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BUILDING SEISMIC SAFETY COUNCIL

The Building Seismic Safety Council (BSSC) Is an independent, voluntary body that was
established under the auspices of the National Instftute of Bullding Sciences (NIBS) in
1979 as a direct result of nationwide Interest in the seismic safety of buildings. Its
membership (see inside back cover) represents a wide variety of building community fin-
terests. [ts fundamental purpose is to enhance public safety by providing a national forum
that fosters Improved seismic safety provisions for use by the buflding community in the
planning, design, construction, regulation, and utilization of bulldings. To fulflll its
purpose, the BSSC:

e Promotes the development of seismic safety provisions suitable for use throughout
the United States;

[} Recommends, encourages, and promotes the adoption of appropriate selsmic safety
provisions in voluntary standards and model! codes;

@ Assesses progress in the implementation of such provisions by federal, state, and
local regulatory and construction agencles;

® [dentifies opportunities for Improving seismic safety regulations and practices
and encourages public and private organizations to effect such Improvements;

® Promotes the development of training and educational courses and materisls for use
by design professionals, builders, building regulatory officials, Industry repre-
sentatives, other members of the building community, and the publlic;

@ Advises government bodies on thelr programs of research, development, and imple-
mentation; and

@ Periodically reviews and evaluates research findings, practices, and experience
and makes recommendations for incorporation Into seismic design practices.

The BSSC’s area of Interest encompasses all buflding-type structures and includes explicit
consideration and assessment of the social, technical, administrative, political, legal,
and economic implications of its deliberations and recommendations. It believes that the
achievement of (ts purpose is a concern shared by all in the public and private sectors;
therefore, its activities are structured to provide all interested entities (for example,
government badies at all levels, voluntary organizations, business, industry, the design
profession, the construction industry, the research community, and the general public) with
the opportunity to participate. The BSSC also belleves that the reglonal and local differ-
ences {n the nature and magnitude of potentially hazardous earthquake events require a
flexible approach to seismic. safety that allows for consideration of the relative risk,
resources, and capabllities of each community.

The BSSC |s committed to continued technical improvement of seismic design provisions,
assessment of advances in engineering knowledge and design experience, and evaluation of
earthquake {impacts. It recognizes that appropriate earthquake hazard reduction measures
and initiatives should be adopted by existing organizations and institutions and fncor-
porated, whenever possibie, into thelr legislation, regulations, practices, rules, codes.
relief procedures, and loan requirements so that these measures and initfatives become an
Integral part of established activities, not additional burdens. The BSSC itself assumes
rno standards-making and/or -promulgating role; rather, it advocates that standards-formula-
tion organizations consider BSSC recommendations for iInclusion into their documents and
standards.
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NOTICE: Any opinions, findings, conclusions, or recommendations ex-
pressed 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, com-
pleteness, or usefulness of any information, product, or process in-
cluded in this publication.

This report was prepared under Contract EMW-C-0903 between the Federal
Emergency Management Agency and the National Institute of Building
Sciences.

Building Seismic Safety Council reports include the following:

Abatement of Seismic Hazards to Lifellnes: Proceedings of the Building
Seismic Safety Council Workshop on Development of an Action Plan,
6 volumes, 1987

Action Plan for the Abatement of Seismic Hazards to New and Existing
Lifelines, 1987

Guide to Use of the NEHRP Recommended Provisions in Earthquake-Resis-
tant Design of Buildings, 1985 Edition, 1987

Improving the Seismic Safety of New Buildings: A Community Handbook of
Societal Implications (Revised Edition) and Societal Implications:
Selected Readings, 1986

Improving the Seismic Safety of New Buildings: A Non-Technical Ex-
planation of the NEHRP Recommended Provisions, 1986

NEHRP (National Earthquake Hazards Reduction Program) Recommended
Provisions for the Development of Seismic Regulations for New
Buildings, 1988 Edition, 2 volumes, 1988

Seismic Considerations: Elementary and Secondary Schools, 1987

Seismic Considerations: Health Care Facilities, 1987

Seismic Considerations: Hotels and Motels, 1987

Seismic Considerations: Apartment Buildings, 1988

Seismic Considerations: O0Office Bulildings, 1988

For further iInformation concerning any of these documents, contact the
Executive Director, Building Seismic Safety Council, 1015 15th St.,
N.W., Suite 700, Washington, D.C. 20005.

An Action Plan for Reducing Earthquake Hazards of Existing Buildings
(1985) and Proceedings: Workshop on Reducing Seismic Hazards of Exist-
ing Buildings (1985) were developed by the ABE Joint Venture (conducted
by the Applied Technology Council, Bullding Seismic Safety Council, and
Earthquake Engineering Research Institute) and are available from FEMA,
Earthquake Programs, Washington, D.C. 20472.

Printed in the United States of America.
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PREFACE

Publication of the 1988 Edition of the NEHRP Recommended Provisions for
the Development of Seismic Regulations for New Buildings represents a
significant milestone in the continuing effort that FEMA is pleased to
sponsor to improve the seismic safety of new bufldings in this country.
It marks the completion of the first in a planned updating of both the
Provisions and the complementary publications in this series. As in
the case of the original series started in 1985, FEMA encourages
widespread dissemination and voluntary utilization of the technology
contained in the updated series.

FEMA is very grateful for the unstinting efforts on the part of the
large number of volunteer experts and the BSSC Board of Direction and
staff who have made possible this updating effort. The survivors of
the i1l effects of future damaging earthquakes will owe much, perhaps
their very lives, to the contributions of these individuals to the
seismic safety of buildings.

Federal Emergency HManagement Agency
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INTRODUCTION and ACKNOWLEDGMENTS

The 1988 Edition of the NEHRP Recommended Provisions for the Develop-
ment of Seismic Regulations for New Buildings is the second edition of
the document and, like the 1985 Edition that preceded it, has the
consensus approval of the Building Seismic Safety Council membership
(see inside back cover). [t represents a major product of the Coun-
cil’s multiyear, multitask Program on Improved Seismic Safety Provi-
sions and is intended to continue to serve as a source document for use
by any interested members of the building community. (For readers
unfamiliar with the program, Appendix C of the Commentary volume
presents a detailed description of the effort.)

