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PREFACE

One of the primary goals of the Federa Emergency Management Agency (FEMA) and the
Nationa Earthquake Hazards Reduction Program (NEHRP) is to encourage design and building
practices that address the earthquake hazard and minimize the resulting damage. Publication of
the 1997 NEHRP Recommended Provisions for Seismic Regulation of New Buildings and Other
Structures represents a significant milestone in the continuing FEMA-sponsored effort to improve
the seismic safety of new structuresin this country. Its publication marks the fourth in a planned
updating of both the Provisions documents and several complementary publications. Asin the
case of the earlier editions of the Provisions (1985, 1988, 1991, and 1994), FEMA is proud to
have been a participant in the Building Seismic Safety Council project and encourages widespread
dissemination and voluntary use of this consensus resource document.

The 1997 Provisions contains several mgor changes that have truly made this a milestone
document. Probably the most significant change is the adoption of new spectral response seismic
design maps reflecting seismic hazard maps recently completed by the U.S. Geologica Survey.
The new maps and accompanying design procedure were developed by the BSSC Seismic Design
Procedures Group in conjunction with Technical Subcommittee 2 of the Provisions Update
Committee, and FEMA is grateful for the hard work of all involved. A second significant change
is the improvement of design procedures for high-seismic, near-source areas, and FEMA wishes
to thank those members of the Structural Engineers Association of California who devoted
considerable time and energy to this aspect of the update process. Another change worth noting
isthat the stedl structure design chapter now references a new consensus standard which ad-
dresses the problems highlighted by the Northridge earthquake and reflects work donein a
FEMA-funded project to resolve the welded steel moment resisting frame problem.

The above changes are but three of over 150 changes that were balloted by the BSSC member
organizations. The number of changes considered was three times that involved in any of the
earlier update efforts and is testament to the increased attention being paid to the Provisions.
Thisisduein large part to the decision to use the 1997 Provisions as the basis for the seismic
requirements in the new International Building Code. FEMA welcomes this increased scrutiny
and the chance to work with the International Code Council.

Looking ahead, FEMA has aready contracted with BSSC for and work already has begin on the
update process that will lead to the 2000 Provisions. In addition to the normal update procedure,
this project is designed to continue the Provisiong/International Building Code cooperative effort
and to permit development of a simplified design procedure for use in areas of lower seismicity.

In conclusion, FEMA wishes to express its sincere gratitude for the unstinting efforts of alarge
number of volunteer experts and the BSSC Board of Directors and staff who made possible the
1997 Provisions documents. 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 of these individuals to the seismic safety of buildings. 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




INTRODUCTION and ACKNOWLEDGMENTS

The 1997 Edition of the NEHRP Recommended Provisions for Seismic Regulations for New
Buildings and Other Structuresis the fifth edition of the document and, like the 1985, 1988, 1991
and 1994 Editions that preceded it, has the consensus approval of the Building Seismic Safety
Council membership. It represents amajor product of the Council's multiyear, multitask Program
on Improved Seismic Safety Provisions 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, a detailed description of the BSSC'’ s purpose and activities concludes the Commentary
volume.)

In September 1994, NIBS entered into a contract with FEMA for initiation of the 39-month
BSSC 1997 Provisions update effort. Late in 1994, the BSSC member organization representa-
tives and alternate representatives and the BSSC Board of Direction were asked to identify indi-
viduals to serve on the 1997 Provisions Update Committee (PUC) and its Technical
Subcommittees (TSs).

The 1997 PUC was congtituted early in 1995, and 12 PUC Technical Subcommittees were
established to address design criteria and analysis, foundations and geotechnical considerations,
cast-in-place/precast concrete structures, masonry structures, steel structures, wood structures,
mechanical-electrical systems and building equipment and architectural elements, quality
assurance, interface with codes and standards, composite steel and concrete structures, energy
dissipation and base isolation, and nonbuilding structures.

As part of this effort, the BSSC has developed a revised seismic design procedure for use by
engineers and architects for inclusion in the 1997 NEHRP Recommended Provisions. Unlike the
design procedure based on U.S. Geological Survey (USGS) peak acceleration and peak velocity-
related acceleration ground motion maps developed in the 1970s and used in earlier editions of
the Provisions, the new design procedure is based on recently revised USGS spectral response
maps. The design procedure involves new design maps based on the USGS hazard maps and a
process specified within the body of the Provisions. Thistask has been conducted with the coop-
eration of the USGS (under a Memorandum of Understanding signed by the BSSC and USGYS)
and under the guidance of a five-member Management Committee (MC). A Seismic Design Pro-
cedure Group (SDPG) has been responsible for developing the design procedure.

More than 200 individuals have participated in the 1997 update effort, and more than 165
substantive proposals for change were developed. A series of editorial/organizational changes
also have been made. All draft TS, SDPG, and PUC proposals for change were finaized in late
February 1997. In early March, the PUC Chairman presented to the BSSC Board of Direction
the PUC’ s recommendations concerning proposals for change to be submitted to the BSSC
member organizations for balloting, and the Board accepted these recommendations.

The first round of balloting concluded in early June 1997. Of the 158 items on the official ballot,
only 8 did not pass; however, many comments were submitted with “no” and “yes with




reservations’ votes. These comments were compiled for distribution to the PUC, which met in
mid-July to review the comments, receive TS responses to the comments and recommendations
for change, and formulate its recommendations concerning what items should be submitted to the
BSSC member organizations for a second ballot. The PUC deliberations resulted in the decision
to recommend to the BSSC Board that 28 items be included in the second ballot. The PUC
Chairman subsequently presented the PUC’ s recommendations to the Board, which accepted
those recommendations.

The second round of balloting was completed in late October 1997. All but one proposal passed;
however, a number of comments on virtually al the proposals were submitted with the ballots and
were immediately compiled for consideration by the PUC. The PUC Executive Committee met in
December to formulate its recommendations to the Board, and the Board subsequently accepted
those recommendations. The final versions of the Provisions and Commentary volumes,
including as Appendix A in the Provisions volume a summary of the differences between the 1994
and 1997 Editions, then were prepared and transmitted to FEMA for publication.

In presenting this 1997 Edition of the Provisions, the BSSC wishes to acknowledge the
accomplishments of the many individuals and organizations involved over the years. The BSSC
program resulting in the first four editions of the Provisions, the 1997 update effort, and the
information devel opment/dissemination activities conducted to stimulate use of the Provisions has
benefitted from the expertise of hundreds of specialists, many of whom have given freely of their
time over many years.

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 1997 Edition of the 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 sincerest appreciation:

® The members of the BSSC Provisions Update Committee, especially Chairman William
Holmes;

= The mapping Management Committee and its Seismic Design Procedures Group, especially
Chairman R. Joe Hunt;

® The members of the 12 PUC Technical Subcommittees; and
® Michael Mahoney, the FEMA Project Officer.

Appreciation aso is due to the BSSC Executive Director James R. Smith and BSSC steff
members Claret Heider and Thomas Hollenbach, all of whose talents and experience were crucial
to conduct of the program.

At thispoint I, as Chairman, would like 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 or who otherwise participated in the BSSC program that
resulted in the 1997 NEHRP Recommended Provisions.

Eugene Zeller, Chairman, BSSC Board of Direction
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Chapter 1

GENERAL PROVISIONS

1.1 PURPOSE: The NEHRP Recommended Provisions for Seismic Regulations for New
Buildings and Other Structures (referred to hereinafter as the Provisions) present criteriafor the
design and construction of structures to resist earthquake ground motions. The purposes of these
Provisions are as follows:

1. To provide minimum design criteriafor structures appropriate to their primary function and
use considering the need to protect the health, safety, and welfare of the general public by
minimizing the earthquake-related risk to life and

2. Toimprove the capability of essential facilities and structures containing substantial
quantities of hazardous materials to function during and after design earthquakes.

The design earthquake ground motion levels specified herein could result in both structural and
nonstructural damage. For most structures designed and constructed according to these
Provisions, structural damage from the design earthguake ground motion would be repairable
although perhaps not economically so. For essential facilities, it is expected that the damage
from the design earthquake ground motion would not be so severe as to preclude continued
occupancy and function of the facility. The actual ability to accomplish these goal's depends upon
anumber of factorsincluding the structural framing type, configuration, materias, and as-built
details of construction. For ground motions larger than the design levels, the intent of these
Provisionsisthat there be alow likelihood of structural collapse.

1.2 SCOPE AND APPLICATION:

1.2.1 Scope: These Provisions shall apply to the design and construction of structuresincluding
additions, change of use, and alterations to resist the effects of earthquake motions. Every
structure, and portion thereof, shall be designed and constructed to resist the effects of
earthquake motions as prescribed by these Provisions.

Exceptions:

1. Detached one- and two-family dwellings located where S, is less than 0.4g are
exempt from all requirements of these Provisions.

2. Detached one- and two-family wood frame dwellings located where S,4is equal to or
greater than 0.4g and that are designed and constructed in accordance with the
conventiona light frame construction provisionsin Sec. 12.5 are exempt from all
other requirements of these Provisions.

3. Agricultura storage structures intended only for incidental human occupancy are
exempt from all requirements of these Provisions.
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4. Sructureslocated where S, islessthan or equal to 0.04g and S, isless than or equa
to 0.15g shall only be required to comply with Sec. 5.2.6.1.

Sructures shall be designed and constructed in accordance with these Provisions.
1.2.2 Additions: Additions shall be designed and constructed in accordance with the following:

1.2.2.1: Anaddition that is structurally independent from an existing structure shall be designed
and constructed as required for a new structure in accordance with Sec. 1.2.1.

1.2.2.2: Anaddition that is not structurally independent from an existing structure shall be
designed and constructed such that the entire structure conforms to the seilsmic-force- resistance
requirements for new structures unless al of the following conditions are satisfied:

1. The addition conforms with the requirements for new structures, and

2. Theaddition does not increase the seismic forcesin any structural element of the existing
structure by more than 5 percent, unless the capacity of the element subject to the increased
forcesis still in compliance with these Provisions, and

3. The addition does not decrease the seismic resistance of any structural element of the existing
structure to less than that required for a new structure.

1.2.3 Change of Use: When a change of use resultsin a structure being reclassified to a higher
Seismic Use Group, the structure shall conform to the requirements of Section 1.2.1 for anew
structure.

Exception: When a change of use resultsin a structure being reclassified from Seismic
Use Group | to Seismic Use Group |1, compliance with these Provisions is not required if
the structure is located where S, isless than 0.3.

1.2.4 Alterations. Alterations are permitted to be made to any structure without requiring the
structure to comply with these Provisions provided the alterations conform to that required for a
new structure. Alterations shall not decrease the lateral-force resisting system strength or
stiffness to less than that required by these Provisions. The alteration shall not cause the existing
structural elements to be loaded beyond their capacity.

1.2.5 Alternate Materials and Alternate Means and Methods of Construction: Alternate
materials and alternate means and methods of construction to those prescribed in these Provisions
are permitted if approved by the authority having jurisdiction. Substantiating evidence shall be
submitted demonstrating that the proposed alternate, for the purpose intended, will be at least
equal in strength, durability, and seismic resistance.

1.3 SEISMIC USE GROUPS: All structures shall be assigned to one of the following Seismic
Use Groups.:

1.3.1 Seismic Use Group I11: Seismic Use Group |11 structures are those having essential
facilities that are required for post-earthquake recovery and those containing substantial
quantities of hazardous substances including:

1. Fire, rescue, and police stations
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9.

10.
11.

12.

Hospitals

Designated medical facilities having emergency treatment facilities
Designated emergency preparedness centers

Designated emergency operation centers

Designated emergency shelters

Power generating stations or other utilities required as emergency back-up facilities for
Seismic Use Group 111 facilities

Emergency vehicle garages and emergency aircraft hangars
Designated communication centers
Aviation control towers and air traffic control centers

Sructures containing sufficient quantities of toxic or explosive substances deemed to be
hazardous to the public

Water treatment facilities required to maintain water pressure for fire suppression.

1.3.2 Seismic Use Group I1: Seismic Use Group Il structures are those that have a substantial
public hazard due to occupancy or use including:

1.

8.
9.

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

Educational structures through the 12th grade with a capacity greater than
Day care centers with a capacity greater than 150

Medical facilities with greater than 50 resident incapacitated patients not otherwise designated
aSeismic Use Group |11 structure

Jails and detention facilities
All structures with a capacity greater than 5,000 persons

Power generating stations and other public utility facilities not included in Seismic Use Group
[l and required for continued operation

Water treatment facilities required for primary treatment and disinfection for potable water

Waste water treatment facilities required for primary treatment

1.3.3 Seismic Use Group I: Seismic Use Group | structures are those not assigned to Seismic
Use Groups il or I1.

1.3.4 MultipleUse: Sructures having multiple uses shall be assigned the classification of the
use having the highest Seismic Use Group except in structures having two or more portions
which are structurally separated in accordance with Sec. 5.2.8, each portion shall be separately
classified. Where a structurally separated portion of a structure provides access to, egress from,
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or shares life safety components with another portion having a higher Seismic Use Group, the
lower portion shall be assigned the same rating as the higher.

1.3.5 Seismic Use Group |11 Structure Access Protection: Where operational accessto a
Saismic Use Group 111 structure is required through an adjacent structure, the adjacent structure
shall conform to the requirements for Seismic Use Group |11 structures. Where operational
access isless than 10 ft (3 m) from an interior lot line or less than 10 ft (3 m) from another
structure, access protection from potential falling debris shall be provided by the owner of the
Saismic Use Group |11 structure.

1.4 OCCUPANCY IMPORTANCE FACTOR: An occupancy importance factor, I, shal be
assigned to each structure in accordance with Table 1.4.

TABLE 1.4 Occupancy | mportance Factors
Seismic Use Group I
I 1.0
] 1.25
11 1.5




Chapter 2
GLOSSARY AND NOTATIONS

2.1 GLOSSARY:

Active Fault: A fault for which there is an average historic dip rate of 1 mm per year or more
and geologic evidence of seismic activity within Holocene times (past 11,000 years).

Addition: Anincreasein building area, aggregate floor area, height, or number of stories of a
structure.

Adjusted Resistance (D’): The reference resistance adjusted to include the effects of all
applicable adjustment factors resulting from end use and other modifying factors. Time effect
factor (A) adjustments are not included.

Alteration: Any construction or renovation to an existing structure other than an addition.

Appendage: An architectural component such as a canopy, marquee, ornamental balcony, or
Statuary.

Approval: The written acceptance by the authority having jurisdiction of documentation that
establishes the qualification of a material, system, component, procedure, or person to fulfill the
requirements of these provisions for the intended use.

Architectural Component Support: Those structural members or assemblies of members,
including braces, frames, struts and attachments, that transmit all loads and forces between
architectural systems, components, or elements and the structure.

Attachments. Means by which components and their supports are secured or connected to the
seismic-force-resisting system of the structure. Such attachments include anchor bolts, welded
connections, and mechanical fasteners.

Base: Thelevel at which the horizontal seismic ground motions are considered to be imparted to
the structure.

Base Shear: Tota design lateral force or shear at the base.
Basement. A basement is any story below the lowest story above grade.

Boundary Elements: Diaphragm and shear wall boundary members to which sheathing
transfers forces. Boundary members include chords and drag struts at diaphragm and shear wall
perimeters, interior openings, discontinuities, and re-entrant corners.
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Braced Wall Line: A seriesof braced wall panelsin asingle story that meets the requirements
of Sec. 12.5.2.

Braced Wall Panel: A section of wall braced in accordance with Sec. 12.5.2.
Building: Any structure whose use could include shelter of human occupants.

Boundary Members: Portions along wall and diaphragm edges strengthened by longitudinal
and transverse reinforcement and/or structural steel members.

Cantilevered Column System: A seismic-force-resisting systemin which latera forces are
resisted entirely by columns acting as cantilevers from the foundation.

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

Component, Equipment: A mechanical or electrical component or element that is part of a
mechanical and/or electrical system within or without a building system.

Component, Flexible: Component, including its attachments, having a fundamenta period
greater than 0.06 sec.

Component, Rigid: Component, including its attachments, having a fundamental period less
than or equal to 0.06 sec.

Concrete:

Plain Concrete: Concrete that is either unreinforced or contains less reinforcement than the
minimum amount specified in Ref. 6-1 for reinforced concrete.

Reinforced Concrete: Concrete reinforced with no less than the minimum amount required
by Ref. 6-1, prestressed or nonprestressed, and designed on the assumption that the two
materials act together in resisting forces.

Confined Region: That portion of areinforced concrete component in which the concrete is
confined by closely spaced special transverse reinforcement restraining the concrete in directions
perpendicular to the applied stress.

Construction Documents: The written, graphic, electronic, and pictorial documents describing
the design, locations, and physical characteristics of the project required to verify compliance with
these Provisions.

Container: A large-scae independent component used as a receptacle or vessel to accommodate
plants, refuse, or similar uses.

Coupling Beam: A beam that is used to connect adjacent concrete wall piers to make them act
together as a unit to resist lateral loads.

Deformability: Theratio of the ultimate deformation to the limit deformation.

High Deformability Element: An element whose deformability is not less than 3.5
when subjected to four fully reversed cycles at the limit deformation.

Limited Deformability Element: An element that is neither alow deformability or a
high deformability element.

L ow Defor mability Element: An element whose deformability is 1.5 or less.
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Defor mation:

Limit Deformation: Two timestheinitial deformation that occurs at aload equal to
40 percent of the maximum strength.

Ultimate Defor mation: The deformation at which failure occurs and which shall be
deemed to occur if the sustainable load reduces to 80 percent or less of the maximum
strength.

Design Earthquake Ground Motion: The earthquake effects that buildings and structures are
specifically proportioned to resist as defined in Sec. 4.1.

Design Earthquake: Earthquake effects that are two-thirds of the corresponding maximum
considered earthquake.

Designated Seismic System: Those architectural, electrical, and mechanical systems and their
components that require design in accordance with Sec. 6.1 and that have a component
importance factor (1)) greater than 1.

Diaphragm: A horizontal or nearly horizontal system acting to transfer lateral forcesto the ver-
tical ressting elements. Diaphragms are classified as either flexible or rigid according to the
requirements of Sec. 5.2.3.1 and 12.3.4.2.

Diaphragm, Blocked: A diaphragm in which all sheathing edges not occurring on aframing
member are supported on and fastened to blocking.

Diaphragm Boundary: A location where shear is transferred into or out of the diaphragm
sheathing. Transfer is either to a boundary element or to another force-resisting element.

Diaphragm Chord: A diaphragm boundary element perpendicular to the applied load that is
assumed to take axial stresses due to the diaphragm moment in a manner analogous to the flanges
of abeam. Also appliesto shear walls.

Displacement

Design Displacement: The design earthquake lateral displacement, excluding additional
displacement due to actual and accidental torsion, required for design of the isolation system.

Total Design Displacement: The design earthquake lateral displacement, including
additional displacement due to actual and accidental torsion, required for design of the
isolation system or an element thereof.

Total Maximum Displacement: The maximum considered earthquake lateral displacement,
including additiona displacement due to actual and accidental torsion, required for
verification of the stability of the isolation system or elements thereof, design of structure
separations, and vertical load testing of isolator unit prototypes.

Displacement Restraint System: A collection of structural elements that limits lateral
displacement of seismically isolated structures due to maximum considered earthquake ground
shaking.

Drag Strut (Collector, Tie, Diaphragm Strut): A diaphragm or shear wall boundary element
parallel to the applied load that collects and transfers diaphragm shear forces to the vertical-
force-resisting elements or distributes forces within the diaphragm or shear wall. A drag strut
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often is an extension of a boundary element that transfers forces into the diaphragm or shear
wall.

Effective Damping: The value of equivalent viscous damping corresponding to energy
dissipated during cyclic response of the isolation system.

Effective Stiffness. The value of the lateral force in the isolation system, or an element thereof,
divided by the corresponding lateral displacement.

Enclosure: An interior space surrounded by walls.

Equipment Support: Those structural members or assemblies of members or manufactured
elements, including braces, frames, legs, lugs, snuggers, hangers or saddles, that transmit gravity
load and operating load between the equipment and the structure.

Essential Facility: A facility or structure required for post-earthquake recovery.

Factored Resistance (A$D): Reference resistance multiplied by the time effect and resistance
factors. Thisvaue must be adjusted for other factors such as size effects, moisture conditions,
and other end-use factors.

Flexible Equipment Connections:. Thaose connections between equipment components that
permit rotational and/or trandational movement without degradation of performance. Examples
include universal joints, bellows expansion joints, and flexible meta hose.

Frame:

Braced Frame: An essentially vertical truss, or its equivalent, of the concentric or eccentric
type that is provided in a building frame system or dual frame system to resist shear.

Concentrically Braced Frame (CBF): 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 framesinto a beam a short distance from a beam-column joint or from
another diagonal brace.

Ordinary Concentrically Braced Frame (OCBF): A steel concentrically braced frame
in which members and connections are designed in accordance with the provisions of Ref.
8-3 without modification.

Special Concentrically Braced Frame (SCBF): A steel or composite steel and concrete
concentrically braced frame in which members and connections are designed for ductile
behavior.

Moment Frame: A frame provided with restrained connections between the beams and
columns to permit the frame to resist lateral forces through the flexural rigidity and strength of
its members.

Inter mediate Moment Frame: A moment frame of reinforced concrete meeting the
detailing requirements of Ref. 9-1, Sec. 21.8, of structural steel meeting the detailing
requirements of Ref. 8-3, Sec. 10, or of composite construction meeting the requirements
of Ref. 10-3, Part |1, Sec. 6.4b, 7, 8 and 10.
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Ordinary Moment Frame: A moment frame of reinforced concrete conforming to the
requirements of Ref. 9-1 exclusive of Chapter 21, of structural steel meeting the detailing
requirements of Ref. 8-3, Sec. 12, or of composite construction meeting the requirements
of Ref. 10-3, Part 11, Sec. 6.4a, 7, 8 and 11.

Special Moment Frame (SMF): A moment frame of reinforced concrete meeting the
detailing requirements of Ref. 9-1, Sec. 21.2 through 21.5, of structural steel meeting the
detailing requirements of Ref. 8-3, Sec. 9, or of composite construction meeting the
requirements of Ref. 10-3, Part 11, Sec. 6.4a, 7, 8 and 9.

Frame System:

Building Frame System: A structural system with an essentially complete space frame
system providing support for vertical loads. Seismic-force resistance is provided by shear
walls or braced frames.

Dual Frame System: A structural system with an essentially complete space frame system
providing support for vertical loads. Seismic force resistance is provided by a moment
resisting frame and shear walls or braced frames as prescribed in Sec. 5.2.2.1.

Space Frame System: A structural system composed of interconnected members, other
than bearing walls, that is capable of supporting vertical loads and that also may provide
resistance to shear.

Grade Plane. A reference plane representing the average of finished ground level adjoining the
structure at all exterior walls. Where the finished ground level slopes away from the exterior
walls, the reference plane shall be established by the lowest points within the area between the
buildings and the lot line or, where the lot line is more than 6 ft. (1829 mm) from the structure,
between the structure and a point 6 ft. (1829 mm) from the structure.

Hazardous Contents. A materia that is highly toxic or potentialy explosive and in sufficient
quantity to pose a significant life-safety threat to the general public if an uncontrolled release were
to occur.

High Temperature Energy Source: A fluid, gas, or vapor whose temperature exceeds 220
degrees F (378 K).

I nspection, Special: The observation of the work by the special inspector to determine
compliance with the approved construction documents and these Provisions.

Continuous Special Inspection: The full-time observation of the work by an approved
special inspector who is present in the area where work is being performed.

Periodic Special Inspection: The part-time or intermittent observation of the work by an
approved special inspector who is present in the area where work has been or is being
performed.

I nspector, Special (who shall beidentified asthe Owner'sInspector): A person approved by
the authority having jurisdiction as being qualified to perform special inspection required by the
approved quality assurance plan. The quality assurance personnel of afabricator is permitted to
be approved by the authority having jurisdiction as a special inspector.
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Inverted Pendulum Type Structures: Structures that have alarge portion of their mass
concentrated near the top and, thus, have essentially one degree of freedom in horizontal
trandation. The structures are usually T-shaped with a single column supporting the beams or
framing at the top.

| solation I nterface: The boundary between the upper portion of the structure, which isisolated,
and the lower portion of the structure, which moves rigidly with the ground.

| solation System: The collection of structural elements that includes al individual isolator units,
all structural elements that transfer force between elements of the isolation system, and all
connections to other structural elements. The isolation system al so includes the wind-restraint
system, energy-dissipation devices, and/or the displacement restraint system if such systems and
devices are used to meet the design requirements of Chapter 13.

Isolator Unit: A horizontally flexible and vertically stiff structural element of the isolation system
that permits large lateral deformations under design seismic load. Anisolator unit is permitted to
be used either as part of or in addition to the weight-supporting system of the structure.

Joint: That portion of a column bounded by the highest and lowest surfaces of the other
members framing into it.

Load:

Dead Load: The gravity load due to the weight of al permanent structural and nonstructural
components of a building such aswalls, floors, roofs, and the operating weight of fixed
service equipment.

Gravity Load (W): Thetotal dead load and applicable portions of other loads as defined in
Sec. 5.3.2.

LiveLoad: Theload superimposed by the use and occupancy of the building not including
the wind load, earthquake load, or dead load; see Sec. 5.3.2.

Maximum Considered Earthquake Ground Motion: The most severe earthquake effects
considered by these Provisions as defined in Sec. 4.1.

Nonbuilding Structure: A structure, other than a building, constructed of a type included in
Chapter 14 and within the limits of Sec. 14.1.1.

Occupancy Importance Factor: A factor assigned to each structure according to its Seismic
Use Group as prescribed in Sec. 1.4.

Owner: Any person, agent, firm, or corporation having alega or equitable interest in the
property.

Partition: A nonstructural interior wall that spans from floor to ceiling, to the floor or roof
structure immediately above, or to subsidiary structural members attached to the structure above.

P-Delta Effect: The secondary effect on shears and moments of structural members induced due
to displacement of the structure.

Quality Assurance Plan: A detailed written procedure that establishes the systems and compo-
nents subject to special inspection and testing.

10



Glossary and Notations

Reference Resistance (D): The resistance (force or moment as appropriate) of a member or
connection computed at the reference end use conditions.

Registered Design Professional: An architect or engineer, registered or licensed to practice
professiona architecture or engineering, as defined by the statutory requirements of the
professional registrations laws of the state in which the project is to be constructed.

Roofing Unit: A unit of roofing material weighing more than 1 pound (0.5 kg).

Seismic Design Category: A classification assigned to a structure based on its Seismic Use
Group and the severity of the design earthquake ground motion at the site.

Seismic-Force-Resisting System: That part of the structural system that has been considered in
the design to provide the required resistance to the shear wall prescribed herein.

Seismic Forces: The assumed forces prescribed herein, related to the response of the structure
to earthquake motions, to be used in the design of the structure and its components.

Seismic Response Coefficient: Coefficient C, as determined from Sec. 5.3.2.1.

Seismic Use Group: A classification assigned to a structure based on its use as defined in Sec.
1.3.

Shallow Anchors. Anchors with embedment length-to-diameter ratios of less than 8.
Shear Panel: A floor, roof, or wall component sheathed to act as a shear wall or diaphragm.

Site Class: A classification assigned to a Site based on the types of soils present and their
engineering properties as defined in Sec. 4.1.2.

Site Coefficients: Thevauesof F, and F, indicated in Tables 1.4.2.3a and 1.4.2.3b, respectively.

Special Transverse Reinforcement: Reinforcement composed of spirals, closed stirrups, or
hoops and supplementary cross-ties provided to restrain the concrete and qualify the portion of
the component, where used, as a confined region.

Storage Racks: Include industrial pallet racks, movable shelf racks, and stacker racks made of
cold-formed or hot-rolled structural members. Does not include other types of racks such as
drive-in and drive-through racks, cantilever racks, portable racks, or racks made of materials
other than steel.

Story: The portion of a structure between the top to top of two successive finished floor
surfaces and, for the topmost
story, from the top of the floor
finish to the top of the roof
structural element.
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1) mers ther 8 W (1838 mm) chow the grade plone:

1 2} more thon B ML (1828 mm) above grede for mare
Grad 2 than 508 of buiding perimeier or

Story Above Grade: Any story R W R 2) mars then 13 H (85N mm) sbove grude ot any.peini
having its finished floor surface e o o Msmiamet

entirely above grade, except that a iiotn of e Roor ol e

story shall be considered as a story

above grade where the finished |
floor surface of the story ONE-STORY ABOVE GRADE AND BASEMENT BUILDING
immediately above is more that 6

1} mzt mors than & # [1A38 men) nbows the grods ploss;

2} not mors thar B R (VAGR mm] shows groce dor mons
tran SIX of the bulding perimelsr ond

X} mct more than 12 # [3658 »=wn) obowe grode ob ery point.

FIGURE 2.1 Definition of story above grade.
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ft (1829 mm ) above the grade plane, more than 6 ft (1829 mm) above the finished ground level
for more than 40 percent of the total structure perimeter, or more than 12 ft (3658mm ) above the
finished ground level at any point. This definition isillustrated in Figure 2.1.

Story Drift Ratio: The story drift, as determined in Sec. 5.3.7, divided by the story height.

Story Shear: The summation of design lateral forces at levels above the story under considera-
tion.

Strength:
Design Strength: Nominal strength multiplied by a strength reduction factor, ¢.

Nominal Strength: Strength of a member or cross section calculated in accordance with the
requirements and assumptions of the strength design methods of these Provisions (or the
referenced standards) before application of any strength reduction factors.

Required Strength: Strength of a member, cross section, or connection required to resist
factored loads or related internal moments and forces in such combinations as stipul ated by
these Provisions.

Structure: That which is built or constructed and limited to buildings and nonbuilding
structures as defined herein.

Structural Observations. The visual observations performed by the registered design
professional in responsible charge (or another registered design professional) to determine that
the seismic-force-resisting system is constructed in general conformance with the construction
documents.

Structural-Use Pandl: A wood-based panel product that meets the requirements of Ref. 12-10
or 12-11 and is bonded with a waterproof adhesive. Included under this designation are plywood,
oriented strand board, and composite panels.

Subdiaphragm: A portion of a diaphragm used to transfer wall anchorage forces to diaphragm
crossties.

Testing Agency: A company or corporation that provides testing and/or inspection services.
The person in responsible charge of the special inspector(s) and the testing services shall be a
registered design professional.

Tie-Down (Hold-Down): A device used to resist uplift of the chords of shear walls. These
devices are intended to resist load without significant slip between the device and the shear wall
chord or be shown with cyclic testing to not reduce the wall capacity or ductility.

Time Effect Factor (A): A factor applied to the adjusted resistance to account for effects of
duration of load.

Torsional Force Distribution: The distribution of horizontal shear wall through arigid
diaphragm when the center of mass of the structure at the level under consideration does not
coincide with the center of rigidity (sometimes referred to as diaphragm rotation).

Toughness. The ability of amaterial to absorb energy without losing significant strength.

Utility or Service Interface: The connection of the structure's mechanical and electrical
distribution systems to the utility or service company's distribution system.

12
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Veneers: Facings or ornamentation of brick, concrete, stone, tile, or similar materials attached to
a backing.

Wall: A component that has a slope of 60 degrees or greater with the horizontal plane used to
enclose or divide space.

Bearing Wall: An exterior or interior wall providing support for vertical |oads.

Cripple Wall: A framed stud wall, less than 8 feet (2400 mm) in height, extending from the
top of the foundation to the underside of the lowest floor framing. Cripple walls can occur in
both engineered structures and conventional construction.

Light-Framed Wall: A wall with wood or steel studs.

Light-Framed Wood Shear Wall: A wall constructed with wood studs and sheathed with
material rated for shear resistance.

Nonbearing Wall: An exterior or interior wall that does not provide support for vertical
loads other than its own weight or as permitted by the building code administered by the
authority having jurisdiction.

Nonstructural Wall: All walls other than bearing walls or shear walls.

Shear Wall (Vertical Diaphragm): A wall designed to resist lateral forces parallel to the
plane of the wall (sometimes referred to as a vertical diaphragm).

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.

Wind-Restraint System: The collection of structural elements that provides restraint of the
seismic-isolated structure for wind loads. The wind-restraint system may be either an integral
part of isolator units or a separate device.

2.2 NOTATIONS:
A,B,C,D,E F Steclassesasdefinedin Sec. 4.1.2.
A, Area (in.2or mm?) of anchor bolt or stud in Chapters 6 and 11.

A Cross-sectiond area (in.? or mm?) of a component measured to the outside of
the special lateral reinforcement.

A, Net cross-sectional area of masonry (in.2 or mm?) in Chapter 11.

A, The area of the load-carrying foundation (ft* or m?).

A, The area of an assumed failure surface taken as a pyramid in Eq. 9.2.4.1-3 or
in Chapter 9.

A, Projected area on the masonry surface of aright circular cone for anchor bolt
alowable shear and tension caculations (in.2 or mm?) in Chapter 11.

A, The area of an assumed failure surface taken as apyramid in Eq. .2.4.1-3 or in

Chapter 9.
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Cross-sectional area of reinforcement (in.2 or mm?) in Chapters 6 and 11.

Total cross-sectional area of hoop reinforcement (in.? or mm?), including
supplementary cross-ties, having a spacing of s, and crossing a section with a
core dimension of h..

The area (in.2 or mm?) of the flat bottom of the truncated pyramid of an
assumed concrete failure surface in Sec. 9.2.4.1 or Eq. 9.2.4.1-3.

Required area of leg (in.? or mm?) of diagonal reinforcement.
The torsional amplification factor.

Length of compressive stress block (in. or mm) in Chapter 11.
The incremental factor related to P-delta effectsin Sec. 5.3.6.2.
The component amplification factor as defined in Sec. 6.1.3.
Nominal axial strength of an anchor bolt (Ib or N) in Chapter 11.

Numerical coefficient as set forth in Table 13.3.3.1 for effective damping
equal to .

Numerical coefficient as set forth in Table 13.3.3.1 for effective damping
equal to .

Nominal shear strength of an anchor bolt (Ib or N) in Chapter 11.

The shortest plan dimension of the structure, in feet (mm), measured
perpendicular to d.

Factored axial force on an anchor bolt (Ib or N) in Chapter 11.

The shortest plan dimension of the structure, in feet (mm), measured perpen-
dicular to d, (Sec. 5.6).

Factored shear force on an anchor bolt (Ib or N) in Chapter 11.

Web width (in. or mm) in Chapter 11.

Coefficient for upper limit on calculated period; see Table 5.3.3.

The deflection amplification factor as given in Table 5.2.2.

The seismic response coefficient (dimensionless) determined in Sec. 5.3.

The seismic response coefficient (dimensionless) determined in Sec. 5.5.2.1
and 5.5.3.1.

The modal seismic response coefficient (dimensionless) determined in
Sec. 5.4.5.

The building period coefficient in Sec. 5.3.3.1.
The vertical distribution factor as determined in Sec. 5.3.4.

Distance from the neutral axis of aflexural member to the fiber of maximum
compressive strain (in. or mm).

14



Glossary and Notations

g O 0O O

O
U -

Effective energy dissipation device damping coefficient (Eq. 13.3.2.1).
Reference resistance in Chapter 12.

The effect of dead load in Sec. 5.2.7 and Chapter 13.

Adjusted resistance in Chapter 12.

Design displacement, in inches (mm), at the center of rigidity of the isolation
systemin the direction under consideration as prescribed by Eq. 13.3.3.1.

Design displacement, in inches (mm), at the center of rigidity of the isolation
systemin the direction under consideration, as prescribed by Eq. 13.4.2-1.

Maximum displacement, in inches (mm), at the center of rigidity of the
isolation systemin the direction under consideration, as prescribed by Eq.
13.3.3.3.

Maximum displacement, in inches (mm), at the center of rigidity of the
isolation systemin the direction under consideration, as prescribed by Eq.
13.4.2-2.

Relative seismic displacement that the component must be designed to
accommodate as defined in Sec. 6.1.4.

The total depth of the stratum in Eq. 5.5.2.1.2-4 (ft or m).

Total design displacement, in inches (mm), of an element of the isolation
system including both trandational displacement at the center of rigidity and
the component of torsional displacement in the direction under consideration
as prescribed by Eq. 13.3.3.5-1.

Total maximum displacement, in inches (mm), of an element of the isolation
system including both trandational displacement at the center of rigidity and
the component of torsional displacement in the direction under consideration
as prescribed by Eq. 13.3.3.5-2.

Overall depth of member (in. or mm) in Chapters 5 and 11.

The longest plan dimension of the structure, in ft (mm), in Chapter 13.
Diameter of reinforcement (in. or mm) in Chapter 11.

Distance from the anchor axis to the free edge (in. or mm) in Chapter 9.
The longest plan dimension of the structure, in feet (mm).

The effect of horizontal and vertical earthquake-induced forces (Sec. 5.2.7
and Chapter 13).

Energy dissipated in kip-inches (kN-mm), in an isolator unit during afull
cycle of reversible load over atest displacement range from A* to D, as
measured by the area enclosed by the loop of the force-deflection curve.

Chord modulus of elasticity of masonry (psi or MPa) in Chapter 11.
Modulus of elasticity of reinforcement (psi or MPa) in Chapter 11.
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Modulus of rigidity of masonry (psi or MPa) in Chapter 11.

The actual eccentricity, in feet (mm), measured in plan between the center of
mass of the structure above the isolation interface and the center of rigidity of
the isolation system, plus accidental eccentricity, in feet (mm), taken as 5
percent of the maximum building dimension perpendicular to the direction of
force under consideration.

Acceleration-based site coefficient (at 0.3 sec period).

Maximum negative force in an isolator unit during asingle cycle of prototype
testing at a displacement amplitude of A".

Positive force in kips (kN) in an isolator unit during a single cycle of
prototype testing at a displacement amplitude of A™.

The portion of the seismic base shear, V, induced at Level |, n, or X, respec-
tively, as determined in Sec. 5.3.4 (kip or kN).

The seismic design force center of gravity and distributed relative to the
component's weight distribution as determined in Sec. 6.1.3.

The induced seismic force on connections and anchorages as determined in
Sec. 5.2.5.1.

Specified ultimate tensile strength (psi or MPa) of an anchor (Sec. 9.2.4).
Velocity-based site coefficient (at 1.0 sec period).

Total force distributed over the height of the structure above the isolation
interface as prescribed by Eq. 13.3.5.

The portion of the seismic base shear, V,,,, induced at Level x as determined in
Sec. 5.4.6 (kip or kN).

Specified compressive strength of concrete used in design.

Specified compressive strength of masonry (psi or MPa) at the age of 28 days
unless a different age is specified, Chapter 11.

Modulus of rupture of masonry (psi or MPa) in Chapter 11.

Ultimate tensile strength (psi or MPa) of the bolt, stud, or insert leg wires.
For A307 bolts or A108 studs, is permitted to be assumed to be 60,000 ps
(415 MPa).

Specified yield strength of reinforcement (psi or MPa).
Specified yield stress of the specia lateral reinforcement (psi or kPa).

v, /g = the average shear modulus for the soils beneath the foundation at
large strain levels (psf or Pa).

V,, /g = = the average shear modulus for the soils beneath the foundation at
small strain levels (psf or Pa).

Acceleration of gravity in in./sec? (mm/s?).
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Thickness of sail.

The height of a shear wall measured as the maximum clear height from the
foundation to the bottom of the floor or roof framing above or the maximum
clear height from the top of the floor or roof framing to the bottom of the
floor or roof framing above.

The effective height of the building as determined in Sec. 5.5.2 or 5.5.3 (ft or
m).

Height of awood shear panel or diaphragm (ft or mm) in Chapter 12.
The roof elevation of astructure in Chapter 6.
Height of the member between points of support (in. or mm) in Chapter 11.

The core dimension of a component measured to the outside of the special
lateral reinforcement (in. or mm).

The height above the base Levd I, n, or X, respectively (ft or m).
The story height below Level x=h, - h,, (ft or m).

The occupancy importance factor in Sec. 1.4.

Moment of inertia of the cracked section (in.* or mm*) in Chapter 11.

Moment of inertia of the net cross-sectional area of amember (in.* or mm®) in
Chapter 11.

The static moment of inertia of the load-carrying foundation; see Sec. 5.5.2.1
(in* or mm?).
The component importance factor as prescribed in Sec. 6.1.5.

The building level referred to by the subscript I; | = 1 designates the first level
above the base.

The stiffness of component or attachment as defined in Sec. 6.3.3.

The latera stiffness of the foundation as defined in Sec. 5.5.2.1.1 (Ib/in. or
N/m).

The rocking stiffness of the foundation as defined in Sec. 5.5.2.1.1
(ft-Ib/degree or N-m/rad).

The lateral denderness of a compression member measured in terms of its
effective buckling length, KL, and the least radius of gyration of the member
Cross section, r.

The distribution exponent given in Sec. 5.3.4

Maximum effective stiffness, in kips/inch (kN/mm), of the isolation system at
the design displacement in the horizontal direction under consideration as
prescribed by Eq. 13.9.5.1-1.
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Minimum effective stiffness, in kips/inch (kN/mm), of the isolation system at
the design displacement in the horizontal direction under consideration as
prescribed by Eq. 13.9.5.1-2.

Maximum effective stiffness, in kips/inch (kN/mm), of the isolation system at
the maximum displacement in the horizontal direction under consideration as
prescribed by Eg. 13.9.5.1-3.

Minimum effective stiffness, in kips/inch (kN/mm), of the isolation system at
the maximum displacement in the horizontal direction under consideration, as
prescribed by Eg. 13.9.5.1-4.

Effective stiffness of an isolator unit, as prescribed by Eg. 13.9.3-1.
The stiffness of the building as determined in Sec. 5.5.2.1.1 (Ib/ft or N/m).

The overall length of the building (ft or m) at the base in the direction being
anayzed.

Length of bracing member (in. or mm) in Chapter 8.

Length of coupling beam between coupled shear wallsin Chapter 11 (in. or
mm).

The effect of live load in Chapter 13.

The overal length of the side of the foundation in the direction being
analyzed, Sec. 5.5.2.1.2 (ft or m).

The dimension of a diaphragm perpendicular to the direction of application of
force. For open-front structures, | isthe length from the edge of the
diaphragm at the open front to the vertical resisting elements parallel to the
direction of the applied force. For a cantilevered diaphragm, | isthe length of
the cantilever.

Effective embedment length of anchor bolt (in. or mm) in Chapter 11.

Anchor bolt edge distance (in. or mm) in Chapter 11.

Development length (in. or mm) in Chapter 11.

Equivalent development length for a standard hook (in. or mm) in Chapter 11.
Minimum lap splice length (in. or mm) in Chapter 11.

Moment on a masonry section due to unfactored loads (in.-Ilb or N-mm) in
Chapter 11.

Maximum moment in a member at stage deflection is computed (in.-Ib or
N-mm) in Chapter 11.

Cracking moment strength of the masonry (in.-lb or N-mm) in the Chapter 11.
Design moment strength (in.-lb or N-mm) in Chapter 11.

The foundation overturning design moment as defined in Sec. 5.3.6 (ft-kip or
KN-m).
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The overturning moment at the foundation-soil interface as determined in
Sec. 5.5.2.3 and 5.5.3.2 (ft-1b or N-m).

Unfactored ultimate moment capacity at balanced strain conditions (Sec.
7.5.3.4).

The torsiona moment resulting from the location of the building masses,
Sec. 5.3.5.1 (ft-kip or kN-m).

The accidenta torsional moment as determined in Sec. 5.3.5.1 (ft-kip or
KN-m).

Required flexural strength due to factored loads (in.-1b or N-mm) in Chapter
11.

Nomina moment strength at the ends of the coupling beam (in.-Ib or N-mm)
in Chapter 11.

The building overturning design moment at Level x as defined in Sec. 5.3.6 or
Sec. 5.4.10 (ft-kip or KN-m).

A subscript denoting the mode of vibration under consideration; i.e., m= 1 for
the fundamental mode.

Number of stories, Sec. 5.3.3.1.
Standard penetration resistance, ASTM D1536-84.

Average field standard penetration test for the top 100 ft (30 m); see Sec.
41.2.1.

Average standard penetration for cohesionless soil layers for the top 100 ft
(30 m); see Sec. 4.1.2.1.

Force acting normal to shear surface (Ib or N) in Chapter 11.
Designates the leve that is uppermost in the main portion of the building.
Number of anchors (Sec. 9.2.4).

Axial load on a masonry section due to unfactored loads (Ib or N) in Chapter
11.

Design tensile strength governed by concrete failure of anchor bolts (Sec.
9.2.4).

Required axia strength on a column resulting from application of dead load,
D, in Chapter 5 (kip or kN).

Required axia strength on a column resulting from application of the
amplified earthquake load, E, in Chapter 5 (kip or kN).

Required axial strength on a column resulting from application of live load, L,
in Chapter 5 (kip or kN).

Nominal axia load strength (Ib or N) in Chapter 8.
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The agebraic sum of the shear wall and the minimum gravity loads on the
joint surface acting simultaneously with the shear (b or N).

Nominal axial load strength (Ib or N) in Chapter 11.

Design tensile strength governed by steel of anchor bolts in Chapter 9.
Required axial load (Ib or N) in Chapter 11.

Tensile strength required due to factored loads (Ib or N) in Chapter 9.
Required axial strength on a brace (kip or kN) in Chapter 8.

The total unfactored vertical design load at and above Level x (kip or kN).
Plasticity index, ASTM D4318-93.

The effect of horizontal building forces (kip or kN); see Sec. 5.2.6.

The load equivalent to the effect of the horizontal and vertical shear strength
of the vertical segment, Appendix to Chapter 8.

The response modification coefficient as given in Table 5.2.2.

Numerical coefficient related to the type of |ateral-force-resisting system
above the isolation system as set forth in Table 13.3.4.2 for seismically
isolated structures.

The component response modification factor as defined in Sec. 6.1.3.

A characteristic length of the foundation as defined in Sec. 5.5.2.1 (ft or m).
Radius of gyration (in. or mm) in Chapter 11.

The characteristic foundation length defined by Eq. 5.5.2.1.2-2 (ft or m).
The characteristic foundation length as defined by Eq. 5.5.2.1.2-3 (ft or m).

The ratio of the design story shear resisted by the most heavily loaded single
element in the story, in direction X, to the total story shear.

Section modulus based on net cross sectional area of awall (in.2 or mm?®) in
Chapter 11.

The mapped maximum considered earthquake, 5% damped, spectral response
acceleration at a period of 1 second as defined in Sec. 4.1.1.

The design, 5% damped, spectral response acceleration at a period of one
second as defined in Sec. 4.1.2.

The design, 5% damped, spectral response acceleration at short periods as
defined in Sec. 4.1.2.

The maximum considered earthgquake, 5 percent damped, spectral response
acceleration at a period of 1 second adjusted for site class effects as defined in
Sec. 4.1.2.
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The maximum considered earthquake, 5% damped, spectral response
acceleration at short periods adjusted for site class effects as defined in Sec.
4.1.2.

The mapped maximum considered earthquake, 5% damped, spectral response
acceleration at short periods as defined in Sec. 4.1.2.

Probable strength of precast element connectors (Sec. 9A.5.1).

Average undrained shear strength in top 100 ft (30.5 m); see Sec. 4.1.2.1,
ASTM D2166-91 or ASTM D2850-87.

Spacing of special latera reinforcement (in. or mm).

The fundamental period (sec) of the building as determined in Sec. 5.3.3 or
the modal period (sec) of the building modified as appropriate to account for
the effective stiffness of the energy dissipation system (Sec. 13.3.2.1).

The effective fundamental period (sec) of the building as determined in
Sec. 5.5.2.1.1 and 5.5.3.1.

The approximate fundamental period (sec) of the building as determined in
Sec. 5.3.3.1.

Effective period, in seconds (sec), of the seismically isolated structure at the
design displacement in the direction under consideration as prescribed by Eq.
13.3.3.2.

The fundamental period (sec) of the component and its attachment(s) as
defined in Sec. 6.3.3.

0.25,,/Ss
SHSS
Effective period, in seconds (sec), of the seismically isolated structure at the

maximum displacement in the direction under consideration as prescribed by
Eqg. 13.3.3.4.

The modal period of vibration (sec) of the m™ mode of the building as deter-
mined in Sec. 5.4.5.

Net tension in steel cable due to dead load, prestress, live load, and seismic
load (Sec. 8.5).

Specified wall thickness dimension or least lateral dimension of a column (in.
or mm) in Chapter 11.

Thickness of masonry cover over reinforcing bars measured from the surface
of the masonry to the surface of the reinforcing bars (in. or mm) in Chapter
11.

The total design lateral force or shear at the base (kip or kN).
Shear on a masonry section due to unfactored loads (Ib or N) in Chapter 11.
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The total lateral seismic design force or shear on elements of the isolation
system or elements below the isolation system as prescribed by Eq. 13.3.4.1.

Shear strength provided by masonry (b or N) in Chapter 11.
Nominal shear strength (Ib or N) in Chapter 11.

The total lateral seismic design force or shear on elements above the isolation
system as prescribed by Eq. 13.3.4.2.

Shear strength provided by shear reinforcement (Ib or N) in Chapters 6 and
11.

The design value of the seismic base shear as determined in Sec. 5.4.8 (kip or
N).

Required shear strength (Ib or N) due to factored loads in Chapters 6 and 11.

The seismic design shear in Sory x as determined in Sec. 5.3.5 or Sec. 5.4.8
(kip or kN).

The portion of the seismic base shear, V, contributed by the fundamental
mode, Sec. 5.5.3 (kip or kN).

The reduction in V as determined in Sec. 5.5.2 (kip or kN).
The reduction in V. as determined in Sec. 5.5.3 (kip or kN).

The average shear wave velocity for the soils beneath the foundation at large
strain levels, Sec. 5.5.2 (ft/s or m/s).

Average shear wave velocity in top 100 ft (30 m); see Sec. 4.1.2.1.

The average shear wave velocity for the soils beneath the foundation at small
strain levels, Sec. 5.5.2 (ft/s or m/s).

The total gravity load of the building as defined in Sec. 5.3.2 (kip or kN).
For calculation of seismic-isolated building period, Wis the total seismic dead
load weight of the building as defined in Sec. 5.5.2 and 5.5.3 (kip or kN).

The effective gravity load of the building as defined in Sec. 5.5.2 and 5.5.3
(kip or kN).

The energy dissipated per cycle at the story displacement for the design
earthquake (Sec. 13.3.2).

The effective modal gravity load determined in accordance with Eq. 5.4.5-1
(kip or kN).

Component operating weight (Ib or N).
Width of awood shear panel or diaphragmin Chapter 9 (ft or mm).
Moisture content (in percent), ASTM D2216-92.

The dimension of a digphragm or shear wall in the direction of application of
force.
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The portion of the total gravity load, W, located or assigned to Level | or x
(kip or kN).

The level under consideration; x = 1 designates the first level above the base.
Elevation in structure of a component addressed by Chapter 6.
Elevation difference between points of attachment in Chapter 6.

The distance, in feet (mm), between the center of rigidity of the isolation
systemrigidity and the element of interest measured perpendicular to the
direction of seismic loading under consideration Chapter 13).

The relative weight density of the structure and the soil as determined in
Sec. 5.5.2.1.

Angle between diagonal reinforcement and longitudinal axis of the member
(degree or rad).

Ratio of shear demand to shear capacity for the story between Level x and x -
1

The fraction of critical damping for the coupled structure-foundation system,
determined in Sec. 5.5.2.1.

Effective damping of the isolation system at the design displacement as
prescribed by Eq. 13.9.5.2-1.

Effective damping of the isolation system at the maximum displacement as
prescribed by Eq. 13.9.5.2-2.

The foundation damping factor as specified in Sec. 5.5.2.1.

Effective damping of the isolation system as prescribed by Eq. 13.9.3-2.
Lightweight concrete factor (Sec. 9.2.4.1).

The average unit weight of soil (Ib/ft® or kg/md).

The design story drift as determined in Sec. 5.3.7.1 (in. or mm).

The displacement of the dissipation device and device supports across the
story (Sec. 13.3.2.1).

Suspended ceiling lateral deflection (calculated) in Sec. 6.2.6.4.2 (in. or mm).
The alowable story drift as specified in Sec. 5.2.7 (in. or mm).
The design modal story drift determined in Sec. 5.4.6 (in. or mm)

Relative displacement that the component must be designed to accommodate
asdefined in Sec. 6.2.2.2 or 6.3.2.2.

Deflection based on cracked section properties (in. or mm) in Chapter 11.

Maximum positive displacement of an isolator unit during each cycle of
prototype testing.
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Maximum negative displacement of an isolator unit during each cycle of
prototype testing.

The maximum displacement at Level x (in. or mm).

The average of the displacements at the extreme points of the structure at
Level x (in. or mm).

The deflection of Level x at the center of the mass at and above Leve x, EqQ.
5.3.7.1 (in. or mm).

The deflection of Leve X at the center of the mass at and above Level x deter-
mined by an elastic analysis, Sec. 5.3.7.1 (in. or mm).

The modal deflection of Level x at the center of the mass at and above Level x
determined by an elastic analysis, Sec. 5.4.6 (in. or mm).

The modal deflection of Level x at the center of the mass at and above Level x
as determined by EqQ. 5.4.6-3 and 5.5.3.2-1 (in. or mm).

The deflection of Level x at the center of the mass at and above Leve x, EQ.
5.5.2.3 and 5.5.3.2-1 (in. or mm).

Maximum usable compressive strain of masonry (in./in. or mm/mm) in
Chapter 11.

The stability coefficient for P-delta effects as determined in Sec. 5.3.6.2.
The overturning moment reduction factor (Sec. 5.3.6).

A reliability coefficient based on the extent of structural redundance present in
abuilding as defined in Sec. 5.2.7.

Ratio of the area of reinforcement to the net cross sectional area of masonry
in a plane perpendicular to the reinforcement in Chapter 11.

Reinforcement ratio producing balanced strain conditions in Chapter 11.

Ratio of the area of shear reinforcement to the cross sectional area of masonry
in a plane perpendicular to the reinforcement in Chapter 11.

Spiral reinforcement ratio for precast prestressed pilesin Sec. 7.5.3.4.
Ratio of vertical or horizontal reinforcement in walls (Ref. 7-2).

A reliability coefficient based on the extent of structural redundancy present in
the seismic-force-resisting system of a building in the x direction.

Time effect factor.

The capacity reduction factor.

Strength reduction factor in Chapters 6 and 11.

Resistance factor for steel in Chapter 8 and wood in Chapter 12.

The displacement amplitude at the i™ level of the building for the fixed base
condition when vibrating in its m" mode, Sec. 5.4.5.
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Glossary and Notations

ZED

YEy

2| Fo" | e
LI Fo"[min
21 Fo |
LI Fo'l min
2P’ e
LI Fu" | in
2P [

Z’FM_’min

Overstrength factor as defined in Table 5.2.2.

Factor of safety in Chapter 8.

Total energy dissipated, in kip-inches (kN-mm), in the isolation system during
afull cycle of response at the design displacement, Dy.

Total energy dissipated, in kip-inches (kN-mm), on the isolation system
during afull cycle of response at the maximum displacement, D,,.

Sum, for al isolator units, of the maximum absolute value of force, in kips
(kN), at apositive displacement equal to D,

Sum, for al isolator units, of the minimum absolute value of force, in kips
(kN), at a positive displacement equal to D,

Sum, for al isolator units, of the maximum absolute value of force, in kips
(kN), at a negative displacement equal to D,

Sum, for al isolator units, of the minimum absolute value of force, in kips
(kN), at a negative displacement equal to D,

Sum, for all isolator units, of the maximum absolute value of force, in kips
(kN), at a positive displacement equal to D,,

Sum, for al isolator units, of the minimum absolute value of force, in kips
(kN), at a positive displacement equal to D,,

Sum, for al isolator units, of the maximum absolute value of force, in kips
(kN), at a negative displacement equal to D,,

Sum, for al isolator units, of the minimum absolute value of force, in kips
(kN), at a negative displacement equal to D,,.
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Chapter 3

QUALITY ASSURANCE

3.1 SCOPE: This chapter provides minimum requirements for quality assurance for seismic-
force-resisting systems and designated seismic systems. These requirements supplement the
testing and inspection requirements contained in the reference standards given in Chapters 8
through 14.

3.2 QUALITY ASSURANCE: A quality assurance plan shall be submitted to the authority
having jurisdiction. A quality assurance plan, special inspection(s), and testing as set forth in
this chapter shall be provided for the following:

1. The sasmic-force-resisting systems in structures assigned to Seismic Design Categories C,
D, E and F.

2. Designated seismic systems in structures assigned to Seismic Design Categories D, E, and F
that arerequired in Table 6.1.7.

Exception: Structures that comply with the following criteria are exempt from the
preparation of a quality assurance plan but those structures are not exempt from special
inspection(s) or testing requirements:

1. Thestructureis constructed of light wood framing or light gauge cold-formed steel
framing, S,5 does not exceed 0.50g, the height of the structure does not exceed 35
feet above grade, and the structure meets the requirements in Items 3 and 4 below

or

2. Thestructureis constructed using areinforced masonry structural system or
reinforced concrete structural system, S, does not exceed 0.50g, the height of the
structure does not exceed 25 feet above grade, and the structure meets the
requirementsin Items 3 and 4 below

The structureis classified as Seismic Use Group |

4. The structure does not have any of the following plan irregularities as defined in
Table 5.2.3.2 or any of the following vertical irregularities as defined in Table
5.2.3.3:

a. Torsiona irregularity,
b. Extremetorsional irregularity,
c. Nonpardld systems,
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d. Stiffnessirregularity -- soft story,

e. Stiffnessirregularity -- extreme soft story,

f. Discontinuity in capacity -- weak story.
3.2.1 Details of Quality Assurance Plan: The registered design professional in responsible
charge of the design of a seismic-force-resisting system and a designated seismic system shall be
responsible for the portion of the quality assurance plan applicable to that system. The quality
assurance plan shdl include:

1. Thesaismic-force-resisting systems and designated seismic systems in accordance with this
chapter that are subject to quality assurance.

2. The special inspections and testing to be provided as required by these Provisions and the
reference standards in Chapters 4 through 14.

The type and frequency of testing.
The type and frequency of special inspections.
The frequency and distribution of testing and special inspection reports.

o 0o M »

The structural observations to be performed.
7. Thefrequency and distribution of structural observation reports.

3.2.2 Contractor Responsibility: Each contractor responsible for the construction of a

sei smic—force—resisting system, designated seismic system, or component listed in the quality
assurance plan shall submit a written contractor's statement of responsibility to the authority
having jurisdiction and to the owner prior to the commencement of work on the system or
component. The contractor's statement of responsibility shall contain the following:

1. Acknowledgment of awareness of the special requirements contained in the quality assurance
plan;

2. Acknowledgment that control will be exercised to obtain conformance with the construction
documents approved by the authority having jurisdiction;

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

4. ldentification and qualifications of the person(s) exercising such control and their position(s)
in the organization.

3.3 SPECIAL INSPECTION: The owner shal employ a special inspector(s) to observe the
construction for compliance with the following:

3.3.1 Piers, Piles, Caissons. Continuous special inspection during driving of piles and
placement of concrete in piers, piles, and caissons. Periodic special inspection during
construction of drilled piles, piers, and caissons including the placement of reinforcing steel.

3.3.2 Reinforcing Steel:

3.3.2.1: Periodic special inspection during and upon completion of the placement of reinforcing
steel in intermediate moment frames, in special moment frames, and in shear walls.

27



Quality Assurance

3.3.2.2: Continuous special inspection during the welding of reinforcing stedl resisting flexura
and axial forces in intermediate moment frames and special moment frames, in boundary
members of concrete shear walls, and during welding of shear reinforcement.

3.3.3 Structural Concrete: Periodic special inspection during and on completion of the
placement of concrete in intermediate moment frames, in special moment frames, and in
boundary members of shear walls.

3.3.4 Prestressed Concrete: Periodic special inspection during the placement and after
completion of placement of prestressing steel and continuous special inspection is required during
all stressing and grouting operations and during the placement of concrete.

3.3.5 Structural Masonry:

3.3.5.1: Periodic special inspection during the preparation of mortar, the laying of masonry
units, and placement of reinforcement and prior to placement of grout

3.3.5.2: Continuous special inspection during the welding of reinforcement, grouting, consolida-
tion, reconsolidation and placement of bent-bar anchors as required by Sec. 11.3.12.2.

3.3.6 Structural Stedl:
3.3.6.1: Continuous special inspection for al structural welding.

Exception: Periodic special inspection is permitted for single-passfillet or resistance
welds and welds loaded to less than 50 percent of their design strength provided the
qualifications of the welder and the welding electrodes are inspected at the beginning of
the work and all welds are inspected for compliance with the approved construction
documents at the completion of welding.

3.3.6.2: Periodic special inspection in accordance with Ref. 8-1 or 8-2 for installation and
tightening of fully tensioned high-strength bolts in dip-critical connections and in connections
subject to direct tension. Bolts in connections identified as not being dip-critical or subject to
direct tension need not be inspected for bolt tension other than to ensure that the plies of the
connected elements have been brought into snug contact.

3.3.7 Structural Wood:

3.3.7.1: Continuous special inspection during al field gluing operations of elements of the
seismic-force-resisting system.

3.3.7.2: Periodic special inspections for nailing, bolting, anchoring, and other fastening of
components within the seismic-force-resisting systemincluding drag struts, braces, and tie-
downs.

3.3.8 Cold—Formed Steel Framing:

3.3.8.1 Periodic special inspections during all welding operations of elements of the
sei smic—force—resisting system.
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3.3.8.2 Periodic special inspections for screw attachment, bolting, anchoring, and other fastening
of components within the seismic—force—resisting system, including struts, braces, and
hold—downs.

3.3.9 Architectural Components. Special inspection for architectural components shall be as
follows:

1. Periodic special inspection during the erection and fastening of exterior cladding, interior and
exterior nonloadbearing walls, and veneer in Seismic Design Categories D, E, and F and

Exceptions:

a.  Sructures 30 feet (9 m) or lessin height and
b. Cladding and veneer weighing 5 Ib/ft? (240 kg/m?) or less.

2. Periodic special inspection during the anchorage of access floors, suspended ceilings, and
storage racks 8 feet (2.4 m) or greater in height in Seismic Design Categories D, E, and F.

3.3.10 Mechanical and Electrical Components. Special inspection for mechanica and
electrical components shall be as follows:

1. Periodic special inspection during the anchorage of electrical equipment for emergency or
standby power systemsin Seismic Design CategoriesC, D, E, and F;

2. Periodic special inspection during the installation of anchorage of all other electrica
equipment in Seismic Design Categories E and F;

3. Periodic special inspection during installation for flammable, combustible, or highly toxic
piping systems and their associated mechanical unitsin Seismic Design CategoriesC, D, E,
and F; and

4. Periodic special inspection during the installation of HVAC ductwork that will contain
hazardous materialsin Seismic Design CategoriesC, D, E, and F.

3.3.11 Seismic Isolation System: Periodic special inspection during the fabrication and
installation of isolator units and energy dissipation devices if used as part of the seismic isolation
System.

3.4 TESTING: The special inspector(s) shall be responsible for verifying that the testing
requirements are performed by an approved testing agency for compliance with the following:

3.4.1 Reinforcing and Prestressing Steel: Special testing of reinforcing and prestressing steel
shall be asfollows:

3.4.1.1: Examine certified mill test reports for each shipment of reinforcing steel used to resist
flexural and axial forcesin reinforced concrete intermediate frames, special moment frames, and
boundary members of reinforced concrete shear walls or reinforced masonry shear walls and
determine conformance with the construction documents.

3.4.1.2: Where ASTM A615 reinforcing stedl is used to resist earthquake-induced flexural and
axial forcesin special moment frames and in wall boundary elements of shear walls in structures
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of Seismic Design Categories D, E, and F, verify that the requirements of Sec. 21.2.5.1 of Ref. 9-
1 have been satisfied.

3.4.1.3: Where ASTM A615 reinforcing steel isto be welded, verify that chemical tests have
been performed to determine weldability in accordance with Sec. 3.5.2 of Ref. 9-1.

3.4.2 Structural Concrete: Samples of structural concrete shall be obtained at the project site
and tested in accordance with requirements of Ref. 9-1

3.4.3 Structural Masonry: Quality assurance testing of structural masonry shall bein
accordance with the requirements of Ref. 11-1.

3.4.4 Structural Steel: The testing needed to establish that the construction is in conformance
with these Provisions shall be included in a quality assurance plan. The minimum testing
contained in the quality assurance plan shall be as required in Ref. 8-3 and the following
requirements:

3.4.4.1 Base Metal Testing: Base meta thicker than 1.5 in. (38 mm), when subject to through-
thickness weld shrinkage strains, shall be ultrasonically tested for discontinuities behind and
adjacent to such welds after joint completion. Any materia discontinuities shall be accepted or
rejected on the basis of ASTM A435, Specification for Sraight Beam Ultrasound Examination
of Seel Plates, or ASTM A898, Specification for Straight Beam Ultrasound Examination for
Rolled Steel Shapes, (Level 1 Criteria) and criteria as established by the registered design profes-
sional(s) in responsible charge and the construction documents.

