.10.4;

9. Structures with damping systems designed in accordance with Chapter 18; and

10. Design of structural walls for out-of-plane forces, including their anchorage.

12.3.4.2 Redundancy Factor, p, for Seismic Design Categories D through F

For structures assigned to Seismic Design Categories D, E or F, and having an extreme torsional irregularity
in both orthogonal directions as defined in Table 12.3-1, Type 1b, p shall equal 1.3 in both orthogonal
directions. For other structures assigned to Seismic Design Categories D, E or F p shall equal 1.3 unless
one of the following two conditions is met, whereby p is permitted to be taken as 1.0. For the purposes of
the conditions below, the number of bays for a shear wall shall be calculated as the length of shear wall
divided by the story height or two times the length of shear wall divided by the story height, 4., for light-
frame construction.

a. Each story resisting more than 35% of the base shear in the direction of interest shall
comply with Table 12.3-3, and each story resisting more than 35% of the base shear in the
direction of interest shall contain at least two bays of seismic force-resisting framing on
each side of the center of mass.

b. Structures are regular in plan at all levels provided that the seismic force-resisting systems
consist of at least two bays of seismic force-resisting perimeter framing on each side of the
structure in each orthogonal direction at each story resisting more than 35% of the base shear.

SECTION 12.5.3 SEISMIC DESIGN CATEFORY C

Revise Section 12.5.3.1 as follows:

12.5.3.1  Structures with Horizontal Structural Irregularities

Structures that have horizontal structural irregularity of Type la, 1b or 5 in Table 12.3-1 shall use one of
the following procedures:

a. Orthogonal Combination Procedure. The structure shall be analyzed using the
equivalent lateral force analysis procedure of Section 12.8, the modal response spectrum
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analysis (MRSA) procedure of Section 12.9.1, or the linear response history procedure of
Section 12.9.2, as permitted under Section 12.6, with the loading applied independently in
any two orthogonal directions. The requirement of Section 12.5.1 is deemed satisfied if
members and their foundations are designed for 100% of the forces for one direction plus
30% of the forces for the perpendicular direction. The combination requiring the maximum
component strength shall be used.

b. Simultaneous Application of Orthogonal Ground Motion. The structure shall be
analyzed using the linear response history procedure of Section 12.9.2 or the nonlinear
response history procedure of Chapter 16, as permitted by Section 12.6, with orthogonal
pairs of ground motion acceleration histories applied simultaneously.

SECTION 12.6 ANALYSIS PRODECURE SELECTION
Replace Section 12.6 with the following (delete Table 12.6-1 Permitted Analytical Procedures):

The structural analysis required by Chapter 12 shall be completed in accordance with the requirements of
(a) Equivalent Lateral Force Procedure of Section 12. 8, (b) Modal Response Spectrum Analysis of Section
12.9.1, (c) Linear Response History Analysis of Section 12.9.2, or (d) with an analysis approved by the
authority having jurisdiction. Nonlinear Response History Procedure requirements are given in Chapter 16.

SECTION 12.7.3 STRUCTURAL MODELING
Revise Section 12.7.3 as follows:

b. For steel moment frame systems, the contribution of panel zone deformations to
displacement and drift shall be included.

SECTION 12.8.6 DISPLACEMENT AND DRIFT DETERMINATION
Replace section 12.8.6 with the following:

Displacements and drifts shall be determined as required by this section.
12.8.6.1 Minimum Base Shear for Computing Displacement and Drift

The elastic analysis of the seismic force-resisting system for computing displacement and drift shall be
made using the prescribed seismic design forces of Section 12.8 and the strength load combinations of
Section 2.3.6.

12.8.6.2  Period for Computing Displacement and Drift

For determining displacements and drifts it is permitted to determine the elastic displacements ( 3_ ) using

seismic design forces based on the computed fundamental period of the structure without the upper limit
(C,T,) specified in Section 12.8.2.

12.8.6.3 Design Earthquake and Maximum Considered Earthquake Displacement

The Design Earthquake Displacement (3, ) shall be determined at the location of an element or component

using equation 12.8-15 or as permitted in Chapter 16, Chapter 17, or Chapter 18.
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(12.8-15)

Where

Cq = the Deflection Amplification Factor in Table 12.2-1.

1. = Importance Factor determined in accordance with Section 11.5.1; and

o = elastic displacement computed under design earthquake forces.

64 = displacement due to diaphragm deformation due to the Design Earthquake.

The Design Earthquake Displacement shall include the contribution of diaphragm rotation and
deformation to the displacement at the location of an element or component, including the effects of
accidental torsion and torsional amplification.

The Maximum Considered Earthquake Displacement (§,,, ) shall be determined at the location under

MCE

consideration using equation 12.8-16 or as permitted in Chapter 16, Chapter 17, or Chapter 18.

5, = 1.5(13156 +ad,1 (12.8-16)

e

Where R is the Response Modification Coefficient in Table 12.2-1.

12.8.6.4  Design Story Drift Determination

The Design Story Drift (A) shall be computed as the difference of the Design Earthquake Displacements (0 pk),
as determined in accordance with Section 12.8.6.3, at the centers of mass at the top and bottom of the story under
consideration. Where centers of mass do not align vertically, it is permitted to compute the deflection at the
bottom of the story based on the vertical projection of the center of mass at the top of the story.

Diaphragm rotation shall be considered in determining the Design Story Drift for structures assigned to
Seismic Design Category C, D, E, or F that have horizontal irregularity Type la or 1b of Table 12.3-1. For
such structures the Design Story Drift, A, shall be computed as the largest difference of the Design Earthquake
Displacements of vertically aligned points at the top and bottom of the story under consideration along any of
the edges of the structure. Diaphragm deformation may be neglected in determining the Design Story Drift.

SECTION 12.9.1.4.2 SCALING OF DISPLACEMENTS AND DRIFTS
Revise Section 12.9.1.4.2 as follows

Where the combined response for the modal base shear (17, ) is less thanC 7, and where C, is determined
in accordance with Eq. (12.8-6), displacements and drifts shall be multiplied by C W /7,

SECTION 12.10 DIAPHRAGMS, CHORDS AND COLLECTORS
Revise Section 12.10 as follows:
Diaphragms, chords and collectors shall be designed in accordance with Sections 12.10.1 and 12.10.2.

EXCEPTIONS:

1. Precast concrete diaphragms, including chords and collectors, in structures assigned to Seismic
Design Category C, D, E or F, shall be designed in accordance with Section 12.10.3.
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2. Precast concrete diaphragms in Seismic Design Category B, cast-in-place concrete
diaphragms, wood-sheathed diaphragms supported by wood diaphragm framing, and bare
steel deck diaphragms are permitted to be designed in accordance with Section 12.10.3.

3. Diaphragms, chords and collectors in one-story structures that conform to the limitations
of Section 12.10.4.1 are permitted to be designed in accordance with Section 12.10.4.

Table 12.10-1 Diaphragm Design Force Reduction Factor, R;
Revise Table 12.10-1 as follows:

12.10.4 Alternative Diaphragm Design Provisions for One-Story Structures with Flexible
Diaphragms and Rigid Vertical Elements

Add new Section 12.10.4 as follows:

Where permitted by Section 12.10 and subject to the limitations of Sec. 12.10.4.1, diaphragm design
forces, including design forces for chords, collectors, and their in-plane connections to vertical
elements, shall be determined in accordance with Sections 12.10.4.2.

12.10.4.1 Limitations

Diaphragms in one-story structures are permitted to be designed in accordance with Section 12.10.4
provided all of the following limitations are satisfied;

1. All portions of the diaphragm shall be designed using the provisions of this section in both
orthogonal directions.
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2. The diaphragm shall consist of either a) a wood structural panel diaphragm designed in
accordance with AWC SDPWS and fastened to wood framing members or wood nailers
with sheathing nailing in accordance with the AWC SDPWS Section 4.2 nominal shear
capacity tables, or b) a bare (untopped) steel deck diaphragm meeting the requirements of
AISI S400 and AISI S310.

3. Toppings of concrete or similar materials that affect diaphragm strength or stiffness shall
not be placed over the wood structural panel or bare steel deck diaphragm.