During the effort to update the 1985 Edition for f{ssuance as the 1988
Edition, nine BSSC Technical Committees working under the direction of
a Technical Management Committee (TMC) and the BSSC Board of Direction
(see the Appendix to the Provisions for a list of members of these
groups) examined issues left unresolved when the 1985 Edition was pub-
lished and considered new experience and research data that had become
available. Their work resulted in a series of proposals for change to
the 1985 Edition that was balloted by the Council membership in Febru-
ary 1988. The results of this ballot highlighted several still con-
troversial issues and prompted the TMC and Board to submit a number of
revised proposals to the membership for reballot in June 1988. This
1988 Edition reflects the results of this procedure as well as the
efforts and expertise of the many individuals and organizations who
have contributed to the development of both editions of the Provisions
and the work of the Applied Technology Council, which produced the 1978
document on which the Provisions was based. A summary of the differ-
ences between the 1985 and 1988 Editions of the Provisions {s presented
as Appendix B of the Commentary volume.

In presenting this 1988 Edition of the NEHRP Recommended Provisions,
the BSSC wishes to acknowledge the accomplishments of the many in-
dividuals and organizations involved over the years. As Past Chairman
of the BSSC Board of Direction Roy G. Johnston noted in the previous
edition:

[t is virtually impossible to adequately acknowledge all of
the participants in a program of the breadth and depth of the
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BSSC program on Improved Seismic Safety Provisions... The
earlier work of the Applied Technology Council, the National
Bureau of Standards, and the National Science Foundation
alone involved hundreds of specialists, all of whom, over
many years, gave freely of a great amount of time--time they
could have devoted to furthering their own careers or to
their families and leisure activities.

The BSSC projects resulting in the 1985 and 1988 Editions of the
Provisions have involved similar contributions of time and effort as
will the projects to develop and publish the 1991 and subsequent trien-
nial editions.

It is difficult to single out a given number or group for special
recognition without inadvertently omitting others without whose assis-
tance the update program could not have succeeded; nevertheless, the
1988 Edition of the Provisions would not be complete without at least
recognizing the following individuals to whom [, acting on behalf of
the BSSC Board of Direction, heartily express sincerest appreciation:

® The members of the BSSC Technical Management Committee,
especially Chairman Edwin G. Zacher who gave so freely of his
time and expertise;

°® The members of the nine BSSC Technical Committees; and

e Ugo Morelli, the FEMA Project Officer, whose continuing
interest and support have been essential to program continu-
ity.

Appreciation also is due to the BSSC Executive Director James R. Smith
and the BSSC staff members and consultants whose talents and experience
were crucial to conduct of the program.

At this point I, as Chairman, would like to express my personal grati-
tude to the members of the BSSC Board of Direction and especially to
Past Chairmen William W. Moore and Roy G. Johnston for assuming respon-
sibility for the Council during its formative years and to all those
who provided advice, counsel, and encouragement during conduct of the
update effort or who otherwise participated in the BSSC program that
resulted in the NEHRP Recommended Provisions.

Warner Howe
Chairman, BSSC Board of Direction
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Chapter 1
GENERAL PROVISIONS

1.1 PURPOSE

These provisions present criteria for the design and construction of
buildings subject to earthquake ground motions. Their purposes are to
minimize the hazard to life for all buildings, to increase the expected
performance of higher occupancy structures as compared to ordinary
structures, and to improve the capability of essential facilities to
function during and after an earthquake. They provide the minimum
criteria considered to be prudent and economically justified for the
protection of life safety in buildings subject to earthquakes at any
location in the United States.

The "design earthquake" ground motion levels specified herein may
result in both structural and nonstructural damage, but such damage is
expected to be repairable. For ground motions larger than the design
levels, the intent of these provisions is that there be a low likeli~
hood of building collapse.

1.2 SCOPE

These provisions establish requirements for the design and construction
of new buildings to resist the effects of earthquake motions.

Additions to existing buildings are covered by these provisions as
indicated. Existing buildings and alterations and repairs to existing
buildings are not covered by these provisions.

EXCEPTION: The following need not comply with these provi-
sions:

l. Bufldings classified for agricultural use and in-
tended only for incidental human occupancy.

2. One- and two-family dwellings that are located in map
areas having a value of A, less than 0.15.
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3. Special structures including, but not limited to, bridges,
transmission towers, industrial towers and equipment,
piers and wharves, hydraulic structures, and nuclear
reactors. These special structures require special con-
sideration of their response characteristics and environ-
ment that is beyond the scope of these provisions.

1.3 APPLICATION OF PROVISIONS

New buildings within the scope of these provisions shall be designed
and constructed as required by this section. Design documents shall be
submitted to determine comptiance with these provisions.

Buildings and components shall be designed for the larger of the ef-
fects due to gravity loads in combination with either other prescribed
loads in the code administered by the Regulatory Agency or the seismic
forces in these provisions.

1.3.1 New Buildings

New buildings shall be designed and constructed in accordance with the
applicable requirements of Chapters 3 through 12 and shall be subject
to the Quality Assurance Requirements of Sec. 1.6. One- and two-story
wood frame dwellings not over 35 feet in height located in map areas
having a value of A, equal to or greater than 0.15 need only conform to
the requirements for Conventional Light Timber Construction set forth
in Sec. 9.7.

The analysis and design of structural systems and components, including
foundations, frames, walls, floors and roofs, shall be in conformance
with the applicable regquirements of Chapters 3 through 7. Materials
used in construction and components made of these materials shall be
designed and constructed to meet the requirements of Chapters 9 through
12. Architectural, electrical, and mechanical systems and components
shall be designed in accordance with Chapter 8.