3.4.5 Mechanical and Electrical Equipment: Asrequired to ensure compliance with the
seismic design requirements herein, the registered design professional in responsible charge shall
clearly state the applicable requirements on the construction documents. Each manufacturer of
designated seismic system components shall test or analyze the component and its mounting
system or anchorage as required and shall submit evidence of compliance for review and
acceptance by the registered design professional in responsible charge of the designated seismic
system and for approva by the authority having jurisdiction. The evidence of compliance shall be
by actual test on a shake table, by three-dimensional shock tests, by an analytical method using
dynamic characteristics and forces, by the use of experience data (i.e., historical data
demonstrating acceptable seismic performance), or by more rigorous analysis providing for
equivalent safety. The special inspector shall examine the designated seismic system and shall
determine whether the anchorages and label conform with the evidence of compliance.

3.4.6 Seismically Isolated Structures: For required system tests, see Sec. 13.9.

3.5 STRUCTURAL OBSERVATIONS: Sructural observations shall be provided for those
structures included in Seismic Design Categories D, E, and F when one or more of the following
conditions exist:

1. Thestructureisincluded in Seismic Use Group |1 or Seismic Use Group 111 or
2. Theheight of the structure is greater than 75 feet above the base or

3. Thestructureisin Seismic Design Category E or F and Seismic Use Group | and is greater
than two storiesin height.
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Observed deficiencies shall be reported in writing to the owner and the authority having
jurisdiction.

3.6 REPORTING AND COMPLIANCE PROCEDURES: Each special inspector shall
furnish to the authority having jurisdiction, registered design professional in responsible charge,
the owner, the persons preparing the quality assurance plan, and the contractor copies of regular
progress reports of the inspector's observations, noting therein any uncorrected deficiencies and
corrections made to previoudy 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 afina report to the authority
having jurisdiction certifying that all inspected work was completed substantially in accordance
with the approved construction documents. Work not in compliance with the approved
construction documents shall be described in the final report.

At completion of construction, the contractor shall submit afinal report to the authority having
jurisdiction certifying that all construction work incorporated into the seismic-force-resisting
system and other designated seismic systems was constructed substantially in accordance with the
approved construction documents and applicable workmanship requirements. Work not in
compliance with the approved construction documents shall be described in the final report.

The contractor shall correct all deficiencies as required.
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Chapter 4

GROUND MOTION

4.1 PROCEDURESFOR DETERMINING MAXIMUM CONSIDERED EARTHQUAKE
AND DESIGN EARTHQUAKE GROUND MOTION ACCELERATIONS AND
RESPONSE SPECTRA: Ground motion accelerations, represented by response spectra and
coefficients derived from these spectra, shall be determined in accordance with the genera
procedure of Sec. 4.1.2 or the site-specific procedure of Sec. 4.1.3. The genera procedurein
which spectral response acceleration parameters for the maximum considered earthquake ground
motions are derived using Maps 1 through 24, modified by site coefficients to include local site
effects and scaled to design values, are permitted to be used for any structure except as
specificaly indicated in these Provisions. The site-specific procedure also is permitted to be used
for any structure and shall be used where specifically required by these Provisions.

4.1.1 Maximum Considered Earthquake Ground Motions: The maximum considered
earthquake ground motions shall be as represented by the mapped spectral response acceleration
at short periods, S, and at 1 second, S;, obtained from Maps 1 through 24 of these Provisions,
respectively, and adjusted for Ste Class effects using the site coefficients of Sec. 4.1.2.4. When a
site-specific procedure is used, maximum considered earthguake ground motion shall be
determined in accordance with Sec. 4.1.3.

4.1.2 General Procedurefor Determining Maximum Considered Earthquake and Design
Spectral Response Accelerations. The mapped maximum considered earthquake spectral
response acceleration at short periods (S and at 1 second (S)) shall be determined respectively
from Spectral Acceleration Maps 1 through 24.

For structures located within those regions of the maps having values of the short period spectral
response acceleration, S, less than or equal to 0.15g and values of the 1 second period spectral
response acceleration, S, less than or equal to 0.04g, accelerations need not be determined. Such
structures are permitted to be directly categorized as Seismic Design Category A in accordance
with Sec. 4.2.1.

For all other structures, the Ste Class shall be determined in accordance with Sec. 4.1.2.1. The
maximum considered earthquake spectral response accelerations adjusted for Ste Class effects,
Sysand §,;; shall be determined in accordance with Sec. 4.1.2.4 and the design spectral response
accelerations, S, and S, shall be determined in accordance with Sec. 4.1.2.5. The genera
response spectrum, when required by these Provisions, shall be determined in accordance with
Sec. 4.1.2.6.

4.1.2.1 Site Class Definitions: For al structures located within those regions of the maps
having values of the short period spectral response acceleration, S;, greater than 0.15g or values
of the 1 second period spectral response acceleration, S;, greater than 0.04g, the site shall be
classified as one of the following classes:
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Hard rock with measured shear wave velocity, v, > 5,000 ft/sec (1500 m/s)
Rock with 2,500 ft/sec < v, < 5,000 ft/sec (760 m/s < v, < 1500 m/s)

C Very dense soil and soft rock with 1,200 ft/sec < v, < 2,500 ft/sec (360 m/s < v, < 760 m/s) or
with either N > 50 or 's, > 2,000 psf (100 kPa)

D Stiff soil with 600 ft/sec < v, < 1,200 ft/sec (180 m/s < v, < 360 m/s) or with either 15 < N <
50 or 1,000 psf < s, < 2,000 psf (50 kPa < s, < 100 kPa)

E A soil profile with v, < 600 ft/sec (180 m/s) or with either

w

N < 15's, < 1,000 psf or any profile with more than 10 ft (3 m) of soft clay defined as soil
with PI > 20, w > 40 percent, and s, < 500 psf (25 kPa)

F Soilsrequiring site-specific evauations:

1. Soilsvulnerable to potential failure or collapse under seismic loading such as liquefiable
soils, quick and highly sensitive clays, collapsible weakly cemented soils.

2. Peatsand/or highly organic clays (H > 10 ft [3 m] of peat and/or highly organic clay where
H = thickness of soil)

3. Vevy high plagticity clays (H > 25 ft [8 m] with Pl > 75)
4. Very thick soft/medium stiff clays (H > 120 ft [36 m])

Exception: When the soil properties are not known in sufficient detail to
determine the Ste Class, Ste Class D shall be used. Ste Classes E or F need not
be assumed unless the authority having jurisdiction determines that Ste Classes E
or F could be present at the site or in the event that Ste ClassesE or F are
established by geotechnical data.

4.1.2.2 Stepsfor Classifying a Site (also see Table 4.1.2.2 below):

Step 1:  Check for the four categories of Ste Class F requiring site-specific evaluation. If the
site corresponds to any of these categories, classify the site as Ste Class F and
conduct a site-specific evauation.

Step 22 Check for the existence of atotal thickness of soft clay > 10 ft (3 m) where a soft clay
layer is defined by: s, < 500 psf (25 kPa), w > 40 percent, and PI > 20. If these
criteria are satisfied, classify the site as Ste Class E.

Step 3:  Categorize the site using one of the following three methods with v, N, and s,
computed in al cases as specified by the definitionsin Sec. 4.1.2.2:

a. v, for thetop 100 ft (30 m) (v, method)
b. N for the top 100 ft (30 m) (N method)

c. N, for cohesionless sail layers (Pl < 20) in the top 100 ft (30 m) and average s,
for cohesive soil layers (Pl > 20) in the top 100 ft (30 m) (s, method)
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TABLE 4.1.2.2 Site Classification

Site Class
A N or Ng, S,
E < 600 fps <15 < 1,000 psf
(<180 m/s) (<50 kPa)

D 600 to 1,200 fps 15t0 50 1,000 to 2,000 psf
(180 to 360 m/s) (50 to 100 kPa)

C > 1,200 to 2,500 fps >50 > 2,000
(360 to 760 m/s) (> 100 kPa)

NOTE: If the's, method is used and the N, and s, criteria differ, select the category with the softer soils (for
example, use Ste Class E instead of D).

The shear wave velocity for rock, Ste Class B, shall be either measured on site or estimated for
competent rock with moderate fracturing and weathering. Softer and more highly fractured and
weathered rock shall either be measured on site for shear wave velocity or classified as Ste Class
C.

The hard rock, Ste Class A, category shall be supported by shear wave velocity measurements
either on site or on profiles of the same rock type in the same formation with an equal or greater
degree of weathering and fracturing. Where hard rock conditions are known to be continuous to
adepth of 100 ft (30 m), surficial shear wave velocity measurements may be extrapolated to
assess v

The rock categories, Ste Classes A and B, shall not be used if there is more than 10 ft (3 m) of
soil between the rock surface and the bottom of the spread footing or mat foundation.

4.1.2.3 Definitions of Site Class Parameters. The definitions presented below apply to the
upper 100 ft (30 m) of the site profile. Profiles containing distinctly different soil layers shall be
subdivided into those layers designated by a number that ranges from 1 to n at the bottom where
there are atotal of n distinct layersin the upper 100 ft (30 m). The symbol | then refersto any
one of the layers between 1 and n.

V4 IS the shear wave velocity in ft/sec (m/s).
d. isthe thickness of any layer between 0 and 100 ft (30 m).

VAL
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where y° g isequal to 100 ft (30 m)
i=1

N, is the Standard Penetration Resistance (ASTM D1586-84) not to exceed 100 blows/ft as
directly measured in the field without corrections.

Nis
n
> d
N _ i=1
g (4.1.2.3-2)
y -
i=1 Ni
Ng is:
-
o 5 d (4.1.2.3-3)
i=1 N

m
where Yd -d,-
i=1

(Useonly d; and N; for cohesionless soils.)
d, isthetotal thickness of cohesionless soil layersin the top 100 ft (30 m).

S, 1S the undrained shear strength in psf (kPa), not to exceed 5,000 psf (250 kPa), ASTM D2166-
91 or D2850-87.

S, IS

ko d _
y 4 (4.1.2.3-3)

k
where Edi _ dc'
i-1

d. isthe total thickness (100 - d,) of cohesive soil layersin the top 100 ft (30 m).
Pl isthe plasticity index, ASTM D4318-93.
w is the moisture content in percent, ASTM D2216-92.

4.1.2.4 Site Coefficientsand Adjusted Maximum Considered Earthquake Spectral
Response Acceleration Parameters. The maximum considered earthquake spectral response
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acceleration for short periods (S,5) and at 1 second (S,,), adjusted for site class effects, shall be
determined by EqQ. 4.1.2.4-1 and 4.1.2.4-2, respectively:

Sus = FaSs (4.1.2.4-1)
and

Sw = RS (4.1.2.4-2)

where site coefficients F, and F, are defined in Tables 4.1.2.4a and b, respectively.

TABLE 4.1.2.4a Valuesof F, asa Function of Site Classand
Mapped Short-Period Maximum Consider ed Earthquake Spectral Acceleration

SiteClass | Mapped Maximum Considered Earthquake Spectral Response
Acceleration at Short Periods
S.<025 | S=050 | S=0.75 | S;=1.00 S, > 1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 11 1.0 1.0
D 1.6 14 1.2 11 1.0
E 2.5 1.7 1.2 0.9 a
F a a a a a

NOTE: Usedraight line interpolation for intermediate vaues of S..
2 Site-gpecific geotechnicd investigation and dynamic site response anadlyses shdl be performed.

TABLE 4.1.24b Valuesof F, asa Function of Ste Classand
Mapped 1 Second Period Maximum Considered Earthquake Spectral Acceleration

Site Class Mapped Maximum Consdered Earthquake Spectral Response
Accdleration at 1 Second Periods
S <01 S, =02 S, =03 S, =04 S >05
A 0.8 0.8 0.8 0.8 0.8
B 10 10 10 10 10
C 17 16 15 14 13
D 24 20 18 16 15
E 35 3.2 2.8 24 a
F a a a a a

NOTE: Usedraight lineinterpolation for intermediate vaues of S.
2 Site-gpecific geotechnicd investigation and dynamic site response anadlyses shdl be performed.
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4.1.2.5 Design Spectral Response Acceleration Parameters. Design earthquake spectra response
acceleration at short periods, Sy, and a 1 second period, S,,, shall be determined from Eq. 4.1.2.5-1
and 4.1.2.5-2, respectively:

Sps = %SMS (4.1.2.5-1)

ad

Sy = %Sm (4.1.2.5-2)

4.1.2.6 General Procedure Response Spectrum: Where a design response spectrum is required by
these Provisions and Site-specific procedures are not used, the design response spectrum curve shal be
developed asindicated in Figure 4.1.2.6 and as follows:

1. For periodslessthan or equd to T,, the design spectra response acceleration, S, shall be taken as
givenby Eq. 4.1.2.6-1:

S, = o.e%ﬂ 04S¢ (4.1.2.6-1)
0

2. For periods greater than or equal to T, and less than or equd to T, the design spectrd response
accderation, S, shall betaken asequd to S

3. For periods greater than T, the design spectra response acceleration, S,, shall be taken as given by
Eg. 4.1.2.6-3:

S =

3 % (4.1.2.6-3)
where:
S$s = thedesign spectral response acceleration at short periods,
S, = thedesgn spectra response acceleration at 1 second period;
= thefundamenta period of the structure (sec);
T, = 025,/Sgad
Ts = S/Ss
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Spectral Response Acceleration S,

Period T

FIGURE 4.1.2.6 Design response spectrum.

4.1.3 Site-Specific Procedurefor Determining Ground Motion Accelerations. A sSte-specific
study shal account for the regiona seismicity and geology, the expected recurrence rates and
maximum magnitudes of events on known faults and source zones, the location of the site with respect
to these, near source effectsif any, and the characteristics of subsurface site conditions.

4.1.3.1 Probabilistic Maximum Considered Earthquake: When ste-specific procedures are
utilized, the maximum considered earthquake ground motion shall be taken as that motion represented
by a5 percent damped accel eration response spectrum having a 2 percent probability of exceedance
within a50 year period. The maximum considered earthquake spectral response acceleration, S, at
any period, T, shall be taken from that spectrum.

Exception: Where the spectral response ordinates for a5 percent damped spectrum having a
2 percent probability of exceedance within a 50 year period at periods of 0.2 second or 1
second exceed the corresponding ordinate of the deterministic limit of Sec. 4.1.3.2, the
maximum considered earthquake ground motion shall be taken as the lesser of the
probabilistic maximum considered earthquake ground motion or the deterministic maximum
consdered earthquake ground motion of Sec. 4.1.3.3 but shall not be taken less than the
determinigtic limit ground motion of Sec. 4.1.3.2.

4.1.3.2 Determinigtic Limit on Maximum Consdered Earthquake Ground Mation: The
determinigtic limit on maximum considered earthquake ground motion shal be taken as the response
gpectrum determined in accordance with Figure 4.1.3.2, where F, and F, are determined in accordance
with Sec. 4.1.2.4, with the value of S;taken as 1.5g and the value of S, taken as 0.6g.
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4.1.3.3 Deterministic Maximum Consdered Earthquake Ground Motion: The deterministic
maximum considered earthquake ground motion response spectrum shall be caculated as 150 percent
of the median 5 percent damped spectral response accelerations (S,,,) at al periods resulting from a
characteristic earthquake on any known active fault within the region.

/ S,u=1.5F,

Spectral Response Acceleration S, (g)

Period T (Sec.)

FIGURE 4.1.3.2 Deterministic limit on maximum considered earth-
quake response spectrum.

4.1.35 Site-Specific Design Ground Motion: Where site-specific procedures are used to determine
the maximum considered earthquake ground motion response spectrum, the design spectra response
acceleration at any period shal be determined from Eq. 4.1.3.5:

2
S = ESaM (4.1.35)

and shall be greater than or equal to 80 percent of the S, determined by the genera response spectrum
inSec. 4.1.2.6.

4.2 SEISMIC DESIGN CATEGORY': Each structure shdl be assgned a Seismic Design
Category in accordance with Sec. 4.2.1. Seismic Design Categories are used in these Provisions to
determine permissible structura systems, limitations on height and irregularity, those components of
the structure that must be designed for seismic resistance, and the types of laterd force andyss that
must be performed.

4.2.1 Determination of Seismic Design Category: All structures shall be assigned to a Seismic
Design Category based on their Seismic Use Group and the design spectral response acceleration
coefficients, §,g and S, determined in accordance with Sec. 4.1.2.5. Each building and structure
ghall be assigned to the most severe Seismic Design Category in accordance with Table 4.2.1aor
4.2.1b, irrespective of the fundamental period of vibration of the structure, T.
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TABLE 4.2.1a Seismic Design Category Based on Short Period Response Accelerations

Valueof Sy Selsmic Use Group
I [ 1
S$s<0.1679 A A A
0.167g < $,5< 0.339 B B C
0.33g < $,5< 0.50g C C D
0.50g < S« D? D? D?
2 See footnote on Table 4.2.1b.

TABLE 4.2.1b Seismic Design Category Based on 1 Second Period Response Acceler ations

Seismic Use Group

Valueof S, | I 1l
S, <0.067g A A A
0.067g < S, < 0.133g B B C
0.133g < S, < 0.20g C C D
0.20g < S, D® D®? D®?

@ Selsmic Use Group | and 11 structures located on sites with mapped maximum considered earthquake spectra
response acceleration at 1 second period, S, equal to or greater than 0.75g shall be assigned to Seismic Design Category E

and Seismic Use Group 11 structures located on such Stes shal be assigned to Seismic Design Category F.

4.2.2 StelLimitation for Seismic Design CategoriesE and F: A structure assigned to Seismic
Design Category E or F shdl not be sited where there is the potential for an active fault to cause

rupture of the ground surface at the structure.

Exception: Detached one- and two-family dwellings of light-frame construction.
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Chapter 5

STRUCTURAL DESIGN CRITERIA

5.1 REFERENCE DOCUMENT:

The following reference document shal be used for loads other than earthquakes and for combinations
of loads asindicated in this chapter:

Ref. 5-1 Minimum Design Loads for Buildings and Other Sructures, ASCE 7-95
5.2 DESIGN BASIS:

5.2.1 General: The seigmic andyss and design procedures to be used in the design of buildings and
other structures and their components shall be as prescribed in this chapter. The structure shdl include
complete lateral and vertica-force-resisting systems capable of providing adequate strength, stiffness,
and energy dissipation capacity to withstand the design ground motions within the prescribed limits of
deformation and strength demand. The design ground motions shal be assumed to occur dong any
direction of the structure. The adequacy of the structural systems shall be demonstrated through
congtruction of a mathematical model and evauation of thismodd for the effects of the design ground
motions. Unless otherwise required, this evaluation shall consst of alinear eagtic andysisin which
design seilsmic forces are distributed and applied throughout the height of the structure in accordance
with the proceduresin Sec. 5.3 or Sec. 5.4. The corresponding structural deformations and internd
forcesin dl members of the tructure shdl be determined and eval uated against acceptance criteria
contained in these Provisions.  Approved aternative procedure based on generd principles of
engineering mechanics and dynamics are permitted to be used to establish the seismic forces and their
digribution. If an dternative procedureis used, the corresponding interna forces and deformationsin
the members shdl be determined using amodel consistent with the procedure adopted.

Individua members shdl be provided with adequate strength to resst the shears, axid forces, and
moments determined in accordance with these Provisions, and connections shal devel op the strength
of the connected members or the forces indicated above. The deformation of the structure shal not
exceed the prescribed limits.

A continuous load path, or paths, with adequate strength and stiffness shall be provided to transfer dll
forces from the point of gpplication to the fina point of resstance. The foundation shall be designed to
accommodate the forces developed or the movements imparted to the structure by the design ground
motions. In the determination of the foundation design criteria, specid recognition shdl be given to the
dynamic nature of the forces, the expected ground motions, and the design basis for strength and
energy disspation capacity of the structure.

5.2.2 Basc Seismic-Force-Resisting Systems. The basic laterd and vertica seismic-force-resisting
system shdl conform to one of the typesindicated in Table 5.2.2 subject to the limitations on height
based on Saismic Design Category indicated in the table. Each typeis subdivided by the types of
verticad element used to resist lateral seismic forces. The appropriate response modification coefficient,
R; system overstrength factor, , and deflection amplification factor, C,, indicated in Table 5.2.2 shdl
be used in determining the base shear, element design forces, and design story drift asindicated in
these Provisions.
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Saismic-force-ressting systemsthat are not contained in Table 5.2.2 shal be permitted if anaytica and
test data are submitted that establish the dynamic characteristics and demongtrate the latera force
resistance and energy dissipation capacity to be equivaent to the structural systemslisted in Table 5.2.2
for equivaent response modification coefficient, R; system overstrength coefficient, ,, and deflection
amplification factor, C,, vaues.

Specid framing requirements are indicated in Sec. 5.2.6 and in Chapters 8, 9, 10, 11, and 12 for
structures assigned to the various Seismic Design Categories.

5.2.2.1 Dual System: For adua system, the moment frame shdl be capable of ressting at least 25
percent of the design forces. Thetotal selsmic force resstanceisto be provided by the combination of
the moment frame and the shear walls or braced framesin proportion to their rigidities.

5.2.2.2 Combinations of Framing Systems. Different seismic-force-ressting systems are permitted
along the two orthogonal axes of the structure. Combinations of seismic-force-resisting systems shdl
comply with the requirements of this section.

52221 Rand ,Factors. The response modification coefficient, R, in the direction under con-
dderation at any story shal not exceed the lowest response modification factor, R, for the seismic-
force-resisting systemin the same direction considered above that story excluding penthouses. For
other than dual systems where a combination of different structurd systemsis utilized to resst latera
forces in the same direction, the value of R used in that direction shal not be greater than the least
vaue of any of the systems utilized in the same direction. If asystem other than adud syslem with a
response modification coefficient, R, with avaue of lessthan 5 is used as part of the seismic-force-
ressting systemin any direction of the structure, the lowest such value shall be used for the entire
sructure. The system overstrength factor, , in the direction under consideration at any story shal
not be less than the largest vaue of thisfactor for the seismic-force-resisting sysemin the same
direction consdered above that story.

Exceptions:

1. Supported structural systems with aweight equa to or less than 10 percent of the weight
of the structure.

2. Detached one- and two-family dwellings of light-frame construction.

5.2.2.2.2 Combination Framing Detailing Requirements. The detailing requirements of Sec.
5.2.6 required by the higher response modification coefficient, R, shdl be used for structural
components common to systems having different response modification coefficients.

5.2.2.3 Seismic Design CategoriesB and C: The structurd framing system for structures assgned
to Seismic Design Categories B and C shdl comply with the structure height and structural limitations
inTable5.2.2.
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Table5.2.2 Desgn Coefficientsand Factorsfor Basc Seismic-Force-Resisting Systems

Basic Seismic-Force-Resisting System Detailing Response Sysem Over-s- | Deflection System Limitations and Building Height
Reference Modification | trength Factor, | Amplificatio | Limitations (ft) by Seismic Design Category®
Section Coefficient, 0? n Factor, C°
R2 B C D¢ E® Fe
Bearing Wall Systems
Ordinary sted concentrically braced frames Ref. 8-3 Patl, | 4 2 32 NL NL 160 160 160
Sec. 11
Specid reinforced concrete shear walls 9324 5 22 5 NL NL 160 160 100
Ordinary reinforced concrete shear walls 9323 4 22 4 NL NL NP NP NP
Detaled plain concrete shear walls 9322 22 22 2 NL NL NP NP NP
Ordinary plain concrete shear walls 9321 1Y% 22 1Y% NL NP NP NP NP
Specid reinforced masonry shear walls 11115 32 22 32 NL NL 160 160 100
Intermediate reinforced masonry shear walls 11114 22 22 2-1/4 NL NL NP NP NP
Ordinary reinforced masonry shear walls 11113 2 22 1-3/4 NL NP NP NP NP
Detailed plain masonry shear walls 11112 2 2Y, 1-3/4 NL 160 NP NP NP
Ordinary plain masonry shear walls 11111 1Y% 22 1-1/4 NL NP NP NP NP
Light frame walls with shear panels 8.6,12.34, 6¥2 3 4 NL NL 65 65 65
124
Building Frame Systems
Stedl eccentrically braced frames, moment resisting, Ref. 8-3, Pat |, 8 2 4 NL NL 160 160 100
connections a columns away from links Sec. 15
Sted eccentrically braced frames, nonmoment resisting, Ref. 8-3, Pat |, 7 2 4 NL NL 160 160 100
connections a columns away from links Sec. 15
Soecial sted concentrically braced frames Ref. 8-3, Patl, | 6 2 5 NL NL 160 160 100
Sec. 13
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Basic Seismic-Force-Resisting System Detailing Response Sysem Over-s- | Deflection System Limitations and Building Height
Reference Modification | trength Factor, | Amplificatio | Limitations (ft) by Seismic Design Category®
Section Coefficient, 0? n Factor, C°

R2 B C D¢ E® Fe

Ordinary sted concentrically braced frames Ref. 8-3 Patl, |5 2 4% NL NL 160 100 100
Sec. 14

Specid reinforced concrete shear walls 9324 6 22 5 NL NL 160 160 100

Ordinary reinforced concrete shear walls 9323 5 22 4% NL NL NP NP NP

Detaled plain concrete shear walls 9322 3 22 22 NL NL NP NP NP

Ordinary plain concrete shear walls 9321 2 22 2 NL NP NP NP NP

Composite eccentrically braced frames Ref. 8-3, Partll, | 8 2 4 NL NL 160 160 100
Sec. 14

Composite concentrically braced frames Ref. 8-3, Partll, | 5 2 4% NL NL 160 160 100
Sec. 13

Ordinary composite braced frames Ref. 8-3, Partll, | 3 2 3 NL NL NP NP NP
Sec. 12

Composite sed plate shear walls Ref. 8-3, Partll, | 6% 2Y, 5Y% NL NL 160 160 100
Sec. 17

Specid composite reinforced concrete shear walls with Ref. 8-3, Partll, | 6 22 5 NL NL 160 160 100

Sed dements Sec. 16

Ordinary composite reinforced concrete shear wallswith | Ref. 8-3, Partll, | 5 22 4% NL NL NP NP NP

Sed dements Sec. 15

Specid reinforced masonry shear walls 11115 4% 22 4 NL NL 160 160 100

Intermediate reinforced masonry shear walls 11114 3 22 22 NL NL 160 160 100

Ordinary reinforced masonry shear walls 11113 22 22 Y NL NP NP NP NP

Detailed plain masonry shear walls 11112 2Y, 2Y, 2Ya NL 160 NP NP NP

Ordinary plain masonry shear walls 11111 1Y% 22 1 NL NP NP NP NP

Light frame walls with shear panels 86,1234,124 | 7 22 4% NL NL 160 160 160




Basic Seismic-Force-Resisting System Detailing Response Sysem Over-s- | Deflection System Limitations and Building Height
Reference Modification | trength Factor, | Amplificatio | Limitations (ft) by Seismic Design Category®
Section Coefficient, 0? n Factor, C°

R2 B C D¢ E® Fe

Moment Resisting Frame Systems

Special sed moment frames Ref. 8-3 Patl, | 8 3 5% NL NL NL NL NL
Sec. 9

Special sted truss moment frames Ref. 8-3 Patl, |7 3 512 NL NL 160 100 NP
Sec. 12

Intermediate sted moment frames Ref. 8-3 Patl, | 6 3 5 NL NL 160 100 NP'
Sec. 10

Ordinary stedl moment frames Ref. 83, Patl, |4 3 3% NL NL 35! NP NPl
Sec. 11

Soecial reinforced concrete moment frames 9313 8 3 5% NL NL NL NL NL

Intermediate reinforced concrete moment frames 9312 5 3 4% NL NL NP NP NP

Ordinary reinforced concrete moment frames 9311 3 3 22 NL" NP NP NP NP

Special composite moment frames Ref. 8-3, Partll, | 8 3 5Y% NL NL NL NL NL
Sec. 9

Intermediate composite moment frames Ref. 8-3, Partll, | 5 3 4% NL NL NP NP NP
Sec. 10

Composite partidly restrained moment frames Ref. 8-3, Partll, | 6 3 5% 160 160 100 NP NP
Sec. 8

Ordinary composite moment frames Ref. 8-3, Partll, | 3 3 22 NL NP NP NP NP
Sec. 11

Speciad masonry moment frames 112 5% 3 5 NL NL 160 160 100
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Basic Seismic-Force-Resisting System Detailing Response Sysem Over-s- | Deflection System Limitations and Building Height
Reference Modification | trength Factor, | Amplificatio | Limitations (ft) by Seismic Design Category®
Section Coefficient, 0? n Factor, C°

R2 B C D¢ E® Fe

Dual Sysemswith Special Moment Frames Capable of Resisting at Least 25% of Prescribed Seismic Forces

Stedl eccentrically braced frames, moment resisting Ref. 8-3 Patl, | 8 22 4 NL NL NL NL NL

connections, a columns away from links Sec. 15

Sted eccentrically braced frames, non-moment resisting Ref. 8-3 Patl, |7 22 4 NL NL NL NL NL

connections, a columns away from links Sec. 15

Soecial sted concentrically braced frames Ref. 8-3 Patl, | 8 22 6v2 NL NL NL NL NL
Sec. 13

Ordinary sted concentrically braced frames Ref. 8-3 Patl, | 6 22 5 NL NL NL NL NL
Sec. 14

Specid reinforced concrete shear walls 9324 8 22 6¥2 NL NL NL NL NL

Ordinary reinforced concrete shear walls 9323 7 22 6 NL NL NP NP NP

Composite eccentrically braced frames Ref. 8-3, Partll, | 8 22 4 NL NL NL NL NL
Sec. 14

Composite concentrically braced frames Ref. 8-3, Partll, | 6 22 5 NL NL NL NL NL
Sec. 13

Composite sed plate shear walls Ref. 8-3, Partll, | 8 2Y, 6Y2 NL NL NL NL NL
Sec. 17

Specid composite reinforced concrete shear walls with Ref. 8-3, Partll, | 8 22 6Y2 NL NL NL NL NL

Sed dements Sec. 16

Ordinary composite reinforced concrete shear wallswith | Ref. 8-3, Partll, | 7 22 6 NL NL NP NP NP

Sed ements Sec. 15

Specid reinforced masonry shear walls 11115 7 3 6¥2 NL NL NL NL NL

Intermediate reinforced masonry shear walls 11114 6¥2 3 5%2 NL NL NL NP NP
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Basic Seismic-Force-Resisting System Detailing Response Sysem Over-s- | Deflection System Limitations and Building Height
Reference Modification | trength Factor, | Amplificatio | Limitations (ft) by Seismic Design Category®
Section Coefficient, 0? n Factor, C°

R2 B C D¢ E® Fe

Dual Sysemswith I ntermediate Moment Frames Capable of Resisting at L east 25% of Prescribed Seismic Forces

Soecial sted concentrically braced frames’ Ref. 8-3 Patl, | 6 22 5 NL NL 160 100 NP
Sec. 13

Ordinary sted concentrically braced frames’ Ref.8-3 Patl, |5 22 4% NL NL 160 100 NP
Sec. 14

Specid reinforced concrete shear walls 9324 6 22 5 NL NL 160 100 100

Ordinary reinforced concrete shear walls 9323 5% 22 4% NL NL NP NP NP

Ordinary reinforced masonry shear walls 11113 3 3 22 NL 160 NP NP NP

Intermediate reinforced masonry shear walls 11114 5 3 4% NL NL 160 NP NP

Composite concentrically braced frames Ref. 8-3, Partll, | 5 22 4% NL NL 160 100 NP
Sec. 13

Ordinary composite braced frames Ref. 8-3, Partll, | 4 22 3 NL NL NP NP NP
Sec. 12

Ordinary composite reinforced concrete shear wallswith | Ref. 8-3, Partll, | 5% 22 4% NL NL NP NP NP

Sed dements Sec. 15

Inverted Pendulum Sysemsand Cantilevered Column Systems

Special sed moment frames Ref. 8-3 Patl, | 2% 2 2Ys NL NL NL NL NL
Sec. 9

Ordinary sted moment frames Ref. 8-3, Patl, | 1¥a 2 22 NL NL NP NP NP
Sec. 11

Soecial reinforced concrete moment frames 9313 22 2 1 NL NL NL NL NL

Structural Sted SysemsNot Specifically Detailed for | AISC-ASD, 3 3 3 NL NL NP NP NP

Sasmic Resstance AISC-LRFD,
AlS
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NOTESFOR TABLE 5.2.2
2 Regponse modification coefficient, R, for use throughout the Provisions.
® Deflection amplification factor, C,, for usein Sec. 5.3.7.1 and 5.3.7.2.

¢ NL = not limited and NP = not permitted. If using metric units, 100 feet approximately equals 30 m and 160 feet
approximately equals 50 m. Heights are measured from the base of the structure as defined in Sec. 2.1.

4 See Sec. 5.2.2.4.1 for adescription of building systems limited to buildings with a height of 240 feet (70 m) or less.
€ See Sec. 5.2.2.5 for building systems limited to buildings with a height of 160 feet (50 m) or less.

 Ordinary moment frame is permitted to be used in lieu of Intermediate moment frame in Seismic Design Categories B and
C.

9 The tabulated vaue of the overstrength factor, ,, may be reduced by subtracting 1/2 for structures with flexible diaphragms
but shdl not be taken asless than 2.0 for any structure.

" Ordinary moment frames of reinforced concrete are not permitted as a part of the seismic-force-resisting systemin Seismic
Design Category B structures founded on Ste Class E or F soils (see Sec. 9.5.2).

' Sted ordinary moment frames and intermediate moment frames are permitted in single-story buildings up to a height of 60
feet when the moment joints of field connections are constructed of bolted end plates and the dead load of the roof does not
exceed 15 pf.

I Stedl ordinary moment frames are permitted in buildings up to aheight of 35 feet where the dead load of the walls, floors,
and roofs does not exceed 15 psf.
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5.2.2.4 Seismic Design Categories D and E: The structurd framing system for a structure assigned
to Seismic Design Categories D and E shal comply with Sec. 5.2.2.3 and the additiond requirements
of this section.

5.2.2.4.1 Limited Building Height: The height limitsin Table 5.2.2 is permitted to be increased to
240 ft (70 m) in buildings that have stedl braced frames or concrete cast-in-place shear walls. Such
buildings shall be configured such that the braced frames or shear walls arranged in any one plane
conform to the following :

1. Thebraced frames or cast-in-place specia reinforced concrete shear wallsin any one plane shall
resst no more than 60 percent of the total seismic forcesin each direction, neglecting torsona
effects, and

2. Thesasmicforcein any braced frame or shear wall resulting from torsona effects shal not
exceed 20 percent of the total seismic forcein that braced frame or shear wall.

5.2.2.4.2 Interaction Effects. Moment ressting framesthat are enclosed or adjoined by more rigid
elements not considered to be part of the seismic-force-resisting system shal be designed o that the
action or failure of those elements will not impair the vertical load and seismic force resisting capability
of theframe. Thedesign shal consider and provide for the effect of these rigid elements on the struc-
tura system at structure deformations corresponding to the design story drift, , asdetermined in

Sec. 5.3.7. In addition, the effects of these elements shdl be considered when determining whether a
structure has one or more of the irregularities defined in Sec. 5.2.3.

5.2.2.4.3 Deformational Compatibility: Every structura component not included in the seismic-
force-resisting systemin the direction under consideration shal be designed to be adequate for the
vertica load-carrying capacity and the induced moments and shears resulting from the design story
drift, , asdetermined in accordance with Sec. 5.3.7 (also see Sec. 5.2.7).

Exception: Beams and columns and their connections not designed as part of the lateral-
force-ressting system but meeting the detailing requirements for either inter mediate moment
frames or special moment frames are permitted to be designed to be adequate for the vertica
load-carrying capacity and the induced moments and shears resulting from the deformation of
the building under the application of the design seismic forces.

When determining the moments and shears induced in components that are not included in the seismic-
force-resisting systemin the direction under consderation, the stiffening effects of adjoining rigid
structural and nonstructura elements shall be considered and arational vaue of member and restraint
diffness shal be used.

5.2.2.4.4 Special Moment Frames: A special moment frame that is used but not required by Table
5.2.2 is permitted to be discontinued and supported by amore rigid system with alower response
modification coefficient, R, provided the requirements of Sec. 5.2.6.2.3 and 5.2.6.4.3 are met. Where
aspecial moment frame isrequired by Table 5.2.2, the frame shall be continuous to the foundation.
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5.2.25 Seismic Design Category F: Theframing systems of buildings assigned to Seismic Design
Category F shdl conform to the requirements of Sec. 5.2.2.4 for Seismic Design CategoriesD and E
and to the additiona requirements and limitations of this section. The height limitation of Sec.
5.2.2.4.1 shdl be reduced from 240 ft to 160 ft (70 to 50 m).

5.2.3 Structure Configuration: Sructures shall be classfied asregular or irregular based upon the
criteriain this section. Such classification shall be based on the plan and vertica configuration.

5.2.3.1 Diaphragm Flexibility: Diaphragms constructed of untopped steel decking, wood
gructurd pands, or smilar pandized congtruction shdl be consdered flexible in structures having
concrete or masonry shear walls. Diaphragms constructed of wood structural panels shall be
consdered rigid in light-frame structures using structura panelsfor latera load resistance.
Diaphragms of other types shdl be consgdered flexible when the maximum latera deformation of the
diaphragmis more than two times the average story drift of the associated story. The loadings used
for this calculation shal be those prescribed by Sec. 5.3

5.2.3.2 Plan Irregularity: Structureshaving one or more of the featureslisted in Table 5.2.3.2 shall
be designated as having plan structurd irregularity and shal comply with the requirementsin the
sectionsreferenced in Table 5.2.3.2.

5.2.3.3 Vertical Irregularity: Sructures having one or more of the featureslisted in Table 5.2.3.3
shdl be designated as having verticd irregularity and shall comply with the requirementsin the sections
referenced in Table 5.2.3.3.

Exceptions:

1. Structurd irregularities of Types 1a, 1b, or 2in Table 5.2.3.3 do not apply where no story
drift ratio under design latera load is greater than 130 percent of the story drift ratio of the
next story above. Torsond effects need not be considered in the calculation of story drifts
for the purpose of this determination. The story drift ratio relationship for the top 2 stories
of the structure are not required to be evaluated.

2. lrregularities Types 1a, 1b, and 2 of Table 5.2.3.3 are not required to be considered for 1-
story structures or for 2-story structuresin Seismic Design Categories A, B, C, or D.
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TABLE 5.2.3.2 Plan Structural Irregularities

Irregularity Type and Description

Reference
Section

Seismic
Design
Category
Application

la

Torsional Irregularity--to be consdered when diaphra-
gmsarenot flexible

Torsiond irregularity shdl be considered to exist when the
maximum story drift, computed including accidenta torsion,
a oneend of the gtructure transverse to an axisis more than
1.2 timesthe average of the story drifts at the two ends of the
structure.

5.2.6.4.3

535

D,E andF

C,D, E,andF

1b

ExtremeTorsonal Irregularity -- to be consdered when
diaphragmsarenot flexible

Extreme torsond irregularity shal be consdered to exist
when the maximum sory drift, computed including
accidentd torson, a one end of the structure transverse to an
axisis more than 1.4 times the average of the story drifts at
the two ends of the structure.

5.2.6.4.3

535
52651

CandD
Eand F

Re-entrant Corners

Pan configurations of adructure anditslaterd force-ressting
sysdem contain re-entrant corners, where both projections of
the structure beyond a re-entrant corner are greater than 15
percent of the plan dimension of the structure in the given
direction.

5.2.6.4.3

D,E andF

Diaphragm Discontinuity

Digphragms with abrupt discontinuities or variationsin stiff-
ness, induding those having cutout or open areas greater than
50 percent of the gross enclosed digphragm area, or changes
in effective digohragm stiffness of more than 50 percent from
one story to the next.

5.2.6.4.3

D,E andF

Out-of-Plane Offsets
Discontinuitiesin alateral force resistance path, such as out-
of-plane offsets of the vertica eements.

5.2.6.4.3

5.2.6.2.10

D,E andF

B,C,D,E o F

Nonparalld Systems
Theveticd laed force-ressting dements are not parale to
or symmetric about the mgor orthogona axes of the lateral
force-ressting system.

52631

C,D, E,andF
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TABLE 5.2.3.3 Vertical Sructural Irregularities

elements sharing the story shear for the direction under
congderation.

Seismic
Irregularity Type and Description Reference Design
Section Category
Application
la | Stiffnessirregularity--Soft Story 5253 D,E,andF
A soft gory isoneinwhich the laterd stiffnessislessthan
70 percent of that in the story above or less than 80
percent of the average tiffness of the three stories above.

1b | Stiffnessirregularity--Extreme Soft Story 5253 D
An extreme soft story isone in which the laterd stiffness | 5.2.6.5.1 EandF
is less than 60 percent of that in the story above or less
than 70 percent of the average Stiffness of the three stories
above.

2 | Weight (Mass) Irregularity
Mass irregularity shal be consdered to exist where the 5253 D,E,andF
effective mass of any sory ismorethan 150 percent of the
effective mass of an adjacent story. A roof that islighter
than the floor below need not be considered.

3 | Vertical Geometric Irregularity
Verticd geometricirregularity shal be consdered to exist 5253 D,E,andF
where the horizonta dimension of the lateral force-
ressting systlem in any story is more than 130 percent of
that in an adjacent Sory.

4 | In-Plane Discontinuity in Vertical Lateral Force
Resisting Elements 5253 and D,E,andF
An in-plane offset of the lateral force-ressting lements | 5.2.6.2.10
gregter than the length of those e ements or areduction in
diffness of the ressting e ement in the story below.

5 | Discontinuity in Capacity--Weak Story 52623 |B,C, D,E andF
A wesk gory isonein which the story latera strengthis D,E,andF
lessthan 80 percent of that in the story above. Thestory | 5.2.5.3 EandF
strength is the tota strength of al sasmicressing | 5.2.6.5.1
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5.2.4 Redundancy: A rdiahility factor, p, shal be assgned to dl structuresin accordance with this
Section, based on the extent of structura redundancy inherent in the lateral-force-resisting system.

5.2.4.1 Seismic Design CategoriesA, B, and C: For structuresin Seismic Design Categories A, B,
and C, thevalue of p may betaken as 1.0.

5.2.4.2 Seismic Design Category D: For structuresin Seismic Design Category D, p shdl be taken
asthe largest of the values of p, calculated at each story of the structure “x” in accordance with Eq.
5.24-1 asfollows.

20
o dA (5.2.4.2)

p, =2

where:

r = theratio of the design story shear ressted by the single e ement carrying the most
shear force in the story to the total story shear, for agiven direction of loading. For
braced frames, the value of M, isequal to the latera force component in the most
heavily loaded brace element divided by the story shear. For moment frames, r _ shdll
be taken as the maximum of the sum of the shearsin any two adjacent columnsinthe
plane of amoment frame divided by the story shear. For columns common to two
bays with moment resisting connections on opposite Sides at the level under
congderation, 70 percent of the shear in that column may be used in the column shear
summation. For shear walls, rmxshdl be taken equd to the shear in the most heavily
loaded wall or wall pier multiplied by 10/1,, (the metric coefficient is3.3/1,), wherel,, is
thewall or wall pier length in feet (m) divided by the story shear. For dua systems,
M, shall be taken as the maximum value as defined above consdering dl latera load
ressting eementsinthe story. Thelatera loads shdl be distributed to elements based
on relative rigidities congdering the interaction of the dua system. For dua systems,
the value of p need not exceed 80 percent of the value calculated above.

A = the floor areain square feet of the diaphragm level immediately above the ory.

The value of p need not exceed 1.5, which is permitted to be used for any structure. Thevaue of p
shdl not be taken aslessthan 1.0.

Exception: For structures with laterd-force-ressting systemsin any direction comprised
solely of special moment frames, the laterd-force-ressting system shal be configured such that
the value of p calculated in accordance with this section does not exceed 1.25.

The metric equivdent of Eq. 5.24.2is.

o -2 61

where A isin squa s

5.2.4.3 Seismic D@@rﬁgg‘tegorieﬁ E and F: For structuresin Seismic Design Categories E and F,
the value of p shdl be calculated asindicated in Section 5.2.4.2, above.
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Exception: For structures with latera-force-ressting systemsin any direction comprised
solely of special moment frames, the laterd-force-ressting system shdl be configured such that
the value of p calculated in accordance with Sec. 5.2.4.2 does not exceed 1.1.

5.25 AnalyssProcedures. A dructurd anadyss shal be madefor al structures in accordance with
the requirements of this section. This section prescribes the minimum analysis procedure to be
followed. Use of the procedure in Sec. 5.4 or, with the gpprova of the authority having jurisdiction, an
aternate generdly accepted procedure, including the use of an approved ste-specific spectrum, is
permitted for any structure. The limitations on the base shear stated in Sec. 5.4 apply to dynamic
modd anayss.

5.25.1 Seismic Design Category A: Regular and irregular structures assigned to Seismic Design
Category A shdl be andyzed for minimum lateral forces given by Eq. 5.2.5.1, gpplied independently, in
each of two orthogond directions:

where: F, = 001w, (5.2.5.1)
F, = thededgn laterd force gpplied at Sory x and
W, = theportion of the total gravity load of the structure , W, located or assigned to Level x

where W is as defined in Sec. 5.3.2.

5.2.5.2 Seismic Design CategoriesB and C: Theanayss proceduresin Sec. 5.3 shdl be used for
regular or irregular structures assigned to Seismic Design Category B or C or amore rigorous
andysisis permitted to be made.

5.25.3 Seismic Design CategoriesD, E, and F: The andyss proceduresidentified in Table

5.25.3 shdl beused for dructures assgned to Seismic Design Categories D, E, and F or amore
rigorous analysisis permitted to be made. For regular structures5 stories or lessin height and having a
period, T, of 0.5 seconds or less, the design spectral response accelerations, S, and S,;, need not
exceed the vaues cdculated in accordance with Sec. 4.1.2.5 using the values of the site adjusted
maximum considered earthquake spectral response accelerations §,s and §,; given by Eq. 5.2.5.3-1
and 5.2.5.3-2, respectively:

Sus = 19F, (5.2.5.3-1)
Sw. = 06F, (5.2.5.3-2)
whereF, an |, are determined in accordance wit san ,, respec

of 1.5g and 0.69. For the purpose of this section, structures are permitted to be considered regular if
they do not bidve plan irregularities 1a, 1b, or 4 of A 8 8.2.2.2 osivg tichliég efBariticbSla, 1b, 4tivdy,
of Table5.2.3.3.
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TABLE 5.25.3 AnalyssProceduresfor Seismic Design CategoriesD, E,and F

Structure Description Reference and Procedures

1. Sructures designated asregular up to 240 feet Sec. 53
(70m)

2. Sructures that have only verticd irregularitiesof | Sec. 5.4
Type1a, 1b, 2, or 3in Table 5.2.3.3 or plan
irregularities of Type laor 1b of Table5.2.3.2
and have aheight exceeding 65 feet (20 m) in

height.
3. All other structures designated as having planor | Sec. 5.3 and dynamic characteristics shall
vertica irregularities. be given specid condgderation

4. Sructures inareaswith §,; of 0.2 and greater A site-specific response spectrum shal be
with aperiod greater than T, located on Ste used but the design base shear shdl not be
ClassF or Ste ClassE soils less than that determined from Sec. 5.3.2

5.2.5.4 Diaphragms. The deflection in the plane of the diaphragm shall not exceed the permissble
deflection of the attached elements. Permissible deflection shdl be that deflection that will permit the
atached elements to maintain structurd integrity under the individua |oading and continue to support
the prescribed loads. Floor and roof diaphragms shall be designed to resst design seismic forces
determined in accordance with Eq. 5.2.5.4 asfollows:.

>F,
Fow = ———Wy, (5.2.5.4)
> ow
where:
Fx = thediaphragm design force,
F = thedesign force applied to Leve i,
W = theweight tributary to Levd i, and

w, = theweight tributary to the diaphragmat Leve x.

The force determined from Eq. 5.2.5.4 need not exceed 0.4S,4lw,, but shall not be less than
0.25,dw,,. When the diaphragmis required to transfer design seismic force from the vertical resisting
elements above the diaphragm to other vertical resisting elements below the diaphragm due to offsets
in the placement of the elements or to changesin relative lateral stiffnessin the vertica elements, these
forces shall be added to those determined from Eq. 5.2.5.4.
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5.2.6 Design, Detailing Requirements, and Structural Component Load Effects: The desgn and
detailing of the components of the seismic-force-resisting system shal comply with the requirements of
this section. Foundation design shdl conform to the applicable requirements of Chapter 7. The
materias and the systems composed of those materias shal conform to the requirements and
limitations of Chapters 8 through 12 for the applicable category.

5.2.6.1 Seismic Design Category A: The design and detailing of structures assigned to Seismic
Design Category A shal comply with the requirements of this section.

5.2.6.1.1 Component Load Effects. In addition to the evaluation required by Sec. 5.1 for other load
combinations, dl structure components shdl be provided with strengths sufficient to resst the effects

of the seismic forces prescribed herein and the effect of gravity loadings from dead load, live load, and
snow load. The effects of the combination of loads shall be considered as prescribed in Sec. 5.2.7. The
direction of application of seismic forces used in design shdl be that which will produce the most
critica load effect in each component. The design selsmic forces are permitted to be applied separately
in each of two orthogonal directions and orthogona effects may be neglected.

5.2.6.1.2 Connections. All parts of the structure between separation joints shal be interconnected,
and the connections shall be capable of transmitting the seismic force, F,, induced by the parts being
connected. Any smaller portion of the structure shal betied to the remainder of the structure with
elements having a strength of 0.133 times the short period design spectra response acceleration
coefficient, §,, times the weight of the smaller portion or 5 percent of the portion's weight, whichever
is greater.

A positive connection for resisting a horizontal force acting parallel to the member shall be provided for
each beam, girder, or trussto its support. The connection shal have aminimum strength of 5 percent
of the dead load and live load reaction.

5.2.6.1.3 Anchorage of Concrete or Masonry Walls. Concrete and masonry walls shdl be
anchored to the roof and dl floors and members that provide lateral support for the wall or which are
supported by thewall. The anchorage shall provide adirect connection between the walls and the roof
or floor construction. The connections shal be capable of ressting aseismic laterd force, F, induced
by thewall of 400 times the short period design spectra response acceleration coefficient S5 in
pounds per lineal foot (5840 times S, in N/m) of wall multiplied by the occupancy importance factor
I. Walls shall be designed to resist bending between anchors where the anchor spacing exceeds 4 ft
(2.2 m).

5.2.6.2 Seismic Design Category B: Sructures assigned to Seismic Design Category B shdl
conform to the requirements of Sec. 5.2.6.1 for Seismic Design Category A and the requirements of
this section.

5.2.6.2.1 Second-Order Effects. In addition to meeting the requirements of Sec. 5.2.6.1.1,
second-order effects shdl be included where applicable.

5.2.6.2.2 Openings. Where openings occur in shear walls, diaphragms or other plate-type e ements,
reinforcement at the edges of the openings shall be designed to transfer the stressesinto the structure.
The edge reinforcement shall extend into the body of the wall or diaphragm a distance sufficient to
develop the force in the reinforcement.
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5.2.6.2.3 Discontinuitiesin Vertical System: Sructureswith adiscontinuity in lateral capacity,
verticd irregularity Type 5 asdefined in Table 5.2.3.3, shall not be over 2 storiesor 30 ft (9 m) in
height where the "weak" story has a ca culated strength of less than 65 percent of the story above.

Exception: Where the "weak" story is cagpable of ressting atotal seismic force equal to 75
percent of the deflection amplification factor, C,, timesthe design force prescribed in Sec. 5.3.

5.2.6.2.4 Nonredundant Systems. The design of astructure shal consider the potentidly adverse
effect that the fallure of asingle member, connection, or component of the seismic-force-ressting
systemwould have on the stability of the structure.

5.2.6.2.5 Collector Elements. Collector elements shall be provided that are capable of transferring
the seismic forces originating in other portions of the structure to the e ement providing the resistance
to those forces.

5.2.6.2.6 Diaphragms. The deflection in the plane of the diaphragm, as determined by engineering
andyss, shdl not exceed the permissible deflection of the attached elements. Permissible deflection
ghall be that deflection which will permit the attached element to maintain its structural integrity under
the individua loading and continue to support the prescribed loads.

Hoor and roof diaphragms shall be designed to resist the following seismic forces: A minimum force
equal to 20 percent of the short period design spectra response acceleration S, times the weight of the
diaphragm and other elements of the structure attached thereto plus the portion of the seismic shear
force at that level, V,, required to be transferred to the components of the vertical seismic-force-
resisting system because of offsets or changesin stiffness of the vertica components above and below
the diaphragm.

Diaphragms shdl provide for both the shear and bending stresses resulting from these forces.
Diaphragms shdl have ties or struts to distribute the wall anchorage forcesinto the diaphragm. Dia-
phragm connections shall be positive, mechanica or welded type connections.

5.2.6.2.7 Bearing Walls. Exterior and interior bearing walls and their anchorage shdl be designed
for aforce equa to 40 percent of the short period design spectral response acceleration S, timesthe
weight of wall, W, normd to the surface, with aminimum force of 10 percent of the weight of the
wall. Interconnection of wall e ements and connections to supporting framing systems shal have
aufficient ductility, rotationa capacity, or sufficient strength to resist shrinkage, thermal changes, and
differentia foundation settlement when combined with seismic forces.

5.2.6.2.8 Inverted Pendulum-Type Structures. Supporting columns or piers of inverted
pendulum+type structures shdl be designed for the bending moment calculated at the base determined
using the procedures given in Sec. 5.3 and varying uniformly to a moment at the top equa to one-haf
the caculated bending moment at the base.

5.2.6.2.9 Anchorage of Nonstructural Systems. When required by Chapter 6, al portions or
components of the structure shall be anchored for the seismic force, F,,, prescribed therein.

5.2.6.2.10 Columns Supporting Discontinuous Wallsor Frames: Columns supporting
discontinuous walls or frames of structures having plan irregularity Type 4 of Table 5.2.3.2 or vertica
irregularity Type 4 of Table 5.2.3.3 shall have the design strength to resist the maximum axid force
that can develop in accordance with the specia  combination of loads of Sec. 5.2.7.1.
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5.2.6.3 Seismic Design Category C: Sructures assigned to Seismic Design Category C shdl
conform to the requirements of Sec. 5.2.6.2 for Seismic Design Category B and to the requirements of
this section.

5.2.6.3.1 Plan Irregularity: Sructuresthat have plan structurd irregularity Type5in Table 5.2.3.2
shdl be analyzed for seismic forces gpplied in the direction that causes the most critical load effect. As
an dternative, the structure may be andyzed independently in any two orthogona directions and the
mogt critical load effect due to direction of application of seismic forces on the structure may be
assumed to be satisfied if components and their foundations are designed for the following combination
of prescribed loads: 100 percent of the forces for one direction plus 30 percent of the forcesfor the
perpendicular direction; the combination requiring the maximum component strength shal be used.

5.2.6.3.2 Collector Elements. Collector elements shall be provided that are capable of transferring
the seismic forces originating in other portions of the structure to the e ement providing the resistance
to those forces. Collector eements, splices, and their connections to resisting elements shdl resst the
load combinations of Sec. 5.2.7.1.

Exception: In structures or portions thereof braced entirely by light frame shear walls,
collector elements, splices and connections to resisting e ements need only be designed to
resst forcesin accordance with Eq. 5.2.5.4.

The quantity E in Eq. 5.2.7.1-1 need not exceed the maximum force that can be transferred to the
collector by the diaphragm and other elements of the latera-force-ressting system.

5.2.6.3.3 Anchorage of Concreteor Masonry Walls: Concrete or masonry walls shal be anchored
to all floors, roofs, and members that provide out-of-plane latera support for the wall or that are
supported by thewall. The anchorage shdl provide a positive direct connection between the wall and
floor, roof, or supporting member capable of ressting horizontal forces specified in this section for
structures with flexible diaphragms or of Sec. 6.1.3 for structures with diaphragms that are not
flexible.

Anchorage of wallsto flexible diaphragms shal have the strength to develop the out-of-plane force
given by Eq. 5.2.6.3.3:

;:p = 128l Wp (5.2.6.3.3)
where:

F, = thedesignforceintheindividua anchors,

Ss= thedesign spectral response acceleration at short periods per Sec. 4.1.2.5,
I = the occupancy importance factor per Sec. 1.4, and

W, = theweight of the wall tributary to the anchor.

Diaphragms shdl be provided with continuous ties or struts between diaphragm chords to distribute
these anchorage forces into the diaphragms. Added chords are permitted to be used to form
subdiaphragms to transmit the anchorage forces to the main continuous crossties. The maximum
length to width ratio of the structural subdiaphragm shall be 2-1/2to 1. Connections and anchorages
capable of ressting the prescribed forces shdl be provided between the diaphragm and the attached
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components. Connections shal extend into the diaphragm a sufficient distance to develop the force
transferred into the diaphragm.

In wood diaphragms, the continuous ties shdl be in addition to the digphragm sheathing. Anchorage
shall not be accomplished by use of toe nails or nails subject to withdrawal nor shall wood ledgers of
framing be used in cross-grain bending or cross-grain tenson. The diaphragm sheathing shdl not be
considered effective as providing the ties or struts required by this section.

In metal deck diaphragms, the metal deck shall not be used as the continuous ties required by this
section in the direction perpendicular to the deck span.

Diaphragm to wall anchorage using embedded straps shall be attached to or hooked around the
reinforcing steel or otherwise terminated so asto effectively transfer forcesto the reinforcing stedl.

5.2.6.4 Seismic Design Category D: Sructures assgned to Seismic Design Category D shdll
conform to the requirements of Sec. 5.2.6.3 for Seismic Design Category C and to the requirements of
this section.

5.2.6.4.1 Orthogonal Load Effects: Sructures shal be designed for the critica load effect dueto
gpplication of seismic forces. The dternative procedure in Sec. 5.2.6.3.1 may be used.

5.2.6.4.2 Collector Elements. Collector elements shall be provided that are capable of transferring
the seismic forces originating in other portions of the structure to the e ement providing the resistance
to those forces. Collector eements, splices, and their connections to resisting elements shdl resst the
forces determined in accordance with Eq. 5.2.4.5. In addition, collector elements, splices and their
connectionsto ressting elements shal have the design strength to res st the earthquake loads as
defined in the specid load combination of Sec. 5.2.7.1.

Exception: In structures or portions thereof braced entirely by light shear walls, collector
elements, splices, and connectionsto ressting elements need only be designed to resst forces
in accordance with Eq. 5.2.5.4.

The quantity E in Eq. 5.2.7.1-1 need not exceed the maximum force that can be transferred to the
collector by the diaphragm and other elements of the |ateral-force-ressting system.

5.2.6.4.3 Plan or Vertical Irregularities The design shdl consider the potentia for adverse effects
when the ratio of the strength provided in any story to the strength required is sgnificantly lessthan
that ratio for the story immediately above and the strengths shal be adjusted to compensate for this
effect.

For structures having a plan structura irregularity of Type1a, 1b, 2, 3, or 4in Table5.2.3.2 or a
vertical structurd irregularity of Type 4 in Table 5.2.3.3, the design forces determined from Sec. 5.3.2
shdl beincreased 25 percent for connections of diaphragmsto vertical e ements and to collectors and
for connections of collectorsto the vertical elements.

5.2.6.4.4 Vertical Seismic Forces. Thevertica component of earthquake ground motion shall be
considered in the design of horizontal cantilever and horizonta prestressed components. The load
combinations used in evaluating such components shdl include E as defined by Eq. 5.2.7-1 and 5.2.7-1.
Horizonta cantilever structura components shdl be designed for aminimum net upward force of 0.2
times the dead load in addition to the gpplicable load combinations of Sec. 5.2.7.
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5.2.6.5 Seismic Design CategoriesE and F: Sructures assigned to Seismic Design CategoriesE
and F shall conform to the requirements of Sec. 5.2.6.4 for Seismic Design Category D and to the
requirements of this section.

5.2.6.5.1 Plan or Vertical Irregularities Sructures having plan irregularity Type 1b of Table
5.2.3.2 or vertical irregularities Type 1b or 5 of Table 5.2.3.3 shall not be permitted.

5.2.7 Combination of Load Effects. The effects on the structure and its components due to gravity
loads and seismic forces shal be combined in accordance with the factored load combinations as
presented in ASCE 7 (Ref. 5-1) except that the effect of seismic loads, E, shdl be as defined herein.

The effect of seismic load E shdl be defined by Eq. 5.2.7-1 as follows for load combinations in which
the effects of gravity loads and seismic loads are additive:

where; E = pQe + 025D (5.2.7-1)

E = theeffect of horizonta and verticd earthquake-induced forces,
Ss= thedesgn spectra response acceleration at short periods obtained from Sec. 4.1.2.5.

D = theeffect of dead load,
p = therdiahility factor, and
Qe = theeffect of horizontal seismic forces.

The effect of seismic load E shdl be defined by Eq. 5.2.7-2 as follows for load combinations in which
the effects of gravity counteract seismic load:

E = pQg - 025,.D (5.2.7-2)

where E, -, Qe s andD a€as gy e

5.2.7.1 Special Combination of Loads: When specificaly required by these Provisions, the design
seismic force on components sendtive to the effects of structura overstrength shal be as defined by
Eq. 5.2.7.1-1 and 5.2.7.1-2 when seismic load is respectively additive or counteractive to the gravity
forcesasfollows.

E=QQ + 025D (5.2.7.1-1)

whereE, Qe ps and DAEESEe 55 p o ISthe system oversirengt (5.2.7.1-2)

5.2.2. Thete®n Qg caculated finactapdercawith Eq. 5.2.7.1-1 and 5.2.7. 1+ netest beigiveedd Table
maximum force that can develop in the ement as determined by arational plastic mechanism andyss
or nonlinear response andysis utilizing redlistic expected values of materid strengths.
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Exception: The specid load combination of Eq. 5.2.7.1-1 need not apply to the design of
componentsin structuresin Seismic Design Category A.

5.2.8 Deflection and Drift Limits. The design story drift, , asdetermined in Sec. 5.3.7 or 5.4.6,
ghall not exceed the allowable story drift, ,, as obtained from Table 5.2.8 for any story. For
structures with significant torsona deflections, the maximum drift shall include torsond effects. All
portions of the structure shal be designed and constructed to act as an integral unit in ressting seismic
forces unless separated Structurally by a distance sufficient to avoid damaging contact under total
deflection, ,, asdetermined in Sec. 5.3.7.1.
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TABLE 5.2.8 Allowable Story Drift, A, 2 (in. or mm)

Selsmic Use Group
I I Il

Sructures, other than masonry shear wall or 0.025h,° 0.020 h, 0.015 hg,
masonry wall frame structures, four stories or less
in height with interior walls, partitions, callings, and
exterior wall sysemsthat have been designed to

Structure

accommodate the story drifts

Masonry cantilever shear wall structures® 0.010 h,, 0.010 h,, 0.010 h,,
Other masonry shear wall structures 0.007 h,, 0.007 h,, 0.007 h,,
Masonry wall frame structures 0.013 h,, 0.013 h,, 0.010 h,,
All other structures 0.020 h,, 0.015 h,, 0.010 h,,

2 h,, isthe story height below Level x.

® There shall be no drift limit for single-story structures with interior walls, partitions, ceilings, and exterior wall
systems that have been designed to accommodate the story drifts.

¢ Sructures in which the basic sructural system consists of masonry shear walls designed as vertical dements
cantilevered from their base or foundation support which are so congtructed that moment transfer between shear walls

(coupling) is negligible.

5.3 EQUIVALENT LATERAL FORCE PROCEDURE:

5.3.1 General: This section provides required minimum standards for the equivalent lateral force
procedure of seismic andysis of structures. For purposes of analys's, the structure is considered to be
fixed a the base. See Sec. 5.2.4 for limitations on the use of this procedure.

5.3.2 Sadsmic Base Shear: The seismic base shear, V, in agiven direction shdl be determined in
accordance with the following equation:

vV =CW (5.3.2)
where:
C, = thesaismic response coefficient determined in accordance with Sec. 5.3.2.1 and
W = thetota dead load and applicable portions of other loads' listed below:

1. Inareasused for storage, aminimum of 25 percent of the floor live load shal be
applicable. Foor liveload in public garages and open parking structuresis not
applicabe.

“Thelive load may be reduced for tributary areaas permitted by the structural code administered by the authority having
jurisdiction.
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2. Where an dlowance for partition load isincluded in the floor load design, the actua
partition weight or aminimum weight of 10 psf (500 Pa/lm?) of floor area, whichever is
greater, shall be gpplicable.

3. Tota operating weight of permanent equipment.

4. Inareaswhere the design flat roof snow load does not exceed 30 pounds per square
foot, the effective snow load is permitted to be taken as zero. In areaswherethe
design snow load is greater than 30 pounds per square foot and where siting and load
duration conditions warrant and when approved by the authority having jurisdiction,
the effective snow load is permitted to be reduced to not less than 20 percent of the
design snow load.

5.3.2.1 Calculation of Seismic Response Coefficient: The saismic response coefficient, C,, shal be
determined in accordance with the following equation:

_ Sos
C, - =t (5.3.2.1-1)
where:
Ss= thedesign spectrd response acceleration in the short period range as determined from Sec.
4.1.25,
R = theresponse modification factor from Table 5.2.2, and

I = the occupancy importance factor determined in accordance with Sec. 1.4.