4. The diaphragm shall not contain horizontal structural irregularities, as specified in Table
12.3-1, except that Horizontal Structural Irregularity Type 2 is permitted.

5. The diaphragm shall be rectangular in shape or shall be divisible into rectangular segments
for purpose of seismic design, with vertical elements of the seismic force-resisting system
or collectors provided at each end of each rectangular segment span.

6. The vertical elements of the seismic force-resisting system shall be limited to one or more
of the following: concrete shear walls, precast concrete shear walls, masonry shear walls,
steel concentrically braced frames, steel and concrete composite braced frames, or steel
and concrete composite shear walls.

7. The vertical elements of the seismic force-resisting system shall be designed in accordance
with Section 12.8, except that they shall be permitted to be designed using the two-stage
analysis procedure of Section 12.2.3.2.2, where applicable.

12.10.4.2 Design

Diaphragms, including chords, collectors, and their connections to vertical elements, shall be designed in
two orthogonal directions to resist the in-plane design seismic forces determined in accordance with this
section. Multi-span diaphragms and diaphragms that are not rectangular in shape shall be divided into
rectangular segments for purposes of design in accordance with this section, with lateral support provided
at each end of each diaphragm segment span by a vertical element or collector element.

12.10.4.2.1 Seismic Design Forces

The diaphragm seismic design force, Fpy, shall be determined in accordance with Eq. 12.10-15.
pr = Cs—diaph * Wpx (1210-15)
where

wpx = the effective seismic weight tributary to the diaphragm,

Sps

Cs-diaph = W (12.10-16a)
Ie
and need not be greater than:
Co-diaph = b1 (12.10-16b)

Tdiaph *(Rdiaph/
Ie

where

35



2020 NEHRP Provisions

Sps = the design spectral response parameter in the short period range as determined from Section
11.450r11.4.38,

Raiapn = 4.5 for wood structural panel diaphragms,

= 4.5 for bare steel deck diaphragms that meet the special seismic detailing requirements of
AISI S400, and

= 1.5 for all other bare steel deck diaphragms
1. = the Importance Factor determined in accordance with Section 11.5.1.

Taiaph = 0.002 Lyigpn, for wood structural panel diaphragms, and
=0.001 Lgiapn for profiled steel deck panel diaphragms
determined for each rectangular segment of the diaphragm in each orthogonal direction [seconds].

12.10.4.2.2 Diaphragm Shears

Diaphragm design shears shall be computed for each diaphragm segment in accordance with Section
12.10.4.2.1.

Where the diaphragm segment span, Ly, is less than 100 feet, the diaphragm design shear, from
loading perpendicular to the span, shall be the diaphragm shear calculated using the F),, forces of Section
12.10.4.2.1 multiplied by 1.5.

Where the diaphragm segment span Lgiqn, 1 greater than or equal to 100 feet, the diaphragm design
shear shall be amplified to 1.5 times the shear calculated using the ), forces of Section 12.10.4.2.1, over
an amplified shear boundary zone having a minimum width of 10% of the diaphragm segment span L.
The amplified shear boundary zone shall be provided at each supporting end of the diaphragm segment
span under consideration.

12.10.4.2.3 Diaphragm Chords

Diaphragm chords shall be provided at each edge of each diaphragm segment to resist tension and
compression forces resulting from diaphragm moments. Diaphragm chord forces shall be computed using
the F),. forces of Section 12.10.4.2.1.

12.10.4.2.4 Collector Elements and Their Connections

Collector elements shall be provided that are capable of transferring the seismic forces originating in other
portions of the structure to the vertical elements of the seismic force-resisting system. Collector element
forces shall be computed using the F),. forces of Section 12.10.4.2.1. Collectors and their connections to
vertical elements of the seismic force-resisting system in structures assigned to Seismic Design Categories
C through F shall be designed to resist the forces calculated using the seismic load effects including
overstrength factor of Section 12.4.3, with diaphragm overstrength factor, £2.4i,p, taken equal to 2, however
_gigpn need not exceed Ryigpn. This need not be combined with the shear amplification of 1.5 specified in
Section 12.10.4.2.2.

12.10.4.2.5 Diaphragm Deflection

Where required by this standard, the deflection amplification factor, Cy.qigpi, for diaphragm deflection shall
be taken as one of the following:

Cl.diaph = 3.0 for wood structural panel diaphragms,

= 3.0 for bare steel deck diaphragms that meet the special seismic detailing requirements of
AISI S400, and
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= 1.5 for all other bare steel deck diaphragms
Diaphragm deflections shall be calculated using Section 12.10.4.2.1 seismic design forces.

12.10.4.2.6 Modifications to Diaphragm Seismic Design

For structures in which the diaphragm design forces are determined in accordance with Section 12.10.4, the
following modifications apply.

1. Footnote b to Table 12.2-1 shall not apply
2. Section 12.3.3.4 shall not apply

SECTION 12.12 DRIFT AND DEFORMATION
Replace Section 12.12 with the following:

12.121 Story Drift Limit

The Design Story Drift ( A) as determined in Sections 12.8.6, 12.9.1, or 12.9.2 shall not exceed the
allowable story drift (A, ) as obtained from Table 12.12-1 for any story.

TABLE 12.12-1 ALLOWABLE STORY DRIFT, A.2°

Structure Risk Category
Iorll 111 v
Structures, other than masonry shear wall structures, 0.025h° 0.0204,, 0.015A,,

4 stories or less above the base as defined in Section
11.2, with interior walls, partitions, ceilings and
exterior wall systems that have been designed to
accommodate the Design Earthquake Displacements.

Masonry cantilever shear wall structures ¢ 0.010A,, 0.010A,, 0.010/
Other masonry shear wall structures 0.007 hsx 0.007 /1y 0.007 gy
All other structures 0.0204,, 0.015h 0.010A4,

“ gy 1s the story height below Level x.

b For seismic force-resisting systems comprised solely of moment frames in Seismic Design Categories D, E, and
F, the allowable story drift shall comply with the requirements of Section 12.12.1.1.

¢ There shall be no drift limit for single-story structures in which the interior walls, partitions, ceilings, exterior
wall systems, and nonstructural components with /, greater than 1.0 have been designed to accommodate the
Design Earthquake Displacement. The structure separation requirement of Section 12.12.3 is not waived.

4 Structures in which the basic structural system consists of masonry shear walls designed as vertical elements
cantilevered from their base or foundation support which are so constructed that moment transfer between shear
walls (coupling) is negligible.

12.12.2 Structural Separation

All portions of the structure shall be designed and constructed to act as an integral unit in resisting seismic forces
unless separated structurally by a distance sufficient to avoid damaging contact as set forth in this section.

Separations shall allow for the Design Earthquake Displacements (§,, ) as determined in accordance
with Section 12.8.6.

Adjacent structures on the same property shall be separated by at least 3  , determined as follows:
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dgs = \/(SDEI)Z + (5[)52)2 (12.12-2)

where §__ and §,_, are the Design Earthquake Displacements of the adjacent structures at their

DE1 DE2

adjacent edges.

Where a structure adjoins a property line not common to a public way, the structure shall be set back
from the property line by at least the displacement §,, of that structure.

EXCEPTION: Smaller separations or property line setbacks are permitted where justified by rational
analysis based on inelastic response to design ground motions.

12.12.3 Members Spanning between Structures

Gravity connections or supports for members spanning between structures or seismically separate portions
of structures shall be designed for the maximum anticipated relative displacements. These displacements

shall be calculated using the Maximum Considered Earthquake Displacement (3§, ), as determined in

accordance with Section 12.8.6 and assuming that the two structures are moving in opposite directions and
using the absolute sum of the displacements.

12124 Deformation Compatibility for Seismic Design Categories D through F

For structures assigned to Seismic Design Category D, E, or F, every structural component not included
in the seismic force-resisting system in the direction under consideration shall be designed to be adequate
for the gravity load effects and the seismic forces resulting from two-thirds of the Maximum Considered
Earthquake Displacements (§,,., ) and the associated drifts.

EXCEPTION: Reinforced concrete frame members not designed as part of the seismic force-
resisting system shall comply with Section 18.14 of ACI 318.