1:3.2 Additions to Existing Buildings
Additions shall be made to existing buildings only as follows:
1.3.2.1 Where an addition is structurally independent from an

existing building, it shall be designed in accordance
with the provisions of this document for new buildings.
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1.3.2.2 ‘Where an addition is not structurally independent from
an existing building, such addition may be made under
the following conditions: (1) it shall comply with
these provisions, (2) it shall not increase the seismic
loads to the existing building beyond its lateral force
resistance capacity in accordance with the regquirements
of these provisions, (3) it shall not increase the mass
contributing to seismic forces in any elements of the
existing building by more than 5 percent, and (4) it
shall not decrease the seismic resistance of the exist-
ing building.

1.3.2.3 An addition that is not structurally independent from
an existing building shall be allowed where the ad-
dition and the existing building are made to conform
completely with the provisions of this document for new
buildings.

1.3.3 Change of Use

When a change in use results in a building being reclassified to a
higher Seismic Hazard Exposure Group, such building shall conform to
these provisions.

1.3.4 Alterations and Repairs

Alterations and repairs are not covered by these provisions.

1.4 SEISMIC PERFORMANCE

Seismic Performance is a measure of the degree of protection provided
for the public and building occupants against the potential hazards
resulting from the effects of earthquake motions on buildings. The
level of seismicity and the Seismic Hazard Exposure Group are used in
assligning buildings to Seismic Performance Categories. Seismic Hazard
Exposure Group I[Il is associated with the uses requiring the highest
level of protection; Seismic Performance Category E is assigned to
provide the highest level of design performance criteria.
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ol Design Ground Motions!

The design ground motions are defined in terms of Effective Peak
Acceleration and Effective Peak Velocity-Related Acceleration, repre-
sented by coefficients Ay and Ay, respectively. The coefficients A,
and Ay, to be used in the application of these provisions shall be
determined in accordance with the following procedure.

1.4.1.1 Determine the appropriate Map Areas for the building
site from Figures I-1 and 1-2 and then determine the
values for A5 and A, from either the value on the figure
or Table I-1.

TABLE 1-1
Coefficient Ay and A,

Map Area from Figure Value of

0.40
0.30
0.20
0.15
0.10
0.05
0.05

—-_ N Wb o~

1.4.1.2 Alternatively, values of Ay and A, may be determined
directly from Figures 1-3 and 1-4, respectively; inter-
polation should be used in reading Figures 1-3 and 1-4.

Alternate Sec. 1.4.1 for Regulatory Agencies That Have Made a Deter-
mination of Ay and A,

The design ground motions are defined in terms of Effective Peak Acce-
leration and Effective Peak Velocity-Related Acceleration, represented
by coefficients Ay and A,, respectively. The coefficients A; and A,
to be used in the application of these provisions are established as:

IFor the 1988 Edition of the Provisions, alternate maps and an
alternate method for establishing design ground motions are presented.
See the Appendix to Chapter | and the Commentary section on this Appendix.
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and

1.4.2 Seismic Hazard Exposure Groups

All buildings shall be assigned to one of the following Seismic Hazard
Exposure Groups for the purpose of these provisions:

1.4.2.1 Group I11

Seismic Hazard Exposure Group IIl shall be buildings having essential
facilities that are necessary for post-earthquake recovery. Also see
the requirements for access to and the functionality of essential
facilities in Sec. 1.4.2.5 and 1.4.2.6, respectively.

Examples of possible Group IIl facilities are:

Fire suppression facilities

Police facilities

Structures housing medical facilities having surgery and emergency
treatment areas

Emergency preparedness centers

Power stations or other utilities required as emergency back-up
facilities

Emergency vehicle shelters and garages

Structures and equipment in emergency preparedness centers

Structures housing, supporting, or containing sufficient quan-
tities of toxic or explosive substances to be dangerous to the
public if released

The Regulatory Agency may designate other buildings where special local
conditions make this desirable.

l.#.2.2 Group 11

Seismic Hazard Exposure Group Il shall be buildings that constitute a
substantial public hazard because of occupancy or use.

Examples of possible Group Il facilities are:

Covered structures whose primary occupancy is public assembly with
a capacity greater than 300 persons

Buildings for schools through secondary or day-care centers with a
capacity greater than 250 students

Buildings for colleges or adult education schools with a capacity
greater than 500 students

5
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Medical facilities with 50 or more resident incapacitated pa-
tients, but not included in Group II1I

Jails and detention facilities

All structures with an occupancy greater than 5,000 persons

Power generating stations and other public utility facilities not
included in Group Il and required for continued operation

1.4.2.3 Group [

Seismic Hazard Exposure Group I shall be all other buildings not clas-
sified in Group III or II.

1.4.2.4 Multiple Use
Buildings having multiple uses shall be assigned the classification of

the highest Seismic Hazard Exposure Group that occupies 15 percent or
more of the total building area.

1.4.2.5 Group 111 Protected Access

For buildings assigned to Seismic Hazard Exposure Group IIIl, the
following apply:

Where access is through another structure, that structure shall
conform to the requirements for Group III.

Where access is within 10 feet of side property lines, protection

against potential falling hazards from the adjacent property
shall be provided.

1.4.2.6 Group 111 Function

Designated Seismic Systems in Seismic Hazard Exposure Group Il build-
ings shall, in so far as practical, be provided with the capacity to
function during and after an earthquake.

1.4.3 Seismic Performance Categories

For the purposes of these provisions, all bufldings shall be assigned,
based on level of the design ground motion coefficient A, and the
Seismic Hazard Exposure Group designated, to a Seismic Performance
Category in accordance with Table 1-2.
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TABLE 1-2
Sefsmic Performance Categories

Seismic Hazard Exposure Group

Value of A, I Il Il
0.20 ¢ Ay D D E
0.15 ¢ Ay < 0.20 c D D
0.10 € Ay, < 0.15 C C G
0.05 ¢ A, < 0.10 B B c
Ay < 0.05 A A A

Any method of analysis or type of construction required for a higher
Seismic Performance Category may be used for a lower Seismic Perfor-
mance Category.

1.4.4 Site Limitation for Seismic Performance Category E

No building assigned to Category E shall be sited where there is the
potential for an active fault to cause rupture of the ground surface at
the building.