The value of the selsmic response coefficient computed in accordance with Eq. 5.3.2.1-1 need not
exceed the following:

_ Sn
C, - D) (5.3.2.1-2)
but shal not be taken less than:
C, = 01S,,! (5.3.2.1-3)
nor for buildings and structuresin Seismic Design CategoriesE and F:
058
C, - — (5.3.2.1-4)

where | and R as as defined above and

S, = thedesign spectra response acceleration at a period of 1.0 second as determined from Sec.
4.1.2.5,

T = thefundamental period of the structure (sec) determined in Sec. 5.3.3, and
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S = the mapped maximum considered earthquake spectra response acceleration
determined in accordance with Sec. 4.1.

A soil-gtructure interaction reduction is permitted when determined using Sec. 5.5 or other generally
accepted procedures gpproved by the authority having jurisdiction.

5.3.3 Period Determination: The fundamentd period of the building, T, in the direction under
condderation shall be established using the structura properties and deformationa characteristics of
the resisting elementsin a properly substantiated andysis or, dternatively, it is permitted to be taken as
the approximate fundamenta period, T,, determined in accordance with the requirements of Sec.
5.3.3.1. Thefundamenta period, T, shal not exceed the product of the coefficient for upper limit on
caculated period, C,, from Table 5.3.3 and the approximate fundamenta period, T,.

TABLE 5.3.3 Coefficient for Upper Limit on Calculated Period

Design Spectral
Response Acceleration at 1 Second, S, Coefficient C,
> 04 12
0.3 1.3
0.2 14
0.15 15
0.1 17
0.05 1.7

5.3.3.1 Approximate Fundamental Period: The approximate fundamenta period, T,, in seconds,
shall be determined from the following equation:

where:
T, = Chy* (5.3.3.1-1)

C; = 0.035 for moment ressting frame systems of stedl in which the frames resist 100 percent of
the required seismic force and are not enclosed or adjoined by more rigid components that
will prevent the frames from deflecting when subjected to seismic forces (the metric
coefficient is 0.0853),

C; = 0.030 for moment ressting frame systems of reinforced concrete in which the framesresst
100 percent of the required seismic force and are not enclosed or adjoined by morerigid
components that will prevent the frames from deflecting when subjected to seismic forces
(the metric coefficient is 0.0731),

C; = 0.030 for eccentricaly braced sted frames (the metric coefficient is 0.0731),
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C; 0.020 for al other structura systems (the metric coefficient is 0.0488), and
h, the height (ft or m) above the base to the highest level of the structure.

Alternatively, the approximate fundamental period, T,, in seconds, is permitted to be determined from
the following equation for concrete and steel moment resisting frame structures not exceeding 12
goriesin heght and having aminimum story height of 10 ft (3 m):

where N = number of storiesT, = 0.1N (5.3.3.1-2)

5.34 Vertical Digribution of Seismic Forces: Thelaterd force, F, (kip or kN), induced at any level
shdl be determined from the following equations.

F,=C,V (5.3.4-1)
and
WX th
Co = — (5.3.4-2)
> wh -
i=1
where:
Cx = vertica digtribution factor,
\% = total design laterd force or shear at the base of the structure (kip or kN),

wandw, = theportionof thetota gravity load of the structure, W, located or assigned to

Leve i or x,
h, and h, the height (ft or m) from the baseto Levd i or x, and

k = anexponent related to the structure period as follows:

For structures having a period of 0.5 secondsor less, k=1
For structures having a period of 2.5 seconds or more, k= 2

For structures having a period between 0.5 and 2.5 seconds, k shdl be 2 or shdl be
determined by linear interpolation between 1 and 2

5.3.5 Horizontal Shear Digtribution: The seismic design story shear in any story, V, (kip or kN),
shall be determined from the following equation:

n

V. =) F (5.35)

1=X

where F; = the portion of the seismic base she
ar, V (kip or kN), induced a Leve 1.
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The seismic design story shear, V, (kip or kN), shall be distributed to the various vertical € ements of
the seilsmic-force-resisting systemin the story under consideration based on the relative lateral stiff-
nesses of the vertical resisting elements and the diaphragm.

5.35.1 Torson: Thedesgn shal include the torsona moment, M, (kip-ft or KN-m), resulting from
the location of the masses.

5.3.5.2 Accidental Torsion: Inaddition to the torsond moment, the design dso shdl include
accidental torsonal moments, M,, (kip-ft or kN-m), caused by an assumed displacement of the mass
each way from its actual location by a distance equd to 5 percent of the dimension of the structure
perpendicular to the direction of the applied forces.

5.3.5.3 Dynamic Amplification of Torson: For structures of Seismic Design CategoriesC, D, E,
and F, where Type 1 torsiond irregularity exists as defined in Table 5.2.3.1, the effects of torsional
irregularity shal be accounted for by multiplying the sum of M, plus M,, a each level by atorsond
amplification factor, A,, determined from the following equation:

2
A = ( e ) (5.35.3)
where: 12 avg
mx = themaximum displacement at Level x (in. or mm) and
ag = theaverage of the displacements at the extreme points of the structure at Level X (in.

or mm).

The torsona amplification factor, A, is not required to exceed 3.0. The more severe loading for each
element shall be considered for design.

5.3.6 Overturning: The structure shal be designed to resist overturning effects caused by the seismic
forces determined in Sec. 5.3.4. At any story, theincrement of overturning moment in the story under
congderation shal be distributed to the various vertical force ressting elements in the same proportion
asthe distribution of the horizontal shears to those elements.

The overturning moments at Level x, M, (kip-ft or kN-m), shall be determined from the following
equation:

n
M = Y F(h =h) (5.3.6)
where:
F = the portion of the seismic base shear, V, induced &t Leve i,
handh, = theheght (ft or m)fromthebasetoLevd i or x,

= 1.0for thetop 10 tories,
= 0.8 for the 20th story from the top and below, and
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= avauebetween 1.0 and 0.8 determined by a straight line interpolation for stories
between the 20th and 10th stories below the top.

The foundations of structures, except inverted pendulum-type structures, shal be designed for the
foundation overturning design moment, M (kip-ft or KN-m), at the foundation-soil interface
determined using the equation for the overturning moment a Leve x, M, (kip-ft or KN-m), with an
overturning moment reduction factor, , of 0.75 for dl structure heights.

5.3.7 Drift Determination and P-Delta Effects. Sory drifts and, where required, member forces
and moments due to P-delta effects shall be determined in accordance with this section.
Determination of story drifts shal be based on the gpplication of the design seismic forcesto a
mathematical mode of the physicdl structure. The modd shdl include the stiffness and strength of al
elements that are significant to the distribution of forces and deformationsin the structure and shdl
represent the spatia distribution of the mass and stiffness of the structure. 1n addition, the model shall
comply with the following:

1. Stiffness properties of reinforced concrete and masonry elements shall consider the effects of
cracked sections and

2. For stedd moment resisting frame systems, the contribution of panel zone deformations to overdl
story drift shal be included.

5.3.7.1 Story Drift Determination: The design story drift, , shal be computed as the difference of
the deflections at the center of mass at the top and bottom of the story under consideration.

Exception: For gructures of Seismic Design Categories C, D, E and F having plan
irregularity Types laor 1b of Table 5.3.2.1, the design story drift, A, shal be computed asthe
largest difference of the deflections dong any of the edges of the Sructure at the top and
bottom of the story under consideration.

The deflections of Leve x, , (in. or mm), shal be determined in accordance with following equation:

C
L= dl xe (5.3.7.1)
where:
Cq = thedeflection amplification factor in Table 5.2.2,
‘e = thedeflections determined by an eagtic andysis (in. or mm), and

I = the occupancy importance factor determined in accordance with Sec. 1.4.

The dadtic andyss of the seismic-force-resisting system shal be made using the prescribed seilsmic
design forces of Sec. 5.3.4.

For determining compliance with the story drift limitation of Sec. 5.2.8, the deflections of Level x,
(in. or mm), shall be calculated as required in this section. For purposes of this drift anadyssonly, itis
permissible to use the computed fundamental period, T, in seconds, of the structure without the upper
bound limitation specified in Sec. 5.3.3 when determining drift level seismic design forces.
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Where gpplicable, the design story drift,  (in. or mm), shal beincreased by the incrementa factor re-
lating to the P-delta effects as determined in Sec. 5.3.7.2.

5.3.7.2 P-DdtaEffects P-ddta effects on story shears and moments, the resulting member forces
and moments, and the story drifts induced by these effects are not required to be considered when the
gability coefficient, , as determined by the following equation is equa to or less than 0.10:

P.A
= 5.3.7.2-1
Vxhsx Cd ( )
where:
P, = thetotd vertica designload at and above Leve x (kip or kN); when calculating the
vertica design load for purposes of determining P-delta, the individua load factors
need not exceed 1.0;
A = thedesign story drift occurring smultaneoudy with V, (in. or mm);
V, = the saismic shear force acting between Level x and x - 1 (kip or kN);
hg, = thegory height below Leve x (in. or mm); and
Cq = thedeflection amplification factor in Table 5.2.2.
The gtability coefficient, , shal not exceed |, determined asfollows:
0.5
mx = —~ < 0.25 (5.3.7.2-2)
Cd

where istheratio of shear demand to shear capacity for the story between Level xand x - 1. This
ratio is permitted to be conservatively taken as 1.0.

When the stability coefficient, , isgreater than 0.10 but lessthan or equa to ., the incremental
factor related to P-delta effects, a,, shdl be determined by rationa andyss (see Part 2, Commentary).
To obtain the story drift for including the P-delta effects, the design story drift determined in Sec.
5.3.7.1 shdl be multiplied by 1.0/(1 - ).

When isgreater than ., the structureis potentialy unstable and shall be redesigned.
54 MODAL ANALYS SPROCEDURE:

5.4.1 General: Thischapter provides required standards for the modal analys's procedure of seismic
andyssof structures. See Sec. 5.2.5 for requirements for use of this procedure. The symbolsused in
this method of andysis have the same meaning as those for smilar terms used in Sec. 5.3, with the
subscript m denoting quantities in the m" mode.

5.4.2 Modding: A mathematical modd of the structure shall be constructed that represents the
gpatiad distribution of mass and stiffness throughout the structure. For regular structures with
independent orthogonal seismic-force-ressting systems, independent two-dimensiona models are
permitted to be constructed to represent each system. For irregular structures or structures without
independent orthogond systems, athree-dimensional modd incorporating a minimum of three
dynamic degrees of freedom congisting of trandation in two orthogona plan directions and torsiona
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rotation about the vertical axis shal beincluded at each leve of the structure. Where the diaphragms
are not rigid compared to the vertica eements of the laterd-force-ressting system, the moded should
include representation of the digphragm’ s flexibility and such additiona dynamic degrees of freedom as
are required to account for the participation of the diaphragm in the structure’ s dynamic response. In
addition, the modd shall comply with the following:

1. Stiffness properties of concrete and masonry elements shall consider the effects of cracked sections
and

2. For stedd moment frame systems, the contribution of panel zone deformationsto overall story drift
shdl be included.

5.4.3 Modes. Anandysisshdl be conducted to determine the natura modes of vibration for the
structure including the period of each mode, the modal shape vector ¢, the moda participation factor,
and modd mass. The andyss shdl include a sufficient number of modes to obtain a combined modd
meass participation of at least 90 percent of the actual mass in each of two orthogona directions.

5.4.4 Modal Properties. The required periods, mode shapes, and participation factors of the
structure shal be calculated by established methods of structurd analysisfor the fixed-base condition
using the masses and dadtic stiffnesses of the seilsmic-force-ressting system.

5.4.5 Modal Base Shear: The portion of the base shear contributed by the m" mode, V., shall be
determined from the following equations:

V., = C, W, (5.45-1)
n 2
( VVI d)im)
Ve i=1
W = - (5.4.5-2)
> Wi
i=1
where:
C,, = themoda seismic response coefficient determined below,
W, = theeffective modd gravity load including portions of the live load as defined in Sec.
53.2,
W = theportion of thetotal gravity load of the Sructure at Leve i, and
¢,, = thedisplacement amplitudeat thei™ level of the structure when vibrating in its m"
mode.

The moda seismic response coefficient, C,,,, shal be determined in accordance with the following
equation:

C,, - %ﬁ (5.4.5-3)
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S,,= Thedesgn spectral response acceleration at period T,, determined from either the genera
design response spectrum of Sec. 4.1.2.5 or a Site-specific response spectrum per Sec.

413,
R = theresponse modification factor determined from Table 5.2.2,
I = the occupancy importance factor determined in accordance with Sec. 1.4, and
T, = themodal period of vibration (in seconds) of the m" mode of the structure.
Exceptions:

1. When the generd design response spectrum of Sec. 4.1.2.6 isused for structures on Ste
ClassD, E, or F soils, the modal seismic design coefficient, Cg,, for modes other than the
fundamental mode that have periods less than 0.3 seconds is permitted to be determined by
the following equation:

045,

NG

(10 + 50T.) (5.4.5-4)

where §gisasdefined in Sec. 41.25and R, |, and T,,, are as defined above.

2. When the genera design response spectrum of Sec. 4.1.2.6 is used for structures where
any modal period of vibration, T,,, exceeds 4.0 seconds, the moda seismic design coeffi-
cient, C,,, for that mode is permitted to be determined by the following equation:

Cpp = 5.4.5-5
o (RNT2 (5:4.5-5)
whereR, |, and T, are as defined above and and S, is the design spectra
response acceleration at aperiod of 1 second as determined in Sec. 4.1.2.5.
The reduction due to soil-structure interaction as determined in Sec. 5.5.3 may be used.
5.4.6 Modal Forces, Deflections, and Drifts: The modd force, F,,, & each leve shdl be
determined by the following equations:
Fan = ComVim (54.6-1)
and
w
Cvxm _ - xd)xm ( )
5.4.6-2
Z VVI d)im
where; =1
Cosm = thevertica distribution factor in the m"™ mode,
Vi, = thetotal design latera force or shear at the base in the " mode,
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W, W, = theportion of the total gravity load, W, located or assigned to Level i or x,

Gun = thedisplacement amplitude a the X" leve of the structure when vibrating in its m"
mode, and

o = thedisplacement amplitude a the ™ level of the structure when vibrating in its "
mode.
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The modd deflection at each leve, ., shdl be determined by the following equations:

e - (5.4.6-3)
and
o = [ %) [ Tr?/vaxm] (5.4.6-4)
where:
Cq = thedeflection amplification factor determined from Table 5.2.2,
rem = thedeflection of Level x in the m" mode at the center of the mass at Level x
determined by an dagtic andysis,
g = theaccderation dueto gravity (ft/s* or m/s?),
I = the occupancy importance factor determined in accordance with Sec. 1.4,
T = themodal period of vibration, in seconds, of the m" mode of the structure,
Fen = the portion of the seismic base shear in the m" mode, induced at Level x, and
W, = theportion of the total gravity load of the structure, W, located or assigned to

Leve x.

The modd driftinastory, |, shall be computed as the difference of the deflections, ., at thetop and
bottom of the story under consideration.

5.4.7 Modal Story Shearsand Moments. The story shears, story overturning moments, and the
shear forces and overturning momentsin vertical elements of the structural system at each level dueto
the seilamic forces determined from the appropriate equation in Sec. 5.4.6 shall be computed for each
mode by linear static methods.

5.4.8 Design Values. The design vaue for the modal base shear, V,; each of the story shear, moment
and drift quantities; and the deflection at each level shdl be determined by combining their moda
values as obtained from Sec. 5.4.6 and 5.4.7. The combination shal be carried out by taking the
square root of the sum of the squares of each of the modal vaues or by the complete quadratic
combination technique.

The base shear, V, using the equivaent latera force procedure in Sec. 5.3 shal be calculated using a
fundamental period of the structure, T, in seconds, of 1.2 times the coefficient for upper limit on the
caculated period, C,, times the approximate fundamenta period of the structure, T,. Where the design
vaue for the modal base shear, V,, isless than the caculated base shear, V, using the equivaent latera
force procedure, the design story shears, moments, drifts and floor deflections shdl be multiplied by
the following modification factor:
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v
v, (5.4.8)
where:
V = theequivaent lateral force procedure base shear, caculated in accordance with this
section and Sec. 5.3 and
V, = themoda base shear, calculated in accordance with this section.

The moda base shear, V,, is not required to exceed the base shear from the equivaent laterd force
procedurein Sec. 5.3.

Exception: For structureswith aperiod of 0.7 second or greater located on Ste ClassE or F
soilsand having an S, greater than 0.2, the design base shear shall not be less than that
determined using the equivalent latera force procedure in Sec. 5.3 (see Sec. 5.2.5.3).

5.4.9 Horizontal Shear Digtribution: The distribution of horizontal shear shall be in accordance
with the requirements of Sec. 5.3.5 except that amplification of torsion per Sec. 5.3.5.3 is not required
for that portion of the torson included in the dynamic andysis modd.

5.4.10 Foundation Overturning: The foundation overturning moment at the foundation-soil
interface shall be permitted to be reduced by 10 percent.

5.4.11 P-Dedta Effects The P-ddta effects shdl be determined in accordance with Sec. 5.3.7.2. The
story drifts and story shears shadl be determined in accordance with Sec. 5.3.7.1.

5.5 SOIL-STRUCTURE INTERACTION EFFECTS:

55.1 General: Therequirements set forth in this section are permitted to be used to incorporate the
effects of soil-gructure interaction in the determination of the design earthquake forces and the
corresponding displacements of the structure. The use of these requirements will decrease the design
values of the base shear, lateral forces, and overturning moments but may increase the computed
vaues of the lateral digplacements and the secondary forces associated with the P-delta effects.

The requirements for use with the equivalent lateral force procedure are given in Sec. 5.5.2 and those
for use with the modal analysis procedure are given in Sec. 5.5.3.

5.5.2 Equivalent Lateral Force Procedure: The following requirements are supplementary to those
presented in Sec. 5.3.

55.2.1 Base Shear: To account for the effects of soil-structure interaction, the base shear, V,
determined from Eq. 5.3.2-1 may be reduced to:

V =V - AV (5.5.2.1-1)
Thereduction, V, shdl be computed asfollows:

0.4
C, - és( E) }VV (55.2.1-2)

AV =
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where:

Cs

the seismic response coefficient computed from Eq. 5.3.2.1-1 using the fundamental
natural period of the fixed-base structure (T or T,) as specified in Sec. 5.3.3,

G = thesaismicresponse coefficient computed from Eq. 5.3.2.1-1 using the fundamental
natura period of the flexibly supported structure (T) defined in Sec. 5.5.2.1.1,

= thefraction of critical damping for the structure-foundation system determined in Sec.
55212, and

the effective gravity load of the structure, which shal be taken as 0.7W, except that for
structures where the gravity load is concentrated at asingle levd, it shal be taken equal to
W.

The reduced base shear, V, shdl in no case be taken less than 0.7V.
55.2.1.1 Effective Building Period: The effective period, T, shdl be determined asfollows:

=
1

. K K h?
F T\j 1+ L[l s Dy ] (55.2.1.1-1)
K K
y
where:
T = thefundamentd period of the structure as determined in Sec. 5.3.3;
k = thediffness of the structure when fixed at the base, defined by the following:
kK-42 W (5.5.2.1.1-2)
gT?
h = theeffective height of the structure which shall be taken as 0.7 times the tota height,

h,,, except that for structures where the gravity load is effectively concentrated at a
gnglelevd, it shdl be taken asthe height to that level;

K, = thelaerd stiffness of the foundation defined as the static horizontal force at the level of
the foundation necessary to produce a unit deflection at that level, the force and the
deflection being measured in the direction in which the structure is anayzed,

K = therocking stiffness of the foundation defined as the static moment necessary to
produce a unit average rotation of the foundation, the moment and rotation being
measured in the direction in which the structure is anadlyzed; and

g = theaccderation of gravity.

The foundation stiffnesses, K, and K , shal be computed by established principles of foundation
mechanics (see the Commentary) using soil propertiesthat are compatible with the soil strain levels
associated with the design earthquake motion. The average shear modulus, G, for the soils benegth the
foundation &t large strain levels and the associated shear wave velocity, v, needed in these
computations shal be determined from Table 5.5.2.1.1 where:
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Vg = the average shear wave velocity for the soils beneath the foundation a smal strain
levels (10 percent or less),

V,/g = the average shear modulus for the soils beneath the foundation a small strain
levels, and

= theaverage unit weight of the soils.

TABLE 55.2.1.1 Valuesof G/G, and Vv,

Spectral Response Accderation, S,

<010 | <015 0.20 > 0.30
Vaueof G/IG, 0.81 0.64 0.49 0.42
Vaueof Vv, 0.90 0.80 0.70 0.65

Alternatively, for structures supported on mat foundations that rest at or near the ground surface or are
embedded in such away that the sde wall contact with the soil cannot be considered to remain effec-
tive during the design ground motion, the effective period of the structure is permitted to be de-
termined asfollows.

. 25 r,h 1.12r h?
T=T]|1+ 1+ —2 (5.5.2.1.1-3)
VSZTZ rrﬁ
where:
= therdative weight dengty of the structure and the soil defined by:
w
= = (5.5.2.1.1-4)
A h
r,andr,, = characteristic foundation lengths defined by:
AO
R, =, = (5.5.2.1.1-5)
and
a1
r. = (5.5.2.1.1-6)
where:
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the area of the foundation and

Ay
|

the static moment of the foundation about a horizontal centroida axis norma to the
direction in which the structure is andyzed.

(o]

5.5.2.1.2 Effective Damping: The effective damping factor for the structure-foundation system, ~,
shdl be computed as follows:
~ 0.05

° 7\° (55.2.1.2-1)
?

where , = thefoundation damping factor as specified in Figure 5.5.2.1.2.

Thevauesof  correspondingto A, =0.15in Figure 5.5.2.1.2 shall be determined by averaging the
results obtained from the solid lines and the dashed lines.

The quantity r in Figure 5.5.2.1.2 is a characteristic foundation length that shall be determined as
follows.

For L, < 0.5,
AO
r = ra = — (55212'2)
Forb/L, > 1,
414l
r=r.= (5.5.2.1.2-3)
where:
L, = theoverdl length of the Sde of the foundation in the direction being anayzed,
A, = theareaof theload-carrying foundation, and

the static moment of inertia of the load-carrying foundation.
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FIGURE 5.5.2.1.2 Foundation damping factor.

For intermediate vaues of WL, the value of r shal be determined by linear interpolation.

Exception: For structures supported on point bearing piles and in al other cases where the
foundation soil conssts of a soft Stratum of reasonably uniform properties underlain by amuch
dtiffer, rock-like deposit with an abrupt increase in stiffness, thefactor  ,in Eq. 5.5.2.1.2-1
shdl be replaced by:

/

4D \?
=| o (5.5.2.1.2-4)
VT

if 4ADJV,T < 1 where D, isthetotal depth of the stratum.

The value of ~ computed from Eq. 5.5.2.1.2-1, both with or without the adjustment represented by Eq.
5.5.2.1.2-4, shdll in no case be taken aslessthan ™ = 0.05.

55.2.2 Vertical Digtribution of Seismic Forces. The distribution over the height of the structure of
the reduced total seilsmic force, V, shall be consdered to be the same as for the structure without
interaction.

55.2.3 Other Effects The modified story shears, overturning moments, and torsond effects about a
vertica axis shal be determined as for structures without interaction using the reduced lateral forces.

The modified deflections, ~,, shal be determined asfollows:
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IVIOhX
L. (5.5.2.3)

M, = theoverturning moment at the base determined in accordance with Sec. 5.3.6 using the un-
modified seismic forces and not including the reduction permitted in the design of the
foundation,

h, = theheight above the base to the level under consideration, and

« = thedeflections of the fixed-base structure as determined in Sec. 5.3.7.1 using the un-
modified seismic forces,

The modified story drifts and P-delta effects shal be evauated in accordance with the requirements of
Sec. 5.3.7 using the modified story shears and deflections determined in this section.

5.5.3 Modal AnalysisProcedure: The following requirements are supplementary to those presented
in Sec. 54.

55.3.1 Modal Base Shears. To account for the effects of soil-structure interaction, the base shear
corresponding to the fundamental mode of vibration, V,, is permitted to be reduced to:

The reduction, V;, shall b contuted i ccordance with Eq (553.1-1)

gravity load W, defined by Eq. 5.4.5-2, C, computed from Eq. 5.8.2-3-GsivigHthe fakelassatpiaben obleof
the fixed-base structure, T,, and C, computed from Eq. 5.4.5-3 using the fundamenta period of the
eladticaly supported structure, T,.

The period T, shall be determined from Eq. 5.5.2.1.1-1, or from Eq. 5.5.2.1.1-3 when applicable,
taking T = T, evauating k from Eq. 5.5.2.1.1-2 with W=W,, and computing has follows:

Z W, hy

h=2 (5.5.3.1-2)

n
Wy
i=1
The above designated values of W, h, T, and T dso shall be used to evaluate thefactor  from Eq.
5.5.2.1.1-4 and thefactor , from Figure5.5.2.1.2. No reduction shal be made in the shear
components contributed by the higher modes of vibration. The reduced base shear, V;, shdl in no case
be taken lessthan 0.7V,

55.3.2 Other Modal Effects: The modified moda seismic forces, story shears, and overturning mo-
ments shdl be determined as for structures without interaction using the modified base shear, V;,
instead of V,. The modified moda deflections, ~,,, shdl be determined asfollows:
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-~ V/[M,h
= v, Iz o Xl] (55.3.2-1)
and
o =y form=2 3, .. (5.5.3.2-2)
where:
M, = theoverturning base moment for the fundamental mode of the fixed-base Structure, as

determined in Sec. 5.4.7 using the unmodified modd base shear V,, and

«— themoda deflectionsat Level x of the fixed-base structure as determined in Sec. 5.4.6
using the unmodified modd shears, V,,,.

The modified modd driftin astory, ™, shal be computed as the difference of the deflections, ™, at
the top and bottom of the story under consideration.

5.5.3.3 Design Values. The design vaues of the modified shears, moments, deflections, and story
drifts shal be determined as for structures without interaction by taking the square root of the sum of
the squares of the respective modal contributions. In the design of the foundation, the overturning
moment at the foundation-soil interface determined in this manner may be reduced by 10 percent asfor
structures without interaction.

The effects of torsion about a vertical axis shall be evauated in accordance with the requirements of
Sec. 5.3.5 and the P-ddita effects shall be evaluated in accordance with the requirements of
Sec. 5.3.7.2, using the story shears and drifts determined in Sec. 5.5.3.2.
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Chapter 6

ARCHITECTURAL, MECHANICAL, AND

ELECTRICAL COMPONENTSDESIGN REQUIREMENTS

6.1 GENERAL: Thischapter establishes minimum design criteriafor architectural, mechanicd,
electrical, and nonstructura systems, components, and € ements permanently attached to structures,
including supporting structures and attachments (hereinafter referred to as "components'). The design
criteriaestablish minimum equivaent static force levels and relative displacement demands for the
design of components and their attachments to the structure, recognizing ground motion and structural
amplification, component toughness and weight, and performance expectations.

This chapter aso establishes minimum selsmic design force requirements for nonbuilding structures
that are supported by other structures. Selsmic design requirements for nonbuilding structures that are
supported at grade are prescribed in Chapter 14 However, the minimum seismic design forces for
nonbuilding structures that are supported by another structure shal be determined in accordance with
the requirements of Sec. 6.1.3 with R, equal to the value of R specified in Chapter 14 and a, = 2.5 for
nonbuilding structures with flexible dynamic characteristics and a, = 1.0 for nonbuilding structures
with rigid dynamic characteristics. The distribution of latera forces for the supported nonbuilding
structure and al nonforce requirements specified in Chapter 14 shal apply to supported nonbuilding
structures.

Exception: For structuresin Seismic Design Categories D, E and F if the combined weight of
the supported components and nonbuilding structures with flexible dynamic characterigtics
exceeds 25 percent of the weight of the structure, the structure shall be designed considering
interaction effects between the structure and the supported items.

Saismic Design Categoriesfor structures are defined in Sec. 4.2. For the purposes of this chapter,
components shal be considered to have the same Saismic Design Category asthat of the structure
that they occupy or to which they are attached unless otherwise noted.

In addition, all components are assigned a component importance factor (1) in this chapter. The
default valuefor | ) is 1.00 for typical componentsin norma service. Higher vauesfor |, are assigned
for components which contain hazardous substances, must have a higher level of assurance of function,
or otherwise require additional attention because of their life-safety characteristics. Component
importance factors are prescribed in Sec. 6.1.5.

All architecturd, mechanicd, eectrica, and other nonstructural componentsin structures shdl be
designed and constructed to resist the equivalent static forces and displacements determined in
accordance with this chapter. The design and evauation of support structures and architectural
components and equipment shal congder ther flexibility aswell astheir strength.
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Exception: The following components are exempt from the requirements of this chapter:
1. All componentsin Seismic Design Category A,

2. Architectural componentsin Saismic Design Category B other than parapets supported by
bearing walls or shear walls when the importance factor (1)) is equal to 1.00,

3. Mechanicad and eectrica componentsin Seismic Design Category B,

4. Mechanica and dectrica componentsin Saismic Design Category C when the importance
factor (1) isequa to 1.00,

5. Mechanicd and dectricd componentsin Seismic Design Categories D, E, and F that are
mounted at 4 ft (1.22 m) or less above afloor level and weigh 400 Ib (1780 N) or less and
are not critica to the continued operation of the structure,or

6. Mechanicd and dectricd componentsin Seismic Design Categories C, D, E, and F that
weigh 20 1b (95 N) or less or, for distribution systems, weight 5 1b/ft (7 N/m) or less.

The functiona and physica interrelationship of components and their effect on each other shdl be
consdered so that the failure of an essentid or nonessentia architectural, mechanica, or electrica
component shal not cause the failure of an essentia architectural, mechanica, or electrica component

6.1.1 REFERENCESAND STANDARDS:

6.1.1.1 Consensus Standards. Thefollowing references are consensus standards and are to be
consdered part of these provisions to the extent referred to in this chapter:

Ref. 6-1 American Society of Mechanical Engineers (ASME), ASME A17.1, Safety Code For
Elevators And Escalators, 1996.

Ref. 6-2 American Society For Testing And Materids (ASTM), ASTM C635, Sandard
Soecification for the Manufacture, Performance, and Testing of Metal Suspension
Systems for Acoustical Tile and Lay-in Panel Ceilings, 1995.

Ref. 6-3 American Society for Testing and Materias (ASTM), ASTM C636, Sandard
Practice for Installation of Metal Ceiling Suspension Systems for Acoustical Tile and
Lay-in Pandls, 1992.

Ref. 6-4 American Nationad Standards Institute/ American Society of Mechanica Engineers,
ANSI/ASME B31.1-95, Power Piping

Ref. 6-5 American Nationad Standards Intitute/ American Society of Mechanica Engineers,
ANSI/ASME B31.3-96, Process Piping

Ref. 6-7 American Nationad Standards Institute/ American Society of Mechanica Engineers,

ANSI/ASME B31.4-92, Liquid Transportation Systems for Hydrocarbons, Liquid
Petroleum Gas, Anhydrous Ammonia, and Alcohols

Ref. 6-8 American Nationad Standards Institute/ American Society of Mechanica Engineers,
ANSI/ASME B31.5-92, Refrigeration Piping
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Ref. 6-9 American Nationad Standards Institute/ American Society of Mechanica Engineers,
ANSI/ASME B31.9-95, Building Services Piping

Ref. 6-10 American Nationad Standards Institute/ American Society of Mechanica Engineers,
ANSI/ASME B31.11-86, Surry Transportation Piping Systems

Ref. 6-11 American Nationad Standards Intitute/ American Society of Mechanica Engineers,
ANSI/ASME B31.8-95, Gas Transmission and Distribution Piping Systems

Ref. 6-12 Nationa Fire Protection Association (NFPA), NFPA-13, Sandard for the Installation
of Sprinkler Systems, 1996.

6.1.1.2 Accepted Standards: The following references are standards devel oped within the industry
and represent acceptable procedures for design and construction:

Ref. 6-13 American Society of Heeting, Ventilating, and Air Conditioning (ASHRAE), Handbook,
Chapter 50, “ Seismic Restraint Design,” 1995.

Ref. 6-14 Caeilingsand Interior Systems Construction Association (CISCA), Recommendations for
Direct-Hung Acoudtical Tile and Lay-in Panel Ceilings, Seismic Zones 0-2, 1991.

Ref. 6-15 Caeilingsand Interior Systems Construction Association (CISCA), Recommendations for
Direct-Hung Acoudtical Tile and Lay-in Panel Ceilings, Seismic Zones 3-4, 1990.

Ref. 6-16 Sheet Metd and Air Conditioning Contractors National Association (SMACNA), HVAC
Duct Construction Sandards, Metal and Flexible, 1985.

Ref. 6-17 Sheet Metd and Air Conditioning Contractors National Association (SMACNA),
Rectangular Industrial Duct Construction Sandards, 1980.

Ref. 6-18 Sheet Metd and Air Conditioning Contractors National Association (SMACNA), Seismic
Restraint Manual Guiddines for Mechanical Systems, 1991, including Appendix E, 1993
addendum.

6.1.2 COMPONENT FORCE TRANSFER: Components shdl be attached such that the
component forces are transferred to the structure of the building. Component seismic attachments
shall be bolted, welded, or otherwise positively fastened without consideration of frictiond resistance
produced by the effects of gravity.

The design documents shall include sufficient information relating to the attachments to verify
compliance with the requirements of this chapter.

6.1.3 SEISMIC FORCES: Sesmic forces (F,) shall be determined in accordance with Eq. 6.1.3-1.

e 0488 W (L Lz
p Rp h

lp

(6.1.3-1)

F, isnot required to be taken as greater than:
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and F, shdl not be taken as less than:

F, = Seasmic design force centered at the component's center of gravity and distributed relative to
component's mass distribution.

Ss= Spectra acceleration, short period, as determined from Sec. 4.1.2.5.

a, = Component amplification factor that varies from 1.00 to 2.50 (select gppropriate vaue from
Table6.2.2 or Table 6.3.2).

I, = Component importance factor that is either 1.00 or 1.50 (see Sec. ).

W, = Component operating weight.

R, = Component response modification factor that variesfrom 1.0 to 5.0 (select appropriate value
from Table 6.2.2 or Table 6.3.2).

z = Heghtinstructure of highest point of attachment of component. For items at or below the

base, zshdl betaken asO.
h = Averageroof height of Structure relative to grade eevation.

Theforce (F,) shal be gpplied independently longitudinaly and laterally in combination with service
loads associated with the component. Combine horizontal and vertical load effects asindicated in Sec.
5.2.7 subdtituting F, for the term Q.. The reliability/redundancy factor, , is permitted to be taken
equal to 1.

When positive and negative wind loads exceed F, for nonstructrural exterior walls, these wind loads
shdl govern the design. Similarly when the building code horizontal loads exceed F, for interior
partitions, these building code loads shdl govern the design.

6.1.4 SEISMIC RELATIVE DISPLACEMENTS: Sesmic redive displacements (D,) shdl be
determined in accordance with the following equations:

For two connection points on the same Sructure A or the same structural system, one at level x and
the other at level y, D, shall be determined as.

D= o™ A (6.1.4-1)

D, isnot required to be taken as greater than:

A
D, = (X - Y= (6.1.4-2)
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For two connection points on separate Sructures A and B or separate structurd systems, one at level
x and the other at level y, D, shdl be determined as:

Dy = | sl * | gl (6.1.4-3)

D, isnot required to be taken as greater than:

XA YA
D, = A 8 -
P~ Th . (6.1.4-4)
where:
D, = Rdative saiamic digplacement that the component must be designed to accommodate.

.« = Deflection at building level x of Sructure A, determined by an dagtic andyss as defined in
Sec. 5.2.8.1 and multiplied by the C; factor.

, = Déflection at building level y of Structure A, determined by an eladtic andysis as defined in
Sec. 52.8.1 and multiplied by the C, factor.

s = Déflection a building level y of Structure B, determined by an eagtic andysis as defined in
Sec. 5.2.8.1 and multiplied by the C, factor.

X = Heght of upper support attachment at level x as measured from the base.
Y = Heght of lower support attachment at level y as measured from the base.
a = Allowable gory drift for Sructure A asdefined in Table 5.2.8.
s = Allowablesory drift for Sructure B asdefined in Table 5.2.8.
hg, = Story height used in the definition of the dlowable drift, _, in Table 5.2.8. Notethat

/s = the dlowable drift index.

The effects of seismic relative displacements shdl be congdered in combination with digplacements
caused by other |oads as appropriate.

6.1.5 COMPONENT IMPORTANCE FACTOR: The component importance factor (1)) shal be
selected asfollows:

I,=15 Life-safety component isrequired to function after an earthquake.

l,=15  Component contains hazardous contents.

l,=15  Storageracksin occupancies open to the generd public (e.g., warehouse retails stores).
I,=1.0  All other components.

In addition, for structuresin Seismic Use Group 111:

I,=15  All components needed for continued operation of the facility or whose failure could impair
the continued operation of the facility.

6.1.6 COMPONENT ANCHORAGE: Components shdl be anchored in accordance with the
following provisons.
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6.1.6.1: Theforcein the connected part shal be determined based on the prescribed forces for the
component specified in Sec. 6.1.3. Where component anchorage is provided by expansion anchors,
shalow chemica anchors or shalow (low deformability) cast-in-place anchors, avaue of R, = 1.5 shdll
be used in Sec. 6.1.3 to determine the forces in the connected part.

6.1.6.2: Anchors embedded in concrete or masonry shall be proportioned to carry the least of the
following:

a Thedesgn strength of the connected part,
b. 2timestheforcein the connected part due to the prescribed forces, and

c. Themaximum force that can be transferred to the connected part by the component structural
system.

6.1.6.3: Determination of forcesin anchors shall take into account the expected conditions of
ingtdlation including eccentricities and prying effects.

6.1.6.4: Determination of force distribution of multiple anchors at one location shall take into account
the stiffness of the connected system and its ability to redistribute loads to other anchorsin the group
beyond yield.

6.1.6.5: Powder driven fasteners shall not be used for tension load applicationsin Seismic Design
Categories D, E, and F unless gpproved for such loading.

6.1.6.6: The design strength of anchorsin concrete shdl be determined in accordance with the
provisons of Chapter 9.

6.1.6.7: For additional requirements for anchorsto sted, see Chapter 10.
6.1.6.8: For additiona requirements for anchors in masonry, see Chapter 11.
6.1.6.9: For additional requirements for anchorsin wood, see Chapter 12.

6.1.7 CONSTRUCTION DOCUMENTS: Construction documents shal be prepared by a
registered design professional in amanner consistent with the requirements of these Provisions, as
indicated in Table 6.1.7, in sufficient detail for use by the owner, building officials, contractors, and

inspectors.

Table6.1.7
Congtruction Documents
Provisons Reference Required
Component Description . Seismic Design
Quality : ;
Assurance Design Categories
Exterior nongructura wall dements, including anchorage 3.28 No.1 6.2.4 D, E
Suspended celling system, including anchorage 3.28 No.3 6.2.6 D, E
Access floors, including anchorage 3.8 No. 2 6.2.7 D, E
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Table6.1.7
Congtruction Documents
Provisons Reference Required
Component Description Quality Seismic Design
Assurance Design Categories

Sted storage racks, including anchorage 3.28 No.2 6.2.9 D, E
HVAC ductwork containing hazardous materials, including 329 No.4 6.3.10 C.D.E
anchorage
Piping systems and mechanical units containing flammabl 6311

bing . ! ; J S | 329 No.3 6.3.12 C,D,E
combustible, or highly toxic materids

6.3.13

Anchorage of dectrica equipment for emergency or standby 329 No. 1 6.3.14 C.D.E
power systems
Anchorage of dl other eectrical equipment 3.29 No.2 6.3.14 E
Project-specific requi rements for mechanica and electrical 335 6.30 C.D.E
components and their anchorage

6.2 ARCHITECTURAL COMPONENT DESIGN:

6.2.1 GENERAL: Architectural systems, components, or elements (hereinafter referred to as
"components') listed in Table 6.2.2 and their attachments shal meet the requirements of Sec. 6.2.2

through Sec. 6.2.9.

6.22 ARCHITECTURAL COMPONENT FORCESAND DISPLACEMENTS: Architectura
components shall meet the force requirements of Sec. 6.1.3 and 6.4 and Table 6.2.2.

Exception: Components supported by chains or otherwise suspended from the structura
system above are not required to meet the lateral seismic force requirements and seilsmic
relative displacement requirements of this section provided that they cannot be damaged or
cannot damage any other component when subject to seismic motion and they have ductile or
articulating connections to the structure at the point of attachment. The gravity design load for
these items shdl be three times their operating load.

TABLE 6.2.2
Architectural Components Coefficients

Architectural Component or Element a? Ry
Interior Nonstructural Walls and Partitions (See dso Sec. 6.8)
Plain (unreinforced) masonry wals 10 125
All other walls and partitions 1'0 2'5
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Architectural Component or Element a? Ry
Cantilever Elements (Unbraced or braced to structura frame below its center of mass)

Pargpets and cantilever interior nonstructural walls o5 o5

Chimneys and stacks where lateraly supported by structures 2’ 5 2’ 5
Cantilever Elements (Braced to structura frame above its center of mass)

Parapets 10 25

Chimneys and Stacks 10 25

Exterior Nongtructurd Walls 10° 25
Exterior Nonstructural Wall Elements and Connections (See also Sec. 6.2.4)

Wall Element

. 10 25
Body of wall pane connections
Fasteners of the connecti gem 10 25
oY 125 1

Venegr

High deformability dements and atachments 10 o5

Low deformability elements and attachments 10 105
Penthouses (except when framed by an extension of the building frame) 25 35
Ceilings (see ds0 Sec. 6.2.6)

All 10 25
Cabinets

Storage cabinets and laboratory equipment 10 25
Accessfloors (see dso Sec. 6.2.7)

Specia access floors (designed in accordance with Sec. 6.2.7.2) 1 25

All other 1 125
Appendages and Ornamentations 25 25
Signs and Billboards 25 25
Other Rigid Components

High deformability dements and attachments 10 35

Limited deformability eements and attachments 10 25

Low deformability elements and attachments 10 125
Other flexible components

High deformability dements and attachments o5 35

Limited deformability eements and attachments 2‘ 5 2‘ 5

Low deformability elements and attachments 2'5 1. o5

* A lower vduefor a, may be justified by detailed dynamic andysis. Thevauefor g shdl not belessthan 1.00. The
vaueof a, = 1isfor equipment generaly regarded asrigid and rigidly attached. Thevaueof g =25isfor flexible
components or flexibly attached components. See Chapter 2 for definitions of rigid and flexible componentsincluding
attachments.
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* R, = 1.25 for anchorage design when component anchorage is provided by expansion anchor bolts, shallow chemical
anchors, or shdlow (nonductile) cagt-in-place anchors or when the component is constructed of nonductile materias.
Powder-actuated fasteners (shot pins) shall not be used for component anchorage in tension gpplicationsin Seismic Design
Categories D, E, or F. Shalow anchors are those with an embedment length-to-diameter ratio of lessthan 8.

¢ Where flexible diaphragms provide lateral support for walls and partitions, the design forces for anchorage to the
digphragm shdll be as specified in Sec. 5.2.5.4.4 .

6.2.3 ARCHITECTURAL COMPONENT DEFORMATION: Architectura components that
could pose alife-safety hazard shdl be designed for the seiamic relative displacement requirements of
Sec. 6.1.4. Architectura components shal be designed for vertica deflection dueto joint rotation of
cantilever ructural members.

6.24 EXTERIOR NONSTRUCTURAL WALL ELEMENTSAND CONNECTIONS:
Exterior nonstructural wall panels or elementsthat are attached to or enclose the structure shal be
designedto resist the forcesin accordance with Eq. 6.1.3-1 or 6.1.3-2, and shall accommodate
movements of the structure resulting from response to the design basis ground motion, D, or
temperature changes.  Such eements shal be supported by means of positive and direct structural
supports or by mechanica connections and fasteners in accordance with the following requirements:

a  Connections and pand joints shall dlow for arelative movement between stories of not lessthe
caculated story drift D, or 1/2 inch (13 mm), whichever is greatest.

b. Connectionsto permit movement in the plane of the pand for story drift shall be diding
connections using dotted or oversize holes, connections that permit movement by bending of sted,
or other connections that provide equivalent diding or ductile capacity.

c. Bodiesof connectors shdl have sufficient deformability and rotation capacity to preclude fracture
of the concrete or low deformation failures at or near welds.

d. All fagtenersin the connecting system such as balts, inserts, welds, and dowels and the body of the
connectors shall be designed for the force (F,) determined in by Eq. 6.1.3-2 with values of R, and
a, taken from Table 6.2.2 applied at the center of mass of the panel.

e. Anchorage using flat straps embedded in concrete or masonry shall be attached to or hooked
around reinforcing sted or otherwise terminated so asto effectively transfer forcesto the
reinforcing sted.

6.25 OUT-OF-PLANE BENDING: Transverse or out-of-plane bending or deformation of a
component or system that is subjected to forces as determined in Sec. 6.1.3 shall not exceed the
deflection capability of the component or system.

6.2.6 SUSPENDED CEILINGS: Suspended ceilings shdl be designed to meet the seismic force
requirements of Sec. 6.2.6.1. In addition, suspended ceilings shal meet the requirements of either
Industry Standard Construction as modified in Sec. 6.2.6.2 or Integral Construction as specified in Sec.
6.2.6.3.

6.2.6.1 SeismicForces. Suspended ceilings shall be designed to meet the force requirements of
Sec. 6.1.3.
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The weight of the ceiling, W, shall include the ceiling grid and panels; light fixturesif attached to,
clipped to, or lateraly supported by the celling grid; and other components which are laterdly
supported by the ceiling. W, shall be taken as not |ess than 4 pounds per square foot (19 N/m?)

The saismic force, F, shall be transmitted through the ceiling attachments to the building structural
elements or the ceiling-structure boundary.

Design of anchorage and connections shall be in accordance with these provisions.

6.2.6.2 Industry Standard Construction: Unless designed in accordance with Sec. 6.2.6.3,
suspended cellingsshal be designed and congtructed in accordance with this section.

6.2.6.2.1 Seismic Design Category C: Suspended ceilingsin Saismic Design Category C shdl be
designed and ingtdled in accordance with the Cellings and Interior Systems Construction Association
(CISCA) recommendations for seismic zones 0-2 (Ref. 6-14), except that seismic forces shdl be
determined in accordance with Sec. 6.1.3 and 6.2.6.1.

Sprinkler heads and other penetrationsin Seismic Design Category C shdl have aminimum of 1/4 inch
(6 mm) clearance on dl sides.

6.2.6.2.2 Seismic Design CategoriesD, E, and F: Suspended cellingsin Seismic Design Categories
D, E, and F shdl be designed and ingtalled in accordance with the Cellings and Interior Systems
Construction Association (CISCA) recommendations for seismic zones 3-4 (Ref. 6-15) and the
additiond requirements listed in this subsection.

a A heavy duty T-bar grid system shall be used.

b. Thewidth of the perimeter supporting closure angle shal be not less than 2.0 inches (50 mm). In
each orthogona horizonta direction, one end of the ceiling grid shall be attached to the closure
angle. The other end in each horizontal direction shdl have a 3/4 inch (19 mm) clearance from the
wall and shall rest upon and be free to dide on a closure angle.

c. For celling areas exceeding 1000 square feet (92.9 m?), horizontal restraint of the ceiling to the
structura system shdl be provided. The tributary areas of the horizontal restraints shal be
approximately equdl.

Exception: Rigid braces are permitted to be used instead of diagona splay wires.
Braces and attachments to the structural system above shal be adequate to limit
relative laterd deflections at point of attachment of ceiling grid to lessthan 1/4 inch (6
mm) for the loads prescribed in Sec. 6.1.3

d. For celling areas exceeding 2500 square feet (232 m?), a saismic separation joint or full height
partition that breaks the ceiling up into areas not exceeding 2500 square feet shdl be provided
unless structurd analyses are performed of the ceiling bracing system for the prescribed seismic
forces which demonstrate celling system penetrations and closure angles provide sufficient
clearance to accommodeate the additional movement. Each areashal be provided with closure
anglesin accordance with Item b and horizontal restraints or bracing in accordance with Item c.

e. Except whererigid braces are used to limit laterd deflections, sprinkler heads and other
penetrations shdl have a 2 inch (50 mm) overszering, deeve, or adapter through the ceiling tile to
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alow for free movement of at least 1 inch (25 mm) in dl horizonta directions. Alternatively, a
swing joint that can accommodate 1 inch (25 mm) of celling movement in al horizonta directions
are permitted to be provided at the top of the sprinkler head extension.

f. Changesin celing plan devation shall be provided with postive bracing.
g. Cabletraysand dectrica conduits shall be supported independently of the ceiling.

h.  Suspended cellings shal be subject to the specid ingpection requirements of Sec. 3.3.9 of these
Provisons.

6.2.6.3 Integral Ceiling/Sprinkler Construction: Asan dternate to providing large clearances
around sprinkler system penetrations through ceiling systems, the sprinkler sysiem and celling grid are
permitted to be designed and tied together as an integra unit. Such adesign shal consider the mass
and flexihility of al dementsinvolved, including: ceiling system, sprinkler system, light fixtures, and
mechanica (HVAC) appurtenances. The design shdl be performed by aregistered design
professional.

6.2.7 ACCESSFLOORS:

6.2.7.1 General: Accessfloorsshdl be designed to meet the force provisions of Sec. 6.1.3 and the
additiona provisions of this section. The weight of the access floor, W, shdl include the weight of the
floor system, 100 percent of the weight of al equipment fastened to the floor, and 25 percent of the
weight of all equipment supported by, but not fastened to the floor. The seismic force, F,, shdl be
transmitted from the top surface of the access floor to the supporting structure.

Overturning effects of equipment fastened to the access floor panels dso shdl be considered. The
ability of "dip on" headsfor pedestals shall be evauated for suitability to transfer overturning effects of
equipment.

When checking individua pedestals for overturning effects, the maximum concurrent axia load shall
not exceed the portion of W, assigned to the pedestal under consideration.

6.2.7.2 Special AccessFloors. Accessfloors shall be consdered to be "specid accessfloors' if they
are designed to comply with the following consderations:

1. Connections transmitting seismic loads consist of mechanica fasteners, concrete anchors, welding,
or bearing. Design load capacities comply with recognized design codes and/or certified test
results.

2. Selsmic loads are not transmitted by friction produced solely by the effects of gravity, powder-
actuated fasteners (shot pins), or adhesives.

3. Thebracing system shdl be designed congdering the destabilizing effects of individua members
buckling in compression.

4. Bracing and pedestds are of structura or mechanica shape produced to ASTM specifications that
gpecify minimum mechanica properties. Electrical tubing shdl not be used.

5. Foor gringersthat are designed to carry axid seismic loads and that are mechanically fastened to
the supporting pedestals are used.
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6.2.8 PARTITIONS: Patitionsthat aretied to the ceiling and al partitions greater than 6 ft (1.8 m)
in height shal be lateraly braced to the building structure.  Such bracing shdl be independent of any
celling splay bracing. Bracing shdl be spaced to limit horizonta deflection at the partition head to be
compatible with ceiling deflection requirements as determined in Sec. 6.2.6 for suspended ceilings and
Sec. 6.2.2 for other systems.

6.29 STEEL STORAGE RACKS. Sted storage racks shdl be designed to meet the force
requirements of Chapter 14:

6.3 MECHANICAL AND ELECTRICAL COMPONENT DES GN:

6.3.1 GENERAL: Attachments and equipment supports for the mechanica and dectricad systems,
components, or eements (hereinafter referred to as " components') shal meet the requirements of Sec.
6.3.2 through Sec. 6.3.16.

6.3.2 MECHANICAL AND ELECTRICAL COMPONENT FORCESAND
DISPLACEMENTS: Mechanica and dectrica components shall meet the force and seismic rdative
displacement requirements of Sec. 6.1.3, Sec. 6.1.4, and Table 6.3.2.

Some complex equipment such as valves and vave operators, turbines and generators, and pumps and
motors are permitted to be functionally connected by mechanical links not capable of transferring the
selamic loads or accommodating seismic rel ative displacements and may require specia design
congderations such as a common rigid support or skid.

Exception: Components supported by chains or smilarly suspended structure above are not
required to meet the lateral seismic force requirements and seismic relative displacement
requirements of this section provided that they cannot be damaged or cannot damage any
other component when subject to seismic motion and they have high deformation or
articulating connections to the building at the point of attachment. The gravity design load for
these items shdl be three times their operating load.

TABLE 6.3.2
Mechanical and Electrical Components Coefficients
Mechanical and Electrical Component or Element® a; Ry

Genera Mechanical

Boilers and furnaces 10 25

Pressure vessals on skirts and free-standing 25 25

Stacks 25 25

Cantilevered chimneys 25 25

Other 10 25
Manufacturing and Process Machinery

Generdl 10 25

Conveyors (nonpersonnel) 25 25
Piping Systems

High deformability dementsand atachments 10 35

Limited deformability eements and attachments 10 25

Low deformability ementsor attachments 10 125
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Mechanical and Electrical Component or Element® a’ Ry

HVAC System Equipment

Vibration isolated 25 25

Nonvibration isolated 10 25

Mounted in-line with ductwork 10 25

Other 10 25
Elevator Components 10 25
Escaator Components 10 25
Trussed Towers (free-standing or guyed) 25 25
Generd Electrical

Didributed systems (bus ducts, conduit, cable tray) 25 5

Equipment 10 25
Lighting Fixtures 10 125

* A lower vaduefor a, is permitted provided a detailed dynamic anaysisis performance which justifies alower limit.
Thevauefor a, shdl not belessthan 1.00. Thevaueof g = 1isfor equipment generally regarded asrigid or rigidly atached.
Thevaueof a, = 25 isfor flexible components or flexibly atached components. See Chapter 2 for definitions of rigid and
flexible components including attachments.

* R, = 1.25 for anchorage design when component anchorage is provided by expansion anchor bolts, shallow chemical
anchors, or shalow low deformability cagt-in-place anchors or when the component is constructed of nonductile materias.
Powder-actuated fasteners (shot pins) shall not be used for component anchorage in Seismic Design Categories D, E, or F.
Shdlow anchors are those with an embedment length-to- diameter ratio of lessthan 8.

¢ Components mounted on vibration isolation systems shal have a bumper restraint or snubber in each horizonta
direction. The design force shall be taken as 2F,.

6.3.3 MECHANICAL AND ELECTRICAL COMPONENT PERIOD: The fundamentd period
of the mechanical and electrical component (and its attachment to the building), T,,, may be determined
by the following equation provided that the component and attachment can be reasonably represented
andyticdly by asmple spring and mass sngle-degree-of-freedom system:

W,
T =2 P (6.3.3)
Kpg
where:

T, = Component fundamenta period,

o

W, = Component operating weight,
g = Gravitationd accderation, and
K, = Stiffnessof resilient support system of the component and attachment, determined in terms of

load per unit deflection at the center of gravity of the component.
Note that consi stent units must be used.

Alterntively, determine the fundamental period of the component in seconds (T,)) from experimenta
test data or by a properly substantiated analysis.
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6.3.4 MECHANICAL AND ELECTRICAL COMPONENT ATTACHMENTS: Thediffness
of mechanica and dectrica component attachments shal be designed such that the load path for the
component performs its intended function.

6.3.5 COMPONENT SUPPORTS: Mechanical and dectrical component supports and the means
by which they are attached to the component shal be designed for the forces determined in Sec. 6.1.3
and in conformance with Chapters 5 through 9, as appropriate, for the materias comprising the means
of attachment. Such supports include structurd members, braces, frames, skirts, legs, saddles,
pedestds, cables, guys, stays, snubbers, and tethers. Component supports may be forged or cast asa
part of the mechanica or eectrical component. If standard or proprietary supports are used, they shdl
be designed by either load rating (i.e., testing) or for the calculated seismic forces. In addition, the
stiffness of the support, when appropriate, shal be designed such that the seismic load path for the
component performs its intended function.

Component supports shall be designed to accommodate the seismic relative displacements between
points of support determined in accordance with Sec. 6.1.4.

In addition, the means by which supports are attached to the component, except when integrd (i.e.,
cast or forged), shdl be designed to accommodate both the forces and displacements determined in
accordance with Sec. 6.1.3 and 6.1.4. If thevaue of |, = 1.5 for the component, the local region of the
support attachment point to the component shal be evaluated for the effect of the load transfer on the
component wall.

6.3.6 COMPONENT CERTIFICATION: The manufacturer's certificate of compliance with the
force requirements of the Provisions shal be submitted to the regulatory agency when required by the
contract documents or when required by the regulatory agency.

6.3.7 UTILITY AND SERVICE LINESAT STRUCTURE INTERFACES:. At theinterface of
adjacent structures or portions of the same structure that may move independently, utility lines shdl be
provided with adequate flexibility to accommodate the anticipated differentid movement between the
ground and the structure. Differentia displacement cal culations shal be determined in accordance with
Sec. 6.1.4.

6.3.8 SITE-SPECIFIC CONSIDERATIONS: The possbleinterruption of utility service shdl be
conddered in relation to designated seismic systemsin Seismic Use Group |11 asdefined in Sec. 1.3.1.
Specific attention shal be given to the vulnerability of underground utilities and utility interfaces
between the structure and the ground in al situationswhere Ste Class E or F soil is present and where
the seilamic coefficient C, isequal to or greater than 0.15.

6.3.9 STORAGE TANKS:

6.3.9.1 Above-Grade Storage Tanks. For storage tanks mounted above grade in structures,
attachments, supports, and the stank shall be designed to meet the force requirements of Chapter 14.

6.3.10 HYAC DUCTWORK: Attachments and supports for HVAC ductwork systems shal be
designed to meet the force and displacement requirements of Sec. 6.1.3 and 6.1.4 and the additiona
requirements of this section. In addition to their attachments and supports, ductwork systems
designated ashaving an |, greater than 1.0 shall be designed to meet the force and displacement
requirements of Sec. 6.1.3 and 6.1.4 and the additional requirements of this section. Where HVAC
ductwork runs between structures that could displace relative to one another and for isolated
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sructures where the HV AC ductwork crosses the isolation interface, the HV AC ductwork shal be
designed to accommodate the seismic rel ative displacements specified in Sec. 6.1.4.

Seismic regtraints are not required for HVAC ductswith |, = 1.0 if either of the following conditions
are met for the full length of each duct run:

a HVAC ducts are suspended from hangers, and al hangers are 12 in. (305 mm) or lessin length
from the top of the duct to the supporting structure and the hangers are detailed to avoid
sgnificant bending of the hangers and their attachments.

or

b. HVAC ducts have a cross-sectional area of lessthan 6 ft? (0.557 m?).

HVAC duct systems fabricated and installed in accordance with the SMACNA duct construction
standards (Ref. 6-16, 6-17, and 6-18) shall be deemed to meet the lateral bracing requirements of this
section.

Equipment items ingaled in-line with the duct system (e.g., fans, heat exchangers, and humidifiers)
with an operating weight greater than 75 Ib (334 N) shdl be supported and laterally braced
independently of the duct system and shall meet the force requirements of Sec. 6.1.3. Appurtenances
such as dampers, louvers, and diffusers shdl be postively attached with mechanical fasteners.
Unbraced piping attached to in-line equipment shall be provided with adequate flexibility to
accommodate differentia digplacements.

6.3.11 PIPING SYSTEMS. Attachments and supports for piping systems shal be designed to meset
the force and displacement requirements of Sec. 6.1.3 and 6.1.4 and the additional requirements of
this section. In addition to their attachments and supports, piping systems designated as having |,
greater than 1.0 themselves shall be designed to meet the force and displacement provisions of Sec.
6.1.3 and 6.1.4 and the additional requirements of this section. When piping systems are attached to
structures that could displace relative to one another and for isolated structures, including foundations,
where the piping system crosses the isolation interface, the piping system shall be designed to
accommodeate the seismic relative displacements specified in Sec. 6.1.4.

Saamic effects that shdl be consdered in the design of a piping system include the dynamic effects of
the piping system, its contents, and, when appropriate, its supports. The interaction between the piping
system and the supporting structures, including other mechanica and dectrica equipment, shal aso be
consdered.

See Sec. 6.3.16 for eevator system piping requirements.

6.3.11.1 FireProtection Sprinkler Sysems. Fire protection sprinkler systems designed and
constructed in accordance with Ref. 6-12 shall be deemed to meet the force, displacement, and other
requirements of this section provided that the seismic design force and displacement caculated in
accordance with Ref. 6-12, multiplied by afactor of 1.4, is not less than that determined using these
Provisons.

6.3.11.2 Other Piping Systems. The following documents have been adopted as national standards
by the American National Standards Ingtitute (ANS!), and are appropriate for use in the seismic design
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of piping systems provided that the seismic design forces and displacements used are comparable to
those determined using these Provisions.

Exception: Piping systems designated as having an |, greater than 1.0 shall not be designed
using the smplified andys's procedures of Ref. 6-9 (Sec. 919.4.1(3)).

The following requirements shall aso be met for piping systems designated as having an |, greater than
1.0

a Under design loads and displacements, piping shal not be permitted to impact other components.

b. Piping shal accommodate the effects of reative displacements that may occur between piping
support points on the structure or the ground, other mechanica and/or eectrica equipment, and
other piping.

6.3.11.2.1 Supportsand Attachmentsfor Other Piping: In addition to meeting the force,
displacement, and other requirements of this section, attachments and supports for piping shdl be
subject to the following other requirements and limitations:

a Attachments shdl be designed in accordance with Sec. 6.1.6 .
b. Seismic supports are not required for:

1. Piping supported by rod hangers provided that al hangersin the pipe run are 12 in. (305 mm)
or lessin length from the top of the pipe to the supporting structure and the pipe can
accommodate the expected deflections. Rod hangers shall not be constructed in a manner that
would subject the rod to bending moments.

2. High deformability piping in Seismic Design Categories D, E, and F designated ashavingan |,
greater than 1.0 and anomind pipesize of 1in. (25 mm) or less when provisons are made to
protect the piping from impact or to avoid the impact of larger piping or other mechanical
equipment.

3. High deformability piping in Seismic Design Category C designated as having an |, greater
than 1.0 and anominal pipe size of 2 in. (51 mm) or less when provisions are made to protect
the piping from impact or to avoid the impact of larger piping or other mechanica equipment.

4. High deformability piping in Seismic Design Categories D, E, and F designated ashaving an |,
equa to 1.0 and anomina pipe size of 3in. (76 mm) or less.

c. Seismic supports shal be constructed so that support engagement is maintained.

6.3.12 BOILERS AND PRESSURE VESSEL S: Attachments and supports for boilers and pressure
vessals shdl be designed to meet the force and displacement provisions of Sec. 6.1.3 and 6.1.4 and the
additiond provisons of this section. In addition to their attachments and supports, boilers and pressure
vessels designated as having an |, = 1.5 themselves shall be designed to meet the force and
displacement provisions of Sec. 6.1.3 and 6.1.4.

Saigmic effects that shall be considered in the design of aboiler or pressure vessel include the dynamic
effects of the boiler or pressure vessd, its contents, and its supports; doshing of liquid contents; loads
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from attached components such as piping; and the interaction between the boiler or pressure vessel and
its support.

6.3.12.1 ASME Boilersand Pressure Vessals. Boilers or pressure vessels designed in accordance
with Ref. 6-9 shall be deemed to meet the force, displacement, and other requirements of this section.
Inlieu of the specific force and displacement provisions provided in the ASME code, the force and
displacement provisions of Sec. 6.1.3 and 6.1.4 shdl be used.

6.3.12.2 Other Boilersand Pressure Vessds: Boilers and pressure vessels designated as having an |,
= 1.5 but not constructed in accordance with the provisions of Ref. 6-9 shal meet the following
provisons:

a Thedesgn grength for seismic loads in combination with other service loads and appropriate
environmenta effects shall not exceed the following:

(1) For boilers and pressure vessals constructed with ductile materias (e.g., stedl, duminum or
copper), 90 percent of the materid minimum specified yield strength.

(2) For threaded connectionsin boilers or pressure vessals or their supports constructed with
ductile materids, 70 percent of the material minimum specified yield strength.

(3) For bailers and pressure vessals constructed with nonductile materias (e.g., plastic, cast iron,
or ceramics), 25 percent of the material minimum specified tensile strength.

(4) For threaded connectionsin boilers or pressure vessals or their supports constructed with
nonductile materials, 20 percent of the materid minimum specified tensile strength.

b. Provisonsshdl be made to mitigate seismic impact for boiler and pressure vessel components
constructed of nonductile materias or in cases where materia ductility is reduced (eg., low
temperature applications).

c. Boilersand pressure vessals shall be investigated to ensure that the interaction effects between
them and other constructions are acceptable.

6.3.12.3 Supportsand Attachmentsfor Boilersand Pressure Vessals. Attachments and supports
for boilers and pressure vessels shdl meet the following provisions:

a Attachments and supports transferring seismic loads shall be constructed of materias suitable for
the application and designed and constructed in accordance with nationally recognized structural
code such as, when constructed of stedl, Ref. 8-1 and 8-2.

b. Attachments embedded in concrete shal be suitable for cyclic loads.
c. Seismic supports shal be constructed so that support engagement is maintained.