Where determining the moments and shears induced in components that are not included in the
seismic force-resisting system in the direction under consideration, the stiffening effects of adjoining rigid
structural and nonstructural elements shall be considered, and a rational value of member and restraint
stiffness shall be used.

SECTION 12.14 SIMPLIFIED ALTERNATIVE STRUCTURAL DESIGN CRITERIA FOR SIMPLE
BEARING WALL OR BUILDING FRAME SYSTEMS

Table 12.14-1 Design Coefficients and Factors for Seismic Force-Resisting Systems for
Simplified Design Procedures

Add line items to Table 12.14-1 on Bearing Wall Systems featuring CLT shear walls as follows:

——
ASCE 7 Section Where Limitations

Seismic Force-Resisting System Detailing Requirements R? Seismic Design Category

Are Specified B c D, E
A. BEARING WALL SYSTEMS
Cross laminated timber shear walls 14.5 3 P P P

Cross laminated timber shear walls
with shear resistance provided by high | 14.5 4 P P P
aspect ratio panels only
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CHAPTER 13, SEISMIC DESIGN REQUIREMENTS FOR
NONSTRUCTURAL COMPONENTS

(Modifications)

SECTION 13.1 SCOPE
Revise Section 13.1.1, 13.1.2, 13.1.3, and 13.1.6 as follows:

13.1.1 Scope

This chapter establishes minimum design criteria for nonstructural components and for their supports and
attachments.

Nonstructural components shall meet the requirements of this chapter, including components that
are in or supported by a structure, are outside of a structure, or are permanently attached to the mechanical
or electrical systems of a structure. Where the weight of a nonstructural component is greater than or equal
to 20% of the combined effective seismic weight, W, of the nonstructural component and supporting
structure as defined in Section 12.7.2, the component shall be designed in accordance with Section 13.2.8.

13.1.2 Seismic Design Category

For the purposes of this chapter, nonstructural components shall be assigned to the same Seismic Design
Category as the structure that they occupy or are supported by, or to the same Seismic Design Category as
the structure to which they are permanently attached by mechanical or electrical systems.

13.1.3 Component Importance Factor

All components shall be assigned a component Importance Factor as indicated in this section. The
component Importance Factor, /, , shall be taken as 1.5 if any of the following conditions apply:

1. The component is required to function for life-safety purposes after an earthquake,
including fire protection sprinkler systems and egress stairways.

2. The component conveys, supports, or otherwise contains toxic, highly toxic, or explosive
substances where the quantity of the material exceeds a threshold quantity established by
the Authority Having Jurisdiction and is sufficient to pose a threat to the public if released.

3. The component is in or supported by a Risk Category IV structure or permanently attached
by mechanical or electrical systems to a Risk Category IV structure, and the component is
needed for continued operation of the facility or its failure could impair the continued
operation of the facility.

4. The component conveys, supports, or otherwise contains hazardous substances and is
attached to a structure or portion thereof classified by the Authority Having Jurisdiction as
a hazardous occupancy.

All other components shall be assigned a component Importance Factor, /,, equal to 1.0.

13.1.6 Application of Nonstructural Component Requirements to Nonbuilding Structures

Nonbuilding structures (including storage racks and tanks) that are supported by other structures shall
be designed in accordance with Chapter 15. Where Section 15.3 requires that seismic forces be determined
in accordance with Chapter 13 and values for C4z and R, are not provided in Table 13.5-1 or 13.6-1, the
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term [;ﬁ in Eq. (13.3-1) shall be taken as equal to 2.5/R, where the value of R for the nonbuilding structure
po
is obtained from Tables 15.4-1 or 15.4-2.

SECTION 13.2.2 SPECIAL CERTIFICATION REQUIREMENTS FOR DESIGNATED SEISMIC
SYSTEMS

Revise Section 13.2.2 Item 2 as follows:

2. Components with hazardous substances and assigned a component Importance Factor, /,,
of 1.5 in accordance with Section 13.1.3 shall be certified by the manufacturer as
maintaining containment following the design earthquake ground motion by (1) analysis,
(2) approved shake table testing in accordance with Section 13.2.5, or (3) experience data
in accordance with Section 13.2.6. Evidence demonstrating compliance with this
requirement shall be submitted for approval to the Authority Having Jurisdiction after
review and acceptance by a registered design professional.

Certification of components through analysis shall be limited to nonactive components and

shall be based on seismic demand considering [;A;R] /1, equal to 1.0.
po

SECTION 13.2.8 SUPPORTED NONSTRUCTURAL COMPONENTS WITH GREATER THAN
OR EQUAL TO 20% COMBINED WEIGHT

Add section 13.2.8 with the following:

Supported Nonstructural Components with Greater Than or Equal to 20% Combined Weight. For the
condition where the weight of the nonstructural component is equal to or greater than 20% of the combined
effective seismic weight, W, of the nonstructural component and supporting structure, an analysis
combining the structural characteristics of both the nonstructural component and the supporting structures
shall be performed to determine the seismic design forces. The nonstructural component and the supporting
structure shall be designed for forces and displacements determined in accordance with Chapter 12 or
Section 15.5, as appropriate, with the R value of the combined system taken as the lesser of the value [zﬁ]
po
of the nonstructural component or the R value of the supporting structure. The nonstructural component
and attachments shall be designed for the forces and displacements resulting from the combined analysis.
Design criteria for the nonstructural component shall otherwise be in accordance with this chapter.

SECTION 13.3.1 SEISMIC DESIGN FORCES
Replace Section 13.3.1 with the following:
The horizontal seismic design force ( Fp) shall be applied at the component’s center of gravity and

distributed relative to the component’s mass distribution and be applied independently in at least two
orthogonal horizontal directions in combination with service or operating loads associated with the
component, as appropriate. The redundancy factor, P, is permitted to be taken as equal to 1.

The horizontal seismic design force shall be determined in accordance with Eq. (13.3-1):

H C
F, = 0.4SpsI,W, [—f] [ AR] (13.3-1)

Ry | Rpo

F, is not required to be taken as greater than

41



2020 NEHRP Provisions

F,=1.6Spsl,W, (13.3-2)
and F, shall not be taken as less than

F,=0.3Spsl,W, (13.3-3)
where
F , = seismic design force;
S,s = spectral acceleration, short period as determined in accordance with Section 11.4.5;

7, = component Importance Factor as determined in accordance with Section 13.1.3;
W, = component operating weight;

Hy = factor for force amplification as a function of height in the structure as determined in
Section 13.3.1.1;

R, = structure ductility reduction factor as determined in Section 13.3.1.2;

C4r = component resonance ductility factor that converts the peak floor or ground acceleration into the

peak component acceleration as determined in Section 13.3.1.3;
R,,= component strength factor as determined in Section 13.3.1.4.

13.3.1.1  Amplification with Height, H;

For nonstructural components supported at or below grade, Hr= 1.0. For components supported above
grade by a building or nonbuilding structure, the factor for force amplification with height, Hj is determined
by Eq. (13.3-4) or Eq. (13.3-5). Where the approximate fundamental period of the supporting building or
nonbuilding structure is unknown, Hy is permitted to be determined by Eq. (13.3-5).

H=1+a () +a(2)" (13.3-4)

Hp=1+25(%) (13.3-5)

where

1
a1=T_S25
a

a, = [1—(0.4/T)?] >0
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Z = height in structure of point of attachment of component with respect to the base. For items at or
below the base, z shall be taken as 0. The value of % need not exceed 1.0;

h = average roof height of structure with respect to the base; and

T, = the approximate fundamental period of the supporting building or nonbuilding structure. For
structures with combinations of seismic force-resisting systems, the lowest value of 7, shall be used.

For the purposes of computing Hj, T, is determined using Eq. (12.8-7) for buildings. Where the seismic
force-resisting system is unknown, 7 is permitted to be determined by Eq. (12.8-7) using the approximate
period parameters for “All other structures.”

For nonbuilding structures, 7, is permitted to be taken as:

a. The period of the nonbuilding structure, 7, determined using the structural properties and
deformation characteristics of the resisting elements in a properly substantiated analysis as
indicated in Section 12.8.2, or

b. The period of the nonbuilding structure, 7, determined using Eq. (15.4-6), or

c. The period 7, determined by Eq. (12.8-7), using the approximate period parameters for
“All other structures.”