* 1.5 ALTERNATE MATERIALS AND METHODS OF CONSTRUCTION

Alternate materials and methods of construction to those prescribed in
these provisions may be used subject to the approval of the Regulatory
Agency. Substantiating evidence demonstrating that the proposed alter-
nate, for the purpose intended, will be at least equal in strength,
durability, and seismic resistance shall be submitted.

1.6 QUALITY ASSURANCE

This section provides minimum requirements for Quality Assurance for
Designated Seismic Systems. These requirements are in addition to the
testing and inspection requirements contained in the reference stan-
dards given in Chapters 9 through 12.
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1.6.1 Quality Assurance Plan

A Quality Assurance Plan shall be submitted to the Regulatory Agency
for the following:

1. Buildings assigned to Category E for the Designated Seismic
Systems.

2. Buildings assigned to Categories C and D for the Structural
Seismic Resisting Systems.

3. All other buildings determined by the Regulatory Agency.

1.6:1.1 Details of Quality Assurance Plan

The Quality Assurance Plan shall specify the Designated Seismic Systems
that are subject to quality assurance. The person responsible for the
design of a Designated Seismic System shall be responsible for the
portion of the Quality Assurance Plan applicable to that system. The
Special Inspections and Special Tests needed to establish that the
construction is in conformance with these provisions shall be included
in the portion of the Quality Assurance Plan applicable to the Desig-
nated Seismic System.

1.6.1.2 Contractor Responsibility

Each contractor responsible for the construction of a Designated Seis-
mic System or Component listed in the Quality Assurance Plan shall
submit a written statement to the Regulatory Agency prior to the com-
mencement of work on the system or component. The statement shall
clearly show the following:

l. Acknowledgement of awareness of the special requirements con-
tained in the Quality Assurance Plan.

2. Acknowledgement that control will be exercised to obtain
conformance with the Design Documents approved by the Regula-
tory Agency.

3. Procedures for exercising control within the contractor’s
organization, the method and frequency of reporting, and the
distribution of the reports.

4, The person exercising such control and that person’s position
in the management of the organization.
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1.6.2 Special Inspection
The building owner shall employ an approved Specfal Inspector (who
shall be identified as the Owner’s Inspector) to observe the construc-

tion of all Designated Seismic Systems in accordance with the following
requirements:

1.6.2.1 foundations

Continuous Special Inspection is required during driving of piles, con-
struction of drilled piles, and caisson work.

1.6.2.2 Reinforcing Steel
Special Inspection for reinforcing steel shall be as follows:

1.6.2.2.1 Continuous Special Inspection during the placement of
steel in reinforced concrete Special Moment Frames.

1.6.2.2.2 Periodic Special Inspection during the placement of
steel in reinforced concrete and reinforced masonry
shear walls and Ordinary Moment Frames.

1.6.2.2.3 Continuous Special Inspection during the welding of
reinforcing steel.

1.6.2.3 Structural Concrete
Periodic Special Inspection is required during the placement of con-

crete in drilled piers, caissons, reinforced concrete frames, and shear
walls.

1.6.2.4 Prestressed Concrete

Continuous Special Inspection is required during the placement of pre-
stressing steel, during stressing and grouting operations, and during
the placement of concrete.




Ssec. 1.6.2.5/Sec. 1.6.2.8.1

1.6.2.5 Structural Masonry

Special Inspection shall be provided for all structural masonry for
Categories D and E:

l. Periodically during the preparation of mortar, the laying of
masonry units, and placement of reinforcement;

2. Prior to placement of grout; and
3. Continuously during welding of reinforcement, grouting, con-

solidation, and reconsolidation.

1.6.2.6 Structural Steel

1.6.2.6.1 Continuous Special Inspection is required for all struc-
tural welding.

EXCEPTION: Periodic Special Inspection is
permitted for single-pass fillet or resistance
welds, provided the welder qguaiifications and
welding electrodes are inspected at the be-
ginning of the work and all welds are inspected
for compliance with the design and plans at the
completion of welding.

1.6.2.6.2 Periodic Special Inspection in accordance with Ref. 10.1
or 10.6 for installation and tightening of high-strength
bolts is required.

1.6.2.7 Structural Wood
Continuous Special Inspection is required during all field gluing

operations. Periodic Special Inspection is required for nailing,
bolting, or other fastening.

1.6.2.8 Architectural Components

Special Inspection for Architectural Components designated in Chapter 8
as requiring S or G performance shall be as follows:

1.6.2.8.1 Periodic Special Inspection during the erection and fas-
tening of exterior and interior architectural panels.
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1.6.2.8.2 Pzriodic Special Inspection during the adhesion or an-
choring of veneers.

1.6.2.9 Mechanical and Electrical Components

Periodic Special Inspection is required during the installation and an-
chorage of the following components when designated in Chapter 8 as
requiring S or G performance:

1. Equipment using combustible energy sources;

2. Electrical motors, transformers, switchgear unit substations,
and motor control centers;

3. Machinery, reciprocating and rotating type;
4, Piping distribution systems 3 inches or larger; and

5. Tanks, heat exchangers, and pressure vessels.

1.6.3 Special Testing
The Special Inspector shall be responsible for verifying that the

special test requirements are performed by an approved testing agency
for the types of work in Designated Seismic Systems listed below.

1.6.3.1 Reinforcing and Prestressing Steel

Special Testing of reinforcing and prestressing steel shall be as
follows:

1.6.3.1.1 Sample at fabricator’s plant and test reinforcing steel
used in reinforced concrete Special Moment Frames and
boundary members of reinforced concrete or reinforced
masonry shear walls for limitations on weldability,
elongation and actual-to-specified yield, and ultimate-
strength ratios. ’

EXCEPTION: Certified miil tests may be accepted
for ASTM A706 and, where no welding is required,
for ASTM A615 reinforcing steel.

1.6.3.1.2 Examine certified mill test reports for each lot of pre-
stressing steel and determine conformance with specifi-
cation requirements.

11
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1.6.3.2 Structural Concrete

Sample at job site and test concrete in accordance with requirements of
AClI 318-83. The rate of sampling shall be at least once per day for
each class placed.

1..6.3.3 Structural Masonry

Quality Assurance Testing of masonry shall be in accordance with the
requirements of Ref. 12.1 (ACI-ASCE 530).