6.3.13MECHANICAL EQUIPMENT ATTACHMENTSAND SUPPORTS:. Attachmentsand
supports for mechanica equipment not covered in Sec. 6.3.8 through 6.3.12 or 6.3.16 shdl be
designed to meet the force and displacement requirements of Sec. 6.1.3 and 6.1.4 and the additiona
requirements of this section. In addition, mechanica equipment designated as having an |, greater
than 1.0 shal be designed to meet the force and displacement requirements of Sec. 6.1.3 and 6.1.4
and the additiond requirements of this section.
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When required, seismic effects that shal be consdered in the design of mechanica equipment,
attachments and their supports include the dynamic effects of the equipment, its contents, and when
appropriate its supports. The interaction between the equipment and the supporting structures,
including other mechanica and electrica equipment, shall dso be considered.

6.3.13.1 Mechanical Equipment: Mechanica equipment having an |, greater than 1.0 shall meet the
following requirements.

a. Provisonsshdl bemadeto diminate seismicimpact for equipment components vulnerable to
impact, equipment components constructed of nonductile materids, or in cases where materia
ductility is reduced (e.g., low temperature applications).

b. The posshility for loadings imposed on the equipment by attached utility or service linesdue to
differentid motions of points of support from separate structures shal be evauated.

In addition, components of mechanica equipment designated as having an |, greater than 1.0 and
containing sufficient materia that would be hazardous if released shdl themselves be designed for
saiamic loads. The design strength for seismic loads in combination with other service loads and
gppropriate environmenta effects such as corrosion shal be based on the following:

a For mechanica equipment constructed with ductile materids (e.g., steel, duminum, or copper), 90
percent of the equipment materiad minimum specified yield strength.

b. For threaded connections in equipment constructed with ductile materids, 70 percent of the
materid minimum specified yield strength.

c. For mechanica equipment constructed with nonductile materids (e.g., plastic, cast iron, or
ceramics), 25 percent of the equipment materiad minimum tensile strength.

d. For threaded connections in equipment constructed with nonductile materias, 20 percent of the
materid minimum specified yield strength.

6.3.13.2 Attachmentsand Supportsfor Mechanical Equipment: Attachments and supports for
mechanica equipment shal meet the following requirements :

a Attachments and supports transferring seismic loads shall be constructed of materias suitable for
the application and designed and constructed in accordance with a nationaly recognized structura
standard specification such as, when constructed of stedl, Ref. 8-1 and 8-2.

b. Friction clips shdl not be used for anchorage attachment.

c. Expansion anchors shdl not be used for nonvibration isolated mechanica equipment rated over 10
hp (7.45 kW ).

Exception: Undercut expansion anchors are permitted.

d. Supports shdl be specificaly evduated if weak-axis bending of cold-formed support sted! isrelied
on for the seismic load path.

e. Components mounted on vibration isolation systems shal have a bumper restraint or snubber in
each horizonta direction, and verticd restraints shal be provided where required to resist
overturning. Isolator housings and restraints shall be constructed of ductile materias. (See
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additiona design force requirementsin Table 6.3.2.) A viscodagtic pad or smilar materid of
appropriate thickness shal be used between the bumper and equipment item to limit the impact
load.

f.  Seismic supports shall be constructed so that support engagement is maintained.

6.3.14 ELECTRICAL EQUIPMENT ATTACHMENTSAND SUPPORTS: Attachmentsand
supports for eectrical equipment shal be designed to meet the force and displacement  requirements of
Sec. 6.1.3 and 6.1.4 and the additiona requirements of this section. In addition, electrical equipment
designated as having |, greater than 1.0 shall itself be designed to meet the force and displacement
requirements of Sec. 6.1.3 and 6.1.4 and the additional requirements of this section.

Saigmic effects that shall be considered in the design of other dectrica equipment include the dynamic
effects of the equipment, its contents, and when appropriate its supports. The interaction between the
equipment and the supporting structures, including other mechanica and eectrical equipment, shall
aso be considered. When conduit, cable trays, or smilar eectrical distribution components are
attached to structuresthat could displace relative to one another and for isolated structures where the
conduit or cable trays cross the isolation interface, the conduit or cable trays shal be designed to
accommodeate the seismic relative displacements specified in Sec. 6.1.4.

6.3.14.1 Electrical Equipment: Electrica equipment designated as having an |, greater than 1.0
shdl meet thefollowing requirements.

a Provisonsshdl be made to eiminate seismic impact between the equipment and other components

b. Evduate loading on the equipment imposed by attached utility or service lineswhich are dso
atached to separate structures.

c. Batteries on racks shdl have wrap-around restraints to ensure that the batteries will not fal off the
rack. Spacers shall be used between restraints and cedlls to prevent damage to cases. Racks shdl be
evauated for sufficient laterd 1oad capacity.

d. Internd coilsof dry type trandformers shall be positively attached to their supporting substructure
within the transformer enclosure.

e. Slide out componentsin dectrical control pands, computer equipment, etc., shall have alatching
mechanism to hold contentsin place.

f. Electrica cabinet design shdl conform to the gpplicable Nationd Electricd Manufacturers
Association (NEMA) standards. Cut-outsin the lower shear panel that do not appear to have been
made by the manufacturer and are judged to significantly reduce the strength of the cabinet shdl be
specificdly evduated.

g. Theattachment of additiond externd items weighing more than 100 pounds (445 N) shdl be
specificaly evauated if not provided by the manufacturer.

6.3.14.2 Attachmentsand Supportsfor Electrical Equipment: Attachments and supports for
electrica equipment shall meet the following requirements:
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a Attachments and supports transferring seismic loads shall be constructed of materias suitable for
the application and designed and constructed in accordance with a nationaly recognized structura
standard specification such as, when constructed of stedl, Ref. 5-1 and 5-2.

b. Friction clips shdl not be used for anchorage attachment.

c. Overdgzed plate washers extending to the equipment wall shal be used at bolted connections
through the base sheet metd if the base is not reinforced with stiffeners or not judged capable of
transferring the required loads.

d. Supportsshall be specifically evauated if weak-axis bending of light gage support stedl isrelied on
for the seismic load path.

e. Thesupportsfor linear dectrica equipment such as cable trays, conduit, and bus ducts shdl be
designed to meet the force and displacement requirements of Sec. 6.1.3 and 6.1.4 if any of the
following situations apply:

(1) Supports are cantilevered up from the floor;

(2) Supportsinclude bracing to limit deflection;

(3) Supports are constructed asrigid welded frames,

(4) Attachmentsinto concrete utilize nonexpanding insets, shot pins, or cast iron embedments;
(5) Attachments utilize spot welds, plug welds, or minimum size welds as defined by AISC.

f.  Components mounted on vibration isolation systems shall have a bumper restraint or snubber in
each horizonta direction, and verticd restraints shal be provided where required to resist
overturning. Isolator housings and restraints shall not be constructed of cast iron or other materias
with limited ductility. (See additiona design force requirementsin Table 6.3.2.) A viscodastic pad
or amilar materia of appropriate thickness shal be used between the bumper and equipment item
to limit the impact load.

6.3.15 ALTERNATIVE SEISMIC QUALIFICATION METHODS:. Asan dternativeto the
andyss methods implicit in the design methodology described above, equipment testing isan
acceptable method to determine seismic capacity. Thus, adaptation of anationally recognized
standard, such as Ref. 6-16, is acceptable so long as the equipment selsmic capacity equals or exceeds
the demand expressed in Sec. 6.1.3 and 6.1.4.

6.3.16 ELEVATOR DESIGN REQUIREMENTS: Elevators shal meet the force and
displacement provisons of Sec. 6.3.2 unless exempted by either Sec. 1.2 or Sec. 6.1. Elevators
designed in accordance with the seiamic provisons of Ref. 6-1 shdl be deemed to meet the seismic
force requirements of this section, except they adso shal meet the additiona requirements provided in
Sec. 6.3.16.1 through 6.3.16.4..

6.3.16.1 Elevatorsand Hoistway Structural System: Elevators and hoistway Structurd systems
shall be designed to meet the force and displacement provisions of Sec. 6.3.2.
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6.3.16.2 Elevator Machinery and Controller Supportsand Attachments. Elevator machinery and
controller supports and attachments shal be designed to meet the force and displacement provisions of
Sec. 6.3.2.

6.3.16.3 Seismic Controls. Seilsmic switches shal be provided for al eevators addressed by Sec.
6.3.16.1 including those meeting the requirements of the ASME reference, provided they operate with
aspeed of 150 ft/min (46 m/min) or greater. Seismic switches shdl provide an dectricd sgnd
indicating that structural motions are of such a magnitude that the operation of €levators may be
impaired. Upon activation of the seiamic switch, eevator operations shal conform to provisonsin
Ref. 6-1 except as noted below. The seismic switch shall be located at or above the highest floor
sarviced by the devators. The seismic switch shdl have two horizonta perpendicular axes of
sengtivity. ltstrigger level shall be set to 30 percent of the acceleration of gravity

In facilitieswhere the loss of the use of an dlevator is alife-safety issue, the evator may be used after
the seismic switch hastriggered provided that:

1. Theédevator shdl operate no faster than the service speed,

2. Thedevator shal be operated remotely from top to bottom and back to top to verify that it is
operable, and

3. Theindividua putting the eevator back in service should ride the elevator from top to bottom and
back to top to verify acceptable performance.

6.3.16.4 Retainer Plates. Retainer plates are required at the top and bottom of the car and coun-
terweight.



Chapter 7

FOUNDATION DESIGN REQUIREMENTS

7.1 GENERAL: Thischapter includes only those foundation requirements that are specificaly
related to seismic resistant construction. It assumes compliance with al other basic requirements.
These requirements include, but are not limited to, requirements for the extent of the foundation
investigation, fillsto be present or to be placed in the area of the Structure, dope stability, subsurface
drainage, and settlement control. Also included are pile requirements and capacities and bearing and
lateral soil pressure recommendations.

7.2 STRENGTH OF COMPONENTSAND FOUNDATIONS: Theresgting capacities of the
foundations, subjected to the prescribed seismic forces of Chapters 1, 4 and 5, shal meet the require-
ments of this chapter.

7.2.1 Structural Materials: The strength of foundation components subjected to seismic forces
aone or in combination with other prescribed loads and their detailing requirements shall conform to
the requirements of Chapter 8, 9, 10, 11, or 12. The strength of foundation components shdl not be
less than that required for forces acting without seismic forces.

7.2.2 Soil Capacities: The capacity of the foundation soil in bearing or the capacity of the soil
interface between pile, pier, or caisson and the soil shal be sufficient to support the structure with al
prescribed loads, without seismic forces, taking due account of the settlement that the structure can
withstand. For the load combination including earthquake as specified in Sec. 5.2.7, the soil capacities
must be sufficient to resist loads at acceptable strains considering both the short duration of loading and
the dynamic properties of the soil.

7.3 SEISMIC DESIGN CATEGORIES A AND B: Any congtruction mesting the requirements of
Sec. 7.1 and 7.2 is permitted to be be used for structures assigned to Seismic Design Category A or B.

7.4 SEISMIC DESIGN CATEGORY C: Foundations for structures assigned to Seismic Design
Category C shdl conform to dl of the requirements for Seismic Design Categories A and B and to the
additional requirements of this section.

7.4.1 Investigation: The authority having jurisdiction may require the submission of awritten report
that shall include, in addition to the requirements of Sec. 7.1 and the evauations required in Sec. 7.2.2,
the results of an investigation to determine the potentia hazards due to dope ingtability, liquefaction,
and surface rupture due to faulting or lateral spreading, al as aresult of earthquake motions.

7.4.2 Pole-Type Structures. Congtruction employing posts or poles as columns embedded in earth
or embedded in concrete footings in the earth are permitted to be used to resst both axial and latera
loads. The depth of embedment required for posts or polesto resist seismic forces shdl be determined
by means of the design criteria established in the foundation investigation report.
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7.4.3 Foundation Ties: Individua pile caps, drilled piers, or caissons shdl be interconnected by ties.
All ties shall be capable of carrying, in tension or compression, aforce equd to the product of the
larger pile cap or column load times S, divided by 4 unlessit can be demonstrated that equivalent
restraint can be provided by reinforced concrete beams within dabs on grade or reinforced concrete
dabs on grade or confinement by competent rock, hard cohesive soils, very dense granular soils, or
other approved means.

7.4.4 Special Pile Requirements. The following specia requirements for concrete piles, concrete
filled stedl pipe piles, drilled piers, or caissons arein addition to al other requirementsin the code
administered by the authority having jurisdiction.

All concrete piles and concrete filled pipe piles shal be connected to the pile cap by embedding the pile
reinforcement in the pile cap for a distance equal to the development length as specified in Ref. 6-1.
The pile cap connection can be made by the use of field-placed dowels anchored in the concrete pile.
For deformed bars, the development length isthe full development length for compression without
reduction in length for excessarea. Where specid reinforcement at the top of the pileis required,
dternative measures for laterally confining concrete and maintaining toughness and ductile-like
behavior at the top of the pile will be permitted provided due consderation is given to forcing the hinge
to occur in the confined region.

Where aminimum length for reinforcement or the extent of closely spaced confinement reinforcement
is specified at the top of the pile, provisions shal be made so that those specified lengths or extents are
maintained after pile cut-off.

7.4.4.1 Uncased Concrete Piles. A minimum reinforcement ratio of 0.0025 shdl be provided for
uncased cast-in-place concrete drilled piles, drilled piers, or caissonsin the top one-third of the pile
length or aminimum length of 10 ft (3 m) below the ground. There shall be aminimum of four bars
with closed ties (or equivaent spiras) of aminimum 1/4 in. (6 mm) diameter provided at 16-
longitudinal-bar-diameter maximum spacing with a maximum spacing of 4 in. (102 mm) in the top 2 ft
(0.6 m) of the pile. Reinforcement detailing requirements shal be in conformance with Sec. 9.6.2.

7.4.4.2 Metal-Cased Concrete Piles. Reinforcement requirements are the same as for uncased
concrete piles.

Exception: Spira welded metal-casing of a thickness not less than No. 14 gauige can be
conddered as providing concrete confinement equivaent to the closed ties or equivaent spirals
required in an uncased concrete pile, provided that the metal casing is adequately protected
againgt possible deleterious action due to soil congtituents, changing water levels, or other
factors indicated by boring records of Site conditions.

7.4.4.3 Concrete-Filled Pipe: Minimum reinforcement 0.01 times the cross-sectiond area of the pile
concrete shdl be provided in the top of the pile with alength equa to two times the required cap
embedment anchorage into the pile cap.

7.4.4.4 Precast Concrete Piles. Longitudina reinforcement shal be provided for precast concrete
pileswith aminimum sted ratio of 0.01. Tiesor equivaent spirals shal be provided a a maximum 16-
bar-diameter spacing with amaximum spacing of 4 in. (102 mm) in thetop 2 ft (0.6 m). Rein-
forcement shdl be full length.
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7445 Precast-Prestressed Piles: The upper 2 ft (0.6 m) of the pile shal have No. 3 tiesminimum a
not over 4-in. (102 mm) spacing or equivaent spirdls. The pile cap connection is permitted to be by
means of dowels asrequired in Sec. 7.4.4. Pile cap connection is permitted to be by means of
developing pile reinforcing strand if a ductile connection is provided.

75 SEISMIC DESIGN CATEGORIESD, E, AND F: Foundationsfor structures assigned to
Seismic Design Categories D, E, and F shdl conform to all of the requirements for Seismic Design
Category C congtruction and to the additiond requirements of this section.

7.5.1 Investigation: The owner shdl submit to the authority having jurisdiction awritten report that
includes an evduation of potential Site hazards such as dope ingtability, liquefaction, and surface
rupture due to faulting or lateral spreading and the determination of lateral pressures on basement and
retaining walls due to earthquake motions.

7.5.2 Foundation Ties: Individua spread footings founded on soil defined in Sec. 4.1.2 as Ste Class
E or F shdll be interconnected by ties. Ties shal conform to Sec. 7.4.3.

7.5.3 Liquefaction Potential and Soil Strength Loss: The geotechnica report shdl assess potential
consequences of any liquefaction and soil strength loss, including estimation of differentia settlement,
latera movement or reduction in foundation soil-bearing capacity, and shal discuss mitigation
measures. Such measures shdl be given consideration in the design of the structure and can include,
but are not limited to, ground stabilization, salection of appropriate foundation type and depths,
selection of gppropriate structural systems to accommeodate anticipated displacements, or any
combination of these measures.

The potentia for liquefaction and soil strength loss shall be evauated for site peak ground
accelerations, magnitudes, and source characteristics consistent with the design earthquake ground
motions. Peak ground acceleration is permitted to be determined based on a site-specific study taking
into account soil amplification effects or, in the absence of such astudy, peak ground accelerations
shall be assumed equd to §,42.5.

7.5.4 Special Pile Requirements. Filing shal be designed and congtructed to withstand maximum
imposed curvatures from earthquake ground motions and structure response.  Curvatures shdl include
free-fidd soil strains (without the structure) modified for soil-pile-structure interaction coupled with
pile deformations induced by latera pile resistance to structure seismic forces. Concrete pilesin Ste
ClassE or F shdl be designed and detailed in accordance with Sec. 9.3.3.3 within seven pile diameters
of the pile cap and the interfaces of soft to medium stiff clay or liquefiable strata.

7.5.4.1 Uncased Concrete Piles. A minimum reinforcement ratio of 0.005 shal be provided for
uncased cast-in-place concrete piles, drilled piers, or caissonsin the top one-haf of the pilelength or a
minimum length of 10 ft (3 m) below ground. There shdl be aminimum of four bars with closed ties
or equivdent spiras provided at 8-longitudind-bar-diameter maximum spacing with a maximum
gpacing of 3in. (76 mm) inthetop 4 ft (1.2 m) of the pile. Tiesshal be aminimum of No. 3 barsfor
up to 20-in.-diameter (500 mm) pilesand No. 4 barsfor piles of larger diameter.
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7.5.4.2 Metal-Cased Concrete Piles. Reinforcement requirements are the same as for uncased
concrete piles.

Exception: Spira welded metal-casing of a thickness not less than No. 14 gauige can be
conddered as providing concrete confinement equivaent to the closed ties or equivaent spirals
required in an uncased concrete pile, provided that the metal casing is adequately protected
againgt possible deleterious action due to soil congtituents, changing water levels, or other
factors indicated by boring records of Site conditions.

7.5.4.3 Precast Concrete Piles. Tiesin precast concrete piles shdl conform to the requirements of
Chapter 9 for at least the top half of the pile.

7.5.4.4 Precast-Prestressed Piles. For the body of fully embedded foundation piling subjected to
vertical loads only, or where the design bending moment does not exceed 0.20M,,, (where M, isthe
unfactored ultimate moment capacity at balanced strain conditions as defined in Ref. 6-1, Sec. 10.3.2),
gpird reinforcing shdl be provided suchthat > 0.006. Pile cap connection shdl not be made by
developing exposed strand.

7545 Sted Piles: The connection between the pile cap and sted piles or unfilled stedl pipe piles shall
be designed for atensle force equa to 10 percent of the pile compression capecity.
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Chapter 8

STEEL STRUCTURE DESIGN REQUIREMENTS

8.1 REFERENCE DOCUMENTS: Thedesgn, congtruction, and quality of steel components that
resst seismic forces shal conform to the requirements of the references listed in this section except as
modified by the requirements of this chapter.

Ref. 8-1 Load and Resistance Factor Design Specification for Sructural Sedl Buildings
(LRFD), American Ingtitute of Steel Construction (A1SC), December 1993

Ref. 8-2 Allowable Sress Design and Plastic Design Soecification for Sructural Stedl
Buildings (ASD), American Ingtitute of Steel Construction, June 1, 1989

Ref. 8-3 Saismic Provisons for Sructural Sed Buildings, American Ingtitute of Steel

Congtruction, 1997, Part |

Ref. 8-4 Soecification for the Design of Cold-Formed Steel Sructural Members, American
Iron and Sted Indtitute (Al1S]), 1996

Ref. 8-5 Foecification for the Design of Cold-formed Sainless Sedl Sructural Member's,
ANSI/ASCE 8-90, American Society of Civil Engineers

Ref. 8-6 Sandard Secification, Load Tables and Weight Tables for Seel Joists and Joist
Girders, Sted Joist Ingtitute, 1994 Edition

Ref. 8-7 Sructural Applications for Stedl Cables for Buildings, ASCE 19, 1995 Edition

8.2 SEISMIC REQUIREMENTSFOR STEEL STRUCTURES:. Thedesign of sted structures
to res st seismic forces shal be in accordance with Section 8.3 or 8.4 for the appropriate Seismic
Design Category.

8.3 SEISMIC DESIGN CATEGORIESA, B and C: Sted structures assigned to Seismic Design
Categories A, B and C, shdl be of any construction permitted by the referencesin Sec. 8.1. AnR
factor as set forth in Table 5.2.2 for the appropriate sted system is permitted when the structure is
designed and detailed in accordance with the requirements of Ref. 8-3, Part |, or Sec. 8.6, for light
framed cold-formed sted wall systlems. Systems not detailed in accordance with the above shdl use
the Rfactor in Table 5.2.2 designated for “ stedl systems not detailed for seismic”.

8.4 SEISMIC DESIGN CATEGORIESD, E, and F: Sted structures assigned to Seismic Design
Categories D, E, and F shall be designed and detailed in accordance with Ref. 8-3, Part |, or Sec. 8.6
for light framed cold-formed sted wall systems.

85 COLD-FORMED STEEL SEISMIC REQUIREMENTS: The design of cold-formed carbon
or low-aloy stedd membersto resst seismic loads shdl bein accordance with the requirements of Ref.
8.-4 and the design of cold-formed stainless stedl structurd | to resst seismic loads shdl bein
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accordance with the requirements of Ref. 8-5, except as modified by this section. The referenceto
section and paragraph numbers are to those of the particular specification modified.

8.5.1 Modificationsto Ref. 8-4: Revise Sec. A5.1.3 of Ref. 8-4 asfollows:

"A4.4 Wind or Earthquake L oads Where load combinations specified by the
gpplicable code include wind loads, the resulting forces are permitted to be multiplied by
0.75. Selamic load combinations shal be as determined by these provisons.”

8.5.2 Madificationsto Ref. 8-5: Modify Sec. 1.5.2 of Ref. 8-5 by substituting aload factor of 1.0in
place of 1.5 for nomina earthquake load.

8.6 LIGHT-FRAMED WALLS: When required by the requirementsin Sec. 8.3 or 8.4, cold-
formed stedl stud walls designed in accordance with Ref. 8-4 and 8-5 shall dso comply with the
requirements of this section.

8.6.1 Boundary Members. All boundary members, chords, and collectors shal be designed to
transmit the specified induced axia forces.

8.6.2 Connections. Connectionsfor diagona bracing members, top chord splices, boundary
members, and collectors shdl have adesign strength equal to or greater than the nominal tengle
strength of the members being connected or  , timesthe design seismic force. The pull-out resistance
of screws shall not be used to resist seismic forces.

8.6.3 Braced Bay Members. In stud sysemswhere the latera forces are resisted by braced frames,
the vertical and diagona members in braced bays shdl be anchored such that the bottom tracks are not
required to resst uplift forces by bending of the track or track web. Both flanges of studs shdll be
braced to prevent laterd torsond buckling. In vertica diaphragm systems, the vertical boundary
members shal be anchored so the bottom track is not required to resist uplift forces by bending of the
track web.

8.6.4 Diagonal Braces. Provison shal be made for pretensioning or other methods of instalation of
tension-only bracing to guard against loose diagonal straps.

8.6.5 Shear Walls: Nomind shear valuesfor wall sheathing materials are givenin Table 8.6. Design
shear vaues shall be determined by multiplying the nomina vauestherein by a ¢ factor of 0.55. In
structures over one story in height, the assembliesin Table 8.6 shall not be used to resst horizontal
loads contributed by forces impaosed by masonry or concrete construction.

Panel thicknesses shown in Table 8.6 shdl be congdered to be minimums. No pandslessthan 24
inches wide shal be used. Plywood or oriented strand board structura panels shall be of atypethat is
manufactured using exterior glue. Framing members, blocking or strapping shdl be provided &t the
edges of dl sheets. Fagteners dong the edgesin shear pane s shdl be placed not less than 3/8 inches
(9.5 mm) in from panel edges. Screws shall be of sufficient length to assure penetration into the stedl
stud by at least two full diameter threads.

The height to length ratio of wall systemslisted in Table 8.6 shdl not exceed 2:1.

Perimeter members a openings shdl be provided and shdl be detailed to distribute the shearing
stresses. Wood sheathing shall not be used to splice these members.
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Wall studs and track shal have a minimum uncoated base thickness of not Iess than 0.033 inches (0.84
mm) and shal not have an uncoated base metal thickness greater than 0.048 inches (1.22 mm). Pandl
end studs and their uplift anchorage shal have the design strength to resist the forces determined by the
selamic loads determined by Eq. 2.2.6-3 and Eq. 2.2.6-4.

TABLE 8.6 Nominal Shear Valuesfor Seismic Forcesfor Shear Walls
Framed with Cold-Formed Sted Studs (in pounds per foot)*

Assembly Fastener Spacing at Panel Framing
Description Edges® Spacing
(inches) (incheso.c)
6 4 3 2

15/32 rated Structural | sheathing 780 | 990 | 1465 | 1625 24
(4-ply) plywood one side ¢
7/16di n. oriented strand board one 700 | 915 | 1275 | 1700 24
gde

NOTE: For fagtener and framing spacing, multiply inches by 25.4 to obtain metric mm.

2 Nomind shear vaues shal be multiplied by the appropriate strength reduction factor ¢ to determine
design strength as set forth in Sec. 8.6.5.

® Studs shall be aminimum 1-5/8 in. by 3-1/2 in. with a3/8-in. return lip. Track shal be aminimum 1-
V4in. by 3-1/2in. Both studs and track shdl have a minimum uncoated base meta thickness of 0.033
inches and shall be ASTM A446 Grade A (or ASTM A653 SQ Grade 33 [new designation]). Framing
screws shall be No. 8 x 5/8 in. wafer head sdlf-drilling. Plywood and OSB screws shdl be a minimum No. 8
x 1in. bugle head. Where horizonta straps are used to provide blocking they shall be aminimum 1-1/2 in.
wide and of the same materid and thickness as the stud and track.

¢ Screwsin the fild of the panel shall beingtaled 12 inches o.c. unless otherwise shown.
4 Both flanges of the studs shall be braced in accordance with Sec. 8.6.3.

8.7 SEISMIC REQUIREMENTSFOR STEEL DECK DIAPHRAGMS. Sted deck
diaphragms shdl be made from materias conforming to the requirements of Ref. 8-4 or 8-5. Nominal
strengths shdl be determined in accordance with approved analytica procedures or with test
procedures prepared by aregistered design professional experienced in testing of cold-formed stedl
assemblies and gpproved by the authority having jurisdiction. Design strengths shdl be determined by
multiplying the nominal strength by a resistance factor, ¢, equd to 0.60 (for mechanicaly connected
diaphragms) and equal to 0.50 (for welded diaphragms). The sted deck ingtallation for the Structure,
including fasteners, shal comply with the test assembly arrangement. Quality standards established for
the nomina strength test shal be the minimum standards required for the sted deck installation,
including fasteners.

8.8 STEEL CABLES: Thedesign strength of steel cables shdl be determined by the requirements of
Ref. 8-7 except as modified by these Provisions. Sec. 5d of Ref. 8-7 shdl be modified by substituting
1.5(T,) where T, isthe net tenson in cable due to dead load, prestress, live load, and seismic load. A
load factor of 1.1 shall be applied to the prestress force to be added to the load combination of Sec.
3.1.2 of Ref. 8-7.
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Chapter 9

CONCRETE STRUCTURE DESIGN REQUIREMENTS

9.1 REFERENCE DOCUMENTS: The quality and testing of concrete and stedd materials and the
design and congtruction of concrete components that resist seismic forces shall conform to the
requirements of the reference listed in this section except as modified by the requirements of this

chapter.

Ref. 9-1 Building Code Requirements for Sructural Concrete, American Concrete Ingtitute,
ACI 318-95, excluding Appendix A

9.1.1 Madificationsto Ref. 9-1:
9.1.1.1: Replace Sec. 9.2.3 with Sec. 5.2.7 of these Provisons. Add the following:

“9.3.1.2 For load combinations that include earthquake loads, the design strength shal be
computed using the strength reduction factors, ¢, listed in Appendix C.”

9.1.1.2: Insert thefollowing notationsin Sec. 21.0:
= theangle between the diagona reinforcement and the longitudinal

axis.

A = theareq, in? (mm?) of the shank of the bolt or stud.

Ay = totd areaof reinforcement in each group of diagond bars.

c/ = neutrd axisdepthat P, and M, .

l, =  heght of the plastic hinge above critica section and which shdl be
established on the basis of substantiated test data or may be dternately
takenat 0.5 .

P/ = 12D+05L+E

h =  Ovedl dimenson of member in the direction of action consdered.

S connection = moment, shear, or axia force at connection cross section other than

the nonlinear action location corresponding to probable strength at the
nonlinear action location, taking gravity load effects into consideration

per 21.2.7.3.
S comecion = Nominal strength of connection cross section in flexurd, shear, or axia
action per 21.2.7.3.
£ = dadtic design displacement at the top of the wall using gross section

properties and code-specified seismic forces.
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A = ineladtic deflection at top of wall = -

i
m = Cd S.

=  design leve response displacement, which isthe totd drift or total
story drift that occurs when the structure is subjected to the design
selsmic forces.

¢ = totd deflection at the top of thewall equa to C, timesthe elastic design
displacement using cracked section properties or may be taken as
(I/1e)Cy . |4 isthe gross moment of inertia of thewall and | isthe
effective moment of inertiaof thewall. 1 may betaken as 0.5,

v

=  displacement at the top of the wall corresponding to yielding of the tension
reinforcement a critical section or may be taken as (M,/Mo)A. Where M
equals moment at critical section whentop of wall isdisplaced . M, is
nomind flexura strength of critical sectionat P;.

¢, =  yidd curvature which may be estimated as 0.003/(,,.
=  dynamic amplification factor from 21.2.7.3 and 21.2.7.4.
9.1.1.3: Insert the following definitionsin Sec. 21.1:

"Connection -- An eement that joins two precast members or a precast member and a cast-
in-place member.

“Dry Connection -- Connection used between precast members which does not qudify asa
wet connection.

"Joint -- The geometric volume common to intersecting members.

"Nonlinear Action Location -- Center of the region of yieding in flexure, shear, or axid
action.

“Nonlinear Action Region -- The member length over which nonlinear action takes place.
It shal be taken as extending a distance of no lessthan h/2 on either Sde of the nonlinear
action location.

“Strong Connection -- A connection that remains eastic while the designated nonlinear
action regions undergo inelastic response under the design basis ground motion.

“Wet Connection -- A connection that uses any of the splicing methods, per 21.2.6.1 or
21.3.2.3, to connect precast members and uses cast-in-place concrete or grout to fill the
gplicing closure.”

9.1.1. 4: Replace Sec. 21.2.1.3 and 21.2.1.4 with the requirements of Sec. 9.4 through 9.7.
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9.1.15: Insert thefollowing new Sec. 21.2.1.6 and 21.2.1.7:

"21.2.1.6 A precast seismic-force-resisting system shal be permitted provided it satisfies
ether of the following criteria

"1.

It emulates the behavior of monolithic reinforced concrete construction and satisfies
21.2.25, or

It relies on the unique properties of a structural system composed of interconnected
precast eements and it is demonstrated by experimenta evidence and andysisto
safely sustain the seismic loading requirements of a comparable monolithic reinforced
concrete structure satisfying Chapter 21. Substantiating experimenta evidence of
acceptable performance of those elements required to sustain inelastic defor mations
shall be based upon cydlic indastic testing of specimens representing those elements.

“21.2.1.7 Instructures having precast gravity load carrying systems, the seismic-force-
ressting system shal be one of the systemslisted in Table 5.2.2 of the 1997 NEHRP
Recommended Provisions and shdl be well distributed using one of the following methods:

143 1.

“2.

The seismic-force-resisting system shall be spaced such that the span of the diaphragm
or diaphragm segment between selsmic-force-ressting systems shdl be no more than
three times the width of the diaphragm or diaphragm segment. Where the seismic-
force-resisting system congsts of moment resisting frames, at least (N/4) + 1 of the
bays (rounded up to the nearest integer) along any frame line at any story shdl be part
of the seismic-force-resisting syssem where N, is the total number of bays aong that
lineat that story. This requirement appliesto only the lower two thirds of the stories
of buildings three stories or taller.

All beam-to-column connections that are not part of the seismic-force-ressting system
ghall be designed in accordance with the following:

Connection Design Force. The connection shal be designed to develop
srength M. M isthe moment developed at the connection when the frameis
displaced by  assuming fixity at the connection and a beam flexura stiffness of
no less than one haf of the gross section tiffness. M shadl be sustained through
adeformation of A,..

Connection Characteristics. The connection shall be permitted to resist
moment in one direction only, positive or negative. The connection at the
opposite end of the member shall resst moment with the same positive or
negative Sgn. The connection shal be permitted to have zero flexura stiffness
up to aframe displacement of .

In addition, complete calculations for the deformation compatibility of the gravity
load carrying system shdl be made in accordance with 5.2.2.4.3 of the 1997
NEHRP Recommended Provisions using cracked section tiffnessin the seismic-
force-resisting system and the diaphragm.

Where gravity columns are not provided with lateral support on al sides, a
positive connection shal be provided along each unsupported direction parald to
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aprincipa plan axis of the structure. The connection shall be designed for a
horizontal force equa to 4 percent of the axia load strength, P,, of the column.

The bearing length shall be calculated to include end rotation, diding, and other
movements of precast ends at supports due to earthquake motions in addition to
other movements and shdl be at least 2 inches more than that required for
bearing strength.”

9.1.1.6: Insert thefollowing new Sec. 21.2.2.5, 21.2.2.6 and 21.2.2.7:

"21.2.2.5 Precast dructura systems using frames and emulating the behavior of monolithic
reinforced concrete construction shall satisfy either 21.2.2.6 or 21.2.2.7.

"21.2.2.6 Precast structura systems utilizing wet connections shal comply with dl the
applicable requirements of monolithic concrete construction for resisting seismic forces.

"21.2.2.7 Precast structura systems not meeting 21.2.2.6 shdl utilize strong connections
resulting in nonlinear response away from connections. Design shall satisfy the requirements
of 21.2.7 in addition to al the gpplicable requirements of monolithic concrete construction
for ressting seismic forces, except that provisons of 21.3.1.2 shal apply to the segments
between nonlinear action locations.

9.1.1.7: Change Sec. 21.2.5.1 asfollows and insert the following new Sec. 21.2.5.2 and 21.2.5.3.

“21.2.5.1 Except as permitted in 21.2.5.2 and 21.2.5.3, reinforcement resisting earthquake-
induced flexurd and axid forces in frame members and in wall boundary € ements shdl
comply with ASTM A 706. ASTM A 615 Grades 40 and 60 reinforcement shall be
permitted in these membersif (a) the actud yield strength based on mill tests does not
exceed the specified yield strength by more than 18,000 ps (retests shal not exceed this
vaue by more than an additiona 3000 ps), and (b) theratio of the actua ultimate tensle
strength to the actud tensle yield strength is not less than 1.25.

"21.2.5.2 Pregtressing tendons shdl be permitted in flexura members of frames provided
the average prestress, f,, calculated for an area equa to the member's shortest cross-
sectional dimension multiplied by the perpendicular dimension shdl not exceed the lesser of
700 psi or f, /6 at locations of nonlinear action where prestressing tendons are used in
members of frames.

"21.2.5.3 For membersin which prestressing tendons are used together with reinforcement
to resist earthquake-induced forces, prestressing tendons shall not provide more than one
quarter of the strength for both positive moments and negative moments at the joint face
and shdl extend through exterior joints and be anchored at the exterior face of thejoint or
beyond. Anchoragesfor tendons must be demonstrated to perform satisfactorily for seismic
loadings. Anchorage assemblies shdl withstand, without failure, a minimum of 50 cycles of
loading ranging between 40 and 85 percent of the minimum specified tensile strength of the
tendon. Tendons shdl extend through exterior joints and be anchored at the exterior face or

beyond.”
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9.1.1.8: Change Sec. 21.2.6.1 asfollows:

“21.2.6.1 Reinforcement resisting earthquake-induced flexurd or axia forcesin frame
members or in wall boundary membersis permitted to be spliced usng welded splices or
mechanica connectors conforming to 12.14.3.3 or 12.14.3.4 provided that: (&) not more
than dternate bars in each layer of longitudina reinforcement are spliced at a section and (b)
the center-to-center distance between splices of adjacent barsis 24 inches or more measured
aong the longitudind axis of the member.

“Exception: Items(a) and (b) need not apply where splices are used outside the following
locations (i) joints or (ii) where andyssindicates flexurd yielding caused by indadtic laterd
displacement of the frame.”

9.1.1.9: Insert thefollowing new Sec. 21.2.7:

“21.2.7 Emulation of monolithic construction using strong connections. Members
resisting earthquake-induced forces in precast frames using strong connections shall satisfy
the following:

“21.2.7.1 Location. Nonlinear action location shall be selected so that thereisa strong
column/weak beam deformation mechanism under seismic effects. The nonlinear action
location shdl be no closer to the near face of strong connection than /2. For column-to-
footing connections where nonlinear action may occur at the column base to complete the
mechanism, the nonlinear action location shall be no closer to the near face of the
connection than h/2.

“21.2.7.2 Anchorage and splices. Reinforcement in nonlinear action region shal be fully
devel oped outside both the strong connection region and the nonlinear action region.
Noncontinuous anchorage reinforcement of strong connection shal be fully devel oped
between the connection and the beginning of nonlinear action region. Lap plicesare
prohibited within connections adjacent to ajoint.

“21.2.7.3 Design forces. Design strength of strong connections shal be based on:

d) SnConnection > SeConnection (21-A)

Dynamic amplification factor, , shdl betakenas1.0.

“21.2.7.4 Column-to-column connection. The strength of such connections shal comply
with21.2.7.3with  taken as 1.4. Where column-to-column connections occur, the
columns shdl be provided with transverse reinforcement as specified in 21.4.4.1 through
21.4.4.3 over their full height if the factored axial compressive force in these members,
including seismic effects, exceeds A f, /10.

“Exception: Where column-to-column connection islocated within the middle third of the
column clear height, the following shall apply: () the design moment strength, $M,,, of the
connection shall not be less than 0.4 times the maximum M, for the column within the story
height and (b) the design shear strength ¢V, of the connection shall not be less than that
determined per 21.4.5.1.
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“21.2.7.5 Column-face connection. Any strong connection located outside the middle
half of abeam span shall be awet connection unless adry connection can be substantiated
by approved cyclic test results. Any mechanical connector located within such a column-
face strong connection shal develop in tension or compression, as required, at least 40
percent of the specified yield strength, f,, of the bar.”

1ty

9.1.1.10: Add the following new Sec. 21.4.5.3:

"21.4.5.3: At any section where the design strength, ¢P,, of the column isless than the
sum of the shear V, computed in accordance with 21.4.5.1 for al the beams framing into the
column above the level under consideration, specia transverse reinforcement shdl be
provided. For beams framing into opposite Sdes of the column, the moment components
may be assumed to be of opposite sign. For determination of the nominal strength, P,,, of
the column, these moments may be assumed to result from the deformation of the framein
any one principa axis"

9.1.1.11: Changethe referenceto Sec. 9.2 in Sec. 21.6.3 to the load combination specified in Sec.
5.2.7 of this document for earthquake forces.

9.1.1.12: Replace Sec. 21.6.4.1 with the following:

“21.6.4 Diaphragms used to resst prescribed latera forces shal comply with the
following:

“1. Thicknessshall not belessthan 2 inches. Topping dabs placed over precast floor or
roof eements shall not be less than 2-1/2 inches thick.

“2.  Where mechanical connectors are used to transfer forces between the diaphragm and
the lateral system, the anchorage shdl be adequate to develop L4Af, where A, isthe
connectors cross sectiona area.

“3. Coallector and boundary elements of topping dabs placed over precast floor and roof
elements shall not be less than 3 inches or 6d, thick where d, is the diameter of the
largest reinforcing bar in the topping dab.

“4. Prestressng tendons shdl not be used as primary reinforcement in boundaries and
collector elements of structural diaphragms. Precompression from unbonded tendons
may be used to resst diaphragm forces.”

9.1.1.13 Replace Sec. 21.6.6 with the following:
“21.6.6 Dedgn of structural wallsfor flexural and axial loads:.

“21.6.6.1 Structural walls and portions of structural walls subject to combined flexura and
axia loads shall be designed in accordance with 10.2 and 10.3 except that 10.3.6 and the
nonlinear strain requirements of 10.2.2 do not apply. The strength-reduction factor ¢ shdl
be in accordance with 9.3

“21.6.6.2 Unlessamore detailed andyssis made, the design of flangesfor I-, L-, C-, or T-
shaped sections shdl conform to the following:
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“1. Incompression, the effective flange width shal not be assumed to extend further from
the face of the web than one-haf the distance to an adjacent structura wall web or 15
percent of thetotal height of the wall above the level considered.

“2.  Intension, the amount of reinforcement used shal be not less than that within the web
plus a distance on either side, extending from the face of the web, equa to the smallest
of 30 percent of the total height of the wall above the level considered, one-half the
distance to an adjacent structural wall web, or the actud projection of the flange.

“21.6.6.3 Wallsand portions of wallswith P, > 0.35P, shall not be considered to
contribute to the calculated strength of the structure for resisting earthquake-induced
forces. Such walls shal conform to the requirements of 5.2.2.4.3 of the 1997 NEHRP
Recommended Provisions.

“21.6.6.4 Structural walls and portions of structural walls shall have boundary zones
satisfying the requirements of 21.6.6.5, 21.6.6.6, or 21.6.6.7.

“21.6.6.5 No boundary zones shdll be required if the following conditions exist:
“1. P, < 0.10Af, for geometrically symmetrical wall sections
P, < 0.05A/f, for geometrically unsymmetrical wall sections
and either
“2. MYV, < 1.0

or

“3, V, < 3AVF. and MV, < 3.0

“21.6.6.6 Structura walls and portions of structural walls not satisfying 21.5.6.6.5 shdl be
provided with boundary zones at each end dimensioned and reinforced in accordance with
21.6.6.9. The horizontd lengths of those boundary zones shall be determined using 21.6.6.7
or 21.6.6.8.

“21.6.6.7 Unlessamore detailed andysis is made in accordance with 21.6.6.8, boundary
zone horizonta lengths shdl be assumed to vary linearly from 0.25 , t0 0.15 , for P,
varying from 0.35P, to 0.15P,. The boundary zone horizonta length shall not be taken as
lessthan 0.15 .

“21.6.6.8 Requirements for boundary zone horizontal lengths shall be determined based on
compressive drain levels a extreme edges when the wall or portion of wall is subjected to
displacement levels caculated from EQ. 5.3.7.1 of the 1997 NEHRP Recommended
Provisons using cracked shear area and moment of inertia properties and considering the
response modifications effects of possible nonlinear behavior of the building.

Boundary zone detail requirements as defined in 21.6.6.9 shdl be provided over those portions of
the wall, horizontaly and verticaly, where compressive strains exceed 0.003. In no instance shdll
designs permit compressive strains greater than 0.015.
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For structural wallsin which flexurd yielding at the base of the wall isthe governing state,
compressive strains a the extreme edges of walls may be determined asfollows:

“1. Thetota curvature demand, ¢,, shal be determined from Eq. (21-B)

(21-B)

“2. If ¢, islessthan or equa to 0.003/c/, boundary zone detailed as defined in 21.6.6.9 are
not required. If ¢, exceeds 0.003/c/, the compressive strains may be assumed to vary
linearly over the depth ¢, and have maximum value equd to the product of ¢, and ¢,.

“21.6.6.9 Structural wall boundary zone detail requirements. Boundary zone details
ghall meet the following:

“1. Dimengond requirements.
“1.1 All portions of the boundary zones shdl have athickness of (/16 or greater.

“1.2 Boundary zones shdl extend verticaly adistance equa to the devel opment length of
the largest vertical bar within the boundary zone above the elevation where the
requirements of 21.6.6.7 or 21.6.6.8 are met.

Extensions below the base of the boundary zone shall conform to 21.4.4.6.

Exception: The boundary zone reinforcement need not extend above the
boundary zone a distance greater than the larger of (,, or M /4V,.

“1.3 Boundary zones as determined by the requirements of 21.6.6.8 shall have a
minimum length of 18 inches at each end of thewall or portion of wall.

“141Inl-, L-, C-, or T-shaped sections, the boundary zone at each end shdl include
the effective flange width in compresson and shall extend &t least 12 inchesinto
the web.

“2.  Confinement reinforcement:

“2.1 All verticd reinforcement within the boundary zone shdl be confined by hoops or
cross ties producing an area of stedl not lessthan:

0.09sh_f,
Ag = (21-C)
fyh

“2.2 Hoops and cross ties shal have avertica spacing not greater than the smaller of 6
inches or 6 diameters of the smdlest vertical bar within the boundary zone.

“2.3 Theratio of the length to the width of the hoops shall not exceed 3. All adjacent
hoops shall be overlapped.
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“2.4 Crosstiesor legs of overlapping hoops shal not be spaced further apart than 12
inches dong thewall.

“2.5 Alternate vertical bars shal be confined by the corner of ahoop or crosstie.
“3. Horizonta reinforcement:

“3.1 All horizontal reinforcement terminating within aboundary zone shall be
anchored in accordance with 21.6.2

“3.2 Horizontal reinforcement shall not be lap spliced within the boundary zone.
“4. Vetica reinforcement:

“4.1 Vertical renforcement shal be provided to satisfy al tenson and compression
requirements.

“4.2 Areaof reinforcement shal not be less than 0.005 times the area of boundary
zone or lessthan two No. 5 (#16) bars at each edge of boundary zone.

“4.3 Lap splices of vertica reinforcement within the boundary zone shdl be confined
by hoops or crossties. Spacing of hoops and cross ties confining lap-spliced
reinforcement shal not exceed 4 inches.

9.1.1.14: Addanew Sec. 21.6.7 asfollows and renumber existing Sec. 21.6.7 through 21.6.9 to
21.6.8 through 21.6.10:

"21.6.7 Coupling Beams:

"21.6.7.1: For coupling beamswith | /d > 4, the design shdl conform to the requirements
of 21.2 and 21.3. It shall be permitted to waive the requirements of 21.3.1.3 and 21.3.1.4 if
it can be shown by rationa analysisthat lateral stability is adequate or if dternative means of
maintaining laterd stability is provided.

"21.6.7.2: Coupling beamswith |./d < 4 shdl be permitted to be reinforced with two
intersecting groups of symmetrical diagona bars. Coupling beamswith | /d <4 and with
factored shear force V, exceeding 4vf. b,d metric equivaent is0.332 vf.' b, d wheref.’ is
in MPaand b,, and d arein mm)shal be reinforced with two intersecting groups of
symmetrica diagona bars. Each group shdl consst of aminimum of four bars assembled in
acore each sde of whichisaminimum of b,/2. The design shear strength, ¢V, of these
coupling beams shdl be determined by:

OV, = 20f,sn A, < 104 b,d (21-D)

where¢p = 0.85.
The metric equivaent of the expression 10¢pvf_b,d, Eq. 21-D, isasfollows:

0.83¢yf.b,d

whereb,, andd areinmmandf,’ isin MPa
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Exception: The design of coupling beams need not comply with the requirements for diagona
reinforcement if it can be shown that failure of the coupling beams will not impair the vertica
load carrying capacity of the structure, the egress from the structure, or the integrity of
nonstructural components and connections or produce other unacceptable effects. The andyss
shall take into account the changes of stiffness of the structure due to the failure of coupling
beams. Design strength of coupling beams assumed to be part of the seismic-force-resisting
system shall not be reduced below the va ues otherwise required.

"21.6.7.3: Each group of diagondly placed bars shall be enclosed in transverse
reinforcement conforming to 21.4.4.1 through 21.4.4.3. For the purpose of computing A,
as per Eq. 10-6 and 21-3, the minimum cover as specified in 7.7 shall be assumed over each
group of diagondly placed reinforcing bars.

"21.6.7.4. Reinforcement pardld and transverse to the longitudinal axis shdl be provided
and, asaminimum, shal conformto 10.5, 11.8.9, and 11.8.10.

"21.6.7.5: Contribution of the diagona reinforcement to nominal flexurd strength of the
coupling beam area shal be considered.

9.1.15: Change Sec. 21.7.1toread asfollows:.

“21.7.1: Frame members assumed not to contribute to latera resistance shal be detailed
according to 21.7.2 or 21.7.3 depending on the magnitude of moments induced in those
members when subjected to the laterd displacements of 5.2.2.4.3 of the 1997 NEHRP
Recommended Provisions. Where effects of laterd displacements are not explicitly
checked, it shall be permitted to apply the requirements of 21.7.3.”

9.1.1.16: Changethetitle of Sec. 21.8 to read: "Requirements for Intermediate Moment Frames."

9.2 BOLTSAND HEADED STUD ANCHORSIN CONCRETE: Boltsand headed stud
anchors shdl be solidly cast in concrete. The factored loads on embedded anchor bolts and headed
stud anchors shal not exceed the design strengths determined by Sec. 9.2.2.

9.2.1 Load Factor Multipliers: In addition to the load factorsin Sec. 5.2.7, amultiplier of 2 shdl be
used if special ingpectionisnot provided or of 1.3 if it isprovided. When anchors are embedded in the
tenson zone of amember, the load factorsin Sec. 5.2.7 shal have amultiplier of 3 if special ingpection
isnot provided or of 2if it is provided.

9.2.2 Strength of Anchors: Srength of anchors cast in concrete shall be taken asthe lesser of the
strengths associated with concrete failure and anchor stedl failure. Where feasible, anchor
connections, particularly those subject to seismic or other dynamic loads, shdl be designed and
detailed such that connection failure isinitiated by failure of the anchor sted rather than by failure of
the surrounding concrete. Reinforcement also shall be permitted to be used for direct transfer of
tenson and shear loads. Such reinforcement shall be designed with proper consideration of its
development and its orientation with respect to the postulated concrete failure planes.

The strength of headed bolts and headed studs cast in concrete shal be based on testing in accordance
with Sec. 9.2.3 or calculated in accordance with Sec. 9.2.4. The bearing area of headed anchors shal
be at least one and one-hdf timesthe shank area

122



Concrete Sructure Design Requirements

9.2.3 Strength Based on Tests: The strength of anchors shall be based on not less than 10
representative tests conforming to the proposed materials and anchor size and type, embedment length,
and configuration as to attachment plates, loads applied, and concrete edge distances. The nominal
strength shadl be the mean vaue derived from the tests minus one standard deviation. The strength
reduction factor applied to the nominal strength shdl be 0.8 when anchor failure governsin the
magjority of the tests and 0.65 when concrete failure controls.

9.2.4 Strength Based on Calculations: Caculationsfor design strength shall be in accordance with
Sec. 9.2.4.1 through 9.2.4.3.

9.24.1 Strength in Tenson: The design tendle strength of the individua anchors or adequately
connected groups of anchors shdl be the minimum of P, or P, where:

1. Desgntendle strength governed by sted, P, in pounds (N), is.

P, = 0.9A F;n (9.2.4.1-1)

2. Design tensle strength governed by concrete failure, $pP, in pounds (N) isasfollows:

a  Forindividua anchorsor groups of anchorswith individua anchors spaced at least twice
their embedment length apart and spaced not |ess than one anchor embedment length from a
free edge of the concrete:

dP, = dA \/f—c/(Z-BAS) n (9.2.4.1-2)
where:

A, = aea(in? of the assumed failure surface taken as atruncated cone doping
at 45 degrees from the head of the anchor to the concrete surface as shown
inFigure9.24.1a

concreta f £
surface . —7
~ dp o
Ag’\f -, fﬁ‘s _
‘ head
FIGURE 9.2.4.1a Shear cone failure for a single
headed anchor.
f. = concrete strength (ps)--6,000 ps (41 MPa) maximum;
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¢ =  drength reduction factor of 0.65 except that where specid transverse
reinforcing is provided to confine the concrete engaged by the anchor and is
extended to pass through the failure surface into adjacent concrete, ¢ is
permitted to be taken as 0.85;

A = concrete weight factor--1 for norma weight concrete, 0.85 for sand-light-
weight concrete, and 0.75 for lightweight concrete.

The metric equivaent of Eq. 9.2.4.1-2is.

- orfil28A)n

P
P 12

where A isin mn? and f. isMPa.

Where any anchors are closer to afree edge of the concrete than the anchor embedment
length, the design tensile strength of those anchors shall be reduced proportionately to the
edge distance divided by the embedment length. For multiple edge distances |ess than the
embedment length, use multiple reductions.

b.  For anchor groupswhereindividua anchors are spaced closer together than two
embedment lengths:

OP, = dA|T/(28A + 4A) 02413
where:

A, = aea(in?) of an assumed failure surface taken as atruncated pyramid
extending from the heads of the outside anchorsin the group at 45 degrees
to the concrete surface as shown in Figure 9.2.4.1b;

A = aea(in? of theflat bottom surface of the truncated pyramid of the

assumed concrete failure surface shown in Figure 9.2.4.1b.

FIGURE 9.2.4.1b Truncated pyramid failurefor a
group of headed anchors.
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The metric equivaent of Eq. 9.2.4.1-3is.

onyrl(28A, + 4A)
12

dP,

where A, and A, arein mnv and f; isin MPa,

If any anchors are closer to afree edge of the concrete than the anchor embedment length,
the design tensile strength shall be reduced by using the reduced area A, in the equation
above.

Anchor groups shal be checked for acritical failure surface passing completely through a
concrete member aong the 45 degree lines as shownin Figure 9.2.4.1cwith A =0and A,
based on the area of the doping failure surface passing completely through the concrete
member. The lowest allowable load shdl govern.

falure |
surface

FIGURE 9.2.4.1c Pull-out failure surfacefor a group
of headed anchorsin thin section.

9.24.2 Strength in Shear: The design shear strength of anchors shdl be the minimum of V; or ¢V,
where the design shear strength governed by sted failureisV,, in pounds (N), and the design shear
strength governed by concrete failureis V., in pounds (N). In Situations where the embedment and/or
concrete edge distances are limited, reinforcement to confine concrete to preclude its premature failure
shdl be permitted.

a  Where anchors are loaded toward an edge with edge distance d, from the back row of anchors as
shown in Figure 9.2.4.2 equa to or greater than 15 anchor diameters and the distance from the
front row of anchorsto the edge equal to or greater than 6 anchor diameters:

V. = (0.75A F )n (9.2.4.2-1)
oV, = (¢800Abx\/f_é)n (9.2.4.2-2)
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where:

A, = theaea, in2(mny) of the shank of the bolt or stud;

F, = thespecfied ultimate tensle strength (ps) of the anchor. A307 bolts or A108 studs
are permitted to be assumed to have F,, of 60,000 ps (414 MPa);

n = thenumber of anchors,

A = concrete weight factor--1 for normal weight concrete, 0.85 for sand-lightweight
concrete, and 0.75 for lightweight concrete; and

f. = concrete strength (ps)--6,000 ps (41 MPa) maximum.

The metric equivaent of Eq. 9.2.4.2-2is.

(¢ 800Abx\/f—c/)n

V =
oV 12

where A, isin mn? and f. isin MPa.

front , ‘ d,
row
dist. !

I O <
»
,
hi »

pem e eem 4
! - a a s

FIGURE 9.2.4.2 Shear on a group of headed an-
chors.

b.  Where anchors are loaded toward an edge with d, less than 15 anchor diameters or the front row
closer to the edge than 6 anchor diameters:

Vs = (0.75AF )n, (9.2.4.2-3)

dV. = dpV.C,C.C (9.2.4.2-4)

wtTc
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the area (in.?) of the shank of the bolt or stud.

the specified ultimate tendle strength (ps) of the anchor. A307 bolts or A108 studs
are permitted to be assumed to have F,, of 60,000 ps (414 MPa).

the number of anchorsin the back row.

the design shear strength of an anchor in the back row:

dV! = $12.5d°A/f/ < BOOA_Af/ (9.2.4.2-5)
c e [ b c

where d, = the distance from the anchor axisto the free edge (in.).

the adjustment factor for group width:

C,=1~+ [ 3gd ) <ng (9.2.4.2-6)
) e

where b = the center-to-center distance of outermost anchorsin the back row (see
Figure 9.2.4.2) (in.) and d, = the distance from the anchor axis to the free edge (in.).

the adjustment factor for member thickness:

C = <10 }
t T3q (9.2.4.2-7)

where h = the thickness of concrete (in.) and d, isas above.
the adjustment factor for member corner effects.

d
C. =04+ 0.7[5") <10 (9.2.4.2-8)

e

where d, = the distance, measured perpendicular to the load, from the free edge of the
concrete to the nearest anchor inin. (see Figure 9.2.4.2) and d, isas above.

The metric equivaent of Eq. 9.2.4.2-5is.

1.5 / /
v - ¢ 12,5011, ) $800A A/
239 1
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where d, isin mm, A; isin mn? and f, isin MPa
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9.2.4.3 Combined Tenson and Shear: Wheretension and shear act smultaneoudy, dl of the
following conditionsshdl be met:

1 VU 10
—] Y« 1. (9.2.4.3-1a)
¢V,
1 PU 10
—|—|< 1 (9.2.4.3-1b)
¢ P,
1 Pu 2 Vu 2
= =] +|—] | <10 (9.2.4.3-2a)
d) PC VC
P 2 \V 2
] +] =] <10 (9.2.4.3-2b)
PS VS
where:
P, = requiredtensle strength, in pounds (N), based on factored loads and
V, = required shear strength, in pounds (N), based on factored loads.

9.3 CLASSIFICATION OF SEISMIC-FORCE-RESISTING SYSTEMS: Reinforced concrete
moment frames and structura concrete shear walls which resist seismic forces shdl be dassfied in
accordance with Sec. 9.3.1 and Sec. 9.3.2, respectively.

9.3.1 Classfication of Moment Frames: Reinforced concrete moment frames which resst sesmic
forces shdl be classified in accordance with Sec. 9.3.1.1 through 9.3.1.3.

9.3.1.1 Ordinary Moment Frames. Ordinary moment frames are frames conforming to the
requirements of Ref. 9-1 exclusive of Chapter 21.

9.3.1.1.1: Hexurd members of ordinary moment frames forming part of the seismic-force-ressting
system shall be designed in accordance with Sec. 7.13.2 of Ref. 9-1 and at least two main flexurd
reinforcing bars shal be provided continuoudy top and bottom throughout the beams, through or
devel oped within exterior columns or boundary e ements.

9.3.1.1.2: Columns of ordinary moment frames having a clear height to maximum plan dimension
ratio of 5 or less shdl be designed for shear in accordance with Sec. 21.8.3 of Ref. 9-1.
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9.3.1.2 Intermediate Moment Frames. Intermediate moment frames are frames conforming to the
requirements of Sec. 21.1, 21.2.1.1,12.2.1.2, 21.2.2.3, and 21.8 of Ref. 9-1in addition to those
requirements for ordinary moment frames.

9.3.1.3 Special Moment Frames. Soecial moment frames are frames conforming to the
requirements of Sec. 21.1 through 21.5 of Ref. 9-1 in addition to those requirements for ordinary
moment frames.

9.3.2 Clasdfication of Shear Walls, Structura concrete shear wallsthat resst seismic forces shdl
be classfied in accordance with Sec. 9.3.2.1 through 9.3.2.4.

9.3.2.1 Ordinary Plain Concrete Shear Walls. Ordinary plain concrete shear walls are walls
conforming to the requirements of Chapter 22 of Ref. 9-1.

9.3.2.2 Detailed Plain Concrete Shear Walls. Detailed plain concrete shear walls are walls above
the base conforming to the requirements of Chapter 22 of Ref. 9-1 and containing reinforcement as
follows.

Vertica reinforcement of a least 0.20in.2 (129 mm?) in cross-sectiond areashal be provided
continuously from support to support at each corner, a each side of each opening, at the ends of walls,
and at a maximum spacing of 4 feet (1220 mm) gpart horizontally throughout the walls.

Horizonta reinforcement at least 0.20 in.? (129 mnv) in cross-sectional areashall be provided:

a  Continuoudy at structurally connected roof and floor levels and at the top of walls,

b. At the bottom of load-bearing walls or in the top of foundations when doweled to the wall, and
c. Atamaximum spacing of 120 inches (3050 mm).

Reinforcement at the top and bottom of openings, when used in determining the maximum spacing
specified in Item ¢ above, shdl be continuous in the wall.

Basement, foundation, or other walls below the base shdl be reinforced as required by Sec. 22.6.6.5 of
Ref. 9-1.

9.3.2.3 Ordinary Reinforced Concrete Shear Walls: Ordinary reinforced concrete shear wallsare
walls conforming to the requirements of Ref. 9-1 exclusive of Chapters 21 and 22.

9.3.2.4 Special Reinforced Concrete Shear Walls: Special reinforced concrete shear walls are
walls conforming to the requirements of Sec. 21.1, 21.2, and 21.6 of Ref. 9-1 in addition to the
requirements for ordinary reinforced concrete shear walls.

9.4 SEISMIC DESIGN CATEGORY A: Sructures assgned to Seismic Design Category A may
be of any congtruction permitted in Ref. 9 -1 and these Provisions.

Exception: Ordinary moment framesin Seismic Design Category A are not required to
comply with Sec. 9.3.1.1.1and 9.3.1.1.2.

95 SEISMIC DESIGN CATEGORY B: Sructures assgned to Seismic Design Category B shdl
conform to all the requirements for Seismic Design Category A and to the additiona requirements for
Seismic Design Category B of this section and in other chapters of these Provisions.
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9.5.1 Moment Frames: All moment frames that are part of the seismic-force-ressting sysemof a
building assigned to Seismic Design Category B and founded on Ste Class E or F soilsshdl be
intermediate moment frames conforming to Sec. 9.3.1.2 or special moment frames conforming to Sec.
9.31.3.

9.6 SEISMIC DESIGN CATEGORY C: Buildings assigned to Seismic Design Category C shdl
conform to all the requirements for Seismic Design Category B and to the additiona requirements for
Seismic Design Category C of this section and in other chapters of these Provisons.

9.6.1 Selsmic-Force-Ressting Systems. Saismic-force-resisting systems shal conform to Sec.
9.6.1.1 and Sec. 9.6.1.2.

9.6.1.1 Moment Frames. All moment frames that are part of the seismic-force-resisting system shdl
be intermediate moment frames conforming to Sec. 9.3.1.2 or special moment frames conforming to
Sec. 9.3.1.3.

9.6.1.2 Shear Walls All shear wallsthat are part of the seismic-force-ressting sysem shdl be
detailed plain concrete shear walls conforming to Sec. 9.3.2.2, ordinary reinforced concrete shear
walls conforming to Sec. 9.3.2.3, or special reinforced concrete shear walls conforming to Sec.
9.3.24.

9.6.2 Discontinuous Members: Columns supporting reactions from discontinuous stiff members
such aswalls shdl be designed for specid load combinationsin Sec. 5.2.7.1 and shdl be provided with
transverse reinforcement at the spacing s, as defined in Sec. 21.8.5.1 of Ref. 9-1 over their full height
beneath the leve at which the discontinuity occurs. This transverse reinforcement shal be extended
above and below the column asrequired in Sec. 21.4.4.5 of Ref. 9-1.

9.6.3 Plain Concrete: Structura plain concrete membersin buildings assigned to Seismic Design
Category C shdl conform to Ref. 9-1 and the additiona requirements and limitations of this section.

9.6.3.1 Walls. Wallsused in the saismic-resisting-force system shdl be detailed plain concrete shear
walls complying with Sec. 9.3.2.2. Other walls that are not serving as shear walls shdl contain
reinforcement as required by Sec. 9.3.2.2.

9.6.3.2 Footings. Isolated footings of plain concrete supporting pedestals or columns are permitted
provided the projection of the footing beyond the face of the supported member does not exceed the
footing thickness.

Exception: In detached one- and two-family dwellings three stories or lessin height, the
projection of the footing beyond the face of the supported member shal be permitted to
exceed the footing thickness.

Plain concrete footings supporting walls shall be provided with not less than two continuous
longitudina reinforcing bars. Bars shdl not be smaller than No. 4 (#13) and shdl have atotd area of
not less than 0.002 times the gross cross-sectional area of the footing. Continuity of reinforcement
shdl be provided at corners and intersections.

Exception: In detached one- and two-family dwellings three stories or lessin height and
congtructed with stud bearing walls, plain concrete footings supporting walls shdl be
permitted without longitudina reinforcement.
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9.6.3.3 Pedegtals: Plain concrete pedestals shal not be used to resst laterd seismic forces.

9.7 SEISMIC DESIGN CATEGORIESD, E,OR F: Sructuresassgned to Seismic Design
Category D, E or F shall conform to dl of the requirements for Seismic Design Category C and to the
additional requirements of this section.

9.7.1 Saismic-Force-Ressting Systems. Saismic-force resisting systems shal conform to Sec.
9.7.1.1and Sec. 9.7.1.2.

9.7.1.1 Moment Frames. All moment frames that are part of the seismic-force-ressting system, re-
gardless of height, shal be special moment frames conforming to Sec. 9.3.1.3.