13.3.1.2  Structure Ductility Reduction Factor, R,

For components supported by a building or nonbuilding structure, the reduction factor for ductility of the
supporting structure, R,, is determined by Eq. (13.3-6):

R,=(1.1R/Q)"* =13 (13.3-6)
where

R = the response modification factor for the building or nonbuilding structure supporting the
component, from Table 12.2-1, Table 15.4-1, or Table 15.4-2; and

0, = the overstrength factor for the building or nonbuilding structure supporting the component, from
Table 12.2-1, Table 15.4-1, or Table 15.4-2.

For components supported at or below grade, the value of R, shall be taken as 1.0. When the seismic
force-resisting system of the building or nonbuilding structure is not specified, the value of R, shall be taken
as 1.3. When the seismic force-resisting system of the building or nonbuilding structure is not listed in
Table 12.2-1, Table 15.4-1, or Table 15.4-2, the value of R, shall be taken as 1.3, unless seismic design
parameters for the seismic force-resisting system have been approved by the Authority Having Jurisdiction.

If the building or nonbuilding structure supporting the component contains combinations of seismic
force-resisting systems in different directions or vertical combinations of seismic force-resisting systems,
the structure ductility reduction factor shall be based on the seismic force-resisting system that produces
the lowest value of R,. Where a nonbuilding structure type listed in Table 15.4-1 has multiple entries based
on permissible height increases, the value of R, is permitted to be determined using values of R and Q, for
“With permitted height increase” entry.
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13.3.1.3 Component Resonance Ductility Factor, Car

Components shall be assigned a component resonance ductility factor, C4r, based on whether the
component is supported at or below grade, or is supported above grade by a building or nonbuilding
structure. Components that are in or supported by a building or nonbuilding structure and are at or below
grade plane are considered supported at or below grade. All other components in or supported by a building
or nonbuilding structure are considered supported above grade.

Architectural components shall be assigned a component resonance ductility factor in Table 13.5-1.

Mechanical and electrical equipment shall be assigned a component resonance ductility factor in Table
13.6-1. The component resonance ductility factor for mechanical and electrical equipment mounted on the
equipment support structures or platforms shall not be less than the component resonance ductility factor
used for the equipment support structure or platform itself.

The component resonance ductility factor for equipment platforms or support structures shall be
determined in accordance with Section 13.6.4.6. The weight of supported mechanical and electrical
components shall be included when calculating the component operating weight, 7, of equipment platform
or support structure.

Distribution systems shall be assigned component resonance ductility factors in Table 13.6-1, to be
used for the design of the distribution system itself (e.g. the piping, ducts, and raceways). The component
resonance ductility factor for distribution system supports shall be determined in accordance with Section
13.6.4.7

13.3.1.4 Component Strength, Ry,

The component strength factor, R,., for nonstructural components is given in Tables 13.5-1 or 13.6-1.

13.3.1.5 Nonlinear Response History Analysis

Nonlinear response history analyses procedures of Chapters 16. 17 and 18 may be used to determine the
lateral force for nonstructural components in accordance with Eq. (13.3-7):

_ Ca
E, = I,W,a; [R—p’:] (13.3-7)

Where a; is the maximum acceleration at level i obtained from the nonlinear response history analysis
at the Design Earthquake ground motion. When a; is determined using nonlinear response history analysis,
a suite of not less than 7 ground motions shall be used. If the supporting structure is designed using
nonlinear response history analysis, the entire suite of ground motions used to design the structure shall be
used to determine a;. The value of the parameter a; shall be taken as the mean of the maximum values of
acceleration at the center of mass of the support level, obtained from each analysis. The upper and lower
limits of /), determined by Eqgs. (13.3-2) and (13.3-3) shall apply.

13.3.1.6 Vertical Force

The component shall be designed for a concurrent vertical force +0.25,,7 .

EXCEPTION: The concurrent vertical seismic force need not be considered for lay-in access floor
panels and lay-in ceiling panels.
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13.3.1.7 Nonseismic Loads

Where nonseismic loads on nonstructural components exceed F,, such loads shall govern the strength

design, but the detailing requirements and limitations prescribed in this chapter shall apply.

SECTION 13.3.2 SEISMIC RELATIVE DISPLACEMENTS

Revise Section 13.3.2 as follows:

13.3.21 Displacements within Structures
For two connection points on the same structure A or the same structural system, one at a height #_ and

the other at a height hy . D, shall be determined as

D,=5,-95, (13.3-7)
Alternatively, D, is permitted to be determined using linear dynamic procedures described in Section

12.9. For structures in which the Design Earthquake Displacement does not exceed the allowable story drift
as defined in Table 12.12-1, D, is not required to be taken as greater than

_ (. =h)A,,
P,

X

(13.3-8)

13.3.2.2 Displacements between Structures

For two connection points on separate structures A and B or separate structural systems, one at a height 7_
and the other at a height 2 , D shall be determined as

D, =0, |+]0,] (13.3-9)

For structures in which the Design Earthquake Displacement does not exceed the allowable story drift
as defined in Table 12.12-1, D, is not required to be taken as greater than

D, = "Bu 1B (13.3-10)
A h

SX SX

where

Dp = relative seismic displacement that the component must be designed to accommodate;

O, = deflection at building level , of structure A at the Design Earthquake Displacement, determined
in accordance with Eq. (12.8-15);

5y 4 = deflection at building level } of structure A at the Design Earthquake Displacement, determined
in accordance with Eq. (12.8-15);

5yB = deflection at building level V of structure B at the Design Earthquake Displacement, determined
in accordance with Eq. (12.8-15);

45



2020 NEHRP Provisions

SECTION 13.4 NONSTRUCTURAL COMPONENT ANCHORAGE AND ATTACHMENT

Revise Section 13.4 as follows:

13.4.1 Design Force in the Attachment

The force in the attachment shall be determined based on the prescribed forces and displacements for the
component as determined in Sections 13.3.1 and 13.3.2. When required to apply the load combinations in
Section 12.4.3, ©Qy shall be taken as the anchorage overstrength factor £y, given in Tables 13.5-1 and 13.6-1.

13.4.2 Anchors in Concrete or Masonry

13.4.2.1 Anchors in Concrete

Anchors in concrete shall be designed in accordance with Chapter 17 of ACI 318.

13.4.2.2 Anchors in Masonry

Anchors in masonry shall be designed in accordance with TMS 402. Anchors shall be designed to be
governed by the tensile or shear strength of a ductile steel element.

EXCEPTION: Anchors shall be permitted to be designed so that either

1. the support or component that the anchor is connecting to the structure undergoes ductile
yielding at a load level corresponding to anchor forces not greater than the design
strength of the anchors, or

2. the anchors shall be designed to resist the load combinations in accordance with
Section 12.4.3 including £y, given in Tables 13.5-1 and 13.6-1.

SECTION 13.5.3 EXTERIOR NONSTRUCTURAL WALL ELEMENTS AND CONNECTIONS
Revise Section 13.5.3 with the following:

Exterior nonstructural wall panels or elements that are attached to or enclose the structure shall be designed
to accommodate the seismic relative displacements defined in Section 13.3.2 and movements caused by
temperature changes. Such elements shall be supported by means of positive and direct structural supports
or by mechanical connections and fasteners in accordance with the following requirements:

1. Connections and panel joints shall allow for the story drift caused by relative seismic
displacements (D,;) determined in Section 13.3.2, or 0.5 in. (13 mm), whichever is greater.