1.6.3.4 Structural Steel

==

Special Testing of structural steel shall be as follows:

1.6.3.4.1 Welded connections for Special Moment Frames and Eccen-
trically Braced Frames shall be tested by nondestruc-
tive methods conforming to AWS DI1.1-85. All complete
penetration groove welds contained in joints and splices
shall be tested 100 percent either by ultrasonic testing
or by other approved equivalent methods.

EXCEPTION: The nondestructive testing rate for
an individual welder may be reduced to 25 percent
with the concurrence of the person responsible
for structural design, provided the reject rate
is demonstrated to be 5 percent or less of the
welds tested for the welder.

1.6.3.4.2 Partial penetration groove welds when used in column
splices shall be tested by ultrasonic testing or other
approved equivalent methods at a rate established by the
person responsible for the structural design. All such
welds designed to resist tension resulting from the
prescribed seismic design forces shall be tested.

1.6.3.4.3 Base metal thicker than 1.5 inches when subject to
through-thickness weld shrinkage strains shall be ultra-
sonically tested for discontinuities behind and adjacent
to such welds after Joint completion. Any material
discontinuities shall be accepted or rejected on the
basis of criteria acceptable to the Regulatory Agency
with the concurrence of the person responsible for the
structural design.

12
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1.6.3.5 Mechanical and Electrical Equipment

For Designated Seismic Systems or components requiring S or G perfor-
mance ratings in Chapter 8, each component manufacturer shall test or
analyze the component and its mounting system or anchorage as required
in Chapter 8. He shall submit a certificate of compliance for review
and acceptance by the person responsible for the design of the Desig-
nated Seismic System and for approval by the Regulatory Agency. The
basis of certification required in Sec. 8.3.4 shall be by actual test
on a shaking table, by three-dimensional shock tests, by an analytical
method using dynamic characteristics and the forces from Egq. 8-2, or by
more rigorous analysis providing for equivalent safety. The Special
Inspector shall examine the Designated Seismic System component and
shall determine whether its anchorages and label conform with the
certificate of compliance.

1.6.4 Reporting and Compliance Procedures

Each Special Inspector shall furnish to the Regulatory Agency, the
owner, the persons preparing the Quality Assurance Plan, and the con-
tractor copies of regular weekly progress reports of his observations,
noting therein any uncorrected deficiencies and corrections of pre-
viously reported deficiencies. All deficiencies shall be brought to
the immediate attention of the contractor for correction.

At completion of construction, each Special Inspector shall submit a
final report to the Regulatory Agency certifying that all inspected
work was completed substantially in accordance with approved plans and
specifications. Work not in compliance shall be noted.

At completion of construction, the building contractor shall submit a
final report to the Regulatory Agency certifying that all construction
work incorporated into the Designated Seismic Systems was constructed
substantially in accordance with the Design Documents and applicable
workmanship requirements. Work not in compliance shall be noted.

1.6.5 Approved Manufacturer’s Certification

Each manufacturer of equipment utilized in a building to be placed in
Category E and a Designated Seismic System where the performance level
required is noted in Chapter 8 as S or G shall be specifically approved
by the Regulatory Agency and shall maintain an approved quality control
program. Evidence of such approval shall be clearly and permanently
marked on each component piece of equipment shipped to the job site.
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Appendix to Chapter 1
APPENDIX TO CHAPTER 1

Alternate Maps and Alternate Method
for Establishing Design Ground Motions

This appendix introduces new maps defining the seismic ground-shaking
hazard and incorporates a few necessary changes in the expression of
certain provisions so that the new maps might appropriately be used
with the NEHRP Recommended Provisions. This presentation in an appen-
dix is intended to encourage evaluation of the new maps and new pro-
cedures through use. Comment is solicited.

Figures 1-5 through |-8 are provided for use with this appendix. They
provide a different measure of the seismic ground shaking hazard than
Figures 1-1 through [-4 and one of the ground motion parameters is
stated in different units. This appendix describes how Figures 1-5
and 1-6 are to be used with the remainder of these provisions. Figures
1-7 and 1-8 are provided to show how A and v vary when the exposure
time is increased significantly over that used for Figures 1-1 through
1-6. Figure 1-7 and 1-8 are intended to be advisory only.

Only those sections cited below are changed as noted.

1A.1 Design Ground Motions
Replace Sec. 1.4.1, 1.4.1.1, and 1.4.2 with the following:
1.4.1 Design Ground Motions

The design ground motions are defined in terms of Peak
Acceleration and Peak Velocity and are represented by the
coefficients A and v, respectively. The coefficients A and v
are to be determined as follows:

1. Determine the value of A from Figure 1-5. Interpola-
tion should be used in reading the figure. For use
with these provisions, the value of A need not exceed
0.40g.

2. Determine the value of v from Figure 1-6. Interpola-
tion should be used in reading the figure. For use
with these provisions, the value of v need not exceed
40 cm/sec.
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Appendix to Chapter 1

Alternate Sec. 1.4.1 for Regulatory Agencies That Have Made a
Determination of A and v

The design ground motions are defined in terms of Accelera-
tion and Velocity, represented by coefficients A and v
respectively. The coefficients A and v to be used in the
application of these provisions are established as:

A=___  and v =

1A.2 Use of A and v with the Provisions

The following general rules apply for use of A and v with the Pro-
visgions:

l. Substitute A directly for Ay in Sec. 4.2.1, Eq. 4-3 and
4-3a, and Sec. 5.5, Eq. 5-3a.