9.7.1.2 Shear Walls. All shear wallsthat are part of the seismic-force-ressting sysem shdl be
special reinforced concrete shear walls conforming to Sec. 9.3.2.4.

9.7.2 Frame MembersNot Proportioned to Resst ForcesInduced by Earthquake Motions. All
frame components assumed not to contribute to latera force resistance shal conform to Sec. 2.1.7 of
Ref. 9-1 asmodified by Sec. 9.1.1.15 of this chapter.

9.7.3 Plain Concrete: Structural plain concrete members are not permitted in buildings assigned to
Seismic Design Category D, E or F.

Exceptions:

1. Indetached one- and two-family dwellings three stories or lessin height and
constructed with stud bearing walls, plain concrete footings without longitudinal
reinforcement supporting walls and isolated plain concrete footings supporting
columns or pedestals are permitted.

2. Inadll other buildings, plain concrete footings supporting walls are permitted provided
the footings are reinforced longitudinaly as specified in Sec. 9.6.3.2.

3. Indetached one- and two-family dwellings three stories or lessin height and
constructed with stud bearing walls, plain concrete foundation or basement walls are
permitted provided the wall is not lessthan 7-1/2 in. (190 mm) thick and retains no
more than 4 ft (1219 mm) of unbalanced fill.
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REINFORCED CONCRETE
STRUCTURAL SYSTEMSCOMPOSED FROM
INTERCONNECTED PRECAST ELEMENTS

PREFACE: Therequirementsfor reinforced concrete structural systems
composed of precast eementsin the body of the Provisons arefor precast
systems emulating monolithic reinforced concrete construction. However, one of
the principal characteristics of precast sysemsisthat they often are assembled
using dry joints wher e connections ar e made by bolting, welding, post-ten-
sioning, or other smilar means. Resear ch conducted to date documents
conceptsfor design using dry joints and the behavior of subassemblages
composed from inter connected precast elements both at and beyond peak
srength levelsfor nonlinear reversed cyclic loadings (Applied Technology
Council, 1981; Cheok and Lew, 1992; Clough, 1986; Eliott et al., 1987, Hawkins
and Englekirk, 1987; Jayashanker and French, 1988; Mast, 1992; Nakaki and
Englekirk, 1991; Neille, 1977; New Zealand Society, 1991; Pekau and Hum,
1991; Powell et al., 1993; Priestley, 1991; Priestley and Tao, 1992; Stanton et al.,
1986; Stanton et al., 1991).” Thisappendix isincluded for information and asa
compilation of the current under ssanding of the performance under seismic
loads of structural syssems composed from inter connected precast elements. Itis
considered prematur e to base code requirements on thisresour ce appendix;
however, user review, trial designs, and comment on this appendix ar e encour -
aged. Pleasedirect such feedback to the BSSC.

9A.1 GENERAL:

9A.1.1 Scope: Design and construction of seismic-force-resisting systems composed using
interconnected precast concrete e ements shal comply with the requirements of this gppendix. The
quality and testing of concrete and steel materias and the design and construction of the precast
concrete components and systems that resst seismic forces shal conform to the requirements of the
reference document listed in this section except as modified by the requirements of Chapter 9 and this

appendix.
9A.1.2 Reference Document:

Ref. 6A-1 Building Code Requirements for Reinforced Concrete, American Concrete Ingtitute, ACI
318- 95 excluding Appendices A and C.

9A.2 GENERAL PRINCIPLES: A reinforced concrete structural system composed from
interconnected precast concrete e ements shal be permitted for the seismic-force-ressting system:

" Seethe Commentary for this appendix for full reference information.
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1. If theforce-deformation relationships for the connection regions have been vaidated through
physica experiments or the use of andytical modds based on the results of physica experiments
that closdly simulate the building's connection regions and

2. If theresponse of the building is analyzed using the force-deformation relationships for the
connection and joint regions in combination with the force-deformation relationships for the
precast concrete e ements connected by those regions.

9A.3 LATERAL FORCE RESISTING STRUCTURAL FRAMING SYSTEMS:

9A.3.1: Thebasic structural and seismic-force- ressting systems and Seilsmic Design Category and
building height limitations shal be those specified in Table 5.2.2 . The response modification
coefficients, R, and the deflection amplification factors, C,, of Table5.2.2 shal be taken as maximum
vauesfor interconnected construction.

9A.3.2: The response modification coefficients, R, and the deflection amplification factors, C,, for
interconnected construction shall be consistent with the detailing practice for the connections.

9A.3.3: Where force-defor mation relationships for the connections have been determined from
andytica modeling and have not been vaidated through physical experiments, R and C, factorsfor
interconnected construction shall be restricted as shown in Table 9A.3.3.

TABLE 9A.3.3 Redtrictionson Rand C,

Restricted Restricted Seismic Design Category® | Connection
Response Deflection Performance
M odification Amplification A&B | ¢ | D | ege | Category®
Coefficient, R, Factor, C; -
R <R2 Cy < Cy/2 P P|NP| NP B

NOTE: R= Rvauefor monalithic concrete congtruction in Tables.2.2 and C, = G, vaue for monolithic concrete
condructionin Table 5.2.2. R and C; shdl be varied in step with Rand G between limits shown. P = permitted and
NP = not permitted.

2 See Tables4.2.1aand 4.2.1b.

® See Sec. 9A4.3.

9A.3.4: Dedgnsshdl provide:
1. A continuous load path to the foundation for all components for seismic forces,

2. Force-deformation relationships for the connection and joint regionsthat result in alaterd
deflection profile for the structure that has deflections increasing continuoudly with increasing
height above the structure's base when a horizonta force is applied in any direction at the top of
the structure; and

3. Integrity of the entireload path a deformations C, times the dastic deformation.
9A.4 CONNECTION PERFORMANCE REQUIREMENTS:
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9A.4.1: Connectionsthat are part of the seismic-force-ressting system and are intended to be
nonlinear action locations shdl have hinging, diding, or extending characteristics provided by at least
one of thefollowing means:

1. Member hinging in flexure due to reinforcement yield in tension and/or compression or in-plane
dry joint opening rotation constrained by yielding in tension or compression of reinforcement
crossing that joint.

2. Dry joint movement caused by yield in tension, flexure, or shear of stedl plates, bars, or shapes
crossing that joint.

3. Inplanedry joint dips caused by shears acting on constrained deformation devices such as
friction bolted sted assemblies.

4. Other actionsfor which physica experiments have established the deformation response of the
connection and the region surrounding the connection or joint.

9A.4.2: The seismic performance of a given connection depends on the characteristics of dl three of
the following:

1. Connector -- The device that crosses the interface between the interconnected precast el ements
or the cagt-in-place element.

2. Anchorage -- The means by which the force in the connector is transferred into the precast or
cast-in-place eement, and

3. Connection Region -- The volume of element over which the force from the anchorage flows out
to match the uniform stress state for the el ement.

9A.4.3: Based on the results of physical experiments or anaytica modeling, nonlinear action,
connections and their surrounding connection or joint regions shall be classified into Connection
Selamic Performance Categories A, B, and C asfollows:

1.  For Connection Performance Category A, there shdl be no specid requirements.

2. For Connection Performance Category B, connections and their surrounding regions shall exhibit
gable indlagtic reversed cyclic deformation characteristics for the demands placed on them at the
R and C, values sdlected for the building's seismic-force-resisting system.

3. For Connection Performance Category C, connections and their surrounding regions shal have
diffness, strength, energy absorption, and energy dissipation capacities that ensure a performance
for the building equivaent to that required for the R and C, values sdlected for the building's
seismic-force resisting system.

9A.4.4: For seismic-force-ressting systems of Seismic Design Category B, the nonlinear action
connections shall be of Connection Performance Category B or C and the anchorage for any such
connector transferring tendle or shear force shdl be connected directly by welding or smilar means or
by adequate lap length to the principa reinforcement of the precast element or the cast-in-place
element.

9A.4.5: For seismic-force-ressting systems of Seismic Design Category C, D or E, the nonlinear
action connections shall be of Connection Performance Category C with the anchorage specified in
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Sec. 9A.4.4 and with the stressed area at the connection interface for nominal strength calculations at
least 30 percent of the cross-sectional area of the element measured at a distance equal to the section's
largest dimension from that interface. The stressed areafor principa reinforcement stressed in tenson
or shear shdl be the same asthat defined in Sec. 10.6.4 of Ref. 9A-1.

9A.5 CONNECTION DESIGN REQUIREMENTS:

9A.5.1: Connections that are nonlinear action locations shdl satisfy the following design
requirements:

1. Theprobable strength, S, of the connector shall be determined using a ¢ value of unity and a
stee! stress of at least 1.25f,.

2. The connector shal be anchored either side of the interface for capacities at least 1.6 timesthe S,
value for that connector.

9A.5.2: Connectorsthat are part of the lateral 1oad ressting path and intended to remain eagtic while
Connection Performance Category B or C connectors undergo nonlinear actions shal have a strength,
S, a least 1.5 timesthe load calculated as acting on them when the nonlinear action of the building's
sructura systemisfully developed.

9A.5.3: Connectorsthat are nonlinear action locations shal be proportioned so that they provide
ggnificant resistance only for the direction in which their capacity isintended to be utilized.

9A.5.4: Particular atention shdl be given to grouting and welding requirements that shal permit
qudity control inspection and testing and make alowance for varying tolerances, materia properties,
and site conditions.
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Chapter 10

COMPOSTE STEEL AND CONCRETE
STRUCTURE DESIGN REQUIREMENTS

10.1 REFERENCE DOCUMENTS: Thedesgn, construction, and quality of composite sted and
concrete componentsthat resist seismic forces shal conform to the relevant requirements of the
following references except as modified by the provisons of this chapter.

Ref. 10-1 Load and Resistance Factor Design Specification for Sructural Sedl Buildings (LRFD),
American Ingtitute of Steel Congtruction (A1SC), 1993

Ref. 10-2 Building Code Requirements for Reinforced Concrete, American Concrete Ingtitute, ACI-
318-95, excluding Appendix A

Ref. 10-3 Sasmic Provisons for Sructural Sed Buildings, American Ingtitute of Stedl
Congtruction (AISC), July 1997, Parts| and 11

Ref. 10-4  Soecification for the Design of Cold-Formed Sed Sructural Members, American Iron
and Sted Ingtitute (AlSI), 1996, excluding ASD provisions

10.2 REQUIREMENTS. AnRfactor asset forth in Table 5.2.2 for the appropriate composite stedl
and concrete system is permitted when the structure is designed and detailed in accordance with the
provisonsof Part Il of Ref. 10-3.

In Seismic Design Categories B and above, the design of such systems shdl conform to the
requirements of Part Il of Ref. 10-3. Composite structures are permitted in Seismic Design
Categories D and above, subject to the limitationsin Table 5.2.2, when substantiating evidence is
provided to demondtrate that the proposed system will perform asintended by Part |1 of Ref. 10-3.
The subgtantiating evidence shdl be subject to building officia approval. Where composite e ements or
connections are required to sustain indastic deformations, the substantiating evidence shall be based
upon cydlic testing.
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Chapter 11

MASONRY STRUCTURE DESIGN REQUIREMENTS

111 GENERAL:

11.1.1 Scope: Thedesign and congtruction of reinforced and plain unreinforced masonry
components and systems and the materia's used therein shall comply with the requirements of this

chapter.

11.1.2 Reference Documents8.1.2 REFERENCE DOCUMENTS: The designation and title of
documents cited in this chapter are listed in this section. Compliance with specific provisons of these
reference documents is mandatory where required by this chapter.

Ref. 11-1 Building Code Requirements for Masonry Sructures, ACI 530-95/ASCE 5-95/TM S 402-
95

Ref. 11-2 Specifications for Masonry Sructures, ACl 530.1-95/ASCE 6-95/TM S 602-95
11.1.3 Definitions:

Anchor: Metd rod, wire, bolt, or strap that secures masonry to its structura support.
Area

Gross Cross-Sectional Area: The areaddineated by the out-to-out specified dimensions of
masonry in the plane under consideration.

Net Cross-Sectional Area: The areaof masonry units, grout and mortar crossed by the plane
under consideration based on out-to-out specified dimensions.

Bed Joint: The horizontal layer of mortar on which amasonry unit islaid.

Backing: Thewall surface to which the veneer is secured. The backing can be concrete, masonry,
gted framing, or wood framing.

Cleanout: An opening to the bottom of a grout space of sufficient size and spacing to alow removal
of debris.

Collar Joint: Vertica longitudind joint between wythes of masonry or between masonry wythe and
back-up construction which is permitted to be filled with mortar or grout.

Column: Anisolated verticd member whose horizontal dimension measured at right angles to the
thickness does not exceed three times its thickness and whose height is at least three timesits
thickness.

Composite Masonry: Multiwythe masonry members acting with composite action.

Connector: A mechanica device (including anchors, wall ties, and fasteners) for joining two or more
pieces, parts, or members.

139



1997 Provisions, Chapter 11

Cover: Digtance between surface of reinforcing bar and edge of member.

Detailed Plain Masonry Shear Wall: A masonry shear wall designed to resst latera forces
neglecting stressesin reinforcement and designed in accordance with Sec. 11.11.2.

Dimension:

Actual Dimension: The measured dimension of a designated item (e.g., a designated masonry unit
or wall).

Nominal Dimension: The specified dimension plus an dlowance for thejoints with which the
unitsareto belad. Nomind dimensions are usually given in whole numbers. Thicknessisgiven
firg, followed by height and then length.

Specified Dimension: The dimension specified for the manufacture or construction of masonry,
masonry units, joints, or any other component of a structure.

Effective Height: For braced members, the effective height is the clear height between latera
supports and is used for cdculating the dendernessratio. The effective height for unbraced membersis
caculated in accordance with engineering mechanics.

Effective Period: Fundamental period of the structure based on cracked stiffness.
Glass Unit Masonry: Nonload-bearing masonry composed of glass units bonded by mortar.

Head Joint: Vertica mortar joint between masonry units within the wythe at the time the masonry
unitsarelaid.

I nter mediate Reinfor ced Masonry Shear Wall: A masonry shear wall designed to resist laterd
forces consdering stresses in reinforcement and designed in accordance with Sec. 11.11.4.

Masonry Unit:

Hollow Masonry Unit: A masonry unit whose net cross-sectional areain every plane parald to
the bearing surface isless than 75 percent of the gross cross-sectiond areain the same plane.

Solid Masonry Unit: A masonry unit whose net cross-sectional areaiin every plane pardld to the
bearing surface is 75 percent or more of the gross cross-sectiond areain the same plane.

Ordinary Plain Masonry Shear Wall: A masonry shear wall designed to resist laterd forces
neglecting stressesin reinforcement and designed in accordance with Sec. 11.11.1.

Ordinary Reinforced Masonry Shear Wall: A masonry shear wall designed to resist latera forces
consdering stresses in reinforcement and designed in accordance with Sec. 11.11.3.

Plain Masonry: Masonry in which the tensile resistance of the masonry is taken into consideration
and the effects of stressesin reinforcement are neglected.

Plagtic Hinge: The zone in a structurd member in which the yield moment is anticipated to be
exceeded under loading combinations that include earthquake.

Reinforced Masonry: Masonry congtruction in which reinforcement actsin conjunction with the
masonry to resst forces.
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Running Bond: The placement of masonry units such that head joints in successive courses are
horizontally offset at least one-quarter the unit length.

Special Reinforced Masonry Shear Wall: A masonry shear wall designed to resist laterd forces
consdering stresses in reinforcement and designed in accordance with Sec. 11.11.5.

Specified: Required by construction documents.

Specified Compressive Strength of Masonry, f/: Required compressive strength (expressed as
force per unit of net cross-sectional area) of the masonry. Whenever the quantity f/ isunder the
radica sgn, the square root of numerica vaue only isintended and the result has units of pounds per
squareinch (MPa).

Stack Bond: Stack bond is other than running bond. Usudly, the placement of unitsis such that the
head joints in successive courses are aligned verticdly.

Stirrup: Shear reinforcement in abeam or flexurd member.
Strength:
Design Strength: Nominal strength multiplied by a strength reduction factor.

Nominal Strength: Srength of amember or cross section caculated in accordance with these
provisions before application of any strength reduction factors.

Required Strength: Srength of amember or cross section required to resist factored loads.
Tie

Lateral Tie: Loop of reinforcing bar or wire enclosing longitudina reinforcement.

Wall Tie: A connector that joins wythes of masonry walls together.
Veneser:

Masonry Veneer: A masonry wythe which provides the exterior finish of awall system and
transfers out-of-plane load directly to a backing, but is not considered to add load resisting
capacity to the wall system.

Anchored Veneer: Masonry veneer secured to and supported laterally by the backing through
anchors and supported verticaly by the foundation or other structura support.

Adhered Veneer: Masonry veneer secured to and supported by the backing through adhesion.
Wall: A vertical element with ahorizontal length at least three timesits thickness.

Wall Frame: A moment resisting frame of masonry beams and masonry columns within a plane, with
specid reinforcement details and connections that provides resstance to laterd and gravity loads.

Wythe: A continuous vertical section of awall, one masonry unit in thickness.
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[J11.1.4 Notations:
= cross-sectiond areaof an anchor bolt, in.2 (mn).
= net cross-sectiond areaof masonry, in.2 (mn).

= projected area on the masonry surface of aright circular cone for anchor bolt alowable
shear and tension calculations, in.2 (mn).

= cross-sectiond area of reinforcement, in.? (mm).
cross-sectiond area of shear reinforcement, in.? (mm)?
= length of compressive siress block, in. (mm).

= deggnaxia strength of an anchor bolt, Ib (N).

= design shear strength of an anchor bolt, Ib (N).

= factored axial force on an anchor bolt, Ib (N).

= factored shear force on an anchor bolt, Ib (N).

= webwidth, in. (mm).

HFFEFHZOLE2PE PP
1

= deflection amplification factor asgivenin Table 5.2.2
C = digtance from the fiber of maximum compressive strain to the neutra axis, in. (mm).
d, = diameter of reinforcement, in. (mm).

dy, = diameter of the largest beam longitudina reinforcing bar passing through, or anchored in,
the wall frame beam-column intersection, in. (mm).

d, = diameter of the largest column (pier) longitudina reinforcing bar passing through, or
anchored in, the wal frame beam-column intersection, in. (mm).

d, = length of member in direction of shear force, in. (mm).
E, = modulus of eadticity of masonry, ps (MPa).

E, = modulus of eadticity of reinforcement, ps (MPa).

E, = modulus of rigidity of masonry, ps (MPa).

f = gpecified compressive strength of grout, ps (MPa).

= gpecified compressive strength of masonry at the age of 28 days, unlessadifferent ageis
specified, ps (MPa).
f, = modulus of rupture of masonry, ps (MPa).

f = gpecified yidd strength of the reinforcement or the anchor bolt as applicable, ps (MPa).

<

h = effective height of a column, pilaster or wall, in. (mm).
h, = height of structure above the base levd to leve n, ft. (m).
h, = beam depth in the plane of the wall frame, in. (mm).
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cross-sectiond dimension of grouted core of wall frame member measured center to center
of confining reinforcement, in. (mm).

pier depth in the plane of thewall frame, in. (mm).

moment of inertia of the cracked section, in.* (mm?).

effective moment of inertia, in.* (mn?).

moment of inertia of the net cross-sectiona area of amember, in* (mm).
length of coupling beam between coupled shear walls, in. (mm).
effective embedment length of anchor bolt, in. (mm).

anchor bolt edge distance, in. (mm).

development length, in. (mm).

equivaent development length for a standard hook, in. (mm).
minimum lap splice length, in. (mm).

moment on a masonry section due to unfactored load, in.-1b (N-mm).

maximum moment in member due to the gpplied loading for which deflection is computed,
in.-1b (N-mm).

cracking moment strength of the masonry, in.-Ib (N-mm).

design moment strength, in.-Ib (N-mm).

required flexural strength due to factored loads, in.-Ib (N-mm).

nominal moment strength at the ends of the coupling beam, in.-lb (N-mm).
force acting norma to shear surface, Ib (N).

axia force on amasonry section due to unfactored loads, b (N).

nominal axid load strength, [b (N).

required axia strength due to factored loads, 1b (N).

radius of gyration, in. (mm).

section modulus based on net cross-sectiond areaof awall, in2 (mn).
gpacing of lateral reinforcement in wall frame members, in. (mm).
gpecified wall thickness dimension or least laterd dimengion of a.column, in. (mm).
shear on amasonry section due to unfactored loads, Ib (N).

shear strength provided by masonry, 1b (N).

nominal shear strength, Ib (N).

shear strength provided by shear reinforcement, 1b (N).
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V, = required shear trength due to factored loads, b (N).
= dedgn gory drift asdetermined in Sec. 5.3.7.1, in. (mm).
a = dlowable ory drift as specified in Sec. 5.2.8, in. (mm).
mx = themaximum displacement at leve X, in. (mm).
= ratio of the area of reinforcement to the net cross-sectiona areaof masonry in aplane
perpendicular to the reinforcement.
b = reinforcement ratio producing baanced strain conditions.
mu = maximum usable compressive strain of masonry, in./in. (mm/mm).
¢ = drength reduction factor.

[J11.2 CONSTRUCTION REQUIREMENTS:

[111.2.1 General: Masonry shdl be constructed in accordance with the requirements of Ref. 11-2.
Materids shal conform to the requirements of the standards referenced in Ref. 11-2.

[111.2.2 Quality Assurance: Inspection and testing of masonry materials and construction shall
comply with the requirements of Chapter 3.

[111.3 GENERAL REQUIREMENTS:

11.3.1 Scope: Masonry structures and components of masonry structures shdl be designed in
accordance with the requirements of reinforced masonry design, plain (unreinforced) masonry design,
empirica design or design for architecturd components of masonry subject to the limitations of this
section. For design of glass-unit masonry and masonry veneer, see Sec. 11.13

[111.3.2 Empirical Masonry Design: The requirements of Chapter 9 of Ref. 11-1 shdl apply to the
empirica design of masonry.

[111.3.3 Plain (Unreinfor ced) Masonry Design:

11.3.3.1: Inthedesign of plain (unreinforced) masonry members, the flexura tensile strength of
masonry units, mortar and grout in resisting design loads shdl be permitted.

11.3.3.2: Inthe design of plain masonry members, stressesin reinforcement shal not be considered
effectivein ressting design loads.

11.3.3.3: Plain masonry members shall be designed to remain uncracked.

[111.3.4 Reinforced Masonry Design: In the design of reinforced masonry members, stressesin
reinforcement shal be consdered effective in ressting design loads.

[111.3.5 Seismic Design Category A:  Sructures assigned to Seismic Design Category A shdl
comply with the requirements of Sec. 11.3.2 (empirical masonry design), Sec. 11.3.3 (plain masonry
design), Sec. 11.3.4 (reinforced masonry design).

[ 111.3.6 Seismic Design Category B: Sructures assigned to Seismic Design Category B shall
conform to al the requirements for Seismic Design Category A and the laterd-force-resisting system
shall be designed in accordance with Sec. 11.3.3 or Sec. 11.34.
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[111.3.7 Seismic Design Category C: Structures assigned to Seismic Design Category C shall
conform to the requirementsfor Seismic Design Category B and to the additional requirements of this
section.

11.3.7.1 Material Requirements. Structurd clay load-bearing wall tile shall not be used as part of
the basic tructura system.

11.3.7.2 Masonry Shear Walls. Masonry shear walls shal comply with the requirements for
detailed plain masonry shear walls (Sec. 11.11.2), intermediate reinforced masonry shear walls (Sec.
11.11.4), or special reinforced masonry shear walls (Sec. 11.11.5).

11.3.7.3 Minimum Wall Reinforcement: Vertica reinforcement of at least 0.20 in.? (129 mn?) in
cross-sectiond areashdl be provided continuoudy from support to support a each corner, a each Sde
of each opening, at the ends of walls and a a maximum spacing of 4 feet (1219 mm) gpart horizontally
throughout the walls. Horizontal reinforcement not less than 0.20 in.? (129 mm?) in cross section shall
be provided asfollows:

a At the bottom and top of wall openings extending not less than 24 in. (610 mm) nor less than 40
bar diameters past the opening,

b. Continuoudy at structuraly connected roof and floor levels and at the top of walls,
c. At the bottom of load-bearing walls or in the top of foundations when doweled to the wall,

d. At maximum spacing of 120 in. (3048 mm) unless uniformly distributed joint reinforcement is
provided.

Reinforcement at the top and bottom of openings, when used in determining the maximum spacing
specified in Item d above, shal be continuousin thewall.

11.3.7.4 Stack Bond Construction: Where stack bond is used, the minimum horizontal
reinforcement shal be 0.0007 times the gross cross-sectiond area of the wall. This requirement shal be
satisfied with uniformly distributed joint reinforcement or with horizontal reinforcement spaced not
over 48in. (1219 mm) and fully embedded in grout or mortar.

11.3.7.5 Multiple Wythe Walls Not Acting Compositely: At least one wythe of acavity wall shall
be reinforced masonry designed in accordance with Sec. 11.3.4. The other wythe shdl be reinforced
with aminimum of one W1.7 wire per 4-in. (102 mm) nominal wythe thickness and spaced at intervals
not exceeding 16 in. (406 mm). The wythes shdl betied in accordance with Ref. 11-1, Sec. 5.8.3.2.

11.3.7.6 Walls Separated from the Basic Structural System: Masonry walls, lateraly supported
perpendicular to their own plane but otherwise structurdly isolated on three sides from the basic
gructura system, shdl have minimum horizonta reinforcement of 0.007 times the gross cross-sectiond
areaof thewall. Thisrequirement shal be satisfied with uniformly distributed joint reinforcement or
with horizonta reinforcement spaced not over 48 in. (1200 mm) and fully embedded in grout or
mortar. Architectural components of masonry shal be exempt from this reinforcement requirement.

11.3.7.7 Connectionsto Masonry Columns. Structura members framing into or supported by
masonry columns shal be anchored thereto. Anchor boltslocated in the tops of columns shdl be set
entirdly within the reinforcing cage composed of column bars and laterd ties. A minimum of two No.
4 (13 mm) laterd ties shall be provided in the top 5 inches (127 mm) of the column.
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[111.3.8 Seismic Design Category D: Structures assigned to Seismic Design Category D shall
conform to all of the requirements for Seismic Design Category C and the additiona requirements of
this section.

11.3.8.1 Material Requirements. Neither Type N mortar nor masonry cement shall be used as part
of the basic structura system.

11.3.8.2 Masonry Shear Walls: Masonry shear walls shal comply with the requirements for
gpecial reinforced masonry shear walls (Sec. 11.11.5)

11.3.8.3 Minimum Wall Reinforcement: All walls shdl be reinforced with both vertical and
horizontal reinforcement. The sum of the areas of horizontal and vertica reinforcement shal be at least
0.002 times the gross cross-sectiond area of the wall and the minimum area of reinforcement in each
direction shal not be less than 0.0007 times the gross cross-sectional area of the wall. The spacing of
reinforcement shall not exceed 48 in. (1219 mm). Except for joint reinforcement, the bar size shall not
be lessthan aNo. 3 (10-mm diameter). Reinforcement shal be continuous around wall corners and
through intersections, unless the intersecting walls are separated. Only horizontal reinforcement that is
continuous in thewall or element shal be included in computing the area of horizonta reinforcement.
Reinforcement spliced in accordance with Sec. 11.4.5.6 shdl be considered as continuous reinforce-
ment. Architectural components of masonry shall be except from this reinforcement requirement.

11.3.8.4 Stack Bond Construction: Where masonry islaid in stack bond, the minimum amount of
horizonta reinforcement shall be 0.0015 times the gross cross-sectiond area of thewdll. If open-end
units are used and grouted solid, the minimum amount of horizonta reinforcement shal be 0.0007
times the gross cross-sectiond area of the wall. The maximum spacing of horizonta reinforcement
ghall not exceed 24 in. (610 mm). Architectura components of masonry shal be exempt from these
requirements.

11.3.8.5 Minimum Wall Thickness. The nomind thickness of masonry bearing walls shal not be
lessthan 6 in. (152 mm). Nomina 4-in. (102 mm) thick load-bearing reinforced hollow clay unit
masonry walls with a maximum unsupported height or length to thicknessratio of 27 are permitted to
be used provided the net area unit strength exceeds 8,000 ps (55 MPa), units are laid in running bond,
bar szes do not exceed 1/2 in. (13 mm) with not more than two bars or one splicein acdl and joints
are not raked.

11.3.8.6 Minimum Column Reinforcement: Laterd tiesin columns shdl be spaced not more than 8
in. (203 mm) on center for the full height of the column. Latera ties shal be embedded in grout and
ghall be No. 3 (10 mm) or larger.

11.3.8.7 Minimum Column Dimension: The nomind dimensons of a masonry column shdl not be
lessthan 12 in. (305 mm).

11.3.8.8: Separation Joints. Where concrete abuts structural masonry and the joint between the
materidsis not designed as a separation joint, the concrete shal be roughened so that the average
height of aggregate exposureis 1/8-in. (3 mm) and shall be bonded to the masonry in accordance with
these requirements asiif it were masonry. Vertical joints not intended to act as separation joints shal be
crossed by horizonta reinforcement as required by Sec. 11.3.8.2.
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[111.3.9 Seismic Design CategoriesE and F: Sructures assigned to Seismic Design Categories E
and F shall conform to the requirements of Seismic Design Category D and to the additional
requirements and limitations of this section.

11.3.9.1 Material Requirements. Construction procedures or admixtures shal be used to minimize
ghrinkage of grout and to maximize bond between reinforcement, grout, and units.

11.3.9.2 Masonry Shear Walls. Masonry shear walls shal comply with the requirements for special
reinforced masonry shear walls (Sec. 11.11.5).

11.3.9.3 Stack Bond Construction: Masonry laid in stack bond shdl conform to the following
requirements:

11.3.9.3.1: For masonry that is not part of the basic structura system, the minimum ratio of

horizonta reinforcement shall be 0.0015 and the maximum spacing of horizonta reinforcement shal be
24in. (610 mm). For masonry that is part of the basic structura system, the minimum ratio of
horizonta reinforcement shall be 0.0025 and the maximum spacing of horizonta reinforcement shal be
16 in. (406 mm). For the purpose of calculating thisratio, joint reinforcement shal not be considered.

11.3.9.3.2: Reinforced hollow unit construction shal be grouted solid and all head joints shdl be made
solid by the use of open end units.

[J11.3.10 Propertiesof Materials:

11.3.10.1 Sted Reinforcement Modulus of Elagticity: Unless otherwise determined by tet, sted!
reinforcement modulus of dadticity (E.) shall be taken to be 29,000,000 ps (200,000 MPa).

11.3.10.2 Masonry Modulus of Elagticity: The modulus of eagticity of masonry (E,,) shal be
determined in accordance with Eq. 11.3.10.2 or shdl be based on the modulus of elasticity determined
by prism test and taken between 0.05 and 0.33 times the masonry prism strength:

E_ = 750f (11.3.10.2)

where E,, = modulus of eaticity of masonry (psi) and f/, = specified compressive strength of masonry,
psi. The metric equivalent of Eq. 11.3.10.2 is the same except that E,, and f, arein MPa.

11.3.10.3: The modulus of rigidity of masonry, E,, shal be taken equa to 0.4 times the modulus of
eadticity of masonry, E,.

11.3.10.4 Masonry Compressive Strength:

11.3.10.4.1: The specified compressive strength of masonry, f,, shall equal or exceed 1,500 psi (10
MPa).

11.3.10.4.2: Thevaueof f, used to determine nominal strength vauesin this chapter shall not
exceed 4,000 ps (28 MPa) for concrete masonry and shall not exceed 6,000 ps (41 MPa) for clay
masonry.

11.3.10.5 Modulusof Rupture:

11.3.10.5.1 Out-of-Plane Bending: The modulus of rupture, f,, for masonry eements subjected to
out-of-plane bending shall be taken from Table 11.3.10.5.1.
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TABLE 11.3.10.5.1 Modulusof Rupturefor Out-of-Plane Bending (f,)

Mortar types, ps (MPa)
Masonry cement and
air-entrained Portland
Masonry type Portland cement/lime cement/lime
Mor S N Mor S N
Norma to bed joints
Solid units 80 (0.55) 60 (0.41) 48 (0.33) 30(0.21)
Hollow units’
Ungrouted 50 (0.34) 38 (0.26) 30(0.22) 18 (0.12)
Fully grouted 136 (0.94) | 116(0.80) | 82(0.57) 52 (0.36)
Pardld to bed jointsin running bond
Solid units 160 (1.10) | 120(0.83) | 96 (0.66) 60 (0.41)
Hollow units
Ungrouted and partialy grouted 100 (0.69) | 76(0.52) 60 (0.41) 38(0.26)
Fully grouted (running bond mason- 160 (1.10) | 120(0.83) | 96 (0.66) 60 (0.41)
ry)
Pardld to bed jointsin stack bond: 0 0 0 0

2 For partidly grouted masonry, modulus of rupture values shall be determined on the basis of linear interpolation
between hollow units which are fully grouted and hollow units which are ungrouted based on amount (percentage) of

grouting.

11.3.10.5.2 In-Plane Bending: The modulus of rupture, f,, normal to bed joints for masonry
elements subjected to in-plane forces shal be taken as 250 ps. For grouted stack bond masonry,
tenson pardld to the bed joints for in-plane bending shal be assumed to be resisted only by the

continuous grout core section.

11.3.10.6 Reinforcement Strength: Masonry design shdl be based on areinforcement strength equal

to the specified yield strength of reinforcement

[J11.3.11 Section Properties:

f., that shall not exceed 60,000 psi (400 MPa).

1 lys

11.3.11.1: Member strength shdl be computed using section properties based on the minimum net
bedded and grouted cores cross-sectiona area of the member under consideration.

11.3.11.2: Section properties shall be based on specified dimensions.

[ 111.3.12 Headed and Bent-Bar Anchor Bolts8.3.12 PLATE, HEADED AND BENT BAR
ANCHOR BOLTS: All bolts shall be grouted in place with at least 1-inch (25 mm) grout

between the bolt and masonry, except that 1/4-inch (6.4 mm) bolts may be placed in bed joints
that are at least 1/2 inch (12.7 mm) in thickness.

11.3.12.1: Thedesign axia strength, B, for headed anchor bolts embedded in masonry shall be
the lesser of EqQ. 11.3.12.1-1 (strength governed by masonry breakout) or Eq. 11.3.12.1-2

(strength governed by stedl):
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B, = 40Af, (11.3.12.1-1)

B, = dAT, (11.3.12.1-2)

where:
B, = designaxia strength of the headed anchor balt, Ib;

¢ = strength reduction factor, where ¢ = 0.5 for Eq. 11.3.12.1-1 and ¢ = 0.9 for Eq.
11.3.12.1-2;

= projected area on the masonry surface of aright circular cone, in.%;
A, = effectivetensile stress area of the headed anchor bolt, in.%;
f/ = gpecified compressive strength of the masonry, psi; and
f, = gpecified yield strength of the headed anchor bolt, psi.

The metric equivalent of Eq. 11.3.12.1-1is B, - ¢(o.33Apﬁ) where B, isin N, A, isin mn¥, and

f/ isin MPa. The metric equivalent of Eq. 11.3.12.1-2 is the same except that B, isin N, A, isin
mn¥, and f, isin MPa.

11.3.12.1.1: TheareaA,in Eq. 11.3.12.1-1 shall be the lesser of Eq. 11.3.12.1.1-1 or Eq.
11.3.12.1.1-2:

A= ¢ (11.3.12.1.1-1)
A (11.3.12.1.1-2)
where:
A, = projected area on the masonry surface of aright circular cone, in2
I, = -effective embedment length of the headed anchor bolt, in.; and
l. = anchor bolt edge distance, in..

The metric equivalents of Eq. 11.3.12.1.1-1 and Eq. 11.3.12.1.1-2 are the same except that A, is
inmm? and |, and |, arein mm.

Where the projected areas A, of adjacent headed anchor bolts overlap, the projected area A, of
each bolt shall be reduced by one-half of the overlapping area. That portion of the projected area
faling in an open cell or core shall be deducted from the value of A, calculated using Eq.
11.3.12.1.1-1 or Eg. 11.3.12.1.1-2, whichever is less.
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11.3.12.1.2: The effective embedment length of a headed bolt, 1, shall be the length of
embedment measured perpendicular from the surface of the masonry to the head of the anchor
bolt.

11.3.12.1.3: The minimum effective embedment length of headed anchor bolts resisting axia
forces shall be 4 bolt diameters or 2 in. (51 mm), whichever is greater.

11.3.12.2: Thedesign axia strength, B, for bent-bar anchor bolts (J- or L-bolts) embedded in
masonry shall be the least of Eq. 11.3.12.2-1 (strength governed by masonry breakout), EQq.
11.3.12.2-2 (strength governed by steel), and Eq. 11.3.12.2-3 (strength governed by anchor
pullout):

B, = 40A,f, (11.3.12.2-1)
B, = OAT, (11.3.12.2-2)
B, = 15¢f,ed, + 200 (I, + e + d,)d, (11.3.12.2-3)

where:
B, = designaxia strength of the bent-bar anchor bolt, 1b;

¢ = strength reduction factor, where ¢ = 0.5 for Eq. 11.3.12.2-1, ¢ = 0.9 for Eq.
11.3.12.2-2, and ¢ = 0.65 for Eq. 11.3.12.2-3;

A, = projected area on the masonry surface of aright circular cone, in2
A, = effective tensile stress area of the bent-bar anchor bolt, in.%;
e

= projected leg extension of bent-bar anchor bolt, measured from inside edge of anchor
at bend to farthest point of anchor in the plane of the hook, in.; shall not be taken
larger than 2d, for use in Equation 11.3.12.2-3.

d, = nomina diameter of bent-bar anchor bolt, in.

I, = effective embedment length of bent-bar anchor bolt, in.
f. = gpecified compressive strength of the masonry, psi;

f, = gpecified yield strength of the bent-bar anchor bolt, psi.
The metric equivalent of Eq. 11.3.12.2-1is:

B, - 0.33¢A,f,
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where B, isin N, A, isin mnY, and f/ isin MPa. The metric equivalent of Eq. 11.3.12.2-2 isthe
same except that B, isin N, A, isin mn?, and f,isin MPa. The metric equivalent of Eq.
11.3.12.2-3is:

B, = 15¢f ed, + 205 (I, + e + d)d,

where B, isin N, eand d, arein mm, and f/ isin MPa. The second term in Eq. 11.3.12.2-3 shall
be included only if continuous special inspection is provided during placement per Sec. 11.3.5.2.

11.3.12.2.1: TheareaA,in Eq. 11.3.12.2-1 shall be the lesser of Eq.11.3.12.2.1-1 or Eq.
11.3.12.2.1-2:

A= 1 (11.3.12.2.1-1)

2 (11.312.2.1-2)

where:
A, = projected area on the masonry surface of aright circular cone, in2
I, = effective embedment length of the bent-bar anchor bolt, in.; and
l. = anchor bolt edge distance, in..

The metric equivalents of Eq. 11.3.12.2.1-1 and Eq. 11.3.12.2.1-2 are the same except that A, is
inmm? and |, and |, arein mm.

Where the projected areas A, of adjacent bent-bar anchor bolts overlap, the projected area A, of
each bolt shall be reduced by one-half of the overlapping area. That portion of the projected area
falling in an open cell or core shall be deducted from the value of A, calculated using Eq.
11.3.12.2.1-1 or Eg. 11.3.12.2.1-2, whichever is less.

11.3.12.2.2: The effective embedment of a bent-bar anchor bolt, |, shall be the length of
embedment measured perpendicular from the surface of the masonry to the bearing surface of the
bent end, minus one anchor bolt diameter.

11.3.12.2.3: The minimum effective embedment length of bent-bar anchor bolts resisting axial
forces shall be 4 bolt diameters or 2 in. (51 mm), whichever is greater.

11.3.12.3: Where the anchor bolt edge distance, |, equals or exceeds 12 bolt diameters, the
design shear strength, (B,), shall be the lesser of the values given by Eq. 11.3.12.3-1 (strength
governed by masonry) or Eq. 11.3.12.3-2 (strength governed by steel):

4
B, = 17504 {/f A, (11.3.12.3-1)
B, = 060A,f, (11.3.12.3-2)
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where;

¢ = strength reduction factor, where ¢ = 0.5 for Eq. 11.3.12.3-1 and ¢ = 0.9 for Eq.
11.3.12.3-2;

A, = effectivetensile stress area of the anchor bolt, in%
f/ = gpecified compressive strength of the masonry, psi, and

f, = gpecified yield strength of anchor bolt as applicable, psi.

4
The metric equivalent of Eq. 11.3.12.3-1is B, = 5350¢ \/fr; A, where A isin mm? and f,, and f,

arein MPa. The metric equivalent of Eq. 11.3.12.3-2 isthe same as that above except that A, is
inmn? and f, isin MPa.

Where the anchor bolt edge distance, |, isless than 12 bolt diameters, the value of B, in EQ.
11.3.12.3-1 shall be reduced by linear interpolation to zero at an |, distance of 1 in. (25 mm).

11.3.12.4: Anchor bolts subjected to combined shear and tension shall be designed to satisfy Eq.
11.3.12.4:

b, b

— +—x1 (11.3.12.4)
Ba BV

Q
<

where:
b, = designaxial force on the anchor bolt, Ib (N);
B, = designaxia strength of the anchor bolt, 1b (N);
b, = design shear force on the anchor bolt, Ib (N); and
B, = design shear strength of the anchor bolt, Ib (N).
114 DETAILSOF REINFORCEMENT:
114.1 General:
11.4.1.1: Detallsof reinforcement shall be shown on the contract documents.
11.4.1.2: Reinforcing bars shall be embedded in grout.
11.4.2 Size of Reinforcement:

11.4.2.1: Renforcing bars used in masonry shadl not be larger than aNo. 9 bar (29 mm diameter).
The bar diameter shdl not exceed one-eighth of the nomina wall thickness and shall not exceed one-
quarter of the least clear dimension of the cell, course, or collar joint inwhich it is placed. The areaof
reinforcing bars placed in acell, or in acourse, of hollow unit construction shal not exceed 4 percent
of the cell area

11.4.2.2: Longitudina and crosswire joint reinforcement shall be aminimum W21.1, (0.011 mm?) and
ghall not exceed one-hdf the joint thickness.
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11.4.3 Placement Limitsfor Reinfor cement:

11.4.3.1: The clear distance between pardld reinforcing bars shdl not be less than the nomina
diameter of the bars nor lessthan 1 in. (25 mm).

11.4.3.2: In columnsand pilasters, the clear distance between vertica reinforcing bars shal not be less
than one and one-haf times the nominal bar diameter, nor less than 1-1/2 in. (38 mm).

11.4.3.3: Theclear distance limitations between reinforcing bars shall dso apply to the clear distance
between a contact |ap splice and adjacent splices or bars.

11.4.3.4: Reinforcing bars shall not be bundled.
11.4.4 Cover for Reinforcement:

11.4.4.1: Reinforcing bars shdl have a minimum thickness of masonry and grout cover not less than 2-
1/2 d, nor less than the following:

a  Wherethe masonry face is exposed to earth or wegther, 2 in. (51 mm) for barslarger than No. 5
(16 mm) and 1-1/2 in. (38 mm) for No. 5 (16 mm) bar or smdler.

b. Where the masonry is not exposed to earth or weeather, 1-1/2 in. (38 mm).

11.4.4.2: The minimum grout thickness between reinforcing bars and masonry units shdl be 1/4in. (6
mm) for fine grout or 1/2 in. (12 mm) for coarse grout.

11.4.4.3: Longitudina wires of joint reinforcement shall be fully embedded in mortar or grout with a
minimum cover of /2 in. (13 mm) when exposed to earth or weather and 3/8 in. (10 mm) when not
exposed to earth or weether. Joint reinforcement in masonry exposed to earth or weather shall be
corrosion resistant or protected from corrosion by coating.

11.4.4.4: Wall ties, anchors, and inserts, except anchor bolts not exposed to the weather or moisture,
shall be protected from corrosion.

11.4.5 Development of Reinfor cement:

11.4.5.1 General: The caculated tenson or compression in the reinforcement where masonry
reinforcement is anchored in concrete shall be developed in the concrete by embedment length, hook or
mechanical device or acombination thereof. Hooks shal only be used to develop barsin tension.

11.4.5.2 Embedment of Reinforcing Barsand Wiresin Tension: The embedment length, |, of
reinforcing bars and wire shall be determined by Eq. 11.4.5.2 but shdl not be lessthan 12 in. (305 mm)
for barsand 6 in. (152 mm) for wire:

(1)} 015d7f,| 524,
lg = < (11.45.2)

) <7 ¢
where:
¢ = drength reduction factor asgivenin Table 11.5.3;
d, = diameter of the reinforcement, in.;
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A
I

the lesser of the clear spacing between adjacent reinforcement, or 3timesd,, in.;

_.,
~
I

o specified compressive strength of masonry, ps; and

—h
1

y specified yield strength of the reinforcement, ps.

18d:f,

The metric equivaent of Eq. 11.452is |, - (i][

3 ] < 224, wherel and d, areinmmandf,

andf arein MPa
11.4.5.3 Standard Hooks:
11.45.3.1: Theterm standard hook as used in this code shall mean one of the following:

11.45.3.1.1: A 180-degreeturn plus extension of at least 4 bar diameters but not less than 2-1/2 in.
(64 mm) at free end of bar.

11.45.3.1.2: A 135-degreeturn plus extension of at least 6 bar diameters at free end of bar.
11.45.3.1.3: A 90-degreeturn plus extension of at least 12 bar diameters at free end of bar.

11.45.3.1.4: For stirrup and tie anchorage only, either a 135-degree or a 180- degree turn plus an
extension of at least 6 bar diameters at the free end of the bar.

11.45.3.2: The equivdent embedment Iength for slandard hooks in tension, I, shal be asfollows:

l,, = 13d, (11.4532)

where d, = diameter of the reinforcement, in. The metric equivaent of Eq. 11.4.5.3.2 isthe same
except that d, isin mm.

11.4.5.3.3: Theeffect of hooksfor bars in compression shdl be neglected in design computations.
11.4.5.4 Minimum Bend Diameter for Reinforcing Bars:

11.4.5.4.1: Thediameter of bend measured on theinsde of the bar, other than for stirrups and ties,
ghall not be less than vaues specified in Table 11.4.54.1.

TABLE 11.45.4.1 Minimum Diameters of Bend

Bar Size Grade Minimum
Bend
No. 3 (10 mm) through No. 7 (22 mm) 40 5 bar diameters
No. 3 (10 mm) through No. 8 (25 mm) 50 or 60 6 bar diameters
No. 9 (29 mm) 50 or 60 8 bar diameters

11.45.5 Development of Shear Reinfor cement:
11.4.5.5.1: Shear reinforcement shall extend the depth of the member less cover distances.
11.45.5.2: Theendsof singleleg or U-gtirrups shall be anchored by one of the following means.
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a A gandard hook plus an effective embedment of 0.5 times the development length, 1. The
effective embedment of agtirrup leg shall be taken as the distance between the mid-depth of the
member, and the start of the hook (point of tangency).

b. For No. 5 (16 mm) bar and D31 wire and smaler, bending around longitudinal reinforcement
through at least 135 degrees plus an embedment of | /3 . Thel /3 embedment of astirrup leg shall
be taken as the distance between mid-depth of member, and the start of the hook (point of

tangency).

c. Between the anchored ends, each bend in the continuous portion of atransverse U-stirrup shall
enclose alongitudind bar.

11.4.55.3: Except at wall intersections, the end of areinforcing bar needed to satisfy shear strength
requirements in accordance with Sec. 11.7.3.3 shdl be bent around the edge vertica reinforcing bar
with a 180-degree hook. At wall intersections, reinforcing bars used as shear reinforcement shdl be
bent around the edge vertica bar with a 90-degree standard hook and shall extend horizontdly into the
intersecting wall.

11.45.6 Splicesof Reinforcement: Lap splices, welded splices, or mechanica connections shal be
in accordance with the provisions of this section.

11.45.6.1 Lap Splices. Lap splices shdl not be used in plastic hinge zones. The length of the plagtic
hinge zone shdll be taken as at least 0.15 times the distance between the point of zero moment and the
point of maximum moment.

11.4.5.6.1.1: The minimum length of lap, 4, for barsin tenson or compression shall be equd to the
development length, |, as determined by Eq. 11.4.5.2 but shall not be lessthan 12 in. (305 mm) for
barsand 6 in (152 mm) for wire.

11.45.6.1.2: Bars spliced by noncontact 1ap splices shall not be spaced transversdly farther gpart than
one-fifth the required length of 1ap nor more than 8 in. (203 mm).

11.4.5.6.2 Welded Splices. A welded splice shdl be capable of developing in tenson 125 percent of
the specified yield strength, f,, of the bar.

11.4.5.6.3 Mechanical Connections. Mechanica splices shall have the bars connected to develop in
tension or compression, as required, at least 125 percent of the specified yield strength of the bar.

11.4.5.6.4 End Bearing Splices.

11.45.6.4.1: In barsrequired for compression only, the transmission of compressive stress by bearing
of square cut ends held in concentric contact by a suitable deviceis permitted.

11.4.5.6.4.2: Ba endsshdl terminatein flat surfaces within 1-1/2 degrees of aright angle to the axis
of the bars and shal be fitted within 3 degrees of full bearing after assembly.

11.4.5.6.4.3: End bearing splices shdl be used only in members containing closed ties, closed tirrups
or spiras.
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115 STRENGTH AND DEFORMATION REQUIREMENTS:

11.5.1 General: Masonry structures and masonry members shdl be designed to have strength at dll
sections at least equd to the required strength calculated for the factored loads in such combinations as
are gipulated in these provisions.

11.5.2 Required Strength: Therequired strength shal be determined in accordance with Chapters 2
and 3.

11.5.3 Design Strength: Design strength provided by a member and its connections to other
members and its cross sections in terms of flexure, axid load, and shear shall be taken as the nominal
strength multiplied by a strength reduction factor, ¢, as specified in Table 11.5.3.
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TABLE 11.5.3 Strength Reduction Factor ¢

Axia Load, Hexure, and Reinforced masonry $=0.85
Combinations of Axid Plain masonry ¢ =0.60
Load and Flexure

Shear Reinforced masonry ¢ =0.80
Shear Plain masonry ¢ =0.80
Reinforcement development length and splices ¢ =0.80
Anchor bolt strength as governed by stedl $ =090
Anchor bolt strength as governed by masonry ¢ =050
Bearing ¢ =0.60

11.5.4 Deformation Requirements.

11.5.4.1: Masonry structures shal be designed so the design story drift, , does not exceed the
dlowable story drift, , obtained from Table 5.2.8.

11.5.4.1.1: Carntilever shear walls shdl be proportioned such that the maximum displacement, ., at
Level n does not exceed 0.01h..

11.5.4.2: Deflection caculations for plain masonry members shall be based on uncracked section
properties.

11.5.4.3: Deflection caculations for reinforced masonry members shal be based on an effective
moment of inertiain accordance with the following:

l g = |{ 'I\\AA‘;’)S + |cr1[ T\Aﬂz)s}g I (11.5.4.3)

where:

M, = &

M, = cracking moment strength of the masonry, in.-1b;

M, = maximum moment in the member at the stage deflection is computed, in.-Ib;

ly = moment of inertiaof the cracked section, in.*;

I = moment of inertiaof the net cross-sectiona area of the member, in.%;

S = uncracked section modulus of thewall, in.%; and

—h
1

; modulus of rupture of masonry, ps.

The metric equivaent of Eq. 11.5.4.3 is the same except that M, and M, arein (N-mm), | , and |, are
inmn?, Sisin mm?, and f, isin MPa.

11.5.4.4: The cdculated deflection shal be multiplied by C, for determining drift.
11.6 FLEXURE AND AXIAL LOADS:
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11.6.1 Scope8.6.1 SCOPE: Thissection shdl apply to the design of masonry members subject to
flexure or axid loads or to combined flexure and axia loads.

11.6.2 Design Requirements of Reinforced Masonry Members:

11.6.2.1: Strength design of membersfor flexure and axia |oads shdl bein accordance with principles
of engineering mechanics, and in accordance with the following design assumptions:

a Straininreinforcement and masonry shall be assumed directly proportiond to the distance from the
neutra axis, except for deep flexura memberswith overal depth to clear span ratio greater than
2/5 for continuous span members and 4/5 for smple span members where anonlinear distribution
of strain shall be considered.

b. Maximum ussble drain, e,,, a the extreme masonry compression fiber shall be assumed equd to
0.0025 for concrete masonry and 0.0035 for clay-unit masonry.

c. Stressin reinforcement below the specified yield strength, f,, shall be taken as the modulus of
eadticity, E, timesthe stedl strain. For strains greater than those corresponding to the specified
yield strengtth, f,, the stressin the reinforcement shall be considered independent of strain and equal

to the specified yield strength, f,,

d. Tensle strength of masonry shdl be neglected in caculating the flexurd strength of areinforced
mMasonry cross section.

e. Hexurd compression in masonry shal be assumed to be an equivalent rectangular stress block.
Masonry stress of 0.80 times the specified compressive strength, f/ shall be assumed to be
uniformly distributed over an equivalent compression zone bounded by edges of the cross section
and agtraight line located pardld to the neutra axis at a distance a = 0.80 ¢ from the fiber of
maximum compressive strain.

11.6.2.2: Theratio of reinforcement, r , shal not exceed the lesser ratio as caculated with either of the
following two that will cause the following critica strain conditions

1. For walls subjected to in-plane forces, columns and beams, the critica strain condition corresponds
to adtrain in the extreme tension reinforcement equal to 5 times the strain associated with the
reinforcement yield stress, f,,

2. For walls subjected to out-of-plane forces, the critical strain condition correspondsto astrain in the
extreme tension reinforcement equa to 1.3 times the strain associated with the reinforcement yield
stress, f,.

For both cases, the dtrain at the extreme compression fiber shdl be assumed to be either 0.0035 in./in.
for clay masonry or 0.0025 in./in. for concrete masonry.

The cdculation of the maximum reinforcement ratio shdl include unfactored gravity axid loads. The
sressin the tension reinforcement shall be assumed to be 1.25f,. Tension in the masonry shdl be
neglected. The strength of the compressive zone shall be caculated as 80 percent of f,, times 80
percent of the area of the compressive zone. Stressin reinforcement in the compression zone shdl be
based on alinear strain distribution.
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11.6.2.3: Members subject to compressive axid load shdl be designed for the maximum moment that
can accompany the axia load. The required moment, M,, shdl include the moment induced by relative
latera digplacements.

11.6.3 Design of Plain (Unreinforced) Masonry Members:

11.6.3.1: Strength design of members for flexure and axia load shall be in accordance with principles
of engineering mechanics.

11.6.3.2: Strain in masonry shall be assumed directly proportiond to the distance from the neutra
axis.

11.6.3.3: Hexurd tenson in masonry shal be assumed directly proportiond to strain.

11.6.3.4: Hexura compressive sressin combination with axial compressive stress in masonry shall be
assumed directly proportional to strain. Maximum compressive stress shal not exceed 0.85f, .

11.6.3.5: Desgn axia load strength shall be in accordance with Eq. 11.6.3.5-1 or Eq. 11.6.3.5-2:

_ /4 h )2
oo ()

for hir < 99 (11.6.3.5-1)

OP, = bA, ( %) *for hir > 99 (11.6.35-2)
¢ = drength reduction factor per Table 11.5.3;
A, = net cross-sectional area of the masonry, in
f' = gpecified compressive srength of the masonry, psi;
h = effective height of the wall between points of support, in. and
r = radiusof gyration, inches.

The metric equivaents for Eq. 11.6.3.5-1 and Eq. 11.6.3.5-2 are the same except that A, isinmn?, £/
iIsinMPa, andhand r arein mm.

11.7 SHEAR:

11.7.1 Scope: Provisonsof this section shdl apply for desgn of members subject to shear.
11.7.2 Shear Strength:

11.7.2.1: Desgn of cross sections subjected to shear shdl be based on:

V, < oV, (11.7.2.1)

where:
V, = required shear strength due to factored loads, Ib.
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¢ strength reduction factor per Table 11.5.3; and
V, = nomina shear strength, Ib.

The metric equivalent of Eq. 11.7.2.1 is the same except that V, and V, arein N.

11.7.2.2: Thedesign shear strength, ¢V, shall exceed the shear corresponding to the development of
1.25 times the nominal flexura strength of the member, except that the nomina shear strength need not
exceed 2.5timesV,,.

11.7.3 Design of Reinforced Masonry Members:
11.7.3.1: Nominal shear strength, V,, shal be computed as follows:

Vo=V o+ V, 11.7.3.1-1
where: ( )
V, = nomina shear strength, Ib;

<
I

. nominal shear strength provided by masonry, Ib; and

<
I

A shear strength provided by reinforcement, Ib.
The metric equivaent for Eg. 11.7.3.1-1 is the same except that V,, V,,, and V,arein N.
For M/Vd, < 0.25:

Voo = 6@ A, (11.7.3.1-2)
For M/\Vd, < 1.00:
/
Vi = % A (11.7.3.1-3)
where:
Vimay = Maximum nomind shear strength, 1b;
A, = net cross-sectiond areaof the masonry, in2
f o = gpecified compressive strength of the masonry, ps;
M = moment on the masonry section due to unfactored design loads, in.-Ib;
\% = shear on the masonry section due to unfactored loads, |b; and
d, = length of member in direction of shear force, inches.

Vaues of M/Vd, between 0.25 and 1.0 may be interpol ated.

The metric equivalent of Eq. 11.7.3.1-2iS V., = o.%Anand the metric equivdent of Eq. 11.7.3.1-3
- 0.33ﬁArl where Vi, isinN, A isinmn?, f; isin MPa, M isin N-mm, and d isin mm.

max)

IS Vg
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11.7.3.2: Shear strength, V., provided by masonry shdll be asfollows:

M /
V- [4.0 - 175 (V_d” A, [T + 0.25P (11.7.32)

where M/Vd, need not be taken greater than 1.0 and

V., = shear strength provided by masonry, Ib;
= moment on the masonry section due to unfactored design loads, in.-Ib;
= shear on the masonry section due to unfactored loads, psi;

length of member in direction of shear force, in,;

> 8 < z
I

= net cross-sectiond areaof the masonry, in2

—h

3 -~

= gpecified compressve strength of the masonry, ps; and
axia load on the masonry section due to unfactored design loads, Ib.

-
I

The metric equivalent of Eq, 11.7.32is V. - 0.083[4.0 - 1.75[ de) }An\/ﬂ + 0.25P where

V,,and P arein N, M isin N-mm, f',,isin MPa, d isin mm, and A, isin mn?.
11.7.3.3: Nominal shear strength, V,, provided by reinforcement shal be asfollows:

Vv, = o.s[ ﬁ) f,d, (11.7.33)
S

where:
A, = areaof shear reinforcement, in.(mm?)
d, = length of member in direction of shear force, in. (mm)
s = gpacing of shear reinforcement, in. (mm); and
fy = gpecified yidd strength of the reinforcement or the anchor bolt as applicable, ps (MPa).
The metric equivaent of Eq. 11.7.3.3 isthe same.
11.7.4 Design of Plain (Unreinforced) Masonry Members:
11.7.4.1: Nominal shear strength, V., shdl be the lesser of the following:
a  05/f/A, Ib (the metric equivalent is 0.1251, A, N, where f,, isin MPaand A, isin mn);
b. 120A,, Ib (the metric equivaent is 0.83A,,N; where A, isin mnm);

c. 37A,+03N,for running bond masonry not grouted solid, Ib (the metric equivaent is 0.26A,, +
0.3N, when A, isinmn? and N, isin N);
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37 A, + 0.3 N, for stack bond masonry with open end units and grouted solid, Ib (the metric
equivaent is 0.26A,, + 0.3N, when A, isinmn? and N, isin N);

60 A, + 0.3 N, for running bond masonry grouted solid, |b (the metric equivalent is0.414A, +
0.3N, when A, isinmn? and N, isin N); and

15 A, for stack bond other than open end units grouted solid, 1b (the metric equivalent is0.103A,, +
0.3N, when A, isinmm? and N, isin N)

where:
f = gpecified compressive strength of the masonry, psi;
A, = net cross-sectional area of the masonry, in.% and

N, = forceacting norma to shear surface, Ib.
11.8 SPECIAL REQUIREMENTSFOR BEAMS:

11.8.1: The spacing between lateral supports shal be determined by the requirements for out of-plane
loading, but it shall not exceed 32 times the least width of beam.

11.8.2: Theeffectsof laterd eccentricity of load shdl be taken into account in determining spacing of
lateral supports.

11.8.3: The minimum positive reinforcement ratio r in abeam shal not be less than 120/, (the metric
equivaent is 0.83/f, wheref, isin MPa) except that this minimum positive steel reinforcement ratio
need not be satisfied if the areaof reinforcement provided is onethird greater than that required by
andysisfor gravity loads and the Saismic Design CategoryisA, B, or C.

Where a concrete floor provides a flange and where the beam web isin tension, theratio  shdl be
computed using the web width.

11.8.4 Deep Flexural Members:

11.8.4.1: Fexurd memberswith overal depth to clear span ratios greater than 2/5 for continuous
gpans or 4/5 for ample spans shal be designed as deep flexura members taking into account nonlinear
digtribution of strain and latera buckling.

11.8.4.2: Minimum flexura tenson reinforcement shal conform to Sec. 11.8.3.

11.8.4.3: Uniformly distributed horizonta and vertica reinforcement shall be provided throughout the
length and depth of deep flexura members such that the reinforcement ratios in both directions are at
least 0.001. Digtributed flexura reinforcement isto be included in the determination of the actua
reinforcement ratios.

119 SPECIAL REQUIREMENTSFOR COLUMNS:

11.9.1: Areaof longitudina reinforcement for columns shall be not Iess than 0.005 nor more than 0.04
times cross-sectiond area of the columm.

11.9.2: There shdl be aminimum of four longitudind barsin columns.
11.9.3: Laterd ties shdl be provided to resist shear and shal comply with the following:
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a Laterd tiesshal beat least /4 in. (6 mm) in diameter.

b. Verticd spacing of latera ties shal not exceed 16 longitudina bar diameters, 48 laterd tie
diameters, nor the least cross sectiona dimension of the column.

c. Laterd tiesshdl be arranged such that every corner and dternate longitudinal bar shdl have laterd
support provided by the corner of alateral tie with an included angle of not more than 135 degrees
and no bar shdl be farther than 6 in. (152 mm) clear on each Sde dong the laterd tie from such a
laterally supported bar. Laterd tiesshdl be placed in either amortar joint or grout. Where
longitudind bars are located around the perimeter of acircle, acomplete circular laterd tieis
permitted. Minimum lap length for circular ties shdl be 84 tie diameters.

d. Laterd tiesshdl belocated vertically not more than one-half lateral tie spacing above the top of
footing or dab in any story and shal be spaced as provided herein to not more than one-half a
lateral tie spacing below the lowest horizonta reinforcement in beam, girder, dab or drop pane
above.

e. Where beams or brackets frameinto a column from four directions, laterd ties may be terminated
not more than 3 in. (76 mm) below lowest reinforcement in the shalowest of such beams or
brackets.

11.10 SPECIAL REQUIREMENTSFOR WALLS:

11.10.2: Thenomind flexura strength of the wall for out-of-plane flexure shall be at least equa to 1.3
times the cracking moment strength of the wall.

11.11 SPECIAL REQUIREMENTSFOR SHEAR WALLS:

11.11.1 Ordinary Plain Masonry Shear Walls. The design of ordinary plain masonry shear walls
shdl be in accordance with Sec. 11.3.2 or Sec. 11.3.3. No reinforcement isrequired to resst seismic
forces.

11.11.2 Detailed Plain Masonry Shear Walls. The design of detailed plain masonry shear walls
ghall be in accordance with Sec. 11.3.3. Detailed plain masonry shear walls shdl have minimum
amounts of reinforcement as prescribed in Sections 11.3.7.3 and 11.3.7.4.

11.11.3 Ordinary Reinforced Masonry Shear Walls: The design of ordinary reinforced masonry
shear walls shdl bein accordance with Sec. 11.3.4. No prescriptive seismic reinforcement is required
for ordinary reinforced masonry shear walls

11.11.4 Intermediate Reinforced Masonry Shear Walls: The design of intermediate reinforced
masonry shear walls shall be in accordance with Sec. 11.3.4. Intermediate reinforced masonry shear
walls shdl have minimum amounts of reinforcement as prescribed in Sec. 11.3.7.3 and 11.3.7.4.

11.11.5 Special Reinforced Masonry Shear Walls: Soecial reinforced masonry shear walls shal
meet the requirements for intermediate reinforced masonry shear walls (Sec. 11.11.4) in addition to
the requirements of this section.

The design of special reinforced masonry shear walls shdl be in accordance with Sec. 11.3.4. Special
reinforced masonry shear walls shal comply with materia requirements of Sec. 11.3.8, minimum
reinforcement requirements of Sec. 11.3.8.3 and 11.3.8.4, and minimum thickness requirements of Sec.
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11.3.8.5. In addition, special reinforced masonry shear walls shall be reinforced and constructed as
required in this section.