4, All fasteners in the connecting system such as bolts, inserts, welds, and dowels, and the
body of the connectors shall be designed for the force (#),) determined by Section 13.3.1
using the applicable design coefficients and taken from Table 13.5-1, applied at the center
of mass of the panel. The connecting system shall include both the connections between
the wall panels or elements and the structure and the interconnections between wall panels
or elements.
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SECTION 13.5.10 EGRESS STAIRS AND RAMPS
Revise Section 13.5.10 as follows:

Egress stairs and ramps not part of the seismic force-resisting system of the structure to which they are
attached shall be detailed to accommodate the seismic relative displacements, D,;, defined in Section
13.3.2 including diaphragm deformation. The net relative displacement shall be assumed to occur in any
horizontal direction. Such elements shall be supported by means of positive and direct structural supports
or by mechanical connections and fasteners in accordance with the following requirements:

a. Sliding connections with slotted or oversize holes, sliding bearing supports with keeper
assemblies or end stops, and connections that permit movement by deformation of metal
attachments, shall accommodate a displacement D,;, but not less than 0.5 in. (13 mm),
without loss of vertical support or inducement of displacement-related compression forces
in the stair.

b. Sliding bearing supports without keeper assemblies or end stops shall be designed to
accommodate a displacement 1.5D,,;, but not less than 1.0 in. (25 mm) without loss of
vertical support. Breakaway restraints are permitted if their failure does not lead to loss of
vertical support.

c. Metal supports shall be designed with rotation capacity to accommodate seismic relative
displacements as defined in item b. The strength of such metal supports shall not be limited
by bolt shear, weld fracture, or other brittle modes.

d. All fasteners and attachments such as bolts, inserts, welds, dowels, and anchors shall be
designed for the seismic design forces determined in accordance with Section 13.3.1 using
the applicable design coefficients as given in Table 13.5-1.

EXCEPTION: If sliding or ductile connections are not provided to accommodate seismic relative
displacements, the stiffness and strength of the stair or ramp structure shall be included in the building
structural model of Section 12.7.3, and the stair shall be designed with Qy corresponding to the seismic
force-resisting system but not less than 2%.

SECTION 13.5.11 PENTHOUSES AND ROOFTOP STRUCTURES
Add Section 13.5.11 with the following:

Penthouses and rooftop structures shall be designed in accordance with this section. The horizontal
seismic design force (F)) shall be determined in accordance with Section 13.3.1, using the design
coefficients listed in Table 13.5-1.

EXCEPTION: Penthouses and rooftop structures framed by an extension of the building frame and
designed in accordance with the requirements of Chapter 12.

13.5.11.1 Seismic Force-Resisting Systems for Penthouses and Rooftop Structures

The seismic force-resisting system for penthouses and rooftop structures shall conform to one of the types
indicated in Table 12.2-1 or Table 15.4-1. The structural systems used shall be in accordance with the
structural system limitations noted in the tables and shall be designed and detailed in accordance with the
specific requirements for the system as set forth in the applicable reference documents listed in Table
12.2-1 or Table 15.4-1 and the additional requirements set forth in Chapter 14. Height limits for
penthouses and rooftop structures shall be measured from the top of the roof deck.

EXCEPTION: Penthouses and rooftop structures designed using the coefficients for “Other
Systems” in Table 13.5-1 and which also conform to the requirements of relevant material standards need
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not conform to one of the types indicated in Table 12.2-1 or Table 15.4-1. The height limit for penthouses
and rooftop structures designed using the coefficients for “Other Systems” shall be 28 feet (8534 mm).

Table 13.5-1 Coefficients for Architectural Components
Revise Table 13.5-1 as follows:

Car
Supported
. Sapponed 501 | bove grae

ARCHITECTURAL COMPONENTS = by a structure Rio Dypa
Interior nonstructural walls and partition ¢

Light frame < 9ft (2.74m) in height 1 1 125 1.5

Light frame > 0ft (2.74m) in height 14 14 1.5 2

Reinforced masonry 1 1 1.5 1.5

All other walls and partitions 2 2.8 1.5 1.5
Cantilever elements (unbraced or braced to structural frame below its
center of mass)

Parapets and cantilever interior nonstructural walls 1.8 2.2 1.5 1.75

Chimnevs where laterallv braced or supported by the structural frame 1.8 22 1.5 1.75
Cantilever elements (braced to structural frame above its center of mass)

Parapets 1 1 1.5 1.5

Chimneys 1 1 1.5 5

Exterior nonstructural walls 1 1 1.5 5
Exterior nonstructural wall elements and connections

Wall element 1 1 1.5 1.5

Body of wall panel connections 1 1 1.5 1.5

Fasteners of the connecting svstem 2.2 2.8 1.5 1
Veneer

Limited deformability elements and attachments 1 1 1.5 1.5

Low-deformability elements and attachments 1 1 1.5 5
Penthouses (except where framed bv an extension of the building frame)

Seismic Force-Resisting Systems with R=6 N/A 1.4 2

Seismic Force-Resisting Systems with 6>R=>4 N/A 22 2 1.75

Seismic Force-Resisting Systems with R<4 N/A 2.8 2 )

Other systems N/A 28 15 5
Ceilings

All 1 1 1.5 1.5
Cabinets

Permanent floor-supported storage cabinets more than 6t (1,829 mm) 1 1 15 15

tall. including contents 2 2

Permanent floor-supported library shelving, bookstacks, and 1 1 15 15

bookshelves more than 6ft (1,829 mm) tall, including contents ;
Laboratory equipment 1 1 1.5 1.5
Access floors

Special access floors (designed in accordance with Section 13.2.7.2) 1 1 1.5 1.5

All other 2.2 28 15 1.5
Appendages and ornamentations 1.8 2.2 1.5 1.75
Signs and billboards 1.8 2:% 1.5 1.75
Other rigid components 1 1 1.5 1.5
Other flexible components

High-deformability elements and attachments 14 14 1.5 2

Limited-deformability elements and attachments 1.8 2.2 1.5 1.75

Low-deformability materials and attachments 2.2 28 1.5 1.5
Egress stairwavs not part of the building seismic force-resisting system 1 1 1.5 1.5
Egress stair and rap fasteners and attachments 1.8 2.2 1.5 1.75

2 Qverstrength factor where required for nonductile anchorage to concrete and masonry. See Section 12.4.3 for
seismic load effects including overstrength.

>Where flexible diaphragms provide lateral support for concrete or masonry walls and partitions, the design forces
for anchorage to the diaphragm shall be as specified in Section 12.11.2.
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SECTION 13.6.2.1 HVACR EQUIPMENT

Revise Section 13.6.2.1 as follows:

13.6.2.1 HVACR Equipment

HVACR equipment that has been qualified in accordance with the requirements of Chapters 1 through 10
of ANSI/AHRI Standard 1270 (I-P) or ANSI/AHRI Standard 1271 (SI) shall be deemed to meet the seismic
qualification requirements of Section 13.2.2, provided all of the following requirements are met:

a. Active and/or energized components shall be seismically certified exclusively through shake
table testing or experience data; and

b. Seismic demand considered in the certification of non-active components through analysis shall
be based on [(I‘;‘;R] /1, equal to 1.0; and
po

c. Capacity of non-active components used in seismic certification by analysis shall be based on the
provisions of ASCE 7; and

d. Rugged components shall conform to the definition in Chapter 11.

SECTION 13.6.4 COMPONENT SUPPORTS
Revise Section 13.6.4 as follows:

Mechanical and electrical component supports (including those with 7,=1.0) and the means by which they
are attached to the component shall be designed for the forces and displacements determined in Sections
13.3.1 and 13.3.2. Such supports include structural members, braces, frames, skirts, legs, saddles, pedestals,
cables, guys, stays, snubbers, tethers, and elements forged or cast as a part of the mechanical or electrical
component.

13.6.4.1 Design Basis

If standard supports, for example, ASME B31, NFPA 13, or MSS SP-58, or proprietary supports are used,
they shall be designed by either load rating (i.e., testing) or for the calculated seismic forces. In addition,
the stiffness of the support, where appropriate, shall be designed such that the seismic load path for the
component performs its intended function.

13.6.4.6 Equipment Platforms and Support Structures

Equipment platforms and support structures shall be designed for a lateral force based on their assigned
component resonance ductility factor. The seismic force-resisting system for equipment support structures
and platforms shall conform to one of the types indicated in Table 12.2-1 or Table 15.4-1. The seismic
force-resisting system used shall be in accordance with the structural system limitations noted in the tables.
The selected seismic force-resisting system shall be designed and detailed in accordance with the specific
requirements for the system as set forth in the applicable reference documents listed in Table 12.2-1 or
Table 15.4-1 and the additional requirements set forth in Chapter 14.