2. Substitute the following coefficients of v for the
coefficients of Ay: .

a. 0.012 v for A, in Sec. 3.7.1; Sec. 8.2.2, Eq. 8-1; and
Sec. 8.3.2, Eq. 8-2.

b. 0.006 v for 0.5 A, in Sec. 3.7.1, Eq. 3-1, 3-2, and 3-2a.

c. 0.004 v for A,/3 in Sec. 3.7.5, Sec. 3.7.9, Sec. 7.4.3.

d. 12 v for 1,000 A, in Sec. 3.7.6.

e. 0.014 v for 1.2 A, in Sec. 4.2.1, Eq. 4-2, and Sec. 5.5,
Eq. 5-3.

f. 0.036 v for 3 A, in Sec. 5.5, Eq. 5-3b.

g. v less than 12 for A, less than 0.015 in Sec. 1.2.

h. v equal to or greater than 12 for A, equal to or greater
than (=, greater than or equal to, equal or exceeding) in

Sec. 1.3.1, Sec. 6A.2.1.2, Sec. 8.3.4, and Sec. 8.3.5.

i. v =28, 12, 16 and 25 for A, = 0.10, 0.15, 0.20 and 0.30,
respectively, in Table 6A-1.

jo v + 16 and 8 for A, = 0.20 and 0.10, respectively, in
Figure 6A-1.
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k. Replace Table 1-2 in Sec. 1.4.3 with the following:

TABLE 1A-2
Seismic Performance Categories

Seismic Hazard Exposure Group

Value of v I I1 111
20 ¢ v D D E
10 ¢ v <20 C D D
5 ¢ v <10 c 64 c
2.5 sv<¢ 5 B B C
v < 2.5 A A A

1. Replace Table 4-1 in Sec. 4.2 with the following:

TABLE 4A-1
Coefficient for Upper Limit
on Calculated Period

v Ca
30 (Y} 1.2
20 ¢ v <30 1.3
15 ¢ v <20 1.4
7.5 ¢ v < 15 k5
v < 7.5 1.7

NOTE: See Sec. 4.2.2 and 5.8
for application of v and Cj.
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Chapter 2
DEFINITIONS AND SYMBOLS

2.1 DEF INITIONS
The definitions presented in this section provide the meaning of the
terms used in these provisions.
Acceleration
Effective Peak

Coefficient for determining the prescribed seismic forces given in
Sec. 1.4.

Effective Peak Velocity-Related

Coefficient for determining the prescribed seismic forces given in
Sec. 1.4.

Appendage

An architectural component such as a canopy, marquee, ornamental bal-
cony, or statuary.

Approval
The written acceptance by the Regulatory Agency of documentation that
establishes the qualification of a material, system, component, pro-

cedure, or person to fulfill the requirements of these provisions for
the intended use.

Architectural Equipment

Equipment such as shelving, racks, laboratory equipment, and storage
cabinets.
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Sec. 2.1

Area Separation Partition

Any partition installed to provide a required fire separation between
portions of buildings.

Base

The level at which the horizontal seismic ground motions are considered
to be imparted to the building.

Base Shear

Total design lateral force or shear at the base.

Component

A part of an architectural, electrical, mechanical, or structural
system.

Code Required
A component required by the Building Code administered by the
Regulatory Agency.
Confined Region
That portion of a reinforced concrete component in which the concrete
is confined by closely spaced special lateral reinforcement restraining
the concrete in directions perpendicular to the applied stress.
Container
A large-scale independent component used as a receptacle or vessel to
accommodate plants, refuse, or similar uses.
Cross-Tie
A continuous bar having a 135-degree hook with at least a 6-diameter
extension at one end and a 90-degree hook with at least a 6-diameter

extension at the other end. The hooks shall engage peripheral longi-
tudinal bars.
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Sec. 2.1
Destgn Documents
The drawings, specifications, computations, reports, certifications, or

other substantiation required by the Regulatory Agency to verify com-
pliance with these provisions.

Design Earthquake

The earthquake that produces ground motions at the site under con-
sideration that have a 90 percent probability of not being exceeded in
50 years.

Designated Seismic Systems

The Seismic Resisting System and those architectural, electrical, and
mechanical systems and their components that require special perfor-
mance characteristics.

Diaphragm

A horizontal, or nearly horizontal, system designed to transmit seismic
forces to the vertical elements of the Seismic Resisting System.

Frame
Braced

An essentially vertical truss, or its equivalent, of the con-
centric or eccentric type that is provided in a Building Frame or
Dual System to resist seismic forces.

Concentrically Braced Frame

A braced frame in which the members are subjected primarily to
axial forces.

Eccentrically Braced Frame (EBF)

A diagonally braced frame in which at least one end of each
brace frames into a beam a short distance from a beam-column
joint or from another diagonal brace. These short beam seg-
ments are called 1ink beams. The following definitions apply:

Diagonal Brace is a member of an EBF placed diagonally in
the bay of the frame.
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Lateral Support Members are secondary members designed to
prevent lateral or torsional bucking of beams in an EBF.

Link Beams are designed to yield in shear and/or bending
so that buckling or tension failure of the diagonal brace
is prevented. The link beam’s length is defined as the
clear distance between the diagonal braces or between the
diagonal brace and the column face.

Link Beam End Web Stiffeners are vertical web stiffeners
placed on the sides of the web at the diagonal brace
end(s) of the link beam.

Link Beam Intermediate Web Stiffeners are vertical web
stiffeners placed within the 1ink beam.

Link Beam Rotation Angle is defined as the angle between
the beam outside of the link beam and the 1ink beam oc-
curring at a total story drift of Cq times the elastic
drift at the prescribed design forces. The rotation angle
may be computed assuming the EBF bay is deformed as a
rigid, ideally plastic mechanism.

Link Beam Shear Yield Strength is defined as the less of
Vp of 2Mp/e, where Vp = 0.55Fydty, Mp = ZFy, and e is the
link beam length.

Intermediate Moment

A space frame in which members and joints are capable of resisting
forces by flexure as well as along the axis of the members.
Intermediate Moment Frames of reinforced concrete shall conform to
Sec. 11.4.

Ordinary HMoment

A Space Frame in which members and joints are capable of resisting
forces by flexure as well as along the axis of the members.
Ordinary Moment Frames shall conform to Sec. 10.4.1, Sec. 11.3, or
Sec. 12.3.

Special Moment

A Space Frame in which members and joints are capable of resisting
forces by flexure as well as along the axis of the members.
Special Moment Frames shall conform to Sec. 10.5.1, Sec. 11.5, or
Sec. 12.3.
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Sec, 2.1
Space Frame

A structural system composed of interconnected members, other than
bearing walls, that {s capable of supporting vertical loads and
that also may provide resistance to seismic forces.