11.11.5.1 Vertical Reinforcement: The maximum spacing of vertical reinforcement in an special
reinforced masonry shear wall shdl bethe smdler of::

a One-third the length of the wall
b. One-third the height of thewall
c. 48in. (1219 mm).

11.11.5.2 Horizontal Reinfor cement: Reinforcement required to resst in-plane shear in a special
reinforced masonry shear wall shdl be placed horizontaly, shal be uniformly distributed, and shdl be
embedded in grout. The maximum spacing of horizontal reinforcement shal be the smdler of:

a One-third the length of the wall

b. One-third the height of thewall

c. 48in. (1219 mm)

d. 24in. (610 mm) for stack bond masonry.

11.11.5.3 Shear Keys. The surface of concrete upon which an special reinforced masonry shear
wall is congtructed shall have aminimum surface roughness of 1/8 inch (3.0 mm). Keyswith the
following minimum requirements shall be placed at the base of special reinforced masonry shear walls
when the cdculated strain in verticd reinforcement exceeds the yield strain under load combinations
that include seismic forces based on aR factor equal to 1.5.

a Thewidth of the keys shdl be at least equd to the width of the grout space

b. Thedepth of the keys shdl be a least 1.5 inches (40 mm)

The length of the key shdll be at least 6 inches (152 mm)

The spacing between keys shdl be at least equd to the length of the key

The cumulative length of al keys shdl be at least 20% of the length of the shear wall

A minimum of one key shdl be placed within 16 inches (406 mm) of each end of a shear wal

0. Eachkey and the grout space above each key in the first course of masonry shdl be grouted solid.
11.11.6: Flanged Shear Walls:

11.11.6.1: Wall intersections shdl be consdered effective in trandferring shear when elther
conditions (a) or (b) and condition (c) as noted below aree met:

-~ o o o

a Theface shdlsof hollow masonry units are removed and the intersection is fully grouted.

b. Solid unitsarelaid in running bond and 50 percent of the masonry units at the intersection are
interlocked.

c. Renforcement from one intersecting wall continues past the intersection a distance not less than 40
bar diameters or 24 inches (600 mm).
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11.11.6.2: Thewidth of flange consdered effective in compression on each side of the web shall be
taken equa to 6 times the thickness of the web or shall be equad to the actua flange on either side of
the web wall, whichever isless.

11.11.6.3: Thewidth of flange considered effective in tenson on each side of the web shall be taken
equal to 3/4 of the wall height or shdl be equd to the actua flange on either side of the web wall,
whichever isless

11.11.7 Coupled Shear Walls:

11.11.7.1 Design of Coupled Shear Walls. Structurd members which provide coupling between
shear walls shdl be designed to reach their moment or shear nominal strength before either shear wall
reaches its moment or shear nominal strength. Anaysis of coupled shear walls shal conform to
accepted principles of mechanics.

11.11.7.2 Shear Strength of Coupling Beams: The nomina shear strength, V,,, of the coupling
beams shall exceed the shear calculated:

V, > M, C M. v, (11.11.7.2)
where:
V, = nominal shear strength, Ib (N);
M, and M, = nominal moment strength at the ends of the beam, 1b-in. (N-mm);
L. = length of the beam between the shear walls, in. (mm); and
\A = shear force dueto gravity loads, Ib (N).

The metric equivaent of Eq. 11.11.5.2 is the same except that V,, and V, arein N, M, and M, are in N-
mm, and L isin mm.

The cdculation of the nomina flexural moment shal include the reinforcement in reinforced concrete
roof and floor system. The width of the reinforced concrete used for calculations of reinforcement shall
be sx times the floor or roof dab thickness.

11.12 SPECIAL MOMENT FRAMES OF MASONRY :

11.12.1 Calculation of Required Strength: The caculation of required strength of the members
ghall be in accordance with principles of engineering mechanics and shall consider the effects of the
relaive stiffness degradation of the beams and columns.

11.12.2 Flexural Yidding: Hexurd yielding shdl be limited to the beams at the face of the columns
and to the bottom of the columns at the base of the structure.

11.12.3 Reinforcement:

11.12.3.1: The nomina moment strength at any section dong a member shdl not be less than 1/2 of
the higher moment strength provided at the two ends of the member.
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11.12.3.2: Lap splices are permitted only within the center haf of the member length.

11.12.3.3: Weded splices and mechanica connections may be used for splicing the reinforcement at
any section, provided not more than dternate longitudina bars are spliced a a section, and the distance
between splices on dternate barsis at least 24 in. (610 mm) aong the longitudind axis.

11.12.3.4: Reinforcement shal have a specified yield strength of 60,000 ps (414 MP4). The actud
yield strength shal not exceed 1.5 times the specified yield strength.

11.12.4 Wall Frame Beams:

11.12.4.1: Factored axid compression force on the beam shdl not exceed 0.10 times the net cross-
sectional area of the beam, A, times the specified compressive strength, £

11.12.4.2: Beamsinterconnecting vertica e ements of the laterd-load-ressting system shdl be limited
to areinforcement ratio of 0.15f,, /f, or that determined in accordance with Sec. 11.6.2.2. Al
reinforcement in the beam and adjacent to the beam in areinforced concrete roof or floor system shdll
be used to calculate the reinforcement ratio.

11.12.4.3: Clear span for the beam shdl not be less than 4 times its depth.

11.12.4.4: Nominal depth of the beam shall not be less than 4 units or 32 in. (813 mm), whichever is
greater. The nomind depth to nomina width ratio shall not exceed 4.

11.12.4.5: Nomind width of the beams shall equa or exceed dl of the following criteria

a 8in. (203 mm),

b. width required by Sec. 11.8.1, and

C. 1/26 of the clear span between column faces.

11.12.4.6: Longitudinal Reinfor cement:

11.12.4.6.1: Longitudina reinforcement shdl not be spaced more than 8 in. (203 mm) on center.
11.12.4.6.2: Longitudina reinforcement shal be uniformly distributed aong the depth of the beam.

11.12.4.6.3: Inlieuof the limitations of Sec. 11.8.2, the minimum reinforcement ratio shal be 130/,
(the metric equivaent is 0.90/f, wheref, isin MPa).

11.12.4.6.4: At any section of abeam, each masonry unit through the beam depth shdl contain
longitudina reinforcement.

11.12.4.7 Transver e Reinfor cement:

11.12.4.7.1: Transverse reinforcement shal be hooked around top and bottom longitudina bars and
shall be terminated with a standard 180-degree hook.

11.12.4.7.2: Within an end region extending one beam depth from wall frame column faces and at any
region at which beam plastic hinges may form during seismic or wind loading, maximum spacing of
transverse reinforcement shal not exceed one-fourth the nominal depth of the beam.

11.12.4.7.3: The maximum spacing of transverse reinforcement shal not exceed 1/2 the nomina
depth of the beam or that required for shear strength.
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11.12.4.7.4: Minimum transverse reinforcement ratio shall be 0.0015.

11.12.4.7.5. Thefirg transverse bar shal not be more than 4 inches (102 mm) from the face of the
pier.

11.125 Wall Frame Columns:

11.12.5.1: Factored axiad compression force on the wall frame column shal not exceed 0.15 timesthe
net cross-sectiona area of the column, A, times the specified compressive strength, f/. The
compressive stress shdl aso be limited by the maximum reinforcement ratio.

11.12.5.2: Nominal dimension of the column pardld to the plane of thewall frame shall not beless
than two full unitsor 32 in. (810 mm), whichever is greater.

11.12.5.3: Nominal dimension of the column perpendicular to the plane of the wall frame shdl not be
lessthan 8 in. (203 mm) nor 1/14 of the clear height between beam faces.

11.12.5.4: The clear height-to-depth ratio of column members shall not exceed 5.
11.12.5.5 L ongitudinal Reinfor cement:

11.12.5,5.1: A minimum of 4 longitudina bars shdl be provided at dl sections of every wall frame
column member.

11.1255.2: Theflexurd reinforcement shal be uniformly distributed across the member depth.

11.12.5.5.3: The nomina moment strength at any section dong a member shdl be not lessthan 1.6
times the cracking moment strength and the minimum reinforcement ratio shal be 130/, (the metric
equivaent is 0.90/f, wheref, isin MPa).

11.12.5.5.4: Vertica reinforcement in wall-frame columns shal be limited to amaximum
reinforcement ratio equa to the lesser of 0.15f,,/ F, or that determined in accordance with Sec.
11.6.2.2.

11.12.5.6 Transverse Reinforcement:

11.12.5.6.1: Transverse reinforcement shall be hooked around the extreme longitudina bars and shdl
be terminated with a standard 180-degree hook.

11.12.5.6.2: The spacing of transverse reinforcement shall not exceed 1/4 the nomina dimension of
the column paraléel to the plane of the wall frame.

11.12.5.6.3: Minimum transverse reinforcement ratio shall be 0.0015.
11.12.6 Wall Frame Beam-Column I nter section:

11.12.6.1: Beam-column intersection dimensions in masonry wall frames shdl be proportioned such
that the wall frame column depth in the plane of the frame satisfies Eq. 11.12.6.1-1:

4,800d,,

> %

- (11.12.6.1-1)
fg

where:
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h, = pier depthinthe plane of the wdl frame, in,;

d,, = diameter of the largest beam longitudina reinforcing bar passing through, or anchored in,
the wall frame beam-column intersection, in.; and

f, = 9specified compressve strength of grout, ps (shal not exceed 5,000 ps (34.5 MPa) for use
in Eq. 11.12.7.1-1).

. , . 400d . .
The metric equivalent of Eq. 11.12.6.1-1is h, > ——2 whereh,and d, aeinmmand f, isin MPa

/i

Beam depth in the plane of the frame shall satisfy Eq. 11.1.2.7.1-2:

. 1800d,,

b T = (11.12.7.1.2)
fg

h, = beam depthin the plane of thewal frame, in.;

diameter of the largest column (pier) longitudina reinforcing bar passing through, or
anchored in, the wall frame beam-column intersection, in.; and

f, = gpecified compressive strength of grout, ps (shall not exceed 5,000 ps (34.2MPa) for use
in Eq. 11.12.7.1-1).

o
=]
I

. . . 150d . .
The metric equivalent of Eq. 11.12.7.1-2is h, > % where h, and d,, arein mm and fé isin

i

MPa.

Nomina shear strength of beam-column intersections shal exceed the shear occurring when wall frame
beams develop their nominal flexura strength.

11.12.6.2: Beam longitudina reinforcement terminating in awall frame column shal be extended to
the far face of the column and shal be anchored by a stlandard hook bent back into the wall frame
column.

Specid horizonta shear reinforcement crossing apotentid diagonal beam column shear crack shdl be
provided such that:

A > (11.12.6.2)

where:

A, = cross-sectiond areaof reinforcement in

<
I

N nomina shear strength, |b; and
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f, = specified yield strength of the reinforcement or the anchor bolt as gpplicable, psi.
The metric equivalent of Eq. 11.12.7.2 is the same except that A isin mn, V, isin N, and f,isin MPa

Specia horizonta shear reinforcement shall be anchored by a standard hook around the extreme wall
frame column reinforcing bars.

Vertica shear forces may be considered to be carried by a combination of masonry shear-resisting
mechanisms and truss mechanisms involving intermediate column reinforcing bars.

The nomind horizonta shear stress at the beam-column intersection shall not exceed the lesser of 350
psi (2.5 MPa) or 7@ (the metric equivaent is 0.5% MPa).
11.13 GLASS-UNIT MASONRY AND MASONRY VENEER:

11.13.1 Design Lateral Forcesand Displacements: Glass-unit masonry and masonry veneer shal
be designed and detailed to res st the design latera forces as described in Sec. 6.1 and 6.2.

11.13.2 Glass-Unit Masonry Design:

11.13.2.1: Therequirements of Chapter 11 of Ref. 11-1 shal apply to the design of glass unit
masonry. The out-of-plane seismic strength shal be considered as the same as the strength to resst
wind pressure as specified in Sec. 11.3 of Ref. 11-1.

11.13.3 Masonry Veneer Design:
11.13.3.1: Therequirements of Chapter 12 of Ref. 11-1 shal apply to the design of masonry veneer.

11.13.3.2: For structuresin Seismic Design Category E, corrugated sheet meta anchors shdl not be
used.
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Appendix to Chapter 11

ALTERNATIVE PROVISIONSFOR THE DESIGN OF
MASONRY STRUCTURES

11A.1 GENERALB8BA.1 GENERAL:

11A.1.1 Scope: The provisons of this chapter for the design and construction of reinforced and
plain (unreinforced) masonry components and systems shal be permitted as an dternative to the
provisions of Chapter 11. The seismic design requirements of this appendix chapter apply to the design
of masonry and the construction of masonry structurd eements, except glass unit masonry and
masonry veneers, in dl Seismic Design Categories.

11A.1.2 Reference Document: The design, congtruction, and quality assurance of masonry
components designed in accordance with the dternative masonry provisions of this appendix chapter
ghall conform to the requirements of Ref. 11A-1 except as modified herein:

Ref. 11A-1 Building Code Requirements for Masonry Sructures, ACI 530-95/ASCE 5-95/TM S 402-
95, and Foecification for Masonry Sructures, ACI 530.1-95/ASCE 6-95/TMS 602-95.

11A.1.2.1 Moadificationsto Chapter 10 of Ref. 11A-1:
11A.1.2.1.1: Therequirementsof Sec. 10.1.1 and 10.2.1 of Ref. 11A-1 shdl not apply.

11A1.2.1.2: Masonry structures and masonry dements shal comply with the requirements of Sec.
10.2.2 of Ref. 11A-1 with the exception that Sec. 10.2.2.1 shall not apply. In addition, masonry
structures and masonry elements shal comply with the requirements of Sec. 10.3 through 10.7 of Ref.
11A-1. Requirements for Seismic Design Categories A, B, C, D and E asdefined in Sec. 1.4.4 shall be
the same as requirements for Selsmic Performance Categories as described in Chapter 10 of Ref. 11A-
1

11A.1.2.1.3: Required strength to resst seismic forcesin combinations with gravity and other loads
ghall be asrequired in Sec. 5.2.7. Nonbearing masonry walls shal be designed for the seismic force
applied perpendicular to the plane of the wall and uniformly distributed over the wall area

11A.2 RESPONSE MODIFICATION COEFFICIENTS8A.3 RESPONSE MODIFICATION
COEFFICIENTS: The response modification coefficients, R, of Table 5.2.2 for special reinforced
masonry shear walls shal apply, provided masonry is designed in accordance with Chapter 7 and Sec.
10.6 of Ref. 11A-1. The R coefficients of Table 5.2.2 for intermediate reinforced masonry shear
walls shdl apply for masonry designed in accordance with Chapter 7 and Sec. 10.5 of Ref. 11A-1. The
R coefficients of Table 5.2.2 for ordinary reinforced masonry shear walls shdl goply for wals
designed in accordance with Chapter 7 of Ref. 11A-1. The R coefficients of Table 5.2.2 for detailed
plain masonry shear walls shall apply for walls designed in accordance with Chapter 6 and Sec. 10.5 of
Ref. 11A-1. The R coefficients of Table 5.2.2 for ordinary plain masonry shear walls shal gpply for
walls designed in accordance with Chapter 6 of Ref. 11A-1.
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WOOD STRUCTURE DESIGN REQUIREMENTS

12.1 GENERAL:

12.1.1 Scope: Thedesign and construction of wood structures to resist seismic forces and the
materia used therein shall comply with the requirements of this chapter.

12.1.2 Reference Documents. The qudlity, testing, design, and construction of members and their
fastenings in wood systems that resist seismic forces shal conform to the requirements of the reference
documents listed in this section except as modified by the provisons of this chapter.

12.1.2.1 Engineered Wood Construction:

Ref. 12-1 Load and Ressance Factor Sandard for ASCE 16-95 (1995)
Engineered Wood  Construction,  including
supplements

Ref. 12-2 Plywood Design Specifications APA (1995)

Ref. 12-3 Design Capacities of APA Performance-Rated APA N375B (1995)
Sructural-Use Pandls

Ref. 12-4 Diaphragms, Research Report 138 APA (1991)

12.1.2.2 Conventional Light-Frame Construction:

Ref. 12-5  One- and Two-Family Dwelling Code Council of American
Building Officids (CABO)
(1995)

Ref.12-6 Spoan Tables for Joists and Rafters NFoPA T903 (1992)

12.1.2.3 Materials Standards:

Ref. 12-7  American Softwood Lumber Standard PS 20-94 (1994)

Ref. 12-8  American National Standard for Wood Products- ANSI/AITC A190.1 (1992)
Sructural Glued Laminated Timber

Ref. 12-9  Sandard Soecification for Edablishing and Monitoring ASTM D5055-95A (1995)
Sructural Capacities of Prefabricated Wood |-Joists
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Ref. 12-10  Softwood Plywood--Construction and Industrial PS 1-95 (1995)
Ref. 12-11  Performance Sandard for Wood-Based Sructural-Use  PS2-92 (1992)
Panels
Ref. 12-12  Wood Poles ANSI 05.1 (1992)
Ref. 12-13  Wood Particleboard ANSI A208.1 (1993)
Ref. 12-14  Preservative Treatment by Pressure Process AWPA C1(1991), C2 and

C3 (1991), C9 (1990), and
C28 (1991)

Dimensions for wood products and associated products designated in this section are nominal
dimensions and actual dimensions shadl be not less than prescribed by the reference stlandards.

12.1.3
D

D’

h

>

2D

12.2 DESIGN METHODS: Design of wood structuresto resst seismic forces shdl be by one of the

Notations:

= Referenceresgtance.

= Adjusted resstance.

= Theheight of ashear wall messured as.

1. Themaximum clear height from the foundation to the bottom of the floor or roof framing
above or

2. The maximum clear height from the top of the floor or roof framing to the bottom of the
floor or roof framing above.

= Thedimension of adigphragm perpendicular to the direction of gpplication of force. For
open-front structures, | isthe length from the edge of the digphragm at the open front to
the vertical resisting elements pardld to the direction of the applied force. For a
cantilevered digphragm, | isthe length of the cantilever.

= Thedimenson of adigphragm or shear wal in the direction of application of force.
= Time effect factor.
= Resgtance factor.

= Factored resstance.

methods described in Sec. 12.2.1 and 12.2.2:

12.2.1 Engineered Wood Design: Engineered design of wood structures shdl useload and
resistance factor design (LRFD) and shal be in accordance with this chapter and the reference
documents specified in Sec. 12.1.2.1.

12.2.2 Conventional Light-Frame Construction: Where permitted by Sec. 12.7 and 12.8, wood
structures shall be permitted to be constructed in accordance with the provisonsof Sec. 12.5.
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12.2.2.1 When astructure of otherwise conventiona construction contains structura € ements not
conforming to Sec. 12.5, those eements shall be designed in accordance with Sec. 12.2.1 and force
res stance and stiffness shal be mantained.

12.3 ENGINEERED WOOD CONSTRUCTION:

12.3.1 General: The proportioning, design, and detailing of engineered wood systems, members, and
connections shdl be in accordance with the reference documents, except as modified by this section.

12.3.2 Framing Requirements. All wood columns and posts shdl be framed to provide full end
bearing. Alternatively, column and post end connections shall be designed to resist the full compressive
loads, neglecting dl end bearing capacity. Column and post end connections shall be fastened to resst
lateral and net induced uplift forces.

12.3.3 Deformation Compatibility Requirements. Deformation compatibility of connections within
and between gtructura elements shall be considered in design such that the deformation of each
element and connection comprising the seismic-force-resisting system is competible with the
deformations of the other seismic-force-ressting eements and connections and with the overall system.
See Sec. 5.2.8 for story drift limitations.

12.3.4 Design Limitations:

12.3.4.1 Wood Members Resisting Horizontal Seismic For ces Contributed by Masonry and
Concrete: Wood shear walls, diaphragms, horizontal trusses and other members shall not be used to
resst horizontal seismic forces contributed by masonry or concrete construction in Structures over one
gory in height.

Exceptions:

1. Wood floor and roof members shdl be permitted to be used in horizontd trusses and
diaphragms to resist horizontal seismic forces (including those due to masonry venes,
fireplaces, and chimneys) provided such forces do not result in torsional force distribution
through the truss or diaphragm.

2. Veticd wood structural-use pand sheathed shear walls shal be permitted to be used to
provide resistance to seismic forces in two-story structures of masonry or concrete constr-
uction, provided the following requirements are met:

a Story-to-story wal heights shal not exceed 12 feet (3660 mm).

b. Diaphragms shall not be considered to transmit lateral forces by torsional force
distribution or cantilever past the outermost supporting shear wall.

c. Combined deflections of diaphragms and shear walls shal not permit per story drift of
supported masonry or concrete walls to exceed the limits of Table 5.2.8.

d. Wood structural-use pand sheething in diaphragms shal have al unsupported edges
blocked. Wood structural-use panel sheathing for both stories of shear walls shal
have al unsupported edges blocked and, for the lower story, shdl have a minimum
thickness of 15/32 inch (12 mm).

175



1997 Provisions, Chapter 12

e. There shdl be no out-of-plane horizontal offsets between the first and second stories of
wood gructural-use panel shear walls.

12.3.4.2 Horizontal Digribution of Shear: Diaphragms shdl be defined asflexible for the purposes
of digtribution of story shear and torsona moment when the maximum lateral deformation of the
diaphragmis more than two times the average story drift of the associated story determined by
comparing the computed maximum in-plane deflection of the diaphragmitsaf under lateral load with
the story drift of adjoining vertica-ressting e ements under equivaent tributary laterdl load. Other
diaphragms shdl be defined asrigid. Design of structures with rigid diaphragms shdl include the
structure configuration requirements of Sec. 5.2.3.1 and the horizonta shear distribution requirements
of Sec. 5.3.5.

Open front structures with rigid wood diaphragms resulting in torsional force distribution shal be
permitted provided the length, |, of the diaphragm normal to the open side does not exceed 25 feet
(7620 mm), the diaphragm sheathing conformsto Sec. 12.4.3.1 through 12.4.3.4, and the l/w ratio (as
shown in Figure 12.3.4.2-1) islessthan 1/1 for one-story structures or 1/1.5 for structures over one
gory in height.

Exception: Where calculations show that diaphragm deflections can be tolerated, the length, |,
normal to the open end shall be permitted to be increased to al/w ratio not greater than 1.5/1
when sheathed in conformance with Sec. 12.4.3.1 or 12.4.3.4, or to 1/1 when sheathed in
conformance with Sec. 12.4.3.3.

Rigid wood diaphragms shal be permitted to cantilever past the outermost supporting shear wall (or
other vertica ressting dement) alength, |, of not more than 25 feet (7620 mm) or two thirds of the
diaphragmwidth, w, whichever isthe smdler. Figure 12.3.4.2-2 illugtrates the dimensions of | and w
for acantilevered diaphragm.

1\\2&11‘111x1“
[
|
|
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Y

ok

FIGURE 12.3.4.2-1 Diaphragm length and width for plan view of open front building.

Sructures with rigid wood diaphragms having atorsond irregularity in accordance with Table
5.2.3.2, Item 1, shall meet the following requirements. The l/w ratio shal not exceed 1/1 for one-story
structuresor 1/1.5 for structures greater than one story in height, where | isthe dimension paralel to
the load direction for which the irregularity exigts.

Exception: Where cdculations demonstrate that the diaphragm deflections can be tolerated,
the width is permitted to be increased and the |/w ratio may be increased to 1.5/1 when
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sheathed in conformance with Sec. 12.4.3.1 or to /1 when sheathed in conformance with Sec.
12.4.3.3 or 12.4.3.4.
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FIGURE 12.3.4.2-2 Diaphragm length and width for plan view of cantilevered diaphragm.

12.3.4.3 Framing and Anchorage Limitations. All framing used for shear wall construction shall
conform to Ref. 12-7 for 2-by (actud 1.5in., 38 mm) or larger members. Boundary elements shdl be
tied together at al corners by Iapping the members and nailing with 2-16d ( 0.162 by 2%2in., 4 by 64
mm) common nails or an equivaent capacity connection. Diaphragm and shear wall sheething shall
not be used to splice boundary elements. Diaphragm chords and drag struts shall be placed in, or
tangent to, the plane of the diaphragm framing unless it can be demonstrated that the moments, shears,
and deflections and deformations, consdering eccentricities resulting from other configurations, can be
tolerated without exceeding the adjusted resistance and drift limits.

12.3.4.4 Shear Wall Anchorage: Where net uplift isinduced, tie-down (hold-down) devices shdl be
used. Tie-down (hold-down) devices attached to the end post with nails are permitted. All devices
shall only be used where the uplift resistance val ues are based on cydlic testing of wall assembliesand
the test resultsindicate that the tie-down device does not reduce the stiffness, ductility, or capacity of
the shear wall when compared to nailed-on devices.

Foundation anchor bolts shal have a plate washer under each nut. The minimum plate washer Szes are
asfollows.

Bolt sze Plate washer szefor shear walls
1/2 and 5/8 inch (13 and 16 mm) 14 x 3x 3inch (6 x 75X 75 mm)
3/4, 7/8, and 1 inch (19, 22, and 25 mm) 38 x 3x 3inch (10 x 75x 75 mm)
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Hole diametersin the plate washer 3/16 in. (5 mm) larger than the bolt diameter are permitted provided
that astandard cut washer is placed between the plate washer and the nut. Foundation anchor bolt
embedment shdl conform to the requirements of Chapters 6 and 8.

Bolts shdl be placed a maximum of 2 inches (50 mm) from the sheathed side of walls sheathed on one
face . Walls sheathed on both faces shdl have the bolts staggered with the bolt a maximum of 2 in. (50
mm) from ether Sde of thewall. Alternatively, for walls shesthed on both faces the bolts shdl be
placed at the center of the foundation sill with the edge of the plate washer within %2 in. (13 mm) of
each face of thewadl. The plate washer width shdl be aminimum of 3in (75 mm) and the plate
thickness shdl be determined by andlyss using the upward force on the plate equd to the tenson

capacity of the bolt.

Anchor bolt and tie-down nuts shal be tightened without crushing the wood, and provision for
preventing nuts from loosening shal be made just prior to covering the framing.

12.4 DIAPHRAGMSAND SHEAR WALLS:

12.4.1 Diaphragm and Shear Wall Aspect Ratios. The aspect ratio |/w of adiaphragmand hw of
ashear wall shall not be more than permitted in Sec. 12.4.3.1 through 12.4.3.4. See Sec. 12.1.3 for
definitions of |, w, and h.

Alternately, where structural-use panel shear walls with openings are designed for force transfer
around the openings, the aspect ratio, hw, limitations of Sec. 12.4.3.1 shdl apply to the overd| shear
wall including openings and to each wall pier a the Sde of an opening. The height of awall pier shall
be defined as the clear height of the pier at the Sde of an opening. The width of awall pier shdl be
defined as the sheathed width of the pier. Design and detailing of boundary elements around the
opening shdl be provided in accordance with Sec. 12.2.1 of Ref. 12-1. Thewidth of awall pier shall
not be lessthan 2 feet (610 mm).

12.4.2 Shear Resistance Based on Principles of Mechanics: Shear resstance of diaphragms and
shear walls shdl be permitted to be caculated by principles of mechanics usng vaues of fastener
strength and sheathing shear resistance, provided fastener resistance in the sheathing materid is based
on gpproved values developed from cyclicd tests.

12.4.3 Sheathing Requirements. Sheathing in diaphragms and shear walls shal conform to the
requirementsin this section. All panel sheathing jointsin shear walls shall occur over studs or block-
ing. Where diaphragms are designated as blocked in Tables 12.4.3-1aand b, al jointsin sheathing
ghall occur over framing members of the width prescribed in the table. Fasteners shall be placed at least
3/8in. (10 mm) from ends and edges of boards and sheets. It isadvised that the edge distance be
increased where possible to reduce the potential for splitting of the framing and nail pull through in the
sheathing. Sheathing nails or other gpproved sheathing connectors shdl be driven flush with the
surface of the sheathing.

The shear values for shear panels of different materids gpplied to the same wadl line are not
cumulative. The shear vaues for the same materid applied to both faces of the samewall are
cumulative. Adhesve attachment of shear wall sheathing is not permitted.

For diaphragms and shear walls, the acceptable types of panel sheathing listed in Sec. 12.4.3.1 shdl
have nomina sheet Sizes of 4 ft by 8 ft (1200 mm by 2400 mm) or larger. Sheet type sheathing shdl be
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arranged so that the width of a sheet in adiaphragm or shear wall shal not be less than 2 feet (600
mm).

Exception: For shear wallswith panel sheathing attached with the long direction on the panels
perpendicular to the suds, a sngle sheathing pand with aminimum vertica dimensonsof 1
foot (300 mm) and a minimum horizontal dimension of 4 feet (1200 mm) is permitted to be
used if it islocated at mid-height of thewall, and isfully blocked and nailed.

12.4.3.1 Structural-Use Pand Sheathing: Diaphragms and shear walls sheathed with structural-
use pand sheets shal be permitted to be used to resst seismic forces based on the factored shear
resstance (A$D) set forth in Tables 12.4.3-1aand b for diaphragms and Tables 12.4.3-2aand b for
shear walls.

The sze and spacing of fasteners at structural-use panel sheathing boundaries, structural-use panel
sheet edges, and intermediate supports shall be asgivenin Tables 12.4.3-1aand b and 12.4.3-2aand b.
Thel/w ratio shdl not exceed 4/1 for blocked diaphragms or 3/1 for unblocked diaphragms, and the
h/w ratio shall not exceed 2/1 for shear walls.

Where structural-use panel sheathing is used as the exposed finish on the exterior of outsde wdlls, it
shdl have an exterior exposure durability classfication. Where structural-use panel sheathing is used
on the exterior of outsde walls but not as the exposed finish, it shal be of atype manufactured with
exterior glue. Where structural-use pand sheething is used el sawhere, it shall be of atype
manufactured with intermediate or exterior glue.

12.4.3.2 Other Pand Sheathing Materials. Pand materids other than structural-use panel
sheathing have no recognized capacity for seismic-force resstance and are not permitted as part of the
saiamic-force-ressting system except in conventiond light-frame construction, Sec. 12.5.

12.4.3.3 Single Diagonally Sheathed Lumber Diaphragms and Shear Walls. Single diagondly s-
hesathed lumber diaphragms and shear walls shall consst of 1-by (actua %4in., 19 mm) sheathing
boardslaid at an angle of approximately 45 degrees (0.8 rad) to supports. Common nailsat each
intermediate support shall be two 8d (0.131 x 2%2in., 3 x 64 mm) for 1 by 6 (actud %2in by 5%2in., 19
mm by 140 mm) and three 8d (0.131 x 22 in., 3 x 64 mm) for 1 by 8 (actual %4in. by 7%2in., 19 mm by
190 mm) boards. One additiond nail shal be provided in each board a diaphragm and shear wall
boundaries. For box nails of the same penny weight, one additiond nail shall be provided in each board
at each intermediate support and two additiond nails shall be provided in each board at diaphragm and
shear wall boundaries. End jointsin adjacent boards shal be separated by at least one framing space
between supports. Single diagondly sheathed lumber diaphragms and shear walls shall be permitted
to consst of 2-by (actuad 1%2in., 38 mm) sheeathing boards where 16d (0.131 by 2¥%in., 3 by 64 mm)
nails are subgtituted for 8d (0.131 by 2¥2in., 3 x 64 mm) nails, end joints are located as above, and the
support isnot lessthan 3in. (actua 2%2in., 64 mm) width or 4 in. (actua 3%2in., 89 mm) depth.

The factored shear resistance (A¢$D), for these pandsis 220 plf (3.2 kN/m). Thel/w ratio shal not be
more than 3/1 for diaphragms and the h/w ratio shal not be more than 2/1 for shear walls.

12.4.3.4 Double Diagonally Sheathed Lumber Diaphragms and Shear Walls. Double diagondly
sheathed lumber diaphragms and shear walls shdl conform to the requirements for single diagonally
sheathed lumber diaphragms and shear walls and the requirements of this section.
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Double diagonally sheathed lumber diaphragms and shear walls shdl be sheathed with two layers of
diagona boards placed perpendicular to each other on the same face of the supports. Each chord shdl
be designed for the axia force induced and for flexure between supports due to a uniform load equa to
50 percent of the shear per foot in the diaphragm or shear wall. The factored shear resistance (A$pD)
for these pandsis 660 plf (9.6 kN/m). Thel/w ratio shal not be more than 3/1 and the h/w ratio shall
not be more than 2/1.

125 CONVENTIONAL LIGHT-FRAME CONSTRUCTION:

125.1 Scope: Conventiond light-frame congtruction is a system constructed entirely of repetitive
horizontd and vertica wood light-framing members sdected from tables in Ref. 12-6 and conforming
to the framing and bracing requirements of Ref. 12-5 except as modified by the provisonsin this
section. Sructures with concrete or masonry walls above the basement story shal not be considered to
be conventiona light-frame construction. Construction with concrete and masonry basement walls
ghall be in accordance with Ref. 12-5 or equivaent. Conventiona light-frame congtruction islimited to
structures with bearing wall heights not exceeding 10 feet (3 m) and the number of stories prescribed in
Table 12.5.1-1. The gravity dead load of the congtruction islimited to 15 psf (720 Pa) for roofs and
exterior wallsand 10 psf (480 Pa) for floors and partitions and the gravity live load is limited to 40 psf

(1915 Pa).
Exceptions. Masonry veneer is acceptable for:

1. Thefirst story above grade, or thefirst two stories above grade when the lowest story has
concrete or masonry walls, of Seismic Design Category B and C structures.

2. Thefirst two stories above grade, or thefirst three stories above grade when the lowest
story has concrete or masonry walls, of Seismic Design Category B structures, provided
structura use panel wal bracing is used and the length of bracing provided is 1.5 timesthe
length required by Table 12.5.2-1.

The requirements of this section are based on platform construction. Other framing systems must have
equivaent detailing to ensure force transfer, continuity, and compatible deformation.

When agtructure of otherwise conventional light-frame construction contains structural eements not
conforming to Sec. 12.5, those elements shall have an engineered design to resist the forces specified in
Chapter 2 in accordance with Sec. 12.2.2.1.

125.1.1 Irregular Structures: Irregular structuresin Seismic Design Categories C and D of
conventiond light-frame congtruction shal have an engineered | ateral-for ce-res sting system designed
to resst the forces specified in Chapter 2 in accordance with Sec. 12.2.1. A structure shal be
congdered to have an irregularity when one or more of the conditions described in Sec. 12.5.1.1.1 to
12.5.1.1.7 are present.

125.1.1.1 A structure shdl be consdered to have an irregularity when exterior braced wall panels are
not in one plane verticdly from the foundation to the uppermost story in which they are required. See
Figure12.5.1.1.1-1.

Exceptions. FHoorswith cantilevers or setbacks not exceeding four times the nomina depth of
the floor joists (see Figure 12.5.1.1.1-2) are permitted to support braced wall panels provided:
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Floor joigtsare 2 in. by 10in. (actua 1%2 by 9¥4in., 38 by 235 mm) or larger and spaced
not more than 16 inches (405 mm) on center.

Theratio of the back span to the cantilever isat least 2 to 1.
Hoor joists at ends of braced wall panels are doubled.

A continuous rim joist is connected to the ends of dl cantilevered joists. Therim joist shall
be permitted to be spliced usng ametd tie not less than 0.058 inch (2 mm) (16 galvanized
gage) and 1v2inches (38 mm) wide fastened with six 16d (0.162 by 3Y2in, 4 by 89 mm)
common nailson each sde. Sted used shdl have a minimum yield of 33,000 ps (228
MPa) such as ASTM 653 Grade 330 structurd quality or ASTM A446 Grade A
gdvanized sed.

Gravity loads carried by joists at setbacks or the end of cantilevered joists are limited to
sngle story uniform wall and roof loads and the reactions from headers having a span of 8
feet (2440 mm) or less.
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FIGURE 12.5.1.1.1-1 Out-of-plane exterior wallsirregularity.

on Thru Cantilever Section Thru

FIGURE 12.5.1.1.1-2 Cantilever/setback irregularity for exterior walls.

125.1.1.2 A dructure shdl be considered to have an irregularity when a section of floor or roof is not
laterally supported by braced wall lineson al edges. See Figure 12.5.1.1.2-1.
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Exception: Portions of roofs or floors that support braced wall pands above shdl be

permitted to extend up to 6 feet (1830 mm) beyond abraced wall line. See Figure 12.5.1.1.2-

2.

Flan View

FIGURE 12.5.1.1.2-1 Unsupported diaphragm irregularity.

FIGURE 12.5.1.1.2-2 Allowable cantilevered diaphragm.

125.1.1.3 A dructure shdl be consdered to have an irregularity when the end of arequired braced
wall pand extends more than 1 foot (305 mm) over an opening in the wal below. This requirement is
goplicable to braced wall pands offset in plane and to braced wall panels offset out of plane as p-

ermitted by the exception to Sec. 12.5.1.1.1. See Figure 12.5.1.1.3.

Exception: Braced wall pands shal be permitted to extend over an opening not more than 8
feet (2440 mm) in width when the header is a4-inch by 12-inch (actud 3%2by 11%4in.,89 by

286 mm) or larger member.
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FIGURE 12.5.1.1.3 Opening in wall below irregularity.

125.1.1.4 A gructure shdl be consdered to have an irregularity when portions of afloor leve are
vertically offset such that the framing members on either side of the offset cannot be lapped or tied

together in an gpproved manner. SeeFigure 12.5.1.1.4.
Exception: Framing supported directly by foundations.
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FIGURE 12.5.1.1.4 Vertical offset irregularity.

125.1.1.5 A structure shal be consdered to have an irregularity when braced wall lines are not
perpendicular to each other. See Figure 12.5.1.1.5
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FIGURE 12.5.1.1.5 Nonperpendicular wall irregularity.
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12.5.1.1.6 Diaphragm Openings. A structure shdl be consdered to have an irregularity when
openingsin floor and roof diaphragms having a maximum dimension greater than 50 percent of the
distance between lines of bracing or an area greater than 25 percent of the area between orthogonal
pairs of braced wall lines are present. See Figure 12.5.1.1.6.

---------

FIGURE 12.5.1.1.6 Diaphragm openingirregularity.

12.5.1.1.7 Stepped Foundation: A structure shall be considered to have an irregularity when the
shear wals of asingle story vary in height more than 6 feet (1800 m).

12.5.2 Braced Walls. The following are the minimum braced wall requirements.

12.5.2.1 Spacing Between Braced Wall Lines: Interior and exterior braced wall lines shal be
located at the spacing indicated in Table 12.5.1-1.

12.5.2.2 Braced Wall Line Sheathing Requirements: All braced wall lines shal be braced by one
of the types of sheathing prescribed in Table 12.5.2-1 The required sum of lengths of braced wall
panels at each braced wall lineis prescribed in Table 12.5.2-1 Braced wall panels shal be distributed
along the length of the braced wall line with sheathing placed at each end of the wall or partition or as
near thereto as possible. To be consdered effective as bracing, each braced wall pand shdl conform
to Sec. 602.9 of Ref. 12-5. All pand sheathing joints shal occur over studs or blocking. Sheathing
shall be fastened to dl studs and top and bottom plates and at panel edges occurring over blocking. All
wall framing to which sheathing used for bracing is applied shal be 2-by (actua 1%2inch, 38 mm) or
larger members.

Cripple walls shall be braced as required for braced wall lines and shall be consdered an additiona
story. Whereinterior post and girder framing is used, the capacity of the braced wall panels at exterior
cripple walls shall be increased to compensate for length of interior braced wall diminated by
increasing the length of the sheathing or increasing the number of fasteners.

12.5.2.3 Attachment:

12.5.2.3.1 Nalling of braced wall pand sheathing shdl be not less than the minimum included in
Tables12.4.3-2aand b or as prescribed in Table 12.5.2-1.

12.5.2.3.2 Nailing for diagonal boards shall be as prescribed in Sec. 12.4.3.3 and 12.4.3.4.
12.5.2.3.3 Adhesive attachment of wall sheathing is not permitted.
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12.5.3 Detailing Requirements. The following requirements for framing and connection details shall
goply asaminimum.

12.5.3.1 Wall Anchorage: Anchorage of braced wall line silisto concrete or masonry foundations
shdl be provided. Such anchorage shdl conform to the requirementsin Figure 403.1a of Sec. 403 of
Ref 12-5, except that such anchors shall be spaced at not more than 4 ft. (1220 mm) on center for
structures over two soriesin height. For Seismic Design Categories C, D, and E, plate washers, a
minimum of ¥inch by 3 inchesby 3inchesin sze, shal be provided between the foundation sl plate
and the nut. Other anchorage devices having equivaent capacity shal be permitted.

12.5.3.2 Top Plates Stud walls shall be capped with double-top platesinstaled to provide
overlapping at corners and intersections. End jointsin double-top plates shdl be offset at least 4 feet
(1220 mm). Single top plates shall be permitted to be used when they are spliced by framing devices
providing capacity equivaent to the lapped splice prescribed for double top plates.

12.5.3.3 Bottom Plates. Studs shdl have full bearing on a 2-by (actua 1v2in., 38 mm) or larger plate
or sl having awidth at least equa to the width of the studs.

12.5.3.4 Braced Wall Panel Connections. Accommodations shall be made to transfer forces from

roofs and floors to braced wall panels and from the braced wall panelsin upper toriesto the braced
wall panelsin the story below. Where platform framing is used, such transfer a braced wall panels

shall be accomplished in accordance with the following:

1. All braced wall panel top and bottom plates shall be fastened to joists, rafters or full depth block-
ing. Braced wall panels shall be extended and fastened to roof framing at intervals not to exceed
50 feet (15.2 m).

Exception: Where roof trusses are used, provisons shal be made to transfer latera
forces from the roof digphragm to the braced wall.

2. Bottom plate fastening to joist or blocking below shal be with not less than 3-16d (0.162 by 3%2
in., 4 by 89 mm) nails a sixteen inches on center.

3. Blocking shal be nailed to the top plate below with not less than 3-8d (0.131 by 2Y%in., 3 by 64
mm) toenails per block.

4. Joigspardld to thetop plates shall be nailed to the top plate with not less than 8d (0.131 by 2v%
in., 3 by 64 mm) toenails a 6 in. (150 mm) on center.

In addition, top plate lgps shdl be nailed with not less than 8-16d (0.162 by 3Yzin., 4 by 89 mm) face
nails on each sde.

12.5.3.5 Foundations Supporting Braced Wall Panels: For structures with maximum plan
dimensions not over 50 ft (15.2 m) foundations supporting braced wall panels are required at exterior
walsonly. Sructureswith plan dimengons grester than 50 ft (15.2 m) shdl, in addition, have
foundations supporting al required interior braced wall panels. Foundation to braced wall connections
shdl be made a every foundation supporting a braced wall panel. The connections shdl be distributed
along the length of the braced wall line. Where al-wood foundations are used, the force transfer shall
be determined based on caculation and shall have capacity greater than or equa to the connections
required by Sec. 12.5.3.1.
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12.5.3.6 Stepped Footings: Where the height of arequired braced wall pand extending from
foundation to floor above varies more than 4 ft. (1.2 m) (see Figure 12.5.3.6), the following
congtruction shdl be used:

a  Where only the bottom of the footing is stepped and the lowest floor framing rests directly on a sl

b.

C.

bolted to the footings, the requirements of Sec. 12.5.3.1 shdll apply.

Where the lowest floor framing rests directly on asill bolted to afooting not less than eight feet
(2440 mm) in length along aline of bracing, the line shal be consdered to be braced. The double
plate of the cripple stud wall beyond the segment of footing extending to the lowest framed floor
shdl be spliced to the silI plate with metd ties, one on each sde of the sill and plate not less than
0.058 inch (16 gage, 2mm) by 1.5 inches (38 mm) wide by 4.8 inches (122 mm) with eight 16d
(0.162 by 3.5 inches, 4 by 89 mm) common nails on each side of the splice location (see

Figure 12.5.3.6). Sted used shall have aminimum yield of 33,000 ps (228 MPa) suchasASTM
653 Grade 330 structural quality or ASTM A446 Grade A gavanized sted.

Where cripple walls occur between the top of the footing and the lowest floor framing, the bracing
requirements for astory shal gpply.
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FIGURE 12.5.3.6 Stepped footing detail.
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12.5.3.7 Detailing for Openingsin Diaphragms: For Openings with a dimension greater than 4 ft.
(1220 mm), or openings in structures in Seismic Design Categories D and E, the following minimum
detall shdl be provided. Blocking shal be provided beyond headers and metd ties not less than 0.058
inch (16 gage, 2mm) by 1.5 inches (38 mm) wide by 4.8 inches (122 mm) with eight 16d (0.162 by 3.5
inches, 4 by 89 mm) common nails on each Sde of the header-joist intersection (see Figure 12.5.3.7).
Sted used shdl have aminimum yied of 33,000 ps (228 MPa) such as ASTM 653 Grade 330
gructura quaity or ASTM A446 Grade A gavanized stedl.
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FIGURE 12.5.3.6 Detail for diaphragm opening.

12.6 SEISMIC DESIGN CATEGORY A: Sructures assgned to Saismic Design Category A are
permitted to be designed and constructed using any applicable materials and procedures permitted in
the reference documents and, in addition, shall conform to the requirements of Sec. 5.2.6.1.2.
Sructures constructed in compliance with Sec. 12.5 are deemed to comply with Sec. 5.2.6.1.2.

Exceptions:

1. Where Sec. 1.2.1, Exception 1 is applicable, one- and two-family detached dwellings are
exempt from the requirements of these Provisons.

2. Where Sec. 1.2.1, Exception 2 is gpplicable, one- and two-family dwellings that are
designed and constructed in accordance with the conventional construction requirements of
Sec. 12.5 are exempt from other requirements of these Provisions.

12.7 SEISMIC DESIGN CATEGORIESB, C, AND D: Sructuresassigned to Seismic Design
Categories B, C, and D shdl conform to the requirements of this section, and Sec. 5.2.6.1.2.

Exceptions:

1. Where Sec. 1.2.1, Exception 1 is applicable, one- and two-family detached dwellings are
exempt from the requirements of these Provisons.
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2. Where Sec. 1.2.1, Exception 2 is gpplicable, one- and two-family dwellings that are
designed and constructed in accordance with the conventional construction requirements of
Sec. 12.5 are exempt from other requirements of these Provisions.

12.7.1 Conventional Light-Frame Construction: Conventiond light-frame construction shall meet
the requirements of Sec. 12.5. Alternatively, such structures shdl meet the requirements of Sec.
12.7.2. See Sec. 12.2.2.1 for design of non-conventiona elements.

12.7.2 Engineered Construction: All engineered wood construction shal meet the requirements of
Sec. 12.3and 12.4.

12.8 SEISMIC DESIGN CATEGORIES E AND F: Structures assigned to Seismic Design
Categories E and F shall conform to all of the requirements for engineered construction in
accordance with Sec. 12.3 and 12.4 and to the additional requirements of this section.

Exception: Sructures assigned to Saismic Use Group |, that are designed and constructed in
accordance with the requirements of Sec. 12.5 are permitted.

12.8.1 Limitations: Structures shall comply with the requirements given below.

12.8.1.1 Unblocked structural-use panel sheathing diaphragms shall not be considered to be part
of the seismic-force-resisting system. Structural-use panel sheathing used for diaphragms and shear
walls that are part of the seismic-force- resisting system shall be applied directly to the framing
members.

Exception: Structural-use panel sheathing may be used as a diaphragm when fastened over
solid lumber planking or laminated decking provided the panel joints and lumber planking
or laminated decking joints do not coincide.

12.8.1.2 In addition to the requirements of Sec. 12.3.4.1, the factored shear resistance (A¢pD) for
structural-use panel sheathed shear walls used to resist seismic forces in structures with concrete or
masonry walls shall be one-half the values set forth in Tables 12.4.3-2a and b.
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TABLE 12.4.3-1a Factored Shear Resistancein Kipsper Foot for Horizontal Wood Diaphragms
with Framing M ember s of Douglas Fir-Larch or Southern Pinefor Seismic L oading®?

Fastener® Blocked Digphragms Unblocked
Digphragms’
Fastener spacing at digphragm boundaries (al cases), a continuous panel edges Fastener spacing at
Pand Grade Type Minimum Minimum Minimum Linesof pardld to load (Cases 3 and 4) and a dl pandl edges (Cases 5 and 6)° 6in. centers
penetration nomina nomina a
inframing (in.) pand thick- width of festeners 6 4 2-1/2 2 supported edges
ness(in.) framing
(in.) Spacing per line a other pand edges (in.) Casss 2,
Case 3
1 4,5 and
6 6 4 4 3 3 2 6
6d 1-1/4 3/8 2 1 0.24 0.33 — 0.49 — 055 — 021 0.16
Structurd | common 3 1 0.27 0.36 — 0.55 — 0.62 — 0.24 0.18
8d 1-1/2 3/8 2 1 035 0.47 — 0.69 — 0.78 — 031 023
common 3 1 0.39 0.52 — 0.78 — 0.88 — 034 0.26
10d° 1-5/8 15/32 2 1 0.42 055 — 0.83 — 0.95 — 0.37 0.28
common 3 1 0.47 0.62 — 094 — 1.07 — 0.42 031
10d° 1-/58 23/32 3 2 — 0.85 113 122 1.60 — — — -
common 4 2 - 0.98 127 1.40 1.83 - - - -
4 3 -— 1.22 1.70 1.79 2.35 -— -— -— -—
14 gauge 2 23/32 3 2 - 0.78 0.78 1.09 117 135 156 - -
saples 4 3 -— 1.09 117 1.48 1.76 1.87 2.34 -— -—
6d common 1-1/4 3/8 2 1 0.24 0.33 - 0.49 - 055 - 021 0.16
Sheething, 3 1 0.27 0.36 - 055 - 0.62 - 0.24 0.18
8d common 1-1/2 3/8 2 1 031 0.42 - 0.62 - 071 - 0.28 021
singlefloor 3 1 0.35 0.47 -— 0.70 -— 0.79 -— 0.31 0.23
7/116 2 1 0.33 0.44 - 0.66 - 0.75 - 0.30 022
and other 3 1 0.37 0.49 -— 0.74 -— 0.84 -— 0.33 0.25
15/32 2 1 035 0.47 - 0.69 - 0.78 - 031 023
grades 3 1 0.39 052 - 0.78 - 0.88 - 034 0.26
10d° 1-5/8 15/32 2 1 0.38 0.50 - 0.75 - 0.85 - 0.33 025
covered common 3 1 0.42 0.56 -— 0.85 -— 0.96 -— 0.38 0.28
19/32 2 1 042 055 - 0.83 - 0.95 - 0.37 0.28
in Ref. 3 1 0.47 0.62 — 0.94 — 1.07 — 0.42 0.31
23/32 3 2 - 0.84 113 122 159 - - - -
9-10and 9-11 4 2 - 0.98 127 140 181 - - - -
4 3 — 1.22 1.70 1.78 1.96 — — — —
14 gauge 2 23/32 3 2 - 0.78 0.78 1.07 117 133 156 - -
saples 4 3 — 1.07 117 1.46 1.76 1.82 1.96 — —
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NOTESfor TABLE 12.4.3-1a
ar=10 =0.65

® 1w shdl not be more than 4/1 for blocked diaphragms or more than 3/1 for unblocked digphragms.
For framing members of other species set forth in Ref 12-1, Table 12A, with the range of specific
gravity (SG) noted, dlowable shear vaues shdl be calculated for dl pand grades by multiplying the
vauesfor Structural | by the following factors: 0.82 for SG equd to or greater than 0.42 but less than
0.49 (0.42 = SG < 0.49) and 0.65 for SG lessthan 0.42 (SG < 0.42).

¢ Space nails dong intermediate framing members at 12 in. centers except where spans are greater than
32in..; space nalsat 6 in. centers.

9 Blocked values are permitted to be used for 1-1/8 in. panels with tongue-and-groove edges where 1
in. by 3/8in.. crown by No. 16 gauge staples are driven through the tongue-and-groove edges 3/8 in.
from the panel edge s0 asto penetrate the tongue. Staples shal be spaced at one hdf the boundary nall
gpacing for Cases 1 and 2 and at one third the boundary nail spacing for Cases 3 through 6.

¢ Maximum shear for Cases 3 through 6 islimited to 1500 pounds per foot.

" For values listed for 2 in. nomina framing member width, the framing members at adjoining panel
edges shdl be 3in. nomind width. Nailsat panel edges shdl be placed in two lines a these locations.

9Framing at adjoining pand edges shdl be 3 in. nomind or wider and nails shall be staggered where
10d nails having penetration into framing of morethan 1-5/8in. are spaced 3in. or less on center.
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TABLE 12.4.3-1b Factored Shear Resstancein kiloNewtons per Meter for Horizontal Wood Diaphragms

with Framing Members of Douglas Fir-L arch or Southern Pinefor Seismic L oading®

Fadtener Blocked Digphragms Unblocked
Digphragms’
Fastener spacing at digphragm boundaries (al cases), a continuous panel edges Fastener spacing at
Pand Grade Type Minimum Minimum Minimum Linesof pardld to load (Cases 3and 4) and at all panel edges (Cases 5 and 6) 150 mm centers
penetration nomina nomina (mm)® a
in framing pandl thick- width of fateners 150 100 65' 50 supported edges
(mm.) ness (mm.) framing
(mm.) Spacing per line a other pand edges (mm.) Cases 2,

Cae 3

1 4,5,

150 150 100 100 75 75 50 and 6

6d 32 95 50 1 35 47 — 71 — 80 — 31 24

Structurd | common 75 1 40 5.3 — 8.0 — 9.0 — 35 2.7
8d 38 95 50 1 51 6.8 — 101 — 114 — 46 34

Common 75 1 5.7 7.6 — 114 — 12.8 — 50 38

10d° 41 12 50 1 6.1 81 — 121 — 138 — 54 41

common 75 1 6.8 9.1 — 137 — 156 — 6.1 46
10d° 41 18 75 2 — 123 165 17.8 233 — — — —
common 100 2 — 14.3 18.6 205 26.8 — — — —
100 3 — 17.8 24.8 26.1 34.1 — — — —
14 gauge 50 18 75 2 — 114 114 159 171 19.7 228 — —
seples 100 3 — 15.9 17.1 21.6 25.6 27.3 34.1 — —

6d common 32 95 50 1 35 47 — 71 — 80 — 33 24

Sheathing, 75 1 40 5.3 — 8.0 — 9.0 — 35 2.7
8d common 38 95 50 1 46 6.1 — 9.1 — 103 — 41 30

singlefloor 75 1 5.1 6.8 — 10.2 — 11.6 — 46 34
11 50 1 48 6.5 — 109 — 109 — 44 32

and other 75 1 54 7.2 — 12.2 — 12.2 — 4.8 3.6
12 50 1 51 6.9 — 101 — 114 — 45 34

grades 75 1 5.7 7.6 — 114 — 12.8 — 50 38
10d° 41 12 50 1 55 7.3 — 109 — 124 — 48 36

covered common 75 1 6.2 8.2 — 12.3 — 139 — 5.5 4.1
15 50 1 6.1 81 — 121 — 138 — 54 41

in Ref. 75 1 6.8 9.1 — 137 — 15.6 — 6.1 46
18 75 2 — 122 165 17.7 232 — — — —
9-10and 9-11 100 2 — 142 186 204 265 — — — —
100 3 — 17.7 24.8 26.4 28.6 — — — —
14 gauge 50 18 75 2 — 114 114 156 171 194 228 — —
seples 100 3 — 15.6 17.1 21.2 25.6 26.6 28.6 — —
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NOTESfor TABLE 12.4.3-1b
#1=10 =0.65

> |/w shall not be more than 4/1 for blocked digphragms or more than 3/1 for unblocked digphragms.
For framing members of other species set forth in Ref 12-1, Table 12A, with the range of specific
gravity (SG) noted, dlowable shear vaues shdl be calculated for dl pand grades by multiplying the
vauesfor Structural | by the following factors: 0.82 for SG equd to or greater than 0.42 but less than
0.49 (0.42 = SG < 0.49) and 0.65 for SG lessthan 0.42 (SG < 0.42).

¢ Space nalls dong intermediate framing members a 300 mm. centers except where spans are greater
than 810 mm.; space nails a 150 mm. centers.

9 Blocked values are permitted to be used for 28.5 mm. panels with tongue-and-groove edges where
25 mm. by 9 mm. crown by No. 16 gauge staples are driven through the tongue-and-groove edges 9
mm. from the pandl edge so asto penetrate the tongue. Staples shdl be spaced at one hdf the
boundary nail spacing for Cases 1 and 2 and at one third the boundary nail spacing for Cases 3 through
6.

¢ Maximum shear for Cases 3 through 6 islimited to 22.8 kiloNewtons per meter.

" For values listed for 50 mm. nomina framing member width, the framing members at adjoining panel
edges shdl be 75 mm. nominal width. Nailsat panel edges shdl be placed in two lines a these
locations.

9Framing at adjoining pand edges shal be 75 mm nomind or wider and nails shal be staggered where
10d nails having penetration into framing of more than 41 mm are spaced 75 mm or |ess on center.
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TABLE 12.4.3-2a Factored Shear Resistancein Kips per Foot (KLF) for Seismic Forceson

Structural Use Pand
Shear Wallswith Framing Members of Douglas Fir-Larch or Southern Pine**c

Nail Size Minimum Pand Fend Applied Dired tgd';r;*z'l;‘% Nail Spacing & Nail Size Pendl Appiied O
(Common or Penetration in Thicknes - (Common or N
Hot-Dipped Framing S Hot-Dipped
Pandl Grade Galvanized Box) (in) (in) 6 4 3 a Galvanized Box) 6
6d 1-1/4 3/8 0.23 0.35 0.46 0.60 &d 0.23
&d 1-1/2 3/8 0.27 0.42f 0.54f 0.71 10a® 0.27
&d 1-1/2 7/16 0.30f 0.46' 0.59 0.78 10a® 0.30f
Structurd | &d 1-1/2 15/32 0.33 0.50 0.64 0.85 10a® 0.33
10a® 1-5/8 15/32 0.40 0.60 0.78 1.02 -
l4gadtaple 2 3/8 0.17 0.26 0.35 0.52 -
l4gadtaple 2 7/16 0.24 0.36 0.48 0.72 -
6d 1-1/4 3/8 0.23 0.35 0.46 0.60 &d 0.23
&d 1-1/2 3/8 0.26' 0.37 0.48 0.62f 10a® 0.26'
Sheething, f f 1 f f
Pand Sicing &d 1-1/2 7/16 0.28 041 0.53 0.68 10a® 0.28
grg &d 1-1/2 15/32 030 044 057 0.75 10cF 030
Grades
Coveredin 10a® 1-5/8 15/32 0.36 0.54 0.70 0.90 -
Rdg fgoes 10c* 1-5/8 19/32 0.40 0.60 0.78 1.02 -
gﬂ 14 gagtaple 2 38 015 023 030 045 -
l4gadtaple 2 7/16 0.21 0.32 042 0.63 -
l4gadtaple 2 15/32 0.24 0.36 0.48 0.72 -
(Hot- Dipped (Hot-Dipped
Galvanized Galvanized
Casing Nail) Casing Nail)
Pand Siding 6d 1-1/4 3/8 0.16 0.25 0.32 042 &d 0.16
asCoveredin
Reference 9.10 &d 1-1/2 3/8 0.19 0.28 0.36 0.48 10a® 0.19

= A=10 ¢=065
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NOTESfor TABLE 12.4.3-2a
a2=10 ¢$=065

b All panel edges backed with 2-inch nominal or wider framing. Pands ingtaled either horizontally or
vertically. Space nails a 6 inches on center dong intermediate framing members for 3/8-inch pands
installed with strong axis parald to studs spaced 24 inches on center and 12 inches on center for other
conditionsand pand thicknesses. Allowable shear vduesfor fagenersin framing members of other species
st forthin Table 12A of Ref. 12-1 shdl be caculated for dl grades by multiplying the vaues for fasteners
in STRUCTURAL | by thefollowing factors 0.82 for specieswith a specific gravity greater than or equa
t0 0.42 but lessthan 049 (0.42 < G 0.49) and 0.65 for species with a specific gravity lessthan 0.42 (G

0.42). For pand sding using hot-dipped galvanized casing nalls, the shear values shall be the valuesin
the table multiplied by the same factors.

“Where pandsare goplied on both faces of awall and nail spacing isless than 6 inches on center on either
gde pand joints shdl be offset to fal on different framing members or framing shal be 3-inch nomind or
wider and nails on each sde of joint shal be staggered.

4 Framing a adjoining pand edges shall be 3-inch nomind or wider and nails shall be staggered where nails
are spaced 2 inches on center.

¢Framing at adjoining pand edges shdl be 3-inch nomind or wider and nails shall be staggered where 10d
nails having penetration into framing of more than 1-5/8 inches are spaced 3 inches or less on center.

"The vauesfor 3/8-inch and 7/16-inch panels applied directly to framing are permitted to be increased to
the values shown for 15/32-inch panels provided studs are spaced a maximum of 16 inches on center or
pand is applied with strong axis across studs.
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TABLE 124.3-2b

Factored Shear Resstance in kiloNewtons per Meter (KN/m) for Seismic Forceson Structural Use Pand
Shear Wallswith Framing Members of Douglas Fir-Larch or Southern Pine**c

Panel Applied Direct
to Framing

Panel Applied Over 12.7 mm or 159 mm
Gypsum Shegthing

Nail Sze Minimum . . Nail Sze . ’
(Common or Pengiration in P Nail Spacing a Panel Edges (mm) (Hot-Dipped Nail Spacing a Pandl Edges (mm)
Hot-Dipped Framing Thickness Common or
Pandl Grade Galvanized Box) (mm) (mm) 150 100 75 50 Galvanized Box) 150 100 75 50
6d 32 95 34 51 6.7 8.7 &d 34 51 6.7 8.7
&d 38 95 3.9 6.1 79 104 10a® 4.8 7.3 94 125
&d 38 11 4.4 6.7 8.6 11.4 10a® 4.8 7.3 94 125
Structurd | &d 38 12 48 7.3 94 125 10a® 4.8 7.3 94 125
10a® 41 12 5.8 8.7 11.3 149 - - - -
14 gadtaple 50 95 25 3.7 51 75 - - - -
14 gadtaple 50 11 35 5.2 71 105 - - - -
6d 32 95 34 51 6.7 8.7 &d 34 51 6.7 8.7
&d 38 95 38 5.5 70 9.0f 10a® 44 6.5 84 109
Pand gﬂgr;g &d 38 11 4.1 6.0 7.7 105 10a® 44 6.5 84 109
grg &d 38 12 44 65 84 109 10cF 44 65 84 109
OSJ:?; n 10a® 41 12 53 79 10.2 132 - - - -
Rdglegoes 10c* 4 15 58 87 113 149 - - - -
and
911 l4gadtaple 50 95 22 33 44 6.5 - - - -
l4gadtaple 50 11 31 4.6 6.1 9.6 - - - -
l4gadtaple 50 12 35 53 7.0 105 - - - -
(Hot-Dipped (Hot-Dipped
Galvanized Galvanized
Casing Nail) Casing Nail)
Pand Siding 6d 32 95 24 3.6 4.7 6.1 &d 24 3.6 4.7 6.1
asCoveredin
Reference 9.10 8d 38 95 27 41 53 7.0 10c® 2.7 41 53 7.0
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NOTESfor TABLE 12.4.3-2b
a2=10 ¢=065

® All panel edges backed with 38 mm nominal or wider framing. Pandsingtaled either horizontally or
vertically. Space nalls a 150 mm on center dong intermediate framing members for 9 mm panels
ingalled with strong axis parald to studs spaced 610 mm on center and 305 mm on center for other
conditionsand pand thicknesses. Allowable shear vduesfor fagenersin framing members of other species
st forthin Table 12A of Ref. 12.- shdl be caculated for dl grades by multiplying the vaues for fasteners
in STRUCTURAL | by thefollowing factors 0.82 for specieswith a specific gravity greater than or equa
t0 0.42 but lessthan 049 (0.42 < G 0.49) and 0.65 for species with a specific gravity lessthan 0.42 (G

0.42). For pand sding using hot-dipped galvanized casing nalls, the shear values shall be the vauesin
the table multiplied by the same factors.

“Where pands are goplied on both faces of awadl and nall spacing islessthan 610 mm on center on either
gde pand joints shall be offset to fal on different framing members or framing shal be 64 mm or wider
and nails on each side of joint shal be staggered.

4 Framing a adjoining pand edges shall be 64 mm or wider and nails shall be staggered where nail's are spaced 50 mm
on center.

¢ Framing at adjoining panel edges shall be 64 mm or wider and nails shdl be staggered where 10d nails having penetration into
framing of more than 41 mm are gpaced 76 mm or lesson center.

"Thevauesfor 9mm and 11 mm panels applied directly to framing are permitted to be increased to the values shown for 12 mm
panels provided studs are spaced amaximum of 406 mm on center or pandl is applied with strong axis across studs.

197



1997 Provisions, Chapter 12

TABLE 12.5.1-1 Conventional Light-Frame Construction Braced Wall Requirements

Sasmic Performance

Maximum Distance Be-

Maximum Number of Stories

E (Seismic Use Group 1)

Category tween Braced Walls Above Grade Permitted 2
AP 35 ft (10.6 m) 3
B 35 ft (10.6 m) 3
C 25ft (7.6 m) 2
D and 25t (7.6 m) 1¢

E (Seismic Use Group 1)
and F

Conventional construction not permitted; conformance with

Sec. 12.3 required.