EXCEPTION: Equipment support structures and equipment supports platforms designed using the
coefficients for “Other Systems” in Table 13.6-1 under “Equipment Supports” and which also conform to
the requirements of relevant material standards need not conform to one of the types indicated in Table
12.2-1 or Table 15.4-1.

Equipment support structures or platforms that are supported by a building or nonbuilding structure are
permitted to be designed using C4z=1, Ry=1.5, and £2y,=1.5 if the ratio of 7,/T, <0.2, or if 7,<0.06 seconds.
The value of 7, for the equipment support structure or platform shall include consideration of the mass and
stiffness of the components being supported.
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13.6.4.7  Distribution System Supports.

Distribution system supports are assigned a component resonance ductility factor from Table 13.6-1, based
on the type of support system.

Vertical and lateral supports for distribution systems, including trapeze assemblies, shall be designed
for seismic forces and seismic relative displacements as required in Section 13.3, except as noted in Sections
13.6.5, 13.6.6, and 13.6.7. Distribution systems shall be braced to resist vertical, transverse, and
longitudinal seismic loads. Seismic loads for distribution systems supports and trapeze assemblies shall be
based on the weight of the distribution system tributary to the supports, including fittings and in-line
components.

EXCEPTION: In-line components with independent support for vertical, transverse, and longitudinal
seismic loads need not be included in the tributary weight to the distribution system supports.
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Table 13.6-1 Seismic Coefficients for Mechanical and Electrical Components
Revise Table 13.6-1 as follows:

Car

Supported
above grade
by astructure | Ry, Rope

Supported at or

MECHANICAL AND ELECTRIAL COMPONENTS below grade

Air-side HVARC, fans, air handlers, air conditioning units, cabinet
heaters, air distributions boxes, and other mechanical components 14 14 2 2
constructed of sheet metal framing

Wet-side HVARC, boilers, furnaces, atmospheric tanks and bins,
chillers, water heaters, heat exchangers, evaporators, air separators,
manufacturing or process equipment, and other mechanical components
constructed of high-deformability materials

Air coolers (fin fans), air-cooled heat exchangers, condensing units, dry
coolers, remote radiators and other mechanical components elevated on 18 252 15 1.75
integral structural steel of sheet metal supports

Engines, turbines, pumps, compressors, and pressure vessels not

supported on skirts and not within the scope of Chapter 15 1 ! 1 15
Skirt-supported pressure vessels not within the scope of Chapter 15 1.8 22 1.5 1.75
Elevator components 1.8 2.2 1.5 1.75
Escalator components 1 1 1.5 1.5
Generators, batteries, im-'erte;s, motors, tra_n;former; and other electrical 1 1 15 15
components constructed of high-deformability materials :

Motor control centers, panel boards, switch hear, instrumentation 14 14 2 2

cabinets. and other components, constructed of sheet metal framing
Communication equipment, computers instrumentation, and controls 1 1 1.5 1.5
Roof-mounted stacks, cooling and electrical towers laterally braced

p 1.8 22 1.5 1.75
below their center of mass
Roof-mounted stacks, cooling and electrical towers laterally braced 1 1 15 5
2 5 1.5
above their center of mass
Lighting fixtures 1 1 1.5 1.5
Other mechanical or electrical components 1 1 1.5 1.5
Manufacturing or process convevors (nonpersonnel) 1.8 22 1.5 1.75
VIBRATION-ISOLATED COMPONENTS AND SYSTEMS? 22 2.8 1.5 1
Components and system isolated using neoprene elements and neoprene
isolated floors with built-in or separate elastomeric snubbing devices or 1.8 22 13 1.75
resilient perimeter stops
Spring-isolated components and systems and vibration-isolated floors
closely restrained using built-in or separate elastomeric snubbing devices 1.8 22 13 1.75
or resilient perimeter stops
Internally isolated components and systems 1.8 2.2 13 1.75
Suspended vibration-isolated equipment including in-line duct devices 138 22 13 175
and suspended internally isolated components ) ) ) )
EQUIPMENT SUPPORT STRUCTURES AND PLATFORMS
Support structures and platforms where TpT¢<0.2 or if T,<0.06 seconds N/A 1 15 2
s 5 1.5
per Section 13.6.4.6
Seismic Force-Resisting Svstems with R>3 14 14 1.5 2
Seismic Force-Resisting Systems with R<3 1.8 22 1.5 1.75
Other systems 22 2.8 1.5 1.5
DISTRIBUTION SYSTEM SUPPORTS
Tension-only and cable bracing 1 1 ) 1.5
Cold-formed steel rigid bracing 1 1 5 1.5
Hot-rolled steel bracing 1 1 5 1.5
Other rigid bracing 1 1 : 1.5
Lateral resistance provided by rods in flexure 1.8 22 1.5 1.75
Vertical cantilever supports such as pipe tees and moment frames above 18 22 15 175

and supported by a floor or roof
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2 Components mounted on vibration isolators shall have a bumper restraint or snubber in each horizontal direction.
The design force shall be taken as 2F), if the nominal clearance (air gap) between the equipment support frame
and restraint is greater than 0.25 in. (6 mm). If the nominal clearance specified on the construction documents is
not greater than 0.25 in. (6 mm), the design force is permitted to be taken as F),.

b Overstrength factor as required for anchorage to concrete and masonry. See Section 12.4.3 for seismic load
effects including overstrength.
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CHAPTER 14, MATERIAL SPECIFIC SEISMIC DESIGN AND
DETAILING REQUIREMENTS

(Modifications)

SECTION 14.1.5 COLD-FIRMED STEEL DECK DIAPHRAGMS
Replace Section 14.1.5 with the following:

Cold-formed steel deck diaphragms shall be designed in accordance with the requirements of AISI S100,
SDI-RD, SDI-NC, SDI-C or ASCE 8, as applicable. Nominal strengths shall be determined in accordance
with AISI S310. The required strength of diaphragms, including bracing members that form part of the
diaphragm, shall be determined in accordance with Section 12.10. Where required by this standard, special
seismic detailing requirements shall be in accordance with AISI S400 Section F3. Special inspections and
qualification of welding special inspectors for cold-formed steel floor and roof deck shall be in accordance
with the quality assurance inspection requirements of SDI-QA/QC.

14.1.51  Modifications to AlISI S400
The text of AISI S400 shall be modified as indicated in sections 14.1.5.1.1.5. (See 1T9-3)

14.1.5.1.1 AISI S400, Section A2.1
Add the following terms as follows:
A2.1 Terms

[Note, terms directly from AISI S310 brought to AISI S400]

SideLap. Joint at which adjacent panels contact each other along a longitudinal edge.

SideLap Connection. Also called a stitch connection. A connection with a fastener or weld located at a
side-lap while not penetrating a support.

Structural Connection. Also called a support connection. A connection with a fastener or weld attaching
one or more sheets to supporting members.

Support Connection. See structural connection.

[Note, terms from AISI S310 modified for AISI S400]

Profiled Steel Panel. Product formed from steel coils into fluted profiles with top and bottom flanges
connected by web members having a singular or a repeating pattern.

Diaphragm Configuration. A specific arrangement of panel geometry, thickness, mechanical properties,
span(s), and attachments that is unique to an assembly.

[Note, new terms for AISI S400]
Bare steel deck. Steel deck without concrete or other material covering.
Controlling Limit State. Limit state for a component that has the minimum design strength across all limit
states relevant to the component strength.
Post-peak deflection. Range of deflection in a component beyond the peak strength in the component
response.

Steel deck. Profiled steel panels installed on support framing in a roof or floor assembly including steel
roof deck, non-composite steel floor deck, and composite steel floor deck.
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14.1.51.2 AISI S400, Section A5
Add the following reference documents:
AS Reference Documents

AISI S310-16, North American Standard for the Design of Profiled Steel Diaphragm Panels

AISI S905-17, Test Standard for Determining the Strength and Deformation Characteristics of Cold-
Formed Steel Connections

AISI S907-17, Test Standard for Determining the Strength and Stiffness of Cold-Formed Steel Diaphragms
by the Cantilever Test Method

14.1.5.1.3 AISI S400, Section F1.2
Modify AISI S400 Section F1.2 as follows:
F1.2 Design Basis

Diaphragms work to collect and distribute inertial forces to the seismic force-resisting system. They are
not intended to work as a prescribed energy-dissipating mechanism, except those designed in accordance
with Section F3.5.