Frame System
Building

A structural system with an essentially complete Space frame
providing support for vertical loads. Seismic force resistance is
provided by shear walls or braced frames.

Dual

A structural system with an essentially complete Space Frame
providing support for vertical loads. A moment resisting frame
shall be provided that shall be capable of resisting at least 25
percent of the prescribed seismic forces. The total seismic force
resistance is provided by the combination of the moment resisting
frame together with shear walls or braced frames in proportion to
their relative rigidities.

Moment Resisting

A structural system with an essentially complete Space Frame
providing support for vertical loads. Seismic force resistance is
provided by Special, Intermediate, or Ordinary Moment Frames
capable of resisting the total prescribed forces.

High Temperature Energy Source

A fluid, gas, or vapor whose temperature exceeds 220 degrees F.

Hoop

A one-piece closed tie or continuously wound tie, No. 3 or larger, that
encloses the longitudinal reinforcement and has 135-degree hooks with
10-diameter extensions at each end.

Inspection, Special

The observation of the work by the Special Inspector to determine
compliance with the approved Design Documents and these provisions.
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Continuous
The full-time observation of the work by an approved Special

Inspector who is present in the area where work is being per-
formed.

Periodic
The part-time or intermittent observation of the work by an ap-
proved Special Inspector who is present in the area where work has
been or is being performed.
Inspector, Special (who shall be identified as the Owner’s Inspector)
A person approved by the Regulatory Agency as being qualified to per-
form Special Inspection required by the approved Quality Assurance

Plan. The quality assurance personnel of a fabricator may be approved
by the Regulatory Agency as a Special Inspector.

Joint

That portion of a column bounded by the highest and lowest surfaces of
the other members framing into {t.

Laterally Confined

A Joint that, in the direction under consideration, has the oppo-
site faces confined by members which are monolithic with the joint
and cover 75 percent of the width and depth of the joint.

Load
Dead
The gravity load due to the weight of all permanent structural and
nonstructural components of a building such as walls, floors,
roofs, and the operating weight of fixed service equipment.
Gravity
W; as defined in Sec. 4.2.

Live

The load superimposed by the use and occupancy of the building not
including the wind load, earthquake load, or dead load. The live
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Sec. 2.1

load may be reduced for tributary area as permitted by the Build-
ing Code administered by the Regulatory Agency.

Snow

A vertical load due to the weight of the accumulation of snow.
For use in combination with seismic forces, an effective snow load
shall be used that shall be equal to either 70 percent of the full

snow load or, where conditions warrant and when approved by the
Regulatory Agency, not less than 20 percent of the full snow load.

EXCEPTION: Where the snow load is less than 30 pounds per
square foot, no part of the load need be included in seismic
loading.

P-Delta Effect

The secondary effect on shears and moments of frame members due to the

action of the vertical loads induced by displacement of the building
frame resulting from seismic forces.

Quality Assurance Plan

A detailed written procedure that establishes the systems and compo-
nents subject to Special Inspection and testing. The type and fre-
quency of testing and the extent and duration of Special Inspection are
given in the Quality Assurance Plan.

Resilient Mounting System

A system incorporating helical springs, air cushions, rubber-in-shear
mounts, fiber-in-shear mounts, or other comparable approved systems.

Stable
A system in which the force displacement ratios are equal in the
horizontal and vertical directions.

Restraining Device

A device used to limit the vertical or horizontal movement of the
mounting system due to earthquake motions.

23
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Sec. 2.1
Elastic
A fixed restraining device that incorporates an elastic element to

reduce the seismic forces transmitted to the structure due to
impact from the resilient mounting system.

Fixed

A nonylelding or rigid type of restraining device.

Seismic Activated

An interactive restraining device that is activated by earthquake
motion.

Roofing Unit

A unit of roofing material weighing more than | pound.

Seismic Forces
The assumed forces prescribed herein, related to the response of the

building to earthquake motions, to be used in the design of the build-
ing and its components.

Seismic Hazard Exposure Group

A classification assigned to a bullding based on its use as defined in
Sec. 1.4.

Selsmic Performance Category

A classification assigned to a building as defined in Sec. 1.4.

Seismic Resisting System

That part of the structural system that has been considered in the
design to provide the required resistance to the seismic forces pre-
scribed herein.

Shear Panel

A floor, roof, or wall component sheathed to act as a shear wall or
diaphragm.
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Special Lateral Reinforcement
Reinforcement composed of spirals, closed stirrups, or hoops and sup-
plementary cross-ties provided to restrain the concrete and qualify the
portion of the component, where used, as a Confined Region.

Story Drift Ratio

The story drift, as determined in Sec. 4.6, divided by the story
height.

Story Shear ‘
The summation of design lateral forces at levels above the story under il
consideration. g
Testing Agency

A company or corporation that provides testing and/or inspection ser-
vices. The person in responsible charge of the Special Inspector(s)
and the testing services shall be an engineer licensed by the State to
practice as such in the applicable discipline.

Utflity or Service Interface

The connection of the building’s mechanical and electrical distribution
systems to the utility or service company’s distribution system. 1-
Veneers

Facings or ornamentation of brick, concrete, stone, tile, or similar
materials attached to a backing.

Wall

A component, usually placed vertically, used to enclose or divide
space.

Bearing

A wall providing support for vertical loads and may be exterior or
interior.




Sec. 2.1/Sec. 2.2

Wall

2.2

Nonbear ing

A wall that does not provide support for vertical loads other than
its own weight or as permitted by the Building Code administered
by the Regulatory Agency. [t may be an exterior or interior wall.

Shear

A wall, bearing or nonbearing, designed to resist seismic forces
acting in the plane of the wall.

System
Bearing
A structural system with bearing walls providing support for all,

or major portions of, the vertical loads. Shear walls or braced
frames provide seismic force resistance.

SYMBOLS

The unit dimensions used with the items covered by the symbols shall be
consistent throughout except where specifically noted. The symbols and
definitions presented in this section apply to these provisions.