2 A cripple stud wall is considered to be astory above grade. Maximum bearing wall height shall not exceed

10t (3m)

b See exceptionsto Sec. 1.2.1.

¢ Detached one- and two-family dwellings are permitted to be two stories above grade.
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TABLE 125.2-1 Conventional Light-Frame Construction Braced Wall Requirements
in Minimum L ength of Wall Bracing per Each 25 Lineal Feet (7.6 m) of Braced Wall Line?

Story Sheathing 0.125g < 0.25g< Sys | 0.375g < Sys | 050g<Sys | 0.759 < Syg

L ocation Type® Ss< 0.25g <0.375g <0.50g <0.759 <1.0g°

Topor G- 8ft0in. 8ft0in. 10ft8in. 14ft8in. 18ft8in.°

only story (2440 mm) | (2440 mm) (3250 mm) (4470 mm) (5690 mm)

above

grade SW 4ft0in. 4ftQin. 5ft4in. 8ftoin. 9ft4in’
(1220 mm) | (1220 mm) (1625 mm) (2440 mm) (2845 mm)

Story be- | G-P* 10ft8in 141t 8in. 18ft. 8in.° NP NP

low top (3250 mm) | (4470 mm) (6590 mm)

story

above SW 5ft4in. 6ft8in. 10ft8in’ 13ft4in’ 17ft4in’

grade (1625 mm) | (2030 mm) (3250 mm) (4065 mm) (5280 mm)

Bottom G-F 14ft 8in. Conventiond construction not permitted;

story of 3 (4470 mm) | conformancewith Sec. 12.3 required.

stories

above SW 8ftoin.

grade (2440 mm)

#Minimum length of pand bracing of oneface of wall for S'W shegthing or both faces of wall for G-P sheathing; hiw ratio
shdl not exceed 2/1, except Sructures in Saamic Design Category B need only meet the requirements of Sec. 602.9 of Ref.
12-5. For S\W pand bracing of the same materia on two faces of the wall, the minimum length is permitted to be one half
the tabulated value but the h/w ratio shall not exceed 2/1 and design for uplift isrequired.

®G-P= gypsumboard, fiberboard, particdeboard, lath and plaster, or gypsum sheathing boards; S-W = structural-use panels
and diagona wood shesthing. NP = not permitted.

¢ Appliesto one- and two-family detached dwellings only.

4Nailing shal be asfollows:
For %2in. (13 mm) gypsum board, 5d ( 0.086 in., 2.2 mm diameter) coolersat 7 in. (178 mm) centers,
For % in. (16mm) gypsum board, 6d (0.092in. ( 2.3 mm) diameter) a 7 in (178 mm) centers,
For gypsum sheething board, 1%2in. long by 7/16 in. (44 by 11 mm) head, diamond point gavanized at 4 in. (200mm)
centers;
For gypsumlath, No. 13 gauge (0.0921in., 23 mm) by 1'& in. long, 19/64 in. (29 by 7.5 mm) heed, plasterboard at 5in. (125
mm) centers,
For Portland cement plagter, No. 11 gauge (0.120in., 3 mm) by 1%2in. long, 7/16 in. head (89 by 11 mm) &t 6 in. (150 mm)
centers;
For fiberboard and particleboard, No. 11 gauge (0.120 in., 3 mm) by 1% in. (38 mm) long, 7/16 in. ( 11 mm) head,
galvanized a 3in. (76 mm) centers.
For gructurd wood shegthing, the minimum nail size and maximum spacing shal be in accordance with the minimum nails
size and maximum spacing dlowed for each thickness sheathing in Tables 12.4.3-2aand b.

Nailing as specified above shall occur at dl panel edges at studs, a top and bottom plates, and, where occurring, at

blocking.

¢Where §,5> 1.0g, conventiona congtruction is not permitted.
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Chapter 13

SEISMICALLY ISOLATED STRUCTURESDES GN REQUIREMENTS

13.1 GENERAL: Every sasmicdly isolated structure and every portion thereof shall be desgned
and constructed in accordance with the requirements of this section and the applicable requirements of
Chepter 1. The lateral-force-ressting system and the isolation system shall be designed to resist the
deformations and stresses produced by the effects of seismic ground motions as provided in this
section.

13.2 CRITERIA SELECTION:

13.2.1 Bagsfor Design: The procedures and limitations for the design of seismically isolated
structures shal be determined considering zoning, Site characteristics, vertical acceleration, cracked
section properties of concrete and masonry members, Seismic Use Group, configuration, structural
system, and height in accordance with Sec. 5.2 except as noted below.

13.2.2 Sability of thelsolation System: The stability of the vertical load-carrying elements of the
isolation system shd| be verified by andysis and test, asrequired, for latera seismic displacement equd
to the total maximum displacement.

13.2.3 Seismic Use Group: All portions of the structure, including the structure above the isolation
system, shdl be assgned a Seismic Use Group in accordance with the requirements of Sec. 1.3.

13.2.4 Configuration Requirements. Each structure shdl be designated as being regular or
irregular on the basis of the structural configuration above the isolation system in accordance with the
requirements of Sec. 5.2.

13.2.5 Sdlection of Lateral Response Procedure:

13.25.1 General: Any saismicaly isolated structure is permitted to be and certain seismicaly
isolated structures defined below shdl be designed using the dynamic latera response procedure of
Sec. 134.

13.2.5.2 Equivalent Lateral Force Procedure: The equivaent-lateral-response procedure of Sec.
13.3is permitted to be used for design of aseismicdly isolated structure provided that:

1. Thedructureislocated at astewith S lessthan or equal to 0.60g ;

2. Thedructureislocated onaClassA, B, C, or D ste;

3. Thedtructure above the isolation interface is not more than four stories or 65 ft (20 m) in height;
4. The effective period of the isolated structure, T,,, islessthan or equal to 3.0 sec.

201



Provisions, Chapter 13

5. Theéeffective period of the isolated structure, Ty, is greater than three times the elagtic, fixed-base
period of the structure above the isolation system as determined by Eq. 5.3.3.1-1 or 5.3.3.1-2;

6. The dructure above the isolation systemis of regular configuration; and
7. Theisolation sysem meets al of the following criteria

a Theéeffective stiffness of theisolation system at the design displacement is greater than one
third of the effective stiffness at 20 percent of the design displacement,

b. Theisolation systemis capable of producing arestoring force as specified in Sec. 13.6.2.4,

c. Theisolation system has force-deflection properties that are independent of the rate of
loading,

d. Theisolation system has force-deflection properties that are independent of vertica load and
bilatera load, and

e. Theisolation system does not limit maximum capable earthquake displacement to less than
Si/S; times the total design displacement.

13.2.5.3 Dynamic Analyss. A dynamic anayssis permitted to be used for the design of any
structure but shal be used for the design of all isolated structures not satisfying Sec. 13.2.5.2. The
dynamic latera response procedure of Sec. 13.4 shdl be used for design of seismically isolated
structures as specified below.

13.2.5.3.1 Response-Spectrum Analyss. Response-spectrum andysisis permitted to be used for
design of asaigmicdly isolated structure provided that:

1. Thedructureislocated onaClassA, B, C, or D steand
2. Theisolation system meetsthe criteria of Item 7 of Sec. 13.2.5.2.

13.25.3.2 Time-Higtory Analyss. Time-history andysisis permitted to be used for design of any
saigmicdly isolated structure and shdl be used for design of al seismicdly isolated structures not
meeting the criteriaof Sec. 13.2.5.3.1.

13.2.5.3.3 Site-Specific Design Spectra: Site-specific ground-motion spectra of the design
earthquake and the maximum considered earthquake developed in accordance with Sec. 13.4.4.1 shdl
be used for design and andyss of dl seismically isolated structuresif any one of the following
conditions apply:

1. Thedructureislocated on aClassE or F siteor
2. Thedructureislocated at aste with S, greater than 0.60g .
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13.3 EQUIVALENT LATERAL FORCE PROCEDURE:

13.3.1 General: Except asprovided in Sec. 134, every seismicaly isolated structure or portion
thereof shal be designed and constructed to resst minimum earthquake displacements and forces as
specified by this section and the applicable requirements of Sec. 5.3.

13.3.2 Deformation Characterigtics of the I solation System: Minimum lateral earthquake design
displacement and forces on seilsmicaly isolated structures shal be based on the deformation
characteristics of the isolation system. The deformation characteristics of the isolation system shall
explicitly include the effects of the wind-restraint system if such asystem is used to meet the design
requirements of these Provisons. The deformation characteristics of theisolation system shdl be
based on properly substantiated tests performed in accordance with Sec. 13.9.

13.3.3 Minimum L ateral Displacements:

13.3.3.1 Design Displacement: Theisolation system shdl be designed and constructed to withstand
minimum laterd earthquake displacements that act in the direction of each of the main horizontal axes
of the structure in accordance with the following:

_ g SDlTD
D. =1 =2]——
D (4 2) BD (13.3.3.1)

where:

g = accderaion of gravity. The units of the acceleration of gravity, g, arein./sec? (mm/sec?) if
the units of the design displacement, D, are inches (mm).

S, = design 5 percent damped spectra acceleration at 1 sec period as determined in Sec. 4.1.1.

T, = effective period, in seconds (sec), of seismicaly isolated Structure at the design
displacement in the direction under consideration, as prescribed by Eq. 13.3.3.2.

B, = numericd coefficient related to the effective damping of the isolation system at the design
displacement, |, asset forthin Table 13.3.3.1.

TABLE 13.3.3.1 Damping Cosfficient, B, or By,

Effective Damping, por B, or By,
(Per centage of Critical)?® Factor

< 2% 0.8
5% 1.0
10% 1.2
20% 15
30% 1.7
40% 19
> 50% 20
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NOTESfor Table13.3.3.1
& The damping coefficient shall be based on the effective damping of theisolation
system determined in accordance with the requirements of Sec. 13.9.5.2.
b The damping coefficient shal be based on linear interpolation for effective
damping va ues other than those given.

13.3.3.2 Effective Period: The effective period of the isolated structure, T, shal be determined using
the deformationa characteristics of theisolation systemin accordance with the following equation:

W

T, =2
b - (13.3.3.2)
where:
W = tota seismic dead load weight of the structure above the isolation interface as
defined in Sec. 5.3.2 and 5.5.3 (kip or kN) .
Komin = minimum effective stiffness, in kips/inch (kN/mm), of the isolation system at the
design displacement in the horizonta direction under consideration as prescribed by
Eq. 13.9.5.1-2.
g = aocceleration of gravity. The units of the acceleration of gravity, g, arein./sec?

(mm/sec?) if the units of the design displacement, D,, are inches (mm).

13.3.3.3 Maximum Displacement: The maximum displacement of the isolation system, D,,, in the
mogt critical direction of horizontd response shdl be calculated in accordance with the formula:

Yis. T
D - [ 4 2) S (13.3.3.3)
= —t
BM
where:
g = aocceleration of gravity. The units of the acceleration of gravity, g, arein./sec?
(mm/sec?) if the units of the design displacement, D,, are inches (mm).
Sn = maximum consdered 5 percent damped spectra acceleration a 1 sec period as
determined in Sec. 4.1.1.
Ty = effective period, in seconds (sec), of seismic-isolated structure at the maximum
displacement in the direction under consideration as prescribed by Eq. 13.3.3.4.
By = numerica coefficient related to the effective damping of the isolation system at the

maximum displacement, |, as set forth in Table 13.3.3.1.
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13.3.3.4 Effective Period at Maximum Displacement: The effective period of theisolated structure
at maximum displacement, T,,, shal be determined using the deformational characteristics of the
isolation system in accordance with the equation:

W
Ty =2 - (13.3.3.4)
where:
W = tota saismic dead load weight of the structure above the isolation interface as
defined in Sec. 5.3.2 and 5.5.3 (kip or kN).
kuin = minimum effective giffness, in kips/inch (kN/mm), of the isolation system at the

maximum displacement in the horizontal direction under consideration as prescribed
by Eqg. 13.9.5.1-4.

g = the accdleration due to gravity. The units of the acceleration of gravity, g, arein./sec?
(mm/sec?) if the units of the design displacement, D,, are inches (mm).

13.3.3.5 Total Displacement: Thetotal design displacement, D, and the total maximum
displacement, D, of eements of the isolation system shal include additiona displacement due to
actua and accidenta torgon caculated considering the spatia distribution of the latera stiffness of the
isolation system and the most disadvantageous location of mass eccentricity.

The total design displacement, D, and the total maximum displacement, Dy,,, of lements of an
isolation system with uniform spatial distribution of lateral stiffness shall not be taken as less than that
prescribed by the following equations:

_ 12e
D, = Dy|1 + y( s ] (13.3.35-1)
) 12¢ ||
D, = D,|1 y( — dZ)_ (13.3.35-2)

D, = design displacement, ininches (mm), at the center of rigidity of the isolation systemin the
direction under consideration as prescribed by Eq. 13.3.3.1.

Dy = maximum displacement, in inches (mm), at the center of rigidity of the isolation systemin
the direction under consideration as prescribed in Eq. 13.3.3.3.

y = thedigtance, infeet (mm), between the center of rigidity of the isolation system rigidity
and the element of interest measured perpendicular to the direction of seismic loading
under congideration.

e = theactud eccentricity, in feet (mm), measured in plan between the center of mass of the

structure above the isolation interface and the center of rigidity of the isolation system,
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plus accidentd eccentricity, in feet (mm), taken as 5 percent of the longest plan dimension
of the structure perpendicular to the direction of force under consideration.

b = theshortest plan dimension of the structure, in feet (mm), measured perpendicular to d.
d = thelongest plan dimenson of the structure, in feet (mm).

The total design displacement, D, and the total maximum displacement, D, is permitted to be
taken asless than the value prescribed by Eq. 13.3.3.5-1 and Eq. 13.3.3.5-2, respectively, but not less
than 1.1 times D, and D,,, respectively, provided the isolation systemis shown by calculation to be
configured to resst torsion accordingly.

13.3.4 Minimum L ateral Forces.

13.34.1 Isolation System and Structural Elements At or Below the I solation System: The
isolation system, the foundation, and al structura elements below the isolation system shdl be
designed and constructed to withstand aminimum lateral seismic force, V,, using dl of the appropriate
provisons for anonisolated structure where:

Vi, = KomexPo (13.3.4.1)
where:
Komex = Maximum effective stiffness, in kips/inch (kN/mm), of the isolation system at the
design displacement in the horizonta direction under consideration as prescribed by
Eqg. 13.9.5.1-1.
Dy = design displacement, in inches (mm), at the center of rigidity of the isolation system

in the direction under consideration as prescribed by Eq. 13.3.3.1.

Indl cases, V, shal not be taken as less than the maximum force in the isolation system at any
displacement up to and including the design displacement.

13.3.4.2 Structural Elements Abovethe | solation System: The structure above the isolation system
shall be designed and constructed to withstand a minimum shear force, V,, using al of the appropriate
provisons for anonisolated structure where:

kDrnax DD
v, = 2mx D 13.3.4.2
R ( )
where:
Komex = Maximum effective stiffness, in kips/inch (kN/mm), of the isolation system at the
design displacement in the horizonta direction under consideration as prescribed by
Eq. 13.95.1-1.
Dy = design displacement, in inches (mm), at the center of rigidity of the isolation system
in the direction under consderation as prescribed by Eq. 13.3.3.1.
R = numerica coefficient related to the type of lateral-force-resisting system above the
isolation system.
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The R, factor shdl be based on the type of lateral-force-resisting system used for the structure above
the isolation system and shall be 3/8 of the R value given in Table 5.2.2 with an upper bound vaue not
to exceed 2.0 and alower bound vaue not to be less than 1.0.

13.3.4.3 Limitson Vg Thevaue of V, shdl be taken as not less than the following:

1. Thelaterd ssismic force required by Sec. 5.3 for afixed-base structure of the same weight, W, and
aperiod equd to theisolated period, T;

2. Thebase shear corresponding to the factored design wind load; and

3. Thelaerd saiamic force required to fully activate the isolation system (e.g., theyield level of a
softening system, the ultimate capacity of a sacrificial wind-restraint system, or the break-away
friction level of adiding system) factored by 1.5.

13.3.5 Vertical Digtribution of Force: Thetotal force shall be distributed over the height of the
structure above the isolation interface in accordance with the following equation:

B V.w, h,
x z”: wh (13.3.5)
i=1
where:
V, = totd latera seismic design force or shear on € ements above the isolation system as
prescribed by Eq. 13.3.4.2.
W, = portion of Wthat islocated at or assgned to Leve x.
h, = heght abovethe base Leve x.
W = portion of Wthat islocated a or assigned to Leve | , respectively.
h; = heght abovethebaseLevd | .

At each level designated as x, theforce, F,, shdl be applied over the area of the structurein
accordance with the mass distribution at the level. Stressesin each structural element shdl be
caculated as the effect of force, F,, applied at the appropriate levels above the base.

13.3.6 Drift Limits: The maximum interstory drift of the structure above the isolation system shdll
not exceed 0.015h,. The drift shdl be calculated by Eq. 5.3.7-1 with the C, factor of the isolated
structure equal to the R factor defined in Sec. 13.3.4.2.

13.4 DYNAMIC LATERAL RESPONSE PROCEDURE:

13.4.1 General: Asrequired by Sec. 13.2, every seismicdly isolated structure or portion thereof shall
be designed and constructed to resi st earthquake displacements and forces as specified in this section
and the applicable requirements of Sec. 5.4.

13.4.2 Isolation System and Structural Elements Below the I solation System: The total design
displacement of the isolation system shall be taken as not less than 90 percent of D, as specified by
Sec. 13.3.35.
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The total maximum displacement of the isolation system shal be taken as not less than 80 percent of
Dy, as specified by Sec. 13.3.35.

The design laterd shear force on the isolation system and structural elements below the isolation
system shdll be taken as not less than 90 percent of V,, as prescribed by Eq. 13.3.4.1.

The limits of the first and second paragraphs of Sec. 13.4.2 shdl be evaluated using values of D, and
D, determined in accordance with Sec. 13.3.3 except that D/ is permitted to be used in lieu of D, and
D,,is permitted to be used in lieu of D,, where D/

and are prescribed by the following equations:

D/ _ DD
b =
T)2 (12.4.2-1)
1 +§ —
TD
D/ _ DM
M —m———
T)2 (13.4.2-2)
1+ —
TM

D, = design displacement, in inches (mm), at the center of rigidity of the isolation systemin the
direction under consideration as prescribed by Eq. 13.3.3.1.

Dy = maximum displacement in inches (mm), a the center of rigidity of theisolation systemin
the direction under consideration as prescribed by Eq. 13.3.3.3.

T = dadic, fixed-base period of the structure above the isolation system as determined by
Sec. 5.3.3.

T, = effective period, in seconds (sec), of the seismicaly isolated structure at the design
displacement in the direction under consideration as prescribed by Eq. 13.3.3.2.

Ty = effective period, in seconds (sec), of the seismically isolated structure at the maximum
displacement in the direction under consideration as prescribed by Eq. 13.3.3.4.

13.4.3 Structural Elements Above the I solation System: The design lateral shear force on the
structure above the isolation system, if regular in configuration, shall be taken as not less than 80
percent of V,, as prescribed by Eq. 13.3.4.2 and the limits specified by Sec. 13.3.4.3.

Exception: The design lateral shear force on the structure above the isolation system, if
regular in configuration, is permitted to be taken as less than 80 percent, but not |ess than 60
percent of V,, provided time-history analysisis used for design of the structure.

The design laterd shear force on the structure above the isolation system, if irregular in configuration,
ghall be taken as not less than V,, as prescribed by Eq. 13.3.4.2 and the limits specified by Sec. 13.3.4.3.
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Exception: The design laterd shear force on the structure above the isolation system, if
irregular in configuration, is permitted to be taken asless than 100 percent, but not less than
80 percent of V,, provided time-history andysisis used for design of the structure.

13.4.4 Ground Mation:

13.4.4.1 Design Spectra: Properly substantiated site-specific spectra are required for the design of dll
structureslocated on aClassE or F Ste or located at astewith S greater than 0.60g . Sructures that
do not require Ste-specific spectraand for which site-gpecific spectra have not been calculated shdl be
designed using the response spectrum shape given in Figure 1.4.2.6.

A design spectrum shdl be constructed for the design earthquake. This design spectrum shal be taken
as not less than the design earthquake response spectrum given in Figure 1.4.2.6.

Exception: If agte-gpecific gpectrum is caculated for the design earthquake, the design spectrum
is permitted to be taken asless than 100 percent but not less than 80 percent of the design
earthquake response spectrum given in Figure 4.1.2.6.

A design spectrum shal be constructed for the maximum considered earthquake. Thisdesign
gpectrum shal be taken as not less than 1.5 times the design earthquake response spectrum givenin
Figure 4.12.6. This design spectrum shall be used to determine the total maximum displacement and
overturning forces for design and testing of the isolation system.

Exception: If aste-gpecific gpectrum is calculated for the maximum considered earthquake,
the design spectrum is permitted to be taken as less than 100 percent but not less than 80
percent of 1.5 times the design earthquake response spectrum given in Figure 4.1.2.6.

13.4.4.2 TimeHigories: Pairs of appropriate horizontal ground motion time history components shal
be selected and scaled from not |ess than three recorded events. Appropriate time histories shal be
based on recorded events with magnitudes, fault distances and source mechanisms that are consistent
with those that control the design earthquake (or maximum considered earthquake). Where three
appropriate recorded ground motion time history pairs are not available, gppropriate smulated ground
motion time history pairs are permitted to be used to make up the total number required. For each
pair of horizontal ground-motion components, the square root sum of the squares of the 5 percent
damped spectrum of the scaled, horizontal components shall be constructed. The motions shal be
scaled such that the average vaue of the square-root-sum-of-the-squares spectra does not fal below
1.3 timesthe 5 percent damped spectrum of the design earthquake (or maximum considered
earthquake) by more than 10 percent for periods from 0.5T secondsto 1.25T,, seconds.

13.4.5 Mathematical Modd:

13.4.5.1 General: The mathematical models of the isolated structure including the isolation system,
the lateral-force-ressting system, and other structura elements shall conform to Sec. 5.4.2 and to the
requirements of Sec. 13.4.5.2 and 13.4.5.3, below.

13.4.5.2 Isolation System: The isolation system shall be modeled using deformationa characteristics
developed and verified by test in accordance with the requirements of Sec. 13.3.2. Theisolation system
shdl be modeed with sufficient detail to:

1. Account for the spatial distribution of isolator units;
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2. Cdculatetrandation, in both horizonta directions, and torsion of the structure above the isolation
interface conddering the most disadvantageous location of mass eccentricity;

3. Assessoverturning/uplift forces on individud isolator units; and

4. Account for the effects of vertical load, bilateral load, and/or the rate of loading if the force
deflection properties of the isolation system are dependent on one or more of these attributes.

13.4.5.3 I solated Building:

13.4.5.3.1 Displacement: The maximum displacement of each floor and the total design displacement
and total maximum displacement across the isolation system shdl be caculated usng amodd of the
isolated structure that incorporates the force-deflection characteristics of nonlinear € ements of the
isolation system and the lateral-force-resisting system.

Lateral-force-resisting systems with nonlinear eements include, but are not limited to, irregular
structura systems designed for alateral force less than 100 percent and regular structura systems
designed for alatera force less than 80 percent of V,, as prescribed by Eq. 13.3.4.2 and the limits
specified by Sec. 13.3.4.3.

13.4.5.3.2 For ces and Displacementsin Elements of the L ater al-For ce-Resisting System: Design
forces and displacements in elements of the lateral-force-ressting system are permitted to be
caculated using alinear elastic modd of theisolated structure provided that:

1. Stffness properties assumed for nonlinear isolation-system components are based on the maximum
effective giffness of theisolation syssemand

2. No dements of the lateral-force-ressting system of the structure above the isolation system are
nonlinear .

13.4.6 Description of Analysis Procedures:

13.4.6.1 General: Response-spectrum and time-history andyses shal be performed in accordance with
Sec. 5.4 and the requirements of this section.

13.4.6.2 Input Earthquake: The design earthquake shal be used to calculate the total design
displacement of the isolation system and the lateral forces and displacements of the isolated structure.
The maximum considered earthquake shall be used to calculate the total maximum displacement of the
isolation system.

13.4.6.3 Response-Spectrum Analyss. Response-spectrum analysis shal be performed using amodal
damping vaue for the fundamental mode in the direction of interest not greater than the effective
damping of the isolation system or 30 percent of critical, whichever isless. Moda damping vauesfor
higher modes shdl be selected congstent with those gppropriate for response spectrum analysis of the
structure above the isolation system with afixed base.

Response-spectrum andyss used to determine the total design displacement and the total maximum
displacement shdl include simultaneous excitation of the model by 100 percent of the most critical
direction of ground motion and 30 percent of the ground motion on the orthogona axis. The maximum
displacement of theisolation system shadl be calculated as the vectorid sum of the two orthogonal
displacements.
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The design shear a any story shdl not be less than the story shear obtained using Eq. 13.3.5and a
vaue of V, taken asthat equal to the base shear obtained from the response-spectrum andysisin the
direction of interest.

13.4.6.4 Time-History Analysis. Time-history andysis shdl be performed with at least three
appropriate pairs of horizonta time-history components as defined in Sec. 13.4.4.2.

Each pair of time histories shdl be gpplied smultaneoudy to the model considering the most
disadvantageous location of mass eccentricity. The maximum displacement of the isolation system shdll
be calculated from the vectoriad sum of the two orthogona components at each time step.

The parameter of interest shall be caculated for each time-history andysis. If three time-history
anayses are performed, the maximum response of the parameter of interest shdl be used for design. If
seven or more time-history anayses are performed, the average value of the response parameter of
interest shall be used for design.

13.4.7 Design L ateral Force:

13.4.7.1 Isolation System and Structural Elements At or Below the I solation System: The
isolation system, foundation, and all structura €lements below the isolation system shdl be desgned
using al of the appropriate requirements for anonisolated structure and the forces obtained from the
dynamic andysis without reduction.

13.4.7.2 Structural Elements Abovethe I solation System: Structura elements above the isolation
system shall be designed using the appropriate provisons for a nonisolated structure and the forces
obtained from the dynamic analysis divided by afactor of R. The R, factor shall be based on the type of
lateral-force-resisting system used for the structure above the isolation system.

13.4.7.3 Scaling of Results: When the factored latera shear force on structural € ements, determined
using either response spectrum or time-higtory andys's, isless than the minimum level prescribed by
Sec. 13.4.2 and 13.4.3, all response parameters, including member forces and moments, shall be
adjusted proportionally upward.

13.4.7.4 Drift Limits: Maximum interstory drift corresponding to the design laterd force including
displacement due to vertical deformation of the isolation system shal not exceed the following limits:

1. Themaximum interstory drift of the structure above the isolation system ca culated by response
gpectrum analysis shal not exceed 0.015h, and

2. Themaximum interstory drift of the structure above the isolation system calculated by time-
history analys's considering the force-deflection characteristics of nonlinear eements of the lateral-
force-resisting system shdl not exceed 0.020h,,.

Drift shall be caculated using Eqg. 5.3.8.1 with the C; factor of the isolated structure equal to the R
factor defined in Sec. 13.3.4.2.

The secondary effects of the maximum considered earthquake laterd displacement A of the structure
above theisolation system combined with gravity forces shdl be investigated if the interstory drift ratio
exceeds 0.010/R.
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135 LATERAL LOAD ON ELEMENTSOF STRUCTURES AND NONSTRUCTURAL
COMPONENTS SUPPORTED BY BUILDINGS:

13.5.1 General: Partsor portions of an isolated structure, permanent nonstructural components and
the attachments to them, and the attachments for permanent equipment supported by a structure shdl
be designed to resist seismic forces and digplacements as prescribed by this section and the applicable
requirements of Chapter 6.

13.5.2 Forcesand Displacements:

13.5.2.1 Components At or Abovethelsolation Interface: Elements of seismicaly isolated

structures and nongtructural components, or portions thereof, that are at or above the isolation
interface shdl be desgned to resst atotd lateral seiamic force equad to the maximum dynamic
response of the eement or component under consideration.

Exception: Elements of saismicdly isolated structures and nonstructural components or
portions thereof are permitted to be designed to ress total lateral seismic force as prescribed
by Eq. 5.2.6-1 or 5.2.6-2 as appropriate.

13.5.2.2 Components Crossing the | solation Interface: Elements of saismicaly isolated structures
and nonstructural components, or portions thereof, that cross the isolation interface shal be designed
to withstand the total maximum displacement.

13.5.2.3 Components Below the I solation I nterface: Elements of seismicdly isolated structures and
nonstructural components, or portions thereof, that are below the isolation interface shal be desgned
and constructed in accordance with the requirements of Sec. 5.2.

13.6 DETAILED SYSTEM REQUIREMENTS:

13.6.1 General: Theisolation system and the structura system shal comply with the materid
requirements of these Provisions. In addition, the isolation system shall comply with the detailed
system requirements of this section and the structura system shdl comply with the detailed system
requirements of this section and the applicable portions of Sec. 5.2.

13.6.2 Isolation System:

13.6.2.1 Environmental Conditions: In addition to the requirements for vertica and lateral loads
induced by wind and earthquake, the isolation system shal be designed with consideration given to
other environmental conditions including aging effects, creep, fatigue, operating temperature, and
exposure to moisture or damaging substances.

13.6.2.2 Wind For ces: Isolated structures shdl resst desgn wind loads at al levels above the
isolation interface. At the isolation interface, awind restraint system shal be provided to limit laterd
displacement in the isolation system to a value equal to that required between floors of the structure
above the isolation interface.

13.6.2.3 Fire Resistance: Fire resstancerating for theisolation system shadl be consistent with the
requirements of columns, walls, or other such elements of the structure.

13.6.2.4 Lateral-Restoring Force: The isolation system shall be configured to produce a restoring
force such that the lateral force at the total design displacement is at least 0.025W greater than the
lateral force at 50 percent of the total design displacement.
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Exception: Theisolation system need not be configured to produce a restoring force, as
required above, provided the isolation system is capable of remaining stable under full vertical
load and accommaodating a total maximum displacement equal to the greater of either 3.0
times the total design displacement or 36S,, inches (or 915 §,; mm).

13.6.2.5 Displacement Restraint: The isolation systemis permitted to be configured to include a
displacement restraint that limits latera displacement due to the maximum considered earthquake to
lessthan §,,/S,, times the total design displacement provided that the seismically isolated structure is
designed in accordance with the following criteriawhen more stringent than the requirements of Sec.
13.2:

1. Maximum considered earthquake response is caculated in accordance with the dynamic andysis
requirements of Sec. 13.4 explicitly considering the nonlinear characteristics of the isolation
system and the structure above the isolation system.

2. The ultimate capacity of theisolation system and structural elements below the isolation system
shdl exceed the strength and displacement demands of the maximum considered earthquake.

3. Thesdtructure above the isolation systemis checked for stability and ductility demand of the
maximum consdered earthquake, and

4. The digplacement restraint does not become effective at a displacement lessthan 0.75 timesthe
total design displacement unlessit is demonstrated by analysis that earlier engagement does not
result in unsatisfactory performance.

13.6.2.6 Vertical-L oad Stability: Each dement of the isolation system shall be designed to be stable
under the maximum vertical load (1.2D + 1.0L + |E|) and the minimum vertica load (0.8 - |E|) a a
horizontal displacement equa to the total maximum displacement. The dead load, D, and the live
load, L, are specified in Sec. 5.2.7. Thesasmicload, E, isgiven by Eq. 5.2.7-1 and 5.2.7-2 where Syg
in these equationsisreplaced by S5 and the vertical load due to earthquake, Q, shall be based on peak
response due to the maximum considered earthquake.

13.6.2.7 Overturning: Thefactor of safety against globa structural overturning at theisolation
interface shdl not be less than 1.0 for required load combinations. All gravity and seismic loading
conditions shall be investigated. Seismic forces for overturning calculations shal be based on the
maximum considered earthquake and W shdl be used for the vertica restoring force.

Locd uplift of individud elementsis permitted provided the resulting deflections do not cause
overdstress or ingtability of theisolator units or other structure e ements.

13.6.2.8 Inspection and Replacement:
1. Accessfor ingpection and replacement of al components of the isolation system shall be provided.

2. A registered design professional shall complete afinal series of inspections or observations of
structure separation areas and components that cross the isolation interface prior to the issuance
of the certificate of occupancy for the seismically isolated structure. Such ingpections and
observations shall indicate that the conditions allow free and unhindered displacement of the
structure to maximum design levels and that all components that cross the isolation interface as
ingtalled are able to accommodate the stipulated displacements.
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3. Sagmicdly isolated structures shdl have a periodic monitoring, inspection and maintenance
program for the isolation system established by the registered design professional responsible for
the design of the system.

4. Remodding, repair or retrofitting at the isolation system interface, including that of components
that crossthe isolation interface, shal be performed under the direction of aregistered design
professional.

13.6.2.9 Quality Control: A quality control testing program for isolator units shal be established by
the registered design professional responsible for the structurd design in accordance with Sec. 3.2.1.

13.6.3 Structural System:

13.6.3.1 Horizontal Distribution of Force: A horizontd digphragm or other structura elements shdl
provide continuity above the isolation interface and shall have adequate strength and ductility to
transmit forces (due to nonuniform ground motion) from one part of the structure to another.

13.6.3.2 Building Separ ations: Minimum separations between the isolated structure and surrounding
retaining walls or other fixed obstructions shal not be less than the total maximum displacement.

13.6.3.3 Nonbuilding Structures: These shdl be designed and constructed in accordance with the
requirements of Chapter 14 using design displacements and forces cal culated in accordance with Sec.
13.30r 134.

13.7 FOUNDATIONS: Foundations shall be designed and constructed in accordance with the
requirements of Chapter 7 using design forces cal culated in accordance with Sec. 13.3 or 13.4, as

appropriate.
13.8 DESIGN AND CONSTRUCTION REVIEW:

13.8.1 General: A design review of theisolation system and related test programs shdl be performed
by an independent team of registered design professionals in the appropriate disciplines and others
experienced in seismic andysis methods and the theory and gpplication of seismic isolation.

13.8.2 Isolation System: Isolation system design review shdl include, but not be limited to, the
following:

1. Review of Ste-gpecific seilamic criteriaincluding the development of ste-specific spectraand
ground motion time histories and all other design criteria developed specificdly for the project;

2. Review of the prdiminary design including the determination of the total design displacement of
the isolation system design displacement and the laterd force design level;

3. Overview and observation of prototype testing (Sec. 13.9);

4. Review of thefind design of the entire Structura system and dl supporting andyses; and
5. Review of theisolation system quality control testing program (Sec. 13.6.2.9).

139 REQUIRED TESTSOF THE ISOLATION SYSTEM:

13.9.1 General: The deformation characteristics and damping values of theisolation system used in
the design and andysis of seismically isolated structures shal be based on tests of a selected sample of
the components prior to construction as described in this section.
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The isolation system components to be tested shdl include the wind-restraint system if such asystemis
used in the design.

The tests specified in this section are for establishing and vaidating the design properties of the
isolation system and shall not be considered as satisfying the manufacturing quaity control tests of Sec.
13.6.2.9.

13.9.2 Prototype Teds.

13.9.2.1 General: Prototype tests shdl be performed separately on two full-size specimens (or sets of
specimens, as gppropriate) of each predominant type and size of isolator unit of the isolation system.
The test specimens shdl include the wind restraint system as well asindividud isolator unitsif such
systems are used in the design. Specimens tested shall not be used for construction.

13.9.2.2 Record: For each cycle of tests, the force-deflection behavior of the test specimen shall be
recorded.

13.9.2.3 Sequence and Cycles: The following sequence of tests shal be performed for the prescribed
number of cyclesat avertica |oad equd to the average dead load plus one-haf the effects dueto live
load on dl isolator units of acommon type and Size:

1. Twenty fully reversed cycles of loading at alateral force corresponding to the wind design force;

2. Threefully reversed cycles of loading a each of the following increments of the total design
displacement-- 0.25D,,, 0.5D,, 1.0D,, and 1.0D,,;

Three fully reversed cycles of loading at the total maximum displacement, 1.0D,,; and

4. 305,,By/S,s but not less than ten, fully reversed cycles of loading at 1 total design displacement,
1.0Dp,.

If anisolator unit is aso avertica-load-carrying element, then Item 2 of the sequence of cyclic tests
gpecified above shdl be performed for two additional vertica load cases: 1.1.2D + 0.5L + |E| and
2.0.8D - [E| where dead load, D, and live load, L, are specified in Sec. 5.2.7. The saismic load, E, is
given by Eq. 5.2.7-1 and 5.2.7-2 and the load increment due to earthquake overturning, Qg, shdl be
equal to or greater than the peak earthquake vertical force response corresponding to the test
displacement being evauated. In these tests, the combined vertical |oad shall be taken asthe typical or
average downward force on al isolator units of acommon type and size.

13.9.2.4 Units Dependent on L oading Rates: If the force-deflection properties of the isolator units
are dependent on the rate of loading, then each set of tests specified in Sec. 13.9.2.3 shdl be
performed dynamicdly at afrequency equd to theinverse of the effective period, Tp.

If reduced-scale prototype specimens are used to quantify rate-dependent properties of isolators, the
reduced-sca e prototype specimens shdl be of the same type and materia and be manufactured with the
same processes and quality as full-scale prototypes and shal be tested at a frequency that represents
full-scale prototype loading rates.

The force-deflection properties of an isolator unit shall be considered to be dependent on the rate of
loading if thereis greater than a plus or minus 15 percent difference in the effective stiffness and the
effective damping at the design displacement when tested at afrequency equa to the inverse of the
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effective period, T, of the isolated structure and when tested at any frequency in the range of 0.1 to
2.0 timesthe inverse of the effective period, Ty, of the isolated structure.

13.9.2.5 Units Dependent on Bilateral Load: If the force-deflection properties of the isolator units
are dependent on bilateral load, the tests specified in Sec. 13.9.2.3 and 13.9.2.4 shdl be augmented to
include bilatera load at the following increments of the total design displacement: 0.25 and 1.0, 0.50
and 1.0, 0.75and 1.0, and 1.0 and 1.0.

Exception: If reduced-scale prototype specimens are used to quantify bilateral-load-
dependent properties, then such specimens shdl be of the same type and materia and
manufactured with the same processes and quality as full-scae prototypes.

The force-deflection properties of an isolator unit shal be considered to be dependent on bilaterd load
if the bilaterd and unilatera force-deflection properties have greater than a plus or minus 15 percent
difference in effective stiffness a the design displacement.

13.9.2.6 Maximum and Minimum Vertical Load: Isolator unitsthet carry vertica load shdl be
daticaly tested for the maximum and minimum vertical load at the total maximum displacement. In
these tests, the combined vertica load, 1.2D + 1.0L + |E|, shall be taken as the maximum vertica force,
and the combined vertical load, 0.8D - |E|, shdl be taken as the minimum vertica force, on any one
isolator of acommon type and size. The dead load, D, and liveload, L, are specified in Sec. 5.2.7. The
saigmic load, E, isgiven by Eq. 5.2.7-1 and 5.2.7-2, where S5 in these equationsis replaced by S5
and the load increment due to earthquake overturning, Qg, shall be equal to or greater than the peak
earthquake vertica force response corresponding to the maximum considered earthquake.

13.9.2.7 Sacrificial-Wind-Restraint Systems: If asacrificiad-wind-restraint system isto be utilized,
the ultimate capacity shal be established by test.

13.9.2.8 Testing Smilar Units: The prototype tests are not required if an isolator unit isof Smilar
dimensiona characteristics and of the same type and materia as a prototype isolator unit that has been
previoudy tested using the specified sequence of tests.

13.9.3 Determination of Force-Deflection Characteristics: The force-deflection characteristics of
the isolation system shal be based on the cyclic load tests of isolator prototypes specified in Sec.
13.9.2.

Asrequired, the effective stiffness of an isolator unit, kg, shall be calculated for each cycle of loading
by the equation:

P x P

Ket - -
AT+ [A7]

(13.9.3-1)

where F* and F are the positive and negativeforcesat  * and -, respectively.

Asrequired, the effective damping, , of anisolator unit shall be calculated for each cycle of loading
by the equation:
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E

loop

kee{ [A°] + [A7] )

:3

eff

(13.9.3-2)

where the energy dissipated per cycle of loading, E,,, and the effective stiffness, ky,, shal be based on
peak test digplacementsof A" and A"

13.9.4 Test Specimen Adequacy: The performance of the test specimens shal be assessed as
adequate if the following conditions are satisfied:

1. Theforce-deflection plots of dl tests specified in Sec. 13.9.2 have a positive incremental force
carrying capacity.

1.1. For eachincrement of test displacement specified in Item 2 of Sec. 13.9.2.3 and for each
vertica load case specified in Sec. 13.9.2.3:

Thereis no greater than a plus or minus 15 percent difference between the effective stiffness
a each of the three cycles of test and the average vaue of effective stiffness for each test
Specimen,

1.2. For eachincrement of test displacement specified in Item 2 of Sec. 13.9.2.3 and for each
vertica load case specified in Sec. 13.9.2.3;

Thereis no greater than a 15 percent difference in the average vaue of effective stiffness of
the two test specimens of a common type and size of the isolator unit over the required
three cycles of test;

2. For each specimen there is no greater than a plus or minus 20 percent changein theinitia effective
dtiffness of each test specimen over the 30S,,B,/S,s but not less than 10, cycles of test specified in
Item 3 of Sec. 13.9.2.3;

3. For each specimen there is no greater than a 20 percent decreasein theinitia effective damping
over for the 30S,,B,/S,s but not less than 10, cycles of test specified in Item 3 of Sec. 13.9.2.3;
and

4. All specimens of verticd-load-carrying elements of the isolation system remain stable up to the
total maximum displacement for static load as prescribed in Sec. 13.9.2.6 .

13.9.5 Design Propertiesof the I solation System:

13.9.5.1 Maximum and Minimum Effective Stiffness. At the design displacement, the maximum
and minimum effectiveness stiffness of the isolated system, k., ad k., Shal be based on the cyclic
tests of Sec. 13.9.2.3 and calculated by the equations:

L .
kDmax_ 2D

(13.9.5.1-1)
D
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At the maximum digplacement, the maximum and minimum effective stiffness of the isolation system,
Kuimex 8N Ky Shall be based on the cyclic tests of Item 2 of Sec. 13.9.3 and calculated by the

_ Z‘Fs‘min + Z‘Fls‘min

Komin = 2D, (13.9.5.1-2)
equations:

L— ZF&ngjFMm (13.9.5.1-3)

Kumin = ZF“;’“‘”ZIS > Foa i (13.9.5.1-4)

M

The maximum effective stiffness of the isolation system, Ky, (Or Kymed» Shall be based on forces from
the cycle of prototype testing at atest displacement equal to D, (or D,,) that produces the largest value
of effective siffness. Minimum effective stiffness of the isolation system, Ky, ;,, (0r Ky+,), Shal be based
on forces from the cycle of prototype testing at atest displacement equal to D, (or D,,) that produces
the smallest vaue of effective stiffness.

For isolator unitsthat are found by the tests of Sec. 13.9.3, 13.9.4 and 13.9.5 to have force-deflection
characterigtics that vary with vertical load, rate of loading or bilateral load, respectively, the values of
Kormex @0 Ky ShAll be increased and the vaues of k,,;,, and ky,;,, shall be decreased, as necessary, to
bound the effects of measured variation in effective stiffness.

13.9.5.2 Effective Damping: At the design displacement, the effective damping of the isolation
system, |, shal be based on the cyclic tests of Item 2 of Sec. 13.9.3 and calculated by the equation:
YE,

S
2
2 kDrnaxDD

b (13.9.5.2-1)

In Eq. 13.9.5.2-1, the total energy dissipated per cycle of design displacement response, Y E,, shdll be
taken as the sum of the energy dissipated per cyclein dl isolator units measured at atest displacement
equal to Dy, The total energy dissipated per cycle of design displacement response, ) E, shdl be
based on forces and deflections from the cycle of prototype testing at test displacement D, that
produces the smallest value of effective damping.

At the maximum displacement, the effective damping of the isolation system, ,,, shal be based on the
cyclic tests of Item 2 of Sec. 13.9.3 and caculated by the equation:
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YE
M= iL—MZ (13.9.5.2-2)
i

2

In Eq. 13.9.5.2-2, the total energy per cycle of design displacement response, Y E,,, sha
taken as the sum of the energy dissipated per cyclein dl isolator units measured at atest displacement
equal to D,,. Thetota energy dissipated per cycle of maximum displacement response, Y E,,, shdl lbke
based on forces and deflections from the cycle of prototype testing at test displacement D,, that
produces the smalest vaue of effective damping.
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Appendix to Chapter 13
PASSIVE ENERGY DISSIPATION SYSTEM S

Passive energy disspation systems may be used as part of the lateral-force-ressting system of a
structure when specid detailing is used to provide results equivaent to those obtained by use of
conventiond structural systems. The design criteriafor structures using passive energy disspation
systems shdl be consistent with the minimum requirements of an equivaent conventiond structure
based on these Provisions.

The design of structures using passive energy disspation systems shal be based on rational methods of
andysds, incorporating the most gppropriate andyss methods, including nonlinear time-history dynamic
andydss. The gtiffness and damping properties of damping devices shal be accurately modeled in the
andyssand shdl be based on tested and independently verified data from testing of such devices. Such
testing shdl have subjected the devicesto loads, displacements, and other imposed conditions that are
congstent with design conditions.

A design review of the passive energy disspation system and related test programs shall be performed
by an independent team of registered design professionals in the appropriate disciplines and others
experienced in seismic andyss methods and the theory and gpplication of energy disspation systems.
The scope of this design review shall be consistent with that required by these Provisionsfor the
isolation system of seismicaly isolated structures.
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Chapter 14

NONBUILDING STRUCTURE DESIGN REQUIREMENTS

14.1 GENERAL:

14.1.1 Scope: Nonbuilding structures consdered by these Provisonsinclude dl sdf-supporting
structures which carry gravity loads, with the exception of: buildings, vehicular and railroad bridges,
nuclear power generation plants, offshore platforms, and dams. Nonbuilding structures are supported
by the earth or supported by other structures, and shdl be designed and detailed to resist the
minimum lateral forces specified in this chapter . Design shdl conform to the applicable requirements
of these Provisions as modified by this chapter. Nonbuilding structures that are beyond the scope of
this section shdl be designed in accordance with approved standards.  Approved standards as
referenced herein shal consst of standards gpproved by the authority having jurisdiction and shall be
applicable to the specific type of nonbuilding structure.

The design of nonbuilding structures shall provide sufficient stiffness, strength, and ductility,
consstent with the requirements specified herein for buildings, to resist the effects of seismic ground
motions as represented by the following:

a Applicable strength and other design criteriashall be obtained from other sections of the Provisons
or itsreferenced codes and standards.

b.  When applicable strength and other design criteria are not contained in or referenced by the
Provisions, such criteriashall be obtained from approved standards. Where gpproved standards
define acceptance criteriain terms of alowable stresses as opposed to strength, the design seismic
forces shal be obtained from the Provisions and reduced by afactor of 1.4 for use with alowable
dresses. Allowable stress increases used in approved standards are permitted. Detailing shall bein
accordance with the approved standards.

14.1.2 Nonbuilding Structures Supported by Other Structures: If anonbuilding structureis
supported above the base by another structure and the weight of the nonbuilding structure islessthan
25 percent of the combined weight of the nonbuilding structure and the supporting structure, the
design seismic forces of the supported nonbuilding structure shall be determined in accordance with
the requirements of Sec. 6.1.3.

If the weight of a nonbuilding structureis 25 percent or more of the combined weight of the
nonbuilding structure and the supporting structure, the design seismic forces of the nonbuilding
structure shal be determined based on the combined nonbuilding structure and supporting structural
system. For supported nonbuilding structures that have non-rigid component dynamic characteristics,
the combined system R factor shal be amaximum of 3. For supported nonbuilding structures that
have rigid component dynamic characteristics (as defined in Sec. 14.2.2), the combined system R factor
shdl be the value of the supporting structural system. The supported nonbuilding structure and
attachments shall be designed for the forces determined for the nonbuilding structure in a combined
gysems andyss.
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14.1.3 Architectural, Mechanical, and Electrical Components. Architectura, mechanica, and
electrica components supported by nonbuilding structures shal be designed in accordance with
Chapter 6 of these Provisons.

14.1.4 Loads. Theweight, W, for nonbuilding structures shal include al dead loads as defined for
sructuresin Sec. 5.3.2. For purposes of caculating design seismic forces in nonbuilding structures, W
aso shdl include dl norma operating contents for items such as tanks, vessels, and bins and the
contents of piping. W shdl include snow and ice loads when these loads congtitute 25 percent or more
of W.

14.1.5 Fundamental Period: The fundamenta period of the nonbuilding structure shdl be
determined by methods as prescribed in Sec. 5.3.3 or by other rationa methods.

14.1.6 Drift Limitations. The drift limitations of Sec. 5.2.8 need not gpply to nonbuilding structures
if araiond andydsindicatesthey can be exceeded without adversdly effecting structura stability. P-
delta effects shdl be consdered when critical to the function or stability of the structure .

14.1.7 Materials Reguirements. The requirements regarding specific materidsin Chapters 8, 9, 10,
11, and 12 shal be gpplicable unless specificaly exempted in this chapter.

142 STRUCTURAL DESIGN REQUIREMENTS:

14.2.1 Design Basis. Nonbuilding structures having specific seismic design criteriaestablished in
gpproved standards shal be designed using the standards as amended herein. In addition, nonbuilding
structures shdl be designed in compliance with Sec. 14.3 and 14.4 to resst minimum saismic laterd
forces which are not less than the requirements of Sec. 5.3.2 with the following additions and excep-
tions.

1. Theresponse modification coefficient, R, shdl bethe lesser of thevauesgivenin Table 14.2.1.1
or thevauesin Table5.2.2.

The overstrength factor, , shdl beasgivenin Table 14.2.1.1 or the valuesin Table 5.2.2..
The importance factor, |, shal beasgivenin Table 14.2.1.2 .
The height limitations shal beasgivenin Table 14.2.1.1 or the valuesin Table 5.2.2.

o M W D

The vertica digtribution of the lateral seismic forces in nonbuilding structures covered by this
section shall be determined:

a Inaccordance with the requirements of Sec. 5.3.4 or
b. In accordance with the procedures of Sec. 5.4 or
c. Inaccordance with an approved standard applicable to the specific nonbuilding structure.

6. lrregular structures per Sec. 5.2.3 at Steswhere the seismic coefficient Sy is greater than or equal
to 0.50 that cannot be modeled as a single mass shall use the procedures of Sec. 5.4.

7. Where an gpproved standard provides abasis for the earthquake resistant design of a particular
type of nonbuilding structure such a standard may be used subject to the following limitations:

a Thesaismic ground acceleration and seiamic coefficient shdl be in conformance with the
requirements of Sec. 4.1 and 4.2, respectively.
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b. Thevauesfor totd laterd force and tota base overturning moment used in design shall not be
less than 80 percent of the base shear vaue and overturning moment, each adjusted for the
effects of soil-gructure interaction that would be obtained using these Provisions.

8. Thebase shear is permitted to be reduced in accordance with Sec. 5.5.2.1 to account for the
effects of soil-structure interaction. In no case shall the reduced base shear, V, belessthan 0.7V.

14.2.1.1 Seismic Factors:
TABLE 14.2.1.1 Sasmic Coefficientsfor Nonbuilding Structures

Nonbuilding Structure Type R o Cq Structural Syssem and Height
Limits (ft)°

Seismic Design Category

A& C D E&

B F

Nonbuilding frame systems: SeeTable

Concentric Braced Frames of Sted! 522 NL NL NL NL

Specia Concentric Braced Frames of Sted! NL NL NL NL
Moment Resisting Frame Systems: SeeTable

Specid Moment Frames of Sted! 522 NL NL NL NL

Ordinary Moment Frames of Sted NL NL 50 50

Specid Moment Frames of Concrete NL NL NL NL

Intermediate Moment Frames of Concrete NL NL 50 50

Ordinary Moment Frames of Concrete NL 50 NP NP
Sted Sorage Racks 4 2 312 | NL NL NL NL
Elevated tanks, vessdls, bins, or hoppers™

On braced legs 3 2 2-1/2 1 NL NL NL NL

On unbraced legs 3 2 2-1/2 1 NL NL NL NL

Irregular braced legs single pedestal or skirt supported 2 2 2 NL NL NL NL

Welded stedl

Concrete 2 2 2 NL NL NL NL

2 2 2 NL NL NL NL

Horizontd, saddle supported welded sted vessels 3 2 2-1/2 1 NL NL NL NL
Tanks or vessals supported on structura towerssimilar to 3 2 2 NL NL NL NL
buildings
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Nonbuilding Structure Type R o Cy Structural System and Height
Limits (ft)°
Seismic Design Category
A& C D E&
B F
Flat bottom, ground supported tanks, or vessdls:
Anchored (welded or bolted stedl) 3 2 2-1/2 1 NL NL NL NL
Unanchored (welded or bolted stedl) 2-1/2 2 2 NL NL NL NL
Reinforced or prestressed concrete:
Tankswith reinforced nondiding base 2 2 2 NL NL NL NL
Tankswith anchored flexible base 3 2 2 NL NL NL NL
Tankswith unanchored and unconstrained:
Flexible base 1-1/2 | 1-4/2 | 1-42 | NL NL NL NL
Other materid 1-/2 | 1-4/2 | 1-4/2 | NL NL NL NL
Cagt-in-place concrete silos, stacks, and chimneys having 3 1-3/4 3 NL NL NL NL
walls continuous to the foundation
All other reinforced masonry structures 3 2 2-1/2 1 NL NL 50 50
All other nonreinforced masonry structures 1-1/4 2 1-172 | NL 50 50 50
All other stedl and reinforced concrete distributed mass 3 2 2-1/2 1 NL NL NL NL
cantilever structures not covered herein including stacks,
chimneys, slos, and skirt-supported verticd vessds
Trussed towers (freestanding or guyed), guyed stacks and 3 2 2-1/2 1 NL NL NL NL
chimneys
Coaling towers:
Concrete or sted 312 | 1-3/4 3 NL NL NL NL
Wood frame 3-1/2 3 3 NL NL 50 50
Electrical transmission towers, substation wire support
structures, distribution structures
Truss  Sted and duminum 3 1-1/2 3 NL NL NL NL
Pole  Sed 1-1/2 | 1-42 | 1-42 | NL NL NL NL
Wood 1-1/2 | 1-1/2 | 1-42 | NL NL NL NL
Concrete 1-1/2 | 1-4/2 | 1-42 | NL NL NL NL
Frame: Sted 3 1-1/2 | 1-/2 | NL NL NL NL
Wood 212 | 112 | 12| NL NL NL NL
Concrete 2 1-1/2 | 1-/2 | NL NL NL NL
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Nonbuilding Structure Type R 0 Cq Structural System and Height
Limits (ft)°
Seismic Design Category
A& C D E&
B F
Telecommunication towers
Truss Sted 3 1-1/2 3 NL NL NL NL
Pole  Sted 1-1/2 | 112 | 12| NL NL NL NL
Wood 1-1/2 | 112 | 12| NL NL NL NL
Concrete 1-12 | 112 | 12| NL NL NL NL
Frane Sted 3 1-1/2 | 1-/2 | NL NL NL NL
Wood 2-1/2 | 1-1/2 | 1-/2 | NL NL NL NL
Concrete 2 1-1/2 | 1-/2 | NL NL NL NL
Amusement structures and monuments 2 2 2 NL NL NL NL
Inverted pendulum type structures (not eevated tank)® 2 2 2 NL NL NL NL
Signsand hillboards 312 | 1-3/4 3 NL NL NL NL
All other self-supporting structures, tanks or vessels not 1-1/4 2 2-1/2 | NL 50 50 50
covered above or by approved sandards

2Support towers Smilar to building type structures, including those with irregularities (see Sec. 5.2.3 of these Provisions
for definition of irregular structures) shall comply with the requirements of Sec. 5.2.6.
®Light posts, soplight, etc.
¢ Height shall be measured from the base.
NL = No limit.

14.2.1.2 Importance Factorsand Seismic Use Group Classfications. The importance factor (1)
and seilsmic use group for nonbuilding structures are based on the relative hazard of the contents, and
the function. The vaue of | shdl bethe largest value determined by the gpproved standards, or the
largest value as selected from Table 14.2.1.2.

TABLE 14212
Importance Factor (1) and Seismic Use Group Classification for Nonbuilding Structures

I mportance Factor =10 =125 =15

Seismic Use Group I [ [l
Hazard H-1 H-1 H-11
Function F-1 F-1l F- 11l
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H-1 The gtored product isbiologicdly or environmentaly benign; low fire or low physica hazard.

H-11 Thegored product israted low explosion, moderatefire, or moderate physica as determined by the
authority having jurisdiction.

H-11l Thegored product israted high or moderate explosion hazard, high fire hazard, or high physica hazard
as determined by the authority having jurisdiction.

F -1 Nonbuilding structures not classified as - I11.
F-1 Not applicable.
F-1II Ssismicusegroup Il nonbuilding structures or designated ancillary nonbuilding structures (such as

communication towers, fue storage tanks, cooling towers, or eectrica substation structures) required
for operation of Seismic Use Group 111 structures.

14.2.2 Rigid Nonbuilding Structures: Nonbuilding structures that have a fundamental period, T,
less than 0.06 sec, including their anchorages, shdl be designed for the latera force obtained from the
following:

V = 030§, M (14.2.2)
where:
\% = thetotd desgn laterd seismic base shear force applied to a nonbuilding structure,
Ss = thestedesgn response acceleration as determined from Sec. 4.2.2,
W = nonbuilding Structure operating weight.

I = theimportance factor as determined from Table 14.2.1.2.
The force shdl be distributed with height in accordance with Sec. 5.3.4.

14.2.3 Deflection Limitsand Structure Separation: Deflection limits and structure separationshall
be determined in accordance with these Provisions unless specifically amended in this chapter.

14.3 NONBUILDING STRUCTURESSIMILAR TO BUILDINGS:

14.3.1 General: Nonbuilding structures that have structura systemsthat are designed and
congtructed in amanner Smilar to buildings and have a dynamic response smilar to building structures
shdl be designed smilar to building structures and in compliance with these Provisons with
exceptions as contained in this section.

This genera category of nonbuilding structures shal be designed in accordance with Sec. 4.4 and Sec.
14.2.

The laterd force design procedure for nonbuilding structures with structural syssems smilar to
building structures (those with structural systems listed in Table 5.2.2) shdl be sdlected in accordance
with the force and detailing requirements of Sec. 5.2.1.

The combination of load effects, E, shall be determined in accordance with Sec. 5.2.7.
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14.3.2 Pipe Racks:

14.3.2.1 Design Basis. Piperacks supported at the base shall be designed to meet the force
requirements of Sec. 5.3 or 5.4.

Displacements of the pipe rack and potential for interaction effects (pounding of the piping system)
shdl be consdered using the amplified deflections obtained from the following formula:

C
=4 (14.3.2.1)

X
I

where:

O
I

The deflection amplification factor in Table 14.2.1.1,

The deflections determined using the prescribed seismic design forces of the Provisions,
and

I = Theimportance factor determined from Table 14.2.1.2.

xe

Exception: Theimportance factor, I, shdl be determined from Table 14.2.1.2 for the
caculationof .

See Sec. 3.3.11 for the design of piping systems and their attachments. Friction resulting from gravity
loads shal not be considered to provide resistance to seismic forces.

14.3.3 Sted Storage Racks. This section gppliesto stedl storage racks supported a the base.
Sorage racks shdl be designed, fabricated, and ingtalled in accordance with Ref. 3-13 and the require-
ments of this section. Stedl storage racks not supported at or below grade shall be designedin
accordance with Sec. 6.2.9.

14.3.3.1 General Requirements. Sted storage racks shdl satisfy the force requirements of this
section.

Exception: Sted storageracks supported at the base are permitted to be designed as
structureswith an R of 4, provided that the requirements of Chapter 2 are met. Higher values
of R are permitted to be used when justified by test data approved in accordance with Sec. 1.2.6
or when the detailing requirements of Chapter 5 and 10 are met. The importance factor | shall
be taken equal to the |, valuesin accordance with Sec. 6.1.5

14.3.3.2 Operating Weight: Sted storage racks shal be designed for each of the following
conditions of operating weight, W or W,,

a Weight of therack plus every storage level loaded to 67 percent of its rated |oad capacity.

b. Weight of therack plusthe highest storage level only loaded to 100 percent of itsrated load
capacity.

The design shdl congder the actua height of the center of mass of each storage |oad component.

14.3.3.3 Vertical Digtribution of Seismic Forces. For dl sted storage racks, the vertical
distribution of seismic forces shdl be as specified in Sec. 5.3.4 and in accordance with the following:
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a. Thebase shear, V, of the typica structure shdl be the base shear of the stedl storage rack when
loaded in accordance with Sec. 14.3.3.2.

b. Thebase of the sructure shdl be the floor supporting the steel storage rack. Each stedl storage
level of therack shall betreated asaleve of the structure, with heights h,, and h, measured from the
base of the structure.

c. Thefactor k may betaken as 1.0.
d. Thefactor | shdl bein accordance with Sec. 6.1.5.

14.3.3.4 Seismic Digplacements. Sted storage rack ingtdlations shall accommodate the seismic
displacement of the storage racks and their contents relative to al adjacent or attached components
and dements. The assumed total relative displacement for storage racks shal be not lessthan 5
percent of the height abovethe base unlessasmdler vaueisjudtified by test data or andysis approved
in accordance with Sec. 1.5.

14.3.4 Electrical Power Generating Facilities:

14.3.4.1 General: Electrica power generating facilities are power plants that generate electricity by
steam turbines, combustion turbines, diesel generators or smilar turbo machinery.

14.3.4.2 Design Basis. Electrica power generating fecilities shal be designed using these Provisions
and the appropriate factors contained in Sec. 14.2.

14.35 Structural Towersfor Tanksand VessHds:

14.35.1 General: Structurd towers which support tanks and vessdls shdl be designed to meet the
provisons of Sec 14.1.2. In addition, the following specid considerations shal be included:

a Thedidribution of the lateral base shear from the tank or vessal onto the supporting structure sndl
congder the relative stiffness of the tank and resisting structural elements.

b. The distribution of the vertical reactions from the tank or vessal onto the supporting structure shal
consder the relative stiffness of the tank and resisting structura eements.  When the tank or vessel
is supported on grillage beams, the calculated verticd reaction due to weight and overturning shal
be increased at least 20 percent to account for nonuniform support. The grillage beam and vessal
attachment shall be designed for thisincreased design value.

c. Sagmic displacements of the tank and vessdl shal consder the deformation of the support structure
when determining P-delta effects or evaluating required clearances to prevent pounding of the tank
on the structure.

14.3.6 Piersand Wharves:

14.3.6.1 General: Piersand wharves are structureslocated in waterfront areas that project into a
body of water or pardld the shoreline.

14.3.6.2 Design Bads. Fiersand wharves shall be designed to comply with these Provisons and
approved standards. Seismic forces on e ements below the water level shall include the inertid force of
the mass of the digplaced water. The additiona seismic mass equa to the mass of the displaced water
shdl beincluded as alumped mass on the submerged element, and shal be added to the cdculated
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seismic forces of the pier or wharf structure. Seismic dynamic forces from the soil shdl be determined
by the registered design professional.

The design shdl account for the effects of liquefaction on piers and wharfs as required.
14.4 NONBUILDING STRUCTURESNOT SIMILAR TO BUILDINGS:

14.4.1 General: Nonbuilding structures that have structura systemsthat are designed and
congtructed in a manner such that the dynamic response is not smilar to buildings shall be designed in
compliance with these Provisions with exceptions as contained in this section.

This genera category of nonbuilding structures shal be designed in accordance with these Provisions
and the specific gpplicable approved standards. Loads and load digtributions shal not be less than
those determined in these Provisions.

The combination of load effects, E, shall be determined in accordance with Sec. 5.2.6.2.
Exception: Theredundancy/reliability factor, , per Sec. 5.2.4 shall betaken as 1.
14.4.2 Earth Retaining Structures:

14.4.2.1 General: Thissection gppliesto dl earth retaining walls. The gpplied seismic forces shdl be
determined in accordance with Sec. 7.5.1 with a geotechnical anadysis prepared by aregistered design
professional.

14.4.3 Tanksand Vessds;

14.4.3.1 General: Thissection gppliesto dl tanks and vessals storing liquids, gases, and granular
solids supported at the base. Tanks and vessels covered herein include reinforced concrete,
prestressed concrete, sted, and fiber-reinforced plastic materids. Tanks supported on elevated levelsin
buildings shall be designed in accordance with Sec. 6.3.9.

14.4.3.2 Design Basis. Tanksand vessdls shall be designed in accordance with these Provisons and
ghall be designed to resst seismic laterd forces determined from a substantiated analysis using
approved standards.