14.1.51.4 AISI S400, Section F1.4.1.2
Add a new AISI S400 Section F1.4.1.2 as follows:
F1.4.1.2 Diaphragms Sheathed with Profiled Steel Panels

Exception, where the diaphragm is composed of inter-connected bare steel deck, the shear strength shall
be determined by Section F3.

14.1.5.1.5 AISI S400, Section F3:
Add a new AISI S400 Section F3 as follows:
F3 Bare Steel Deck Diaphragms

F3.1 Scope

Where the diaphragm is composed of inter-connected bare steel deck the diaphragm shall be
designed in accordance with this section.

F3.2 Additional Design Requirements

F3.2.1 Special Seismic Detailing Requirements
Where the diaphragm is required by the applicable building code to meet special seismic detailing the
design shall comply with the provisions of Section F3.5.

F3.3 Required Strength [Effects of Factored Loads]
The required strength [effects of factored loads] of diaphragms and diaphragm chords and collectors
shall be in accordance with the applicable building code.

F3.3.1 Diaphragm Stiffness
Stiffness for bare steel deck diaphragms shall be determined in accordance with AISI S310.

F3.4 Shear Strength
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F3.4.1 Nominal Strength [Resistance]
The nominal strength [resistance] (Vy ) of bare steel deck diaphragms shall be determined in
accordance with AISI S310.

F3.4.2 Available Strength

The available strength [factored resistance] (¢yVy or V4/Qy) shall be determined from the nominal
strength [resistance] using the applicable resistance and safety factors given in AISI S310.

F3.5 Special Seismic Detailing Requirements

Where required to meet special seismic detailing requirements, bare steel deck diaphragms shall
conform to the prescriptive requirements of Section F3.5.1 or the performance requirements of Section
F3.5.2.

F3.5.1 Prescriptive Special Seismic Detailing
A bare steel deck diaphragm meeting the limits prescribed in AISI S310 shall be deemed to provide
special seismic detailing provided all of the following criteria are satisfied.

1. The steel deck panel type shall be 36 in. (914 mm) wide 1.5 in. (38.1 mm) deep wide rib
(WR) deck

2. The steel deck base steel thickness shall be greater than or equal to 0.0295 in. (0.749 mm)
and less than or equal to 0.0598 in. (1.52 mm).

3. The steel deck material shall conform to AISI S100 Section A3.1.1

4. The structural connection between the steel deck and the supporting steel member (with

minimum thickness of one-eighth in. (3.18mm)) shall be limited to mechanical
connectors qualified in accordance with Section F3.5.1.1.

5. The structural connection perpendicular to the steel deck ribs shall be no less than a
thirty-six fourths pattern (12 in. (305 mm) on center) and no more than a thirty-six ninths
pattern (6 in. (152 mm) on center, with double fasteners in the last panel rib).

6. The structural connection parallel to the steel deck ribs shall be spaced no less than 3 in.
(76.2 mm) and no more than 24 in. (610 mm) and shall not be greater than the sidelap
connection spacing.

7. The sidelap connection between steel deck shall be limited to #10, #12, or #14 screws
sized such that shear in the screws is not the controlling limit state, or connectors
qualified in accordance with Section F3.5.1.2.

8. The sidelap connection shall be spaced no less than 6 in. (152 mm) and no more than 24
in. (610 mm),
F3.5.1.1 Structural Connection Qualification

A structural connection conforming to all of the following shall be deemed acceptable for the
purposes of Section F3.5.1 condition (4):

1. The stiffness and strength of the connection are established in accordance with AISI
S100. Neither shear of the connector nor shear pullout shall be permitted as the
controlling limit state.

2. The ductility and deformation capacity shall be established through testing conducted in
accordance with AISI S905. Tests shall be conducted with one of the approved details from
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F3.5.1.2

Section 7.1.1.2 of AISI S905. Reversed cyclic tests shall be performed for each connection
in the bare steel deck diaphragm configuration. The minimum number of tests shall be in
accordance with AISI S100 Section K2.1.1(a).

The mean ductility, p, of the connection shall be greater than or equal to 20, and the
mean residual force capacity, Q/Q r» shall be at least 40% at a deformation defined as the
maximum of 404,, or 0.6 in., (15.2 mm) where

1= Dgoo, /Dy (F3.5-1)

Ay = S¢Qf (F3.5-2)

Aggo,= post-peak deflection at which the connection reaches 80% of its maximum

strength (Qr).
Q= force in connection at a specified displacement
Qf= structural connection strength for sheet to support member as determined from

AISI S905.
S¢= structural connection flexibility for sheet to support member as determined from

AISI S905.

Sidelap Connection Qualification

A sidelap connection conforming to all of the following is deemed acceptable for the purposes of
Section F3.5.1 condition (7):

L.

F3.5.2

The stiffness and strength of the connection shall be established in accordance with AISI
S100. Where mechanical fasteners are used, shear of the connector shall not be permitted
as the controlling limit state.

The ductility and deformation capacity shall be established through testing conducted in
accordance with AISI S905. Tests shall be conducted with one of the approved details
from Section 7.1.1.2 of AISI S905. Reversed cyclic tests shall be performed for each
connection in the bare steel deck diaphragm configuration. The minimum number of
tests shall be in accordance with AISI S100 Section K2.1.1(a).

The mean ductility, p, of the test specimens shall be greater than or equal to 20, and the
mean residual force capacity, Q/Q;, shall be at least 15% at a deformation defined as the
maximum of 35A,, and 0.5 in. (12.7 mm), where

U= ASO%/Ay (F3.5-3)

Ay = S5Qs (F3.5-4)
Aggo,= post-peak deflection at which the connection reaches 80% of its maximum
strength (Qy).

Q= force in connection at a specified displacement

Q.= sidelap connection strength for sheet to support member as determined from
AISI S905.

S¢= sidelap connection flexibility for sheet to support member as determined from
AISI S905.

Performance-Based Special Seismic Detailing

A bare steel deck diaphragm meeting the performance requirements specified in Sections
F3.5.2.1 or F3.5.2.2, shall be deemed to provide special seismic detailing.

F3.5.2.1

Special Seismic Qualification by Cantilever Diaphragm Test
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The stiffness and strength of the diaphragm shall be established in accordance with AISI S310. The
ductility and the deformation capacity shall be established through testing conducted in accordance with
AISI S907. A minimum of 3 reversed cyclic tests shall be performed at the boundaries of each range of
selected diaphragm configurations. The mean ductility of the specimens shall be greater than or equal to
3, and the mean residual force capacity, P/ P, 4, shall be at least 40% at a deformation defined as the
maximum of 4A,, or a shear angle of 2%, where

u= ASO%/Ay (F3.5-5)
Ay = Ppax/G' (F3.5-6)
Agoo,= post-peak deflection at which the diaphragm configuration reaches 80% of its maximum

strength (Ppax)-

P = force in diaphragm configuration at a specified displacement

P, 0= maximum strength (applied load) for tested diaphragm configuration as determined from
AISI S907.

G'= shear stiffness of the diaphragm as determined from AISI S907.

Testing shall be subject to peer review per ASCE 7 Section 1.3.1.3.4, or review by a third party
acceptable to the authority having jurisdiction. Documentation demonstrating compliance with this
requirement shall be submitted for approval to the authority having jurisdiction.

F3.5.2.2 Special Seismic Qualification by Principles of Mechanics

A computational model shall be developed with geometry, details, and boundary conditions in
accordance with AISI S907. The model shall include all applicable structural effects as listed in AISI
S100 Section C1. In addition, the model shall capture the post-peak and cyclic behavior of any component
that contributes to the forces developed or deformations undergone in the structure. The simulated
ductility, pu, from the model shall be greater than or equal to 3, and the predicted mean residual force
capacity, P/Ppqy., shall be at least 40% at a deformation defined as the maximum of 4A,, or a shear angle
of 2%, where

u = Agog, /Ay (F3.5-7)
Ay = Bpax/G' (F3.5-8)

Aggo,= post-peak deflection at which the diaphragm configuration reaches 80% of its maximum

strength (P ax)-

P = force in diaphragm configuration at a specified displacement

Pax= maximum strength for modeled diaphragm configuration

G'= shear stiffness of the modeled diaphragm.