The seismic coefficient representing the Effective
Peak Acceleration as determined in Sec. 1.4.1.

Cross-sectional area of a component measured to the
outside of the Special Lateral Reinforcement.

Total cross-sectional area of hoop reinforcement, in-
cluding supplementary cross-ties, having a spacing of
sp and crossing a section with a core dimension of hg
(square inches).

The area of the load-carrying foundation.

The seismic coefficient representing the Effective
Peak Velocity-Retated Acceleration as determined in
Sec. 1.4.1.

The torsional amplification factor.
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Sec. 2.2
The amplification factor related to the response of a
system or component as affected by the type of seismic
attachment, determined in Sec. 8.3.2.

The incremental factor related to P-delta effects in
Sec. 4.6.2.

The amplification factor at level x related to the
variation of the response in the height of the build-
ing, Sec. 8.3.2.

Coefficient for upper limit on calculated period; see
Table 4-1.

The seismic coefficient for components of buildings as
specified in Tables 8-2 and 8-3 (dimensionless).

The deflection amplification factor as given in Table
3-2.

The seismic design coefficient determined in Sec. 4.2
(dimensionless).

The seismic design coefficient determined in
Sec. 6A.2.1 and 6A.3.1 (dimensionless).

The modal seismic design coefficient determined in
Sec. 5.5 (dimensionless).

The framing coefficient in Sec. 4.2.2.

The vertical distribution factor as determined in
Sec. 4.3.

The total depth of the stratum in Eq. 6A-10.

The portion of the seismic base shear, V, induced at
level i, n, or x, respectively, as determined in
Sec. 4.3.

Ultimate compressive strength of masonry.

The seismic force acting on a component of a building
as determined in Sec. 3.7, 8.2, or 8.3.

The portion of the seismic base shear, Vp, induced at
level x as determined in Sec. 5.5.

The specified yield stress of the Special Lateral
Reinforcement, psi.
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Sec. 2.2
G Yvg2/g = the average shear modulus for the soils :
beneath the foundation at large strain levels. !
Go YVso /g = the average shear modulus for the soils be-
neath the foundation at small strain levels.
g The acceleration due to gravity.
B The effective hefght of the building as determined in
Sec. 6A.2 or 6A.3.
he The core dimension of a component measured to the out-
side of the Special Lateral Reinforcement.
his hpy hy The height above the base level, i, n, or x, respec- l
tively. ! 4
hgx The story height below level x = (hy-hy.j).
Io The static moment of inertia of the load-carrying '
foundation, Sec. 6A.2.1.
i The building level referred to by the subscript i; i =
1 designates the first level above the base.
K The stiffness of the equipment support attachment,
Sec. 8.3.2.
Ky The lateral stiffness of the foundation as defined in
Sec. 6A.2.
Keg The rocking stiffness of the Foundation as defined in
Sec. 6A.2.
k The distribution exponent given in Sec. 4.3.
K The stiffness of the building as determined in
Sec. 6A.2.
L The overall length of the building (in feet) at the
base in the direction being analyzed.
Lo The overall length of the side of the foundation in
the direction being analyzed, Sec. 6A.2.1.
Me The foundation overturning design moment as defined in
Sec. 4.5.
Mor Mo The overturning moment at the foundation-soil inter-

face as determined in Sec. 6A.2.3 and 6A.3.2.
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Sec. 2.2

The torsional moment resulting from the location of
the building masses, Sec. 4.4,

The accidental torsional moment as determined in Sec.
4.4

The building overturning design moment at leve: x as
defined in Sec. 4.5 or Sec. 5.8.

A subscript denoting the mode of vibration under con-
sideration; i.e., m = | for the fundamental mode.

Number of stories, Sec. 4.2.2.

Designates the level that is uppermost in the main
portion of the building.

The performance criteria factor as given in Table 8-1
(dimensionliess).

The algebraic sum of the seismic forces and the
minimum gravity loads on the joint surface acting
simultaneously with the shear.

The total unfactored vertical design load at and above
level x.

The effect of dead load.
The effect of seismic (earthguake-induced) forces.

The effect of live load, reduced as permitted in
Sec. 2.1.

The effect of snow load, reduced as permitted in
Sec. 2:l.

The respdnse modification coefficient as given in
Table 3-2.

A characteristic length of the foundation as defined
in Sec. 6A.2.1.

The characteristic foundation length defined by Eq.
6A-8.

The characteristic foundation length as defined by
Eq. 6A-8.




Sec. 2.2

S The coefficient for the soil profile characteristics
of the site as given in Table 3-1.

S.» 52. 53. S The Soil Profile Types as defined in Sec. 3.2.

1 4

Sh Spacing of Special Lateral Reinforcement.

T The fundamental period of the building as determined
in Sec. 4.2.2.

T, T] The effective fundamental period of the building as
determined in Sec. 6A.2.1 and 6A.3.1.

Ta The approximate fundamental period of the building as
determined in Sec. 4.2.2.

Te The fundamental period of the component and its
attachment.

o The modal period of vibration of the mth mode of the
building as determined in Chapter 5.

v The total design lateral force or shear at the base.

Ve The design value of the seismic base shear as deter-

mined in Sec. 5.8.

I Vy The seismic design shear in story x as determined in
Sec. 4.4 or Sec. 5.8.

Vi The portion of the seismic base shear, V, contributed
by the fundamental mode, Sec. 6A.3.

AV The reduction in V as determined in Sec. 6A.2.
AVy The reduction in V| as determined in Sec. 6A.3.
Vg The average shear wave velocity for the soils beneath

the foundation at large strain levels, Sec. 6A.Z2.

Vso The average shear wave velocity for the soils beneath
the foundation at small strain levels, Sec. 6A.2.

W The total gravity load of the building as defined in
Sec. 4.2.
" The effective gravity load of the building as defined

in Sec. 6A.2 and 6A.3.
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We

Wir Wps Wy

™

Sxm+ Sxm

Sec., 2.2

The effective modal gravity load determined in accor-
dance with Eq. 5-2.

The gravity load of a component of the building.

The portion of W that is located at or assigned to
level i, n, or x, respectively.
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