The developed model including supporting analysis and testing shall be subject to peer review per
ASCE 7 Section 1.3.1.3.4, or review by a third party acceptable to the authority having jurisdiction.
Documentation demonstrating compliance with this requirement shall be submitted for approval to the
authority having jurisdiction.

SECTION 14.3.3 SEISMIC REQUIREMENTS FOR COMPOSITE STEEL AND CONCRETE
STRUCTURES

Revise Section 14.3.3 as follows:

Where a response modification coefficient, R, in accordance with Table 12.2-1 is used for the design of
systems of structural steel acting compositely with reinforced concrete, the structures shall be designed and
detailed in accordance with the requirements of AISC 341. Coupled composite plate shear walls — concrete
filled (CC-PSW/CF) shall be designed and detailed in accordance with the requirements of Section 14.3.5
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SECTION 14.3.5 SEISMIC REQUIREMENTS FOR COUPLED COMPOSITE PLATE SHEAR
WALLS - CONCRETE FILLED (CC-PSWI/CF)

Add Section 14.3.5 with the following:
14.3.51 General

14.3.5.1.1 Scope

Coupled composite plate shear walls-concrete filled (CC-PSW/CF) shall be designed in accordance with
this section. CC-PSW/CF consist of: (i) composite plate shear walls / concrete filled, and (ii) filled
composite coupling beams.

The composite plate shear walls of CC-PSW/CF consist of planar, C-shaped, or I-shaped walls, where
each wall element consists of two planar steel plates with concrete infill between them. Composite action
between the plates and concrete infill is achieved using either tie bars or combination of tie bars and steel
headed stud anchors. In each wall element, the two steel plates shall be of equal nominal thickness and
connected using tie bars. A flange (or closure) plate shall be used at the open ends of the wall elements. No
additional boundary elements (besides the closure plate) are required to be used with the composite walls.
The wall height-to-length, 4.,/L,, ratio of the composite walls shall be greater than or equal to 4.

Coupling beams shall consist of concrete-filled built-up box sections of uniform cross-section along
their entire length, and with width equal to or greater than the wall thickness at the connection. The clear
length-to-section depth, L/d, ratios of the coupling beams shall be greater than or equal to 3 for all stories
of the building, and less than or equal to 5 for at least 90% of the stories of the building.

14.3.5.1.2 Notation

The symbols listed below are to be used in addition to or as replacements for those in AISC 360 and AISC
341.

A, Area of concrete in the composite cross-section, in.”> (mm?)

E. Modulus of elasticity of concrete

E; Modulus of elasticity of steel = 29,000 ksi (200,000 MPa)

F, Specified minimum yield stress, ksi (MPa). As used in the Specification, AISC 360, “yield stress”
denotes either the minimum specified yield point (for those steels that have a yield point) or the
specified yield strength (for those steels that do not have a yield point).

R. Factor to account for expected strength of concrete = 1.5

R, Ratio of the expected yield stress to the specified minimum yield stress, Fy

1! Specified compressive strength of concrete, ksi (MPa)

14.3.5.1.3 Glossary

The terms listed below are to be used in addition to those in AISC 360 and AISC 341. Some commonly
used terms are repeated here for convenience.

Applicable building code. Building code under which the structure is designed. [AISC 360-16]
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Available strength. Design strength or allowable strength, as applicable. [AISC 341-16]

Capacity-limited seismic load. The capacity-limited horizontal seismic load effect, £, determined in
accordance with these Provisions, substituted for E,.;, and applied as prescribed by the load combinations
in the applicable building code. [AISC 341-16]

Composite. Condition in which steel and concrete elements and members work as a unit in the
distribution of internal forces. [AISC 360-16]

Flexural buckling. Buckling mode in which a compression member deflects laterally without twist or
change in cross-sectional shape. [AISC 360-16]

Load effect. Forces, stresses and deformations produced in a structural component by the applied loads.
[AISC 360-16]

Nominal strength. Strength of a structure or component (without the resistance factor or safety factor
applied) to resist load effects, as determined in accordance with the Specification, AISC 360. [AISC 341-
16]

Required strength. Forces, stresses and deformations acting on a structural component, determined by
either structural analysis, for the LRFD or ASD load combinations, as applicable, or as specified by this
Specification or Standard. [AISC 360-16]

Resistance factor, ¢. Factor that accounts for unavoidable deviations of the nominal strength from the
actual strength and for the manner and consequences of failure.[AISC 341-16]

Steel anchor. Headed stud or hot rolled channel welded to a steel member and embodied in concrete of
a composite member to transmit shear, tension, or a combination of shear and tension at the interface of the
two materials. [AISC 360-16]

Stiffness. Resistance to deformation of a member or structure, measured by the ratio of the applied force
(or moment) to the corresponding displacement (or rotation). [AISC 360-16]

14.3.5.2 Basics of Design

CC-PSW/CF designed in accordance with Section 14.3.5 shall provide significant inelastic deformation
capacity through flexural plastic hinging in the composite coupling beams, and through flexural yielding at
the base of the composite wall elements.

14.3.5.3 Analysis
14.3.5.3.1 Stiffness

The effective flexural and axial stiffness of filled composite coupling beams shall be calculated in
accordance with AISC 360, Section I1.5. The effective flexural and axial stiffnesses of composite walls
shall be calculated using cracked-transformed section properties corresponding to 60% of the calculated
nominal flexural capacity. The effective shear stiffness of the composite coupling beams and walls shall be
calculated using the uncracked shear stiffness of the composite cross-section.

14.3.5.3.2 Required Strength for Coupling Beams

Analyses in conformance with the applicable building code shall be performed to calculate the required
strengths for the coupling beams
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14.3.5.3.3 Required Strength for Composite Walls

The required strengths for the composite walls shall be determined using the capacity-limited seismic load
effect in accordance with Section /4.3.5.3.4.

14.3.5.3.4 Capacity-Limited Seismic Load

The capacity-limited seismic load refers to the capacity-limited horizontal seismic load effect, £.;, which
shall be determined from an analysis in which all the coupling beams are assumed to develop plastic hinges
at the both ends with expected flexural capacity of 1.2M,..,, and the maximum overturning moment is
amplified to account for the increase in lateral loading from the formation of the earliest plastic hinges to
the formation of plastic hinges in all coupling beams over the full wall height. The earthquake-induced axial
force in the walls for determining the required wall strength shall be calculated as the sum of the capacity-
limited coupling beam shear forces, using Eq. (14.3.5-13), along the height of the structure. The portion of
the maximum overturning moment resisted by coupling action shall be calculated as the couple caused by
the wall axial forces associated with the coupling beam strengths. The remaining portion of the earthquake-
induced overturning moment shall be distributed to the composite walls in accordance with their flexural
stiffnesses, which shall be calculated using cracked-transformed section properties corresponding to 60%
of the calculated nominal flexural capacity while accounting for the effects of simultaneous axial force. The
required axial and flexural strengths for the composite walls shall be determined directly from this analysis,
while the required wall shear strengths determined from this analysis shall be amplified by a factor of four.

14.3.5.4 Composite Wall Requirements

The composite wall shall be designed in accordance with the requirements of this section.

14.3.5.4.1 Minimum Area of Steel

The steel plates shall comprise at least 1% of the total composite cross-section area.

14.3.5.4.2 Steel Plate Slenderness Requirement for Composite Walls

In regions of flexural yielding (at the base), the steel plate slenderness ratio, b/%,, shall be limited as follows.

E
b g1.05 |-Es (14.3.5-1)
t R F

p y oy

where,
b = largest unsupported length of the plate between rows of steel anchors or ties, in. (mm)
t, = thickness of plate, in. (mm)

14.3.5.4.3 Tie Spacing Requirement for Composite Walls. The tie spacing to plate thickness ratio, S/%,,
shall be limited as follows:
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where,

S = largest clear spacing of the ties
t, = thi