14.4.3.3 Additional Requirements. In addition, for Steswhere S,4is greater than 0.60, flat-bottom
tanks designated with an | ; greater than 1.0 or tanks greater than 20 ft (6.2 m) in diameter or tanks that
have a height-to-diameter ratio greater than 1.0 shal aso be designed to meet the following additional
requirements:

1. Sloshing effects shall be caculated and provided for in the design, fabrication, and installation.

2. Piping connections to stedl flat-bottom storage tanks shall consider the potentid uplift of the tank
wall during earthquakes. Unless otherwise calculated, the following displacements shdl be assumed
for dl sde-wall connections and bottom penetrations:

a Vetica displacement of 2in. (51 mm) for anchored tanks.
b. Verticd displacement of 12 in. (305 mm) for unanchored tanks, and

C. Horizontal displacement of 8 in. (203 mm) for unanchored tanks with adiameter of 40 ft (12.2
m) or less.
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14.4.4 Electrical Transmisson, Subsation, and Distribution Structures:

14.4.4.1 General: Thissection gppliesto ectrica transmission, substation, and distribution
structures.

14.4.4.2 Design Bads. Electrica transmission, substation wire support and distribution structures
ghall be designed to resst seigmic laterd forces determined from a substantiated analysis using
approved standards.

1445 Telecommunication Towers:
14.45.1 General: This section applies to telecommunication towers.

14.45.2 Desgn Basis. Sdf-supporting and guyed telecommunication towers shall be designed to
resst seigmic latera forces determined from a substantiated andysis using approved standards.

14.4.6 Stacksand Chimneys.

14.4.6.1 General: Stacksand chimneys are permitted to be either lined or unlined, and shall
constructed from concrete, steel, or masonry.

14.4.6.2 Design Bass. Sted stacks, concrete stacks, sted chimneys, concrete chimneys, and liners
ghall be designed to resst seismic laterd forces determined from a substantiated analysis using
approved standards. Interaction of the stack or chimney with the liners shall be consdered. A
minimum separation shal be provided between the liner and chimney equd to C, timesthe calculated
differentid latera drift.

14.4.7 Amusement Structures:

14.4.7.1 General: Amusement structures are permanently fixed structures constructed primarily for
the conveyance and entertainment of people.

14.4.7.2 Design Basis. Amusement structures shall be designed to resst seismic latera forces
determined from a substantiated analys's using approved standards.

14.4.8 Special Hydraulic Structures:

14.4.8.1 General: Specid hydraulic structures are structures that are contained ingde liquid
containing structures. These structures are exposed to liquids on both wall surfaces at the same head
elevation under norma operating conditions. Specid hydraulic structures are subjected to out of plane
forces only during an earthquake when the structure is subjected to differentia hydrodynamic fluid
forces. Examples of specid hydraulic structures include: separation walls, bafflewalls, weirs, and
other amilar structures.

14.4.8.2 Design Basis. Specid hydraulic structures shal be designed for out-of-phase movement of
the fluid. Unbaanced forces from the motion of the liquid must be applied smultaneoudy "in front of"
and "behind" these e ements.

Sructures subject to hydrodynamic pressures induced by earthquakes shal be designed for rigid body
and doshing liquid forces and their own inertiaforce. The height of doshing shal be determined and
compared to the freeboard height of the structure.
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Interior elements, such as baffles or roof supports, dso shdl be designed for the effects of unbaanced
forces and doshing.

14.4.9 Buried Structures:

14.49.1 General: Buried structures are subgrade structures such as tanks, tunnels, and pipes.
Buried structures that are designated as Seismic Use Group 11 or 111, or are of such asize or length to
warrant specid seismic design as determined by the registered design professond shdl be identified in
the geotechnicd report.

14.4.9.2 Design Basis. Buried structures shdl be designed to resst minimum saismic laterd forces
determined from a substantiated andlys's using gpproved standards. Flexible couplings shdl be
provided for buried structures requiring specia seismic considerations where changes in the support
system, configuration, or soil condition occur.

14.4.10 Inverted Pendulums. These structures are a specia category of structures which support an
elevated lumped mass, and exclude water tanks.
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Appendix to Chapter 14

PREFACE: The NEHRP Recommended Provisonsisa resour ce document not a model
code. Thefollowing sectionsoriginally wereintended to be part of the nonbuilding
structures chapter of these Provisons. The Provisons Update Committeefelt that given
the complexity of theissues, the varied nature of the resour ce documents, and the lack of
supporting consensus resour ce documents, time did not allow a sufficient review of the
proposed sectionsrequired for incluson into the main body of the chapter.

The Nonbuilding Structures Technical Subcommittee, however, expressed that what is
presented herein representsthe current industry accepted design practice within the
engineering community that specializesin these types of nonbuilding structures.

The sections areincluded here so that the design community specializing in these
nonbuilding structures can have the opportunity to gain a familiarity with the concepts,
updatetheir standards, and send comments on this appendix to the BSSC.

It ishoped that the various consensus design standar dswill be updated to include the
design and construction methodology presented in this Appendix. It isalso hoped that
industry standardsthat are currently not consensus documentswill endeavor to move
their standar dsthrough the consensus process facilitating building code inclusion.

Al14.1 REFERENCESAND STANDARDS:

Al14.1.1 Standards. The following references are consensus standards and are to be considered part
of this appendix to the extent referred to in this chapter:

Ref. A14-1  American Petroleum Ingtitute (API) Standard, ANSI /APl 650-1992, Welded Steel
Tanks For Oil Sorage, 1988.

Ref. A14-2  American Society of Mechanical Engineers (ASME), Boiler And Pressure Vessel Code,
including addenda through 1993

Ref. A14-3  American Society of Mechanical Engineers (ASME), ANSI/ASME STS-1-1992, Sed
Sacks.

Ref. Al4-4  American Water Works Association (AWWA)Standard, ANSI/AWWA D100-96,
AWS D5.2-96, Welded Sied Tanks For Water Storage, 1996.

Ref. A14-9  Rack Manufacturers Ingtitute (RMI), Soecification for the Design, Testing, and
Utilization of Industrial Steel Storage Racks, 1990.

Ref. A14-14 American Association of State Highway and Transportation Officids, Sandard
Foecifications for Highway Bridges, 1996.

Ref. A14-15 ASTM F1159-92, "Standard Practice for the Design and Manufacture of Amusement
Ridesand Devices'.

Ref. A14-16 American Water Works Association (AWWA) Standard, ANSI/AWWA D110-95,
Wire-and Srand-Wound Circular Prestressed Concrete Water Tanks, 1995.
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Ref. A14-17

Ref. A14-19

Ref. A14-22

Ref A14-26

Ref A14-27

Ref A14-28

Ref A14-29

Ref A14-30

Ref A14-32

Ref A14-33

Ref A14-34

Ref A14-36

Ref A14-45

Ref A14-46

American Society of Civil Engineers, (ASCE), ANSI/ASCE 10-90, Design of Latticed
Transmisson Sructures, New York, NY, 1991.

American Society of Civil Engineers, (ASCE) Standard 7, Minimum Design Loads for
Buildings and Other Sructures, 1995.

National Electrical Safety Code, Ingtitute of Electrical and Electronics Engineers, New
Jersey, 1997 (Tentative).

ASTM C 1298-95, Sandard Guide for Design and Construction of Brick Linersfor
Industrial Chimneys.

American Concrete Indtitute, (ACI), ANSI/ACI 349-90 Code Requirements for
Nuclear Safety Related Srructures - Appendix B, 1990.

American Petroleum Ingtitute (API) Standard, ANSI/API 620-1992 - Design and
Congtruction of Large, Welded, Low Pressure Sorage Tanks.

American Water Works Association (AWWA) Standard ANSI/AWWA D103-97,
(Tentative) Factory-Coated Bolted Seel Tanks for Water Storage, 1996.

American Water Works Association (AWWA) Standard, ANSI/AWWA D115-95,
Circular Prestressed Concrete Tanks With Circumferential Tendons, 1995.

Nationa Fire Protection Association (NFPA) Standard, ANSI/NFPA 58-1995, Sorage
and Handling of Liquefied Petroleum Gas.

Nationa Fire Protection Association (NFPA) Standard, ANSI/NFPA 59-1995, Siorage
and Handling of Liquefied Petroleum Gases at Utility Gas Plants.

Nationd Fire Protection Association (NFPA) Standard, ANSI/NFPA 59A-1994,
Production, Storage and Handling of Liquefied Natural Gas (LNG).

Nationa Fire Protection Association (NFPA) Standard, ANSI/NFPA  30-1993,
Flammable and Combustible Liquids Code, 1993.

American Petroleum Ingtitute, (AP1), Standard ANSI/API 2510-1995, "Design and
Construction of Liquefied Petroleum Gas Installation”, Seventh Edition, May 1995..

American Nationd Standards Ingtitute, (ANSI), ANSI K61.1, "Safety Requirements
for the Sorage and Handling of Anhydrous Ammonia.

A14.1.2 Industry Standards. The following references are standards devel oped within the industry
and represent acceptable industry practice for design and construction and are gpplicable to the extent
referred to in this gppendix:

Ref. A14-5

Ref. A14-6

Institute of Electrical and Electronic Engineers (IEEE), |EEE 693 (Tentative), Recom-
mended Practices for Seismic Design of Subgtations, Power Engineering Society,
Piscataway, New Jersey, 1997.

Manufacturers Standardization Society of the Vave and Fitting Industry (MSS), SP-58,
Pipe Hangers and Supports Materials, Design, and Manufacture, 1988.
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Ref. A14-10 American Concrete Ingtitute (ACI), ACI 350-96, (Tentative) Environmental Concrete

Engineering Sructures, 1996.

Ref. A14-13 American Concrete Indtitute, (ACI), ACI 307, Standard Practice for the Design and

Construction of Cast-In-Place Reinforced Concrete Chimneys, 1995 .

Ref. A14-18 American Society of Civil Engineers, (ASCE), ASCE Manua 72, Tubular Pole Design

Ref. A14-25

Ref A14-35

Ref A14-37

Ref A14-38

Ref A14-44

Ref. A14-49

Sandard, New York, NY, 1991.

Telecommunications Industry Association, (TIA), TIA/EIA 222F Sructural Sandards
for Sedl Antenna Towers and Antenna Qupporting Sructures, 1996.

U.S. Department of Transportation (DOT) Pipdline Safety Regulations, Title 49CFR
Part 193.

American Concrete Indtitute, (ACI), ACI 313-91, Standard Practice for the Design and
Congtruction of Concrete Silos and Stacking Tubes for Storing Granular Materials,
1991.

American Society of Civil Engineers, (ASCE), Guiddlines for the Saismic Design of Qil
and Gas Pipdine Systems, New York, NY, 1991.

American Petroleum Ingtitute, (API), 2508, "Design and Construction of Ethane and
Ethylene Installations at Marine and Pipeline Terminals, Natural Gas Processing
Plants, Refineries, Petrochemical Plants and Tank Farms', Second Edition, November
1995.

Institute of Electricd and Electronic Engineers (IEEE), IEEE Standard 751, Trial-Use
Design Guide for Wood Transmission Sructures, Power Engineering Society,
Piscataway, New Jersey, 1991.

A14.1.3 General References: Thefollowing references are generd references applicable to the
structura design and construction practices of particular nonbuilding structures and represent industry
design practice to the extent referred to in this appendix:

Ref. A14-7

Ref. A14-8
Ref. A14-11

Ref. A14-12
Ref. A14-20

Ref. A14-21

Ref. A14-23

Nava Civil Engineering Laboratory R-939 "The Seismic Design of Waterfront
Retaining Structures'

Nava Facilities Engineering Command (NAVFAC) DM-25.1 "Piers and Wharves'.

Army TM 5-809-10, Navy NAVFAC P-355, Air Force AFM 88-3, Chapter 13,
Seismic Design for Buildings, 1992

Tubular Steel Structuresby M.S. Troitsky, 1990.

American Society of Civil Engineers, (ASCE) ASCE Manud 74, Guidelines for
Electrical Transmission Line Sructural Loading, New York, NY, 1991.

Rura Electrification Adminigtration, (REA), Bulletin 65-1, Design Guide for Rural
Substations, 1978.

American Society of Civil Engineers, (ASCE) Guide for the Design of Guyed
Transmission Sructures, New York, NY.
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Ref. A14-24 American Society of Civil Engineers, (ASCE) , Qubstation Sructure Design Guide,

Ref A14-31

Ref A14-39

Ref A14-40

Ref A14-41

Ref A14-43

Ref. A14-47

Ref. A14-48

New York, NY, 1991.

Gaylord and Gaylord, “Design of Stedl Bins for Storage of Bulk Solids’, Prentice Hall,
1984.

American Society of Civil Engineers, (ASCE) Petrochemica Energy Committee Task
Committee on Seismic Evaluation and Design of Petrochemical Facilities, Guideines
for Seismic Evaluation and Design of Petrochemical Facilities, New York, NY.

Wozniak, R. S. and Mitchdl, W. W, “Basis of Seismic Design Provisions for Welded
Sed Oil Sorage Tanks’, 1978 Proceedings -- Refining Dept, Vol 57, American
Petroleum Ingtitute, Washington, D.C.,May 9, 1978

Zick, L.P., “Sressesin Large Horizontal Cylindrical Pressure Vessals on Two Saddle
upports’, Steel Plate Engineering Data, Vol 1and2, American Iron and Stedl Indtitute,
Dec 1992.

Housner, G.W. “Earthquake Pressuresin Fluid Containers’, Cdifornia Ingtitute of
Technology (1954).

Rura Electricd Adminigtration, (REA), Bulletin 1724E-200, Design Manual for High
Voltage Transmission Lines, 1992.

Rura Electricad Adminigtration, (REA), Bulletin 160-2, Mechanical Design Manual for
Overhead Distribution Lines, 1982.

Al14.2 INDUSTRY DESIGN STANDARDSAND RECOMMENDED PRACTICE: The
following standards and references are considered industry generally accepted design and construction

practice.
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TABLE Al14.2 Standards, Industry Standar ds, and References

Application Standard or Reference

Sted Sorage Racks Ref. A 14-9
Piersand Wharves Ref. A14-7, Ref. A14-8
Welded Stedl Tanksfor Water Storage Ref. A14-4
Welded Stedl Tanksfor Petroleum and Petrochemical Storage | Ref. A14-1, Ref. A14-28
Bolted Sted Tanksfor Water Storage Ref. A14-29
Concrete Tanks for Water Storage Ref. A14-30, Ref. A14-16
Pressure Vessdls Ref. A14-2
Refrigerated Liquids Storage:

Liquid Oxygen, Nitrogen and Argon Ref. A14-33

Liquefied Naturd Gas (LNG)

Ref. A14-34, Ref. A14-35, Ref. A14-36

LPG (Propane, Butane, etc.)

Ref. A14-33, Ref. A14-36, Ref. A14-45

Ammonia Ref. A14-46

Ethylene Ref. Al14-44
Concrete slos and stacking tubes Ref. A14-37
Petrochemica structures Ref. A14-38
Impoundment dikes and walls:

Hazardous Materias Ref. A14-46

Flammable Materids Ref. A14-36

Liquefied Naturd Gas Ref. A14-34, Ref. A14-35

Electrica Trangmisson, Substation, and Distribution Sructures

Ref. A14-5, Ref. A14-17, Ref. A14-18,
Ref. A14-20, Ref. A14-21, Ref. A14-22,
Ref. A14-23, Ref. A14-24, Ref. A14-47,
Ref. A14-48, Ref. A14-49

Telecommunications structures

Ref. A14-19, Ref. A14-25

Cagt-in-place concrete stacks and chimneys Ref. A14-13

Sted gtacks and chimneys Ref. A14-3

Guyed sted stacks and chimneys Ref. A14-3, Ref. A14-12
Brick masonry linersfor stacks and chimneys Ref. A14-26
Amusement structures Ref. A14-15

Al14.3 TANKSAND VESSELS:

A14.31 General: Tanksand vessds storing liquids, gases, and granular solids shdl be designed to
meet the requirements of the applicable approved standards shown in Table 14.1.9 and the Chapter 2
of these Provisions as defined in this section.

Tanks and vessals covered here include sted and concrete (reinforced concrete or prestressed)

A14.3.1.1 Strength and Ductility: Structural components and membersthat are part of the lateral
support system shd | be designed to provide the following:
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a. Connections and attachments for anchorage and other lateral force resisting components shal be
designed to develop the strength of the connected member (e.g., minimum published yield strength,
F, indirect tension, plastic bending moment), or , timesthe calculated element design load.

b. Penetrations, manholes, and openings in shell components shall be designed to maintain the capacity
and stability of the shell to carry tensile and compressive membrane shell forces.

c. Support towers for tanks and vessals with irregular bracing, unbraced panels, asymmetric bracing,
or concentrated masses shall be designed using the provisions of Sec. 5.2.3 for irregular structures.
Support towers using chevron or eccentric braced framing shal comply with the requirements of
Sec. 5). Support towers using tension only bracing shal be designed such that the full cross section
of the tenson element can yied during overload conditions.

d. Compression struts that resist the reaction forces from tension braces shall be designed to resst the
lesser of the yield load of the brace (A, F,), or  ,timesthe calculated tension load in the brace.

e. Thevessd diffnessreative to the support system (foundation, support tower, skirt, etc.) shal be
consdered in determining forcesin the vessdl, the resisting components and the connections.

f. For concrete liquid-containing structures, system ductility and energy dissipation under nonfactored
loads shdl not be allowed to be achieved by excursonsinto the indastic range to such adegree as
to jeopardize the serviceahility of the structure. Stiffness degradation and energy dissipation shdl be
alowed to be obtained ether through limited microcracking, or by means of |ateral-force resistance
mechanisms that disspate energy without damaging the structure.

A14.3.1.2 Flexibility of Piping Attachments. Piping systems connected to tanks and vessels shall
congder the potentiad movement of the connection point during earthquakes and provide sufficient
flexibility to avoid release of the product by failure of the piping syslem. The piping system and
supports shdl be designed so as not to impart sgnificant mechanica |oading on the attachment to the
tank or vessd shell. Mechanicd devices which add flexibility such as bellows, expangon joints, and
other flexible gpparatus can be used when they are designed for seismic loads and displacements.

Unless otherwise caculated, the minimum displacementsin Table 14.4.3.1.2 shal be assumed. For
attachment points located above the support or foundation e evation, the displacementsin Table
14.4.3.1.2 shall be magnified to account for drift of the tank and vessdl.
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TABLE A14.3.1.2 Minimum Displacementsfor Piping Attachments

Displacements

Anchored Tanksor Vessls (inches)
Vertica displacement relative to support or foundation 2
Horizontd ( radia and tangentid ) relative to support or foundation 05

Unanchored Tanksor Vesses(at grade)
Vertica displacement relative to support or foundation

If designed to meet approved standard. 6
If designed for seismic loads per these provisions but not covered by an approved standard 12
For tanks and vessdswith adiameter <40 ft, horizonta (radial and tangentia) relative to support or 8
foundation

When the eagtic deformations are cal culated, the minimum design displacements for piping
attachments shall be the calculated displacements at the point of attachment increased by the
amplification factor C,.

When S5 < 0.1, the valuesin Table A14.3.1.2 may be reduced to 2/3 of the values shown.

The valuesgiven in Table A14.3.1.2 do not include the influence of relative movements of the
foundation and piping anchorage points due to foundation movements (e.g., settlement, seismic
displacements). The effects of the foundation movements shall be included in the piping system design
and the determination of the mechanical |oading on the tank, and the total movement requirements for
mechanica devicesintended to add flexihility.

A14.3.1.3Anchorage; Tanksand vessalsat grade are permitted to be designed without anchorage
when they meet the requirements for unanchored tanks in the approved standard. Tanks and vessels
supported above grade on structurd towers or building structures shall be anchored to the supporting
structure.

The following specid detailing requirements shall gpply to stedl tank anchor boltsin seismic regions
where §,5> 0.5, or where the structure is classified as Seismic Use Group 1.

a. Hooked anchor bolts or other anchorage systems based solely on bond or mechanica friction shdl
not be used.

b. When anchorage is required, the anchor embedment into the foundation shal be designed to
develop the minimum published tensile yield strength of the anchor.

A14.3.2 Ground-Suported Storage Tanksfor Liquids:

A14.3.2.1 General: Ground-supported, flat bottom tanks storing liquids shal be designed to meet the
force requirements of the agpproved design standard given in Table A14.1.9, or the force and
displacement provisons of Sec 3.1.3 and the provisons of this section. In addition, tanks or vessals
goring liquidsin Seismic Use Group 11, or with a diameter greater than 20 feet shdl be designed to
congder the effects of dashing and hydrodynamic pressures of the liquid in determining the equivaent
laterd forces and latera force distribution per the approved standards. See Ref. A14-1, Al14-4, and
A14-10.
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A14.3.2.1.1 Freeboard: Soshing of the liquid within the container shal be considered in determining
the freeboard required above the top capacity liquid level. A minimum freeboard shal be provided per
Table A14.3.2.1.1. The height of the doshing wave can be estimated by:

~0.4DS, (A14.3.2.1.1-1)

where D = the tank diameter in feet, S, = pectra accderation, includin

gravity corresponding to the doshing period, Ty, and 0.5% damping. g sitefactor, asamutiplier of

D

Tgon = 2

A14.4.3.2.1.1-2
3.689 tanh [ ﬁ] ( )

where H = liquid height ( feet or meters) and g=acceleration due to gravity in consistent units.

For Tyy lessthan 4.0 sec, S - 15%,

Tsl osh

6
For Ty, 4.0secor greter, S = 1

) (Tsl osh) ?

TABLE A14.3.2.1.1 Minimum Required Freeboard
Seilsmic Use Group

I I [l
a a s
a a s
a 07 » <

07 p s

& Afreeboard of 0.7  isrecommended for economic considerations but not required.
® A freeboard equa t0 0.7 .isrequired unless one of the following aternatives are provided:
1. Secondary containment is provided to control the product spill.
2. Theroof and supporting structure are designed to contain the doshing liquid.
¢ Freeboard equa to the calculated wave height, , isrequired unless one of the following aternatives are provided:
1. Secondary containment is provided to control the product spill.
2. Theroof and supporting structure are designed to contain the doshing liquid.

A14.3.2.1.2 Equipment and Attached Piping: Equipment, piping, and wakways or other
appurtenances attached to the structure shal be designed to accommodate the displacements imposed
by seismic forces. (For piping attachments, see Section A14.3.1.2).
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When the effects of doshing must be considered per Sec A14.3.2.1; the attachments of internd
equipment and accessories which are attached to the primary liquid or pressure retaining shell or
bottom, or provide structural support for major components (e.g., a column supporting the roof
rafters) shdl be designed for the latera |oads due to the doshing liquid in addition to the inertial forces.
See Ref. A14-40.

A14.3.2.14 Slidingresstance: Thetransfer of the total lateral shear force between the tank or
vessd and the subgrade shall be consdered:

a. For unanchored flat bottom stedl tanks, the overal horizontd seismic shear force shall be ressted by
friction between the tank bottom and the foundation or subgrade. Unanchored storage tanks must
be proportioned such that diding at the base will not occur when the tank isfull of stored product.
The maximum cal culated seismic shear, V, must not exceed:

V< Vtan 30° (A14.3.2.1.4-1)

V shdll be determined usng W= which is defined as the effective weight of the tank, roof and
contents after reduction for coincident verticd earthquake. Lower vaues of the friction factor
should be used if the design of bottom to supporting foundation does not justify the friction value
above (e.g., leak detection membrane beneath the bottom with alower friction factor, smooth
bottoms, etc).

b. No additiond lateral anchorage isrequired for anchored stedl tanks designed in accordance with the
approved standard.

Local trandfer of the shear from the wall of the tank into the base shdl be consdered. For cylindrica
tanks and vessdls, the peak local tangentid shear shdl be:

2V

e (A14.3.2.1.4-1)

a Tangentid shear in flat bottom stedl tanks is transferred through the welded connection into the stedl
bottom. This transfer mechanism is consdered satisfactory for stedl tanks designed in accordance
with the approved standard and S < 1.0g.

b. For concrete tanks with adiding base where the laterd shear isresisted by friction between the tank
wall and the base, the friction coefficient shal not exceed tan 30°.

c. Fixed-base or hinged-base concrete tanks transfer the horizontal seismic base shear by membrane
(tangentid) shear, and partidly by radid shear into the foundation. For anchored flexible-base
concrete tanks, the maority of the base shear is ressted by membrane (tangentid) shear through the
anchoring system with only inggnificant vertica bending in the wall. The connection between the
wall and floor shall be designed to resist the pesk tangentid shear, V.,

The latera shear transfer behavior for specid tank configurations (e.g., shove bottoms, highly
crowned tank bottoms, tanks on grillage) can be unique and are beyond the scope of these provisions.

A14.3.2.1.6 Pressure Stability: For sted tanks, the interna pressure from the stored product can
dtiffen thin cylindrica shdll structurd € ements subjected to membrane compression forces. This
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dtiffening effect can be consdered in ressting seismicaly induced compressive forces if permitted by
the gpproved standard.

A14.3.2.1.7 Shell Support: Sted tanks resting on concrete ring walls or dabs shdl have auniformly
supported annulus under the shell. Uniform support can be achieved by one of the following methods:

a Shimming and grouting the annulus,

b. Using fiberboard,

¢. Using butt-welded bottom or annular plates resting directly on the foundation,
d. Using closaly spaced shims ( without structura grout).

Loca buckling of the stedl shell for the peak compressive force due to operating loads and seismic
overturning shal be considered.

A14.3.2.2 Water and Water Treatment Structures:

A14.32.2.1 Welded Sted: Welded sted water storage structures shal be designed in accordance
with the seismic requirements of Ref. 14-4 except that the design input forces shall be modified as
follows:

Given T, thenatura period of tank shell plus confined liquid (including the effects of soil-structure
interaction if gpplicable)

alf T  thensubstitte _ s for 2. into Eq (14-4) and (14-8) in Ref. A14-4.
e

Ss 2.5(1.68R)
with the site amplification factor, S in these formula set equal to 1.0.

b. If Te>ﬁ , then subgtitute el for 4 into Eq. (14-4) and (14-8) in Ref. A14-4.

Sos 2.5(1.68R) R,
with the site amplification factor, S in these equations set equal to 2.5T,

A14.3.2.2.2 Bolted Stedl: Bolted steel water storage structures shall be designed in accordance with
the seismic requirements of Ref. 14-29 except that the design input forces shall be modified asfollows:

Given T, the natural period of tank shell plus confined liquid (including the effects of soil-structure
interaction if gpplicable),:

a If Tesﬁ thensubstitte __ s for Z- into Eq (15) and (16) in Ref. A14-29, with

Ss 2.5(1.68R)
the site amplification factor, S in these formulas set equal to 1.0.

b. If Tgﬁ thensubstitute __bs for 2L into Eq. (14-4) and (14-8) in Ref. A14-4.

Ss 2.5(1.68R)
with the site amplification factor, S in these equations set equal to 2.5T,,
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A14.3.2.2.3 Reinforced Concrete: Reinforced concrete tanks shal be designed in accordance with
the seismic requirements of Ref. A14-10 except that the design input forces shall be modified as
follows.

GivenT;, the naturd period of vibration of the tank shell (wall) plus the impulsive component of the
stored liquid:

For T, < T,, subtitute Sbe! for isci

1.68R AW

For T, > T, substitute i for =—C,
T.(1.68R) R,

Given Ty, , the natural period of oscillation of the convective (doshing) component of the stored

6
b1 for 4s C.

(Tg osh) 2 RNC

liquid; for dl vaues of T, substitute

A14.3.2.2.4 Prestressed Concrete: Circular prestressed concrete tanks shall be designed in
accordance with the seismic requirements of Ref. A14-30 or A14-16 as applicable except that the
design input forces shdl be modified asfollows.

Given T, the natura period of vibration of the tank shell (wall) plus the impulsive component of the
stored liquid:

For T; < T, substitute el for ASCI

1.68R R

For T,> T, substitute 1 for ASCI
T(1.4R) R

Given T4, the natura period of oscillation of the convective (doshing) component of the stored

6
b1 for 4s Ce

liquid; for dl vaues of T, substitute
(Tsl osh)z RC
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A14.3.2.3 Petrochemical and Industrial Liquids:

A14.3.2.3.1 Wedded Sted: Welded sted petrochemica storage structures shdl be designed in
accordance with the seismic requirements of Ref. A14-1 and Ref. A14-28 except that the design input
forces shal be modified asfollows:

Given T, = the naturd period of tank shell plus confined liquid (including the effects of soil-structure
interaction if gpplicable),

a lf Tegﬁ , then subgtitute el for ZI into the overturning moment equation in Appendix E of
Ss 25

Ref. A14-1 and Appendix L in Ref. 14-28. with the Ste amplification factor, S set equal to 1.0
when determining the lateral force coefficients.

b. If T >ﬁ , then subgtitute i for ZI into the overturning moment equation in Appendix E
° 5 2.5T
S e

of Ref. A14-1 and Appendix L in Ref. A14-28. with the site amplification factor, S set equal to
2.5T, when determining the |ateral force coefficients.

A14.3.2.3.2 Reinforced Concrete: Reinforced concrete tanksfor the storage of petrochemica and
industria liquids shall be designed in accordance with the force requirements of Sec. 14.4.3.2.2.3.

A14.3.2.3.3 Prestressed Concrete: Prestressed concrete tanks for the storage of petrochemical and
industrid liquids shall be designed in accordance with the force requirements of Sec. A14.3.2.2.4.

A14.3.3 Ground-Supported Storage Tanksfor Granular Materials:

A14.3.3.1 General: Theintergranular behavior of the materid shall be consdered in determining
effective mass and load paths, including the following behaviors:

a Increased lateral pressure (and the resulting hoop stress) dueto loss of the intergranular friction of
the materia during the seismic shaking.

b. Higher hoop stresses generated from temperature changes in the shell materid after the materid has
been compacted.

c. Intergranular friction which can transfer seismic shear directly to the foundation.
d. The effects of doshing may be ignored.

A14.3.3.2 Lateral Force Determination: Thelatera forces for tanks and vessdls storing granular
materids at grade shall be determined by the requirements and accel erations for short period structures

(i.e,S).
A14.3.3.3 ForceDigribution to Shell and Foundation:
A14.33.3.1 Increased Lateral Pressure: Theincreasein lateral pressure on the tank wall shdl be

added to the static design lateral pressure but shal not be used in the determination of pressure stability
effects on the axia buckling strength of the tank shell.
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A14.3.3.3.2 Effectivemass. A portion of astored granular masswill acts with the shell (the
“effectivemass’). The effective massis related to the height-to-diameter (H/D) ratio of the tank and
the intensity of the seismic event. The effective mass shdl be used to determine the shear and
overturning loads resisted by the tank.:

A14.3.3.3.3 Effectivedendty: The"effective density” factor (that part of the total stored mass of
product which is accelerated by the seismic event) shall be determined from Ref. A14-43.

A14.3.3.34 Lateral diding: For granular storage tanks which have a steel bottom and are supported
such that friction at the bottom to foundation interface can resist lateral shear loads, no additional
anchorage to prevent diding isrequired. For tanks without steel bottoms (i.e., the materia rests
directly on the foundation), shear anchorage shal be provided to prevent diding.

A14.3.3.3.5 Combined anchorage systems. If separate anchorage systems are used to prevent
overturning and diding, the relative stiffness of the systems shall be consdered in determining the load
distribution.

A14.3.3.4Weded Sted Structures. Welded stedl granular storage structures shall be designed for
Chapter 2 of these Provisions. Allowable component stresses and materids shall be per Ref. A14-4,
except the allowable circumferentia membrane stresses and materid requirementsin Ref. A14-1 shdl

aoply.

A14.3.3.5Bolted Sted Structures: Bolted stedl granular storage structures shdl be designed in
compliance with Sec A14.2. Allowable component stresses and materias shdl be per Ref. A14-29.

A14.3.3.6 Reinforced Concrete Structures. Reinforced concrete structuresfor the storage of
granular materials shal be designed in accordance with the force requirements of Sec. A14.3.2.2.3.

A14.3.3.7 Prestressed Concrete Structures. Prestressed concrete structuresfor the storage of
granular materials shal be designed in accordance with the force provisons of Sec. A14.3.2.2.4.

A14.3.4 Elevated Tanksfor Liquidsand Granular Materials:

A14.34.1 General: Thissection pertainsto tanks elevated above grade where the supporting tower
isanintegra part of the structure, or where the primary function of the tower is to support the tank or
vessel. Tanksand vesselsthat are supported within buildings, or are incidental to the primary function
of the tower are consdered mechanica equipment which is addressed in Chapter 3 of these
Provisons.

Elevated tanks shall be designed for the force and displacement requirements of the applicable
approved standard, or Sec A14.2.

A14.34.1.1 Effective mass. The design of the supporting tower or pedestal, anchorage, and
foundation for seismic overturning shall assume the materid stored isarigid mass acting a the
volumetric center of gravity. Theeffectsof fluid-structure interaction shall be evaluated in
determining the forces, effective period and centroids of the system if the doshing period, Ty, IS
greater than 3T, , where T, = natural period of the tank with confined liquid (rigid mass) and
supporting structure. Soil structure interaction shall be evaluated in determining T, providing the
provisons of Sec 2.5 are met.

A14.3.4.1.2 P-Ddtaceffects Thelatera drift of the devated tank shall be considered asfollows;
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a Thedesign drift, the elagtic latera displacement of the stored mass center of gravity shdl be
increased by the factor, C, for evauating the additiona |oad in the support structure.

b. The base of the tank shall be assumed to be fixed rotationaly and laterdly

c. Deflections dueto bending, axia tenson or compression shal be consdered. For pedesta tanks
with aheight to diameter ratio less than 5, shear deformations of the pedestal shall be considered.

d. Thedead load effects of roof mounted equipment or platforms shal beincluded in determining the
additional bending moment.

e. If congtructed within the plumbness tolerances specified by the approved standard, initid tilt need
not be consdered in addition to the P-delta load.

A14.34.1.3 Trandfer of Lateral Forcesinto Support Tower: For post supported tanks and vessels
which are cross braced:

a Thebracing shdl beingalled in such amanner asto provide uniform resistance to the lateral load
(e.g. pre-tensioning, tuning to attain equal sag).

b. The additiond load in the brace due to the eccentricity between the post to tank attachment and the
line of action of the bracing shdl be included.

c. Eccentricity of compression strut line of action (elements that resist the tensile pull from the bracing
rodsin the laterd force ressting systems) with their attachment points shal be considered.

d. The connection of the post or leg with the foundation shall be designed to resist both the vertica
and laterd resultant from the yield load in the bracing assuming the direction of the laterd load is
oriented such as to produce the maximum lateral shear at the post to foundation interface. Where
multiple rods are connected to the same location, the anchorage shal be designed to resist the
concurrent tendle loads in the braces.

A14.3.4.1.5 Welded Sted: Welded sted elevated water storage structures shal be designed in
accordance with the seismic requirements of Ref. A14-4 except that the design input forces shal be
modified asfollows:

Given T, thenatura period of tank shell plus confined liquid (including the effects of soil-structure
interaction if gpplicable):

alf T DL thenabsitte S for ZC intoformulas (14-1) and (14-3) in Ref. 14-
® S 2.5(1.68R) R,
4,
b. If Tgﬁ thensubstitute 21" for Z'C into formulas (14-1) and (14-3) in Ref. Al4-
Soe T (1.68R) R,

4. Themaximum vaue of T,shall be 5 sec.
A14.35 Boiler and Pressure Vessds:
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A14.35.1 General: Attachmentsto the pressure boundary, supports, and latera force resisting
anchorage systems for boilers and pressure vessels shall be designed to meet the force and
displacement requirements of Sec 3.1.3 and 3.1.4 and the additiona requirements of this section.
Boilers and pressure vessals categorized as Seismic Use Group |1 or 111 shal themselves be designed to
meet the force and displacement requirements of Sec 3.1.3 and 3.1.4.

A14.35.2 ASME Boilersand Pressure Vessdls. Boilers or pressure vessels designed and
constructed in accordance with Ref. A14-4 shdl be deemed to meet the requirements of this section
providing the displacement requirements of Sec 3.1.3 and 3.1.4 are used, with appropriate scaling of
the force and displacement requirements to the working stress design basis.

A14.35.3 Attachmentsof Internal Equipment and Refractory: Attachmentsto the pressure
boundary for internal and externd ancillary components (refractory, cyclones, trays, etc) shal be
designed to resist the seismic forces in these provisions to safeguard against rupture of the pressure
boundary. Alternatively, the e ement attached could be designed to fail prior to damaging the pressure
boundary providing the consegquences of the failure does not place the pressure boundary in jeopardy.
For boilers or vessels containing liquids, the effect of doshing on the interna equipment shal be
consdered if the equipment isrelated to the integrity of the pressure boundary.

A14.3.5.4 Coupling of Vessal and Support Structure: Where the mass of the operating vessel or
vessals supported is greater than 25 percent of the total mass of the combined structure, the coupling
of the masses shdl be considered. Coupling with adjacent, connected structures such as multiple
towers shall be consdered if the structures are interconnected with e ements that will transfer loads
from one structure to the other.

A14.355 Effectivemass. Huid-gructure interaction (doshing) shdl be consdered in determining
the effective mass of the stored materia providing sufficient liquid surface exists for doshing to occur
and the T, is greater than 3T, Changesto or variationsin materia dengity with pressure and
temperature shal be considered.

A14.35.6 Other Boilersand PressureVessds: Boilers and pressure vessals designated Seismic Use
Group I11 but are not designed and constructed in accordance with the requirements of Ref. A14-2
shdl meet the following requirements:

The design strength for seismic loads in combination with other service loads and appropriate
environmenta effects shall not exceed the maximum materid strength shown in Table A14.3.5.6.

TABLE A14.35.6 Maximum Material Strength

Minimum Max Material Max Material
ratio Strength Strength
FJ/F, Vessdl Material Threaded Material®
Ductile (e.g., stedl, duminum, 1.33" 90% 70%
copper)
Semi-ductile 12° 70% 50%
Nonductile (e.g., cast iron, NA 25% 20%
ceramics, fiberglass)
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Minimum Max Material Max Material
ratio Strength Strength
FJF, Vessd Material Threaded Material®

2 Threaded connection to vessel or support system.
® Minimum 20% elongation per the ASTM materia specification.
¢ Minimum 15% e ongation per the ASTM materia specification.

Congderation shal be made to mitigate seismic impact loads for boiler or vessel components
constructed of nonductile materias or vessals operated in such away that materia ductility is reduced (
e.g., low temperature gpplications).

A14.35.7 Supportsand Attachmentsfor Boilersand PressureVessas:  Attachmentsto the
pressure boundary and support for boilers and pressure vessels shall meet the following requirements:

a Attachments and supports transferring seismic loads shall be constructed of ductile materials
suitable for the intended application and environmental conditions.

b. Attachments or anchorages embedded in concrete shal be ductile and detailed to be suitable for
cyclic loads.

c. Selamic supports and attachments to support structures shal be designed and constructed so that
the support or attachment is maintained throughout the range of reversing latera loads and
displacements.

d. Vesd attachments shdl consider the potentid effect on the vessdl and the support for uneven
verticd reactions based on variationsin relative stiffness of the support members, dissmilar details,
nonuniform shimming or irregular supports. Uneven distribution of lateral forces shal consider the
relative digtribution of the ressting el ements, the behavior of the connection details, and vessel shear
distribution.

The requirements of Sec A14.3.4.1.3 shall aso be applicable to this section.
A14.3.6 Liquid and Gas Spheres:

A14.3.6.1 General: Attachmentsto the pressure or liquid boundary, supports, and laterd force
ressting anchorage systemsfor liquid and gas spheres shall be designed to meet the force and
displacement requirements of Sec 3.1.3 and 3.1.4 and the additiond requirements of this section.
Spheres categorized as Seismic Use Group 11 or 111 shall themsalves be designed to meet the force and
displacement requirements of Sec 3.1.3 and 3.1.4.

A14.3.6.2 ASME Spheres. Spheres designed and constructed in accordance with Divison VI of
Ref. 14-2 shall be deemed to meet the requirements of this section providing the displacement
requirements of Sec 3.1.3 and 3.1.4 are used, with appropriate scaling of the force and displacement
requirements to the working stress design basis.

A14.3.6.3 Attachmentsof Internal Equipment and Refractory: Attachments to the pressure or
liquid boundary for internd and externd ancillary components (refractory, cyclones, trays, etc.) shall be
designed to resist the seismic forces in these provisions to safeguard against rupture of the pressure
boundary. Alternatively, the element attached to the sphere could be designed to fail prior to damaging
the pressure or liquid boundary providing the consequences of the failure does not place the pressure
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boundary injeopardy. For spheres containing liquids, the effect of doshing on the internal equipment
shall be considered if the equipment is related to the integrity of the pressure boundary.

A14.3.6.4 Effectivemass. Huid-gructure interaction (doshing) shdl be consdered in determining
the effective mass of the stored materid providing sufficient liquid surface exists for doshing to occur
and the T, isgreater than 3T, Changesto or variationsin materid dengity shal be considered.

A14.3.6.5 Post and Rod Supported: For post supported spheres that are cross braced:
a Therequirements of Sec A14.3.4.1.3 shdl aso be gpplicable to this section.

b. The stiffening effect of (reduction in laterd drift) from pre-tensioning of the bracing shdl be consid-
ered in determining the natural period.

c. Thedenderness and loca buckling of the posts shal be considered.
d. Loca buckling of the sphere shell at the post attachment shall be considered.

e. For spheres storing liquids, bracing connections shall be designed and constructed to devel op the
minimum published tendle yied strength of the brace. For spheres storing gas vapors only, bracing
connection shal be designed for , times the maximum design load in the brace . Latera bracing
connections directly attached to the pressure or liquid boundary are prohibited.

A14.3.6.6 Skirt Supported: For skirt supported spheres, the following requirements snal apply:

a Thelocd buckling of the skirt under compressive membrane forces due to axia load and bending
moments shal be considered.

b. Penetration of the skirt support ( manholes, piping, etc) shal be designed and constructed to
maintain the strength of the skirt without penetrations.

A14.3.7 Refrigerated GasLiquid Storage Tanksand Vesss:

A14.3.7.1 General: The seismic design of the tanks and facilities for the storage of liquefied
hydrocarbons and refrigerated liquids is beyond the scope of this section. The design of such tanksis
addressed in part by various gpproved standards as listed in Table A14.1.9.

Exception: Low pressure, welded sted storage tanks for liquefied hydrocarbon gas (e.g., LPG,
Butane, etc) and refrigerated liquids (e.g., ammonia) could be designed in accordance with the
requirements of Sec. 14.4.3.2.3.1 and Ref. 14-28.

A14.3.8 Horizontal, Saddle Supported Vesselsfor Liquid or Vapor Storage:

A14.38.1 General: Horizonta vessdas supported on saddles (sometimes referred to as blimps) shall
be designed to meet the force and displacement requirements of Sec 3.1.3and 3.1.4 .

A14.3.8.2 Effectivemass. Changesto or variationsin materia dendty shdl be consdered. The
design of the supports, saddles, anchorage, and foundation for seismic overturning shall assumethe
material stored isarigid mass acting a the volumetric center of gravity.

A14.3.8.3 Vessd Dedgn: Unlessamore rigorous andysisis performed,
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a Horizontd vessalswith alength to diameter ratio of 6 or more could be assumed to be asmply
supported beam spanning between the saddles for determining the natura period of vibration and
globa bending moment.

b. Horizontal vessals with alength to diameter ratio of lessthan 6, the effects of “deep beam shear”
ghall be considered when determining the period and stress distribution.

C. Loca bending and buckling of the vessdl shell at the saddle supports due to seismic load shdl be
consdered. Pressure stability effects shal not be consdered to increase the stability of the vessdl
shdl.

d. If the vessd isacombination of liquid and gas storage, the vessdl and supports shal be designed
with and without gas pressure acting (assume piping has ruptured and pressure does not exist).

A14.3.9 Impoundment Dikesand Walls:

A14.39.1 General: Secondary containment systems shdl meet the requirements of the cited
referencesin Table 14.1.9 and the authority having jurisdiction.

Secondary containment systems shal be designed to withstand the effects of a maximum considered
earthquake event when empty and a maximum considered earthquake when full including dl hydro-
dynamic forces.

A14.3.9.2 Freeboard: Soshing of the liquid within the secondary containment areashall be consid-
ered in determining the height of theimpound. A minimum freeboard, , (Sec 14.4.3) shdl be
provided where:

=0.40DS,

where S, determined per 14.4.3.2.1.1. For circular impoundment dikes, D shall be the diameter of the
impoundment. For rectangular impoundment dikes, D shall be the longer longitudina plan dimension.

Al4.4 ELECTRICAL TRANSMISSION, SUBSTATION, AND DISTRIBUTION
STRUCTURES:

Al14.4.1 General: Thissection appliesto eectrica transmission, substation, and distribution
structures.

Al14.4.2 Desgn Bads: Electricd transmission, substation wire support and distribution structures
ghall be designed to resst aminimum seismic laterd load determined from the following formula:

V=—=>21W

[

where:
V = sdgnicbase shear;
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| = importancefactor, | = 1.0;

W = total dead load (does not include the supported wire, or ice and snow loads applied to the
tower);

R = response modification factor, Table 14.2.1.1;

C, = sasmicresponse coefficient -- S,5but not greater then S,,/T where S,sand S, areas
defined in Sec.1.4.2.2: and

T = Thefundamental period of the tower.

A smplified gatic andyss and gpplying the seismic base shear (times aload factor of 1.0) at the center
of mass of the structure can be used to determine if seismic load controls the design. The laterd force
shall be evaluated in both the longitudinal and transverse directions to the support wire. When it is
determined that seismic loads are significant (control the design of main load carrying members) amore
detailed lateral force distribution shall be performed per Sec. 14.2.1 (with k=1) of these Provisions
and/or amodd andysis as specified by Sec. A.1.5 of Ref. 14-5.

Seigmic latera loads and design criteriafor substation equipment support structures shdl bein
accordance with the requirements of Ref. 14-5.

The design, manufacture, and ingpection shal be in accordance with the quality control and quality
assurance requirements of the industry design standards and recommended practices specified in Sec.
14.1.0.

Al145 TELECOMMUNICATION TOWERS.
A14.5.1 General: This section applies to telecommunication towers.

A14.5.2 Desgn Bass Sdf-supporting telecommunication towers shal be designed to resst a
minimum seismic laterd force obtained from the following formula:

C
V= (R/SI)W (A14.5.2)

where:
V = sdsmic base shear;
importance factor, Table 14.2.1.2;

W = total dead load (induding dl attachments);
R = response modification factor, Table 14.2.1.1;
C, = sasmicresponse coefficient: S, but not greater then S,,/T where §,; and S, are as

defined in Sec. 4.2.2 and T is the fundamenta period of the tower

A smplified static analysis applying the laterdl load (times aload factor of 1.0) at the center of mass of
the tower can be used to determine if seismic load controls the design of self-supporting towers. When
it is determined that seismic loads are significant (control the design of main load carrying members) a

253



1997 Provision Appendix to Chapter 14

more detailed laterd force distribution (with k = 1) and anadysis shdl be performed per Sec. 14.2.1 of
these Provisons.

The lateral force applied to a telecommunication tower supported on a structure should account for the
base motion input amplification as aresult of the building earthquake response (see Sec. 14.1.2 of
these Provisions). Guyed towers require amore detailed computer andyss including nonlinear andysis
and guy-tower interaction effects. An industry accepted moda anaysis procedure should be used for
guyed towers.

The design, manufacture, and ingpection shal be in accordance with the quality control and quality
assurance regquirements of the industry design standards and recommended practices specified in Sec.
14.1.0.
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DIFFERENCESBETWEEN THE 1994 AND 1997 EDITIONSOF THE
NEHRP RECOMMENDED PROVISIONS

EDITORIAL AND ORGANIZATIONAL CHANGES

Severd editorid changes have been made for the 1997 Edition of the Provisons. Theseinclude: a
change in thetitle to add “ Other Structures’; change of the term “ Seismic Performance Category” to
“Seismic Design Category” ; change of the term “ Seismic Hazard Exposure Group” to “Selsmic Use
Group”; and change of theterm “building” to “ structure” as appropriate. In addition, the structure of
the Provisions has been revised asfollows:

1994 Sec. 1.4, Seismic Performance, has been moved to become part of 1997 Chapter 5, Ground
Motion.

1994 Sec. 1.6, Quality Assurance, has become 1997 Chapter 3.
1994 Glossary and Notations sections have become 1997 Chapter 2.
1994 Sec. 2.1 through 2.5 have become 1997 Chapter 5, Structural Design Criteria.

1994 Sec. 2.6, Provisions for Seismically Isolated Structures, has become 1997 Chapter 13 and the
1994 Appendix to Chapter 2, Passive Energy Disspation Systems, has become 1997 Appendix to
Chapter 13.

1994 Sec. 2.7, Provisions for Nonbuilding Structures, has become 1997 Chapter 14.
1994 Chapters 3 through 9 have become 1997 Chapters 6 through 12.

To facilitate use of the 1997 Edition by those familiar with the 1994 Edition section numbers, this
appendix concludes with a comparison of the contents of the two editions.

1997 CHAPTER 1, GENERAL PROVISIONS

In addition to the general editorid changes outlined above, this chapter has been reorganized. In
addition, the selamic performance requirements (1994 Sec. 1.4) have been moved to anew chapter
(1997 Chapter 5, Ground Motion) as have the quaity assurance requirements (1994 Sec. 1.6/1997
Chapter 3).

1997 and 1994 Sec. 1.1, Purpose

The language in this section has been modified for clarification and to emphasize that damage to an
essentid facility from a design earthquake is not expected to be severe enough to preclude the
continued occupancy and function of the facility.

1994 Sec. 1.2, Purpose and 1994 Sec. 1.3, Application of the Provisiong/1997 Sec. 1.2, Scope and

Application, and 1994 Alter native M aterials and M ethods of Construction
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The language in this section has been modified to clarity the requirements concerning additions and
dterations. In addition, Exception 2 has been changed to clarify that the sole trigger is whether a
dwelling complies with the conventiond light frame construction provisions and the other exceptions
have been modified to reflect the new maps and design procedure. Thelisting of structures not
covered by the Provisions has been deleted; instead this information in conveyed in Chapter 14,
Nonbuilding Structures.

The main 1994 section on application of the Provisions has been deleted and the 1994 subsections of
Sec. 1.3 are now subsections of 1997 Sec. 1.2. Those covering new structures and additions have
been revised to clarify the requirements and a new subsection on dterations has been added. In
addition, 1994 Sec. 1.5, Alternative Materias and Methods of Construction has been moved here as
another subsection of 1997 Sec. 1.2 and the title has been changed to Alternate Materids and Alternate
Means and Methods of Construction.

1994 Sec. 1.4.3, Seismic Hazard Exposure Groups/1997 Sec. 1.3, Seismic Use Groups

In addition to the basic editorid change in terminology from * Seismic Hazard Exposure Group” to
“Seismic Use Group, the list of potentid Group 111 structures has been modified to be more specific
and aviation control towers, air traffic control centers, and water treatment facilities required to
maintain water pressure for fire suppression have been added. Thelist of potentid Group 1l facilities
has been modified to lower the capacity of day care centersto 150, to delete the item for colleges or
adult education schools, and to add water trestment facilities required for primary treatment and
disinfection for potable water and waste water trestment facilities required for primary trestment. The
subsection on multiple use section has been modified to take into account Situations where one building
with multiple uses has been designed with seismically independent portions. Findly, the subsection on
Group I11 function has been deleted because it erroneoudy implied that the Provisons do not properly
address component and system function.

1997 Sec. 1.4, Occupancy | mportant Factor

A section on the new Occupancy |mportance Factor has been added. As noted above, the 1994 Sec.
1.4, Selsmic Performance, has become part of 1997 Chapter 4, Ground Motion

1994 Sec. 1.5, Alternative Materials and M ethods of Construction/1997 Sec. 1.2.6, Alter nate
Materialsand Alternate M eans and M ethods of Construction

As noted above, this section has been moved and retitled.
1994 Sec. 1.6, Quality Assurance
As noted above, this section has become 1997 Chapter 3.
1994 Appendix to Chapter 1

The Appendix to Chapter 1, Development of Design Vaue Maps, has been deleted and the new 1997
maps and their development are covered in the Commentary to 1997 Chapter 4, Ground Mation.

1997 CHAPTER 2, GLOSSARY AND NOTATIONS
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The 1994 Glossary and Notations sections appeared at the conclusion of the Provisions volume but
now appear as Chapter 2.

1997 Sec. 2.1, Glossary

A number of definitions have been added or deleted as aresult of the changesin the design procedure
and maps used for the 1997 Provisons. The definition of other terms have been clarified and a number
of terms have been defined for the first timeto further clarify various Provisions requirements and
provide for the enforceability of requirements based on the Provisions.

Specifically, definitions have been added for the following terms: active fault, addition, adjusted
resistance, ateration, basement, boundary elements, braced wall line, braced wall pand,, cantilevered
column system, congtruction documents, deformability (high deformability eement, low deformability
element, limited deformability element), deformation (limited deformation and ultimate deformation),
design earthquake ground motion, blocked digphragm, digphragm boundary, diaphragm chord, drag
strut, element (ductile element, limited ductile element, nonductile element, essentid facility, factored
resistance, grade plain, maximum considered earthquake, occupancy importance factor, owner,
partition, reference resistance, registered design professond, seismic design category, seilsmic use
group, shalow anchor, Ste class, story, story above grade, structure, structural observations,
structura-use pand, subdigphragm, tie-down, time effect factor, torsiond force distribution, light-
framed wood shear wall, and nonstructural wall.

Definitions for the following terms have been deleted: effective peak acceleration, effective peak
velocity related acceleration, collector dements, composite (composite beam, composite brace,
composite column, composite column, composite dab, composite shear wall, encased composite
beam, fully composite beam, partially composite beam, partidly restrained composite connection),
design documents, encased composite beam, encased composite column, encased shape, filled
composite column, maximum capable earthquake, restraining bars, seismic coefficients, seismic hazard
exposure group, and Seismic Performance Category.

Definitions for the following terms have been modified: building, design earthquake, designated
salamic system, digphragm, displacement restraint system, isolation system, nonbuilding structure,
quality assurance plan, cripple wal, and shear wall.

1997 Sec. 2.2, Notations

Changes to the definitions for the notations have been made to reflect changes to the Provisions.

1997 CHAPTER 3, QUALITY ASSURANCE

As noted above, the qudity assurance provisions that previoudy appeared as part of Chapter 1 now
appear in adedicated chapter. With respect to specific changes from the 1994 requirements, the
exemption for when a quaity assurance plan is not required has been more clearly defined, and the
details of the qudity assurance plan have been sysematicaly enumerated. Specid inspection
requirements have been added for cold-formed stedl framing and seismic isolation systems. In addition,
requirements concerning structural observations aswell as a definition for structural observations have
been included. The requirements for continuous specid ingpections during the placement of concrete
in piles, for periodic ingpections for components within the seismic-force-ressting system have been

257



1997 Provisions Appendix A

clarified, and for which portions of construction are to be tested have been clarified. Thetesting
requirements for structural steel also have been modified to reflect up-to-date reference standards and
lessons learned from the Northridge earthquake.

1997 CHAPTER 4, GROUND MOTION

1994 Sec. 1.4, Selsmic Performance/1997 Sec. 4.1, Proceduresfor Determining Maximum
Consdered Earthquake and Design Earthquake Ground M otion Accelerations and Response
Spectra

In order to adopt the recommendations of the Seismic Design Procedures Group (SDPG) Ground
Motion Task Group into the 1997 Provisions as a dedicated chapter, thetitle of 1994 Sec. 1.4 has
been changed in recognition of the fact that the new design maps are maps of contours of ground
motions characterized by spectra response accel erations.

The 1994 subsection dedling with the seismic ground accel eration maps has been replaced by anew
subsection covering maximum considered earthquake ground motions and introducing the new maps
(1997 Sec. 4.1.1).

In recognition of the fact that design spectral response accel erations can be obtained ether from the
maps or on the basis of a site-specific geotechnica study, the 1994 subsection dealing with seismic
coefficients (1994 Sec. 1.4.2) has been modified to provide agenera procedure for determining
maximum considered earthquake and design spectra response accelerations (1997 Sec. 4.1.2) based on
the new maps and a site-gpecific procedure for determining ground motion accelerations (1997 Sec.
4.1.3) based on site-specific study. Further, amethodology for construction of ageneral design
response spectrum based on the mapped spectra response acceerationsis provided.

Note that with the exception of a change in terminology from “ Soil Profile Types’ in the 1994 edition
to “Site Classes’ in the 1997 edition, the Site classification requirements remain essentidly the same.

1994 Sec. 1.4.4, Seismic Performance Category/1997 Sec. 4.2, Seismic Design Category

This section has been modified to make the Seismic Design Categories compatible with the new
ground motion representations recommended by the SDPG.

1994 Sec. 1.4.5, Site Limitation for Seismic Performance Category E/1997n Sec. 4.2.2, Site
Limitation for Seismic Desgn CategoriesE and F

The basisfor categorizing structuresinto Seismic Design Category E has been changed and a new
Selamic Design Category F has been added. In 1994, Category E consisted of Group |11 structuresin
regions anticipated to experience strong ground motion (A, > 0.2). In 1997, Category E consigts of
Selsmic Use Group | or 1l gtructures located within afew kilometers of mgjor active faults asindicated
by the maximum considered earthquake spectra response maps. Category F includes Seilsmic Use
Group |11 structures located within afew kilometers of mgor active faults. Most buildings assigned to
Category E in the 1994 Provisions are now assigned to Category D.

1997 CHAPTER 5, STRUCTURAL DESIGN CRITERIA
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1994 Sec. 2.1/1997 Sec. 5.1, Refer ence Document

This section has been modified to reference the 1995 edition of ASCE 7, Minimum Design Loads for
Buildings and Other Sructures.

1997 Sec. 5.2, Design Basis
This new mgjor heading has been added to permit better organization of the requirements that follow.
1994 Sec. 2.1.1/1997 Sec. 5.2.1, General

This subsection has been revised to focus on the important aspects of seismic resistive design while
acknowledging the order in which these issues normally are addressed in the design process are
clarified to emphasize the basic steps of the design process asfollows. develop complete vertica- and
lateral-force-resisting systems for the structure; ensure that the system has adequate strength, stiffness,
and energy disspation capacity to resst the design ground motions; the ground motions must be
assumed to occur from any direction; adequacy of the structural system is demonstrated through
evaluating the behavior of the structure, using alinear elastic model, with respect to the prescribed
saiamic forces and comparing the computed deflections and interna forces againgt acceptance criteria
contained in the Provisions; dternative rationa procedures may be utilized; regardless of the andlysis
procedure adopted, provide a continuous load path or paths,; design the foundationsto resst the
expected movements and forces.

In addition, an error in the 1994 Provisions concerning deformation is corrected to indicate that the
Provisons attempts to control the actua expected deformations of the building under the design
ground motion (using the C, factor) rather than evaluating the deformation under design seismic forces,
which are reduced substantidly by the R factor.

1994 Sec. 2.2.2, Structural Framing Systems/1997 Sec. 5.2.2, Basic Seismic-For ce-Resisting
System

This section has been has been significantly revised. The response modification coefficient, R, has been
used since the inception of the Provisions to represent in an gpproximate manner the beneficial effects
of the inelastic behavior of structural systems when responding to intense ground motion. Although a
sgngle coefficient, R, has historically been used for this purposg, it is known that a number of beneficia
effects of inelastic behavior permit structures to resist much stronger ground motion than that which
they have been designed to resist on an dagtic basis. Some of the more important factorsinclude
materia and system ductility, period shift, hysteretic damping, and structura overstrength. Although a
full partitioning of the R factor has not been adopted for the 1997 Provisions, the importance of
sructura overstrength in the inelastic response and performance of structures is emphasized.

In the 1994 Provisions, overstrength was recognized for the design of alimited number of elements
such as columns beneath discontinuous lateral-force-res sting elements, and certain “ brittle”’
components and was approximated by the factor 2/5R, independent of the structurd system. In the
1997 Provisions, a separatetabulated  factor replaces the arbitrary 2/5R value in order to dlow
somewhat greater (or lesser) vauesto be assigned to the structura overstrength of different systems,
while emphasizing to the designer the importance of thisinelastic behavioral parameter. Note that the

, factors are intended to be approximate, upper bound estimates of the probable overstrength inherent
inthetypica laterd force ressting systems of common structures. For most systems, these values are
comparable to the 2/5R vaues used in the past so that the impact on most contemporary designs will
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belimited. In addition, it is emphasized that the designer is encouraged to make amore accurate, and
potentiadly lower, estimate of overstrength by performing mechanism analyses of the Structure.

In addition, a number of changes have been madein 1994 Table 2.2.2/1997 Table 5.2.2 to reflect the
above as well asthe SDPG’ s recommendation that within any given system type (e.g., specid moment
ressting frames) to which a single response modification coefficient R is assigned, a consistent and
uniform set of rulesfor detailing should be adopted, regardliess of the Seismic Design Category the
sructureisassigned to. It was recognized that this might require adoption of some new system
naming conventions (e.g., oecia reinforced wals, intermediate reinforced walls, ordinary reinforced
wadlls, etc.) together with the assgnment of new R vaues to these systems consistent with the margin
againg failure provided the detailing specified for this system. Further, anew column has been added
to the table to identify where in the Provisons the user will find the detailing rules for each unique
System.

The requirements for dua systems have been modified to prevent the ingppropriate use of dua system
designs with flexible digphragm structures.

1994 Sec. 2.2.3, Building Configuration/1997 Sec. 5.2.3, Structure Configuration

This section has been modified considerably to adopt the recommendations of the SDPG rdlative to
control of irregularitiesin near-field regions and a new subsection has been added to define the concept
of digphragm flexibility. Two new irregularities -- extreme torsond irregularity and extreme soft story
irregularity -- are introduced and structures assigned to Seismic Design CategoriesE (Group | and 1
structures near active sources) and F (Group |11 structures near active sources) not be permitted to
have either of these irregularities or aweak story.

1997 Sec. 5.2.4, Redundancy

This new section introduces ardliability factor, p, that has the effect of reducing the effective response
modification factor, R, based on the extent of redundancy inherent in the design configuration of the
building and its |ateral-force-ressting system. The vaue of p, which variesbetween 1.0 and 1.5, is
caculated based on the size of the building floor plate aswell as the number and distribution of vertica
elements of the lateral-force-ressting system. Thus, structures with adequately redundant systems will
continue to be designed using the same force levels contained in the 1994 Provisions, but structures
that are not redundant or that have highly torsona systems would have to be designed for larger
seiamic forces ranging up to 150 percent of those specified by the 1994 Provisions.

The p factor is gpplied in the load combination equations rather than in the base shear equation so that
gtiffness and drift control requirements are not directly affected. In addition, sSince redundancy isan
important seismic resistant feature only for structures expected to experience severe indastic demands,
the proposed provision will not apply to structuresin Seilsmic Design Categories A, B, or C.

1994 Sec. 2.2.4/1997 Sec. 5.2.5, Analysis Procedur es

This section has been revised sgnificantly to reflect the recommendations of the Seismic Design
Procedures Group and dso to clarify theintent. Theirregularitiesthat trigger various types of anayses
have been changed. Other mgor changesinvolve the placement of limits on design forces required for
gtiff regular buildings located within afew kilometers of mgor active faults so that design of these
structures remains compatible with that specified by the 1994 Provisions.

260



Differences Between the 1994 and 1997 Provisions

The section dso is reformatted somewhat to accommodate Seismic Design Categories E and F which
directly include near-source requirements.

A new subsection on digphragms (1997 Sec. 5.2.5.4) is added to recognize that the design forces for
digphragms are related to the height of their placement within the structure.

1994 Sec. 2.2.5/1997 Sec. 2.2.6, Design, Detailing Requirements, and Structural Component
L oad Effects

One mgjor changein this section isthe introduction in Sec. 5.2.6.1.1, Component Load Effects, of a
minimum design seismic force equa to 1 percent of the weight of the structure at each level for
Category A dructures. This change reflects the SDPG recommended that buildings in zones of very
low seigmicity (Seismic Design Category A) be designed for aminimum latera force equa to 1 percent
of the building’s weight or the code specified wind loads as a means of assuring that acomplete lateral-
force-ressting system does exist in the structure.

In the 1994 Provisions, Sec. 2.2.6.1 required the use of amplified forces due to earthquake taken as
0.4RE for the design of columns beneath discontinuous walls and frames as well asfor the design of
brittle dements. For 1997, the 0.4RE has been changedto  E.

The requirements for minimum connections and continuity of the structure have been updated as have
anchorage requirements to reflect lessons learned after the Northridge earthquake. In addition, the
SDPG recommendation to delete C, and replace it with a short period design spectra acceleration, S,
isimplemented.

Requirements have been added for the design of collector elementsin digphragmsto resst the
maximum forces that they are likely to experience in an earthquake as opposed to the reduced forces
for which the vertica elements of the laterd-force-resisting system are nominaly designed.

1994 Sec. 2.6/1997 Sec. 5.7, Combination of L oad Effects

The 1994 version of Sec. 2.2.6 required the use of overstrength for several conditionsincluding
columns beneath discontinuous | atera-force-ressting eements and certain unspecified “brittle”
conditions. In the 1997 verson, the requirements have been changed to require that overstrength be
consdered in the caculation of design seismic forces where specificaly required by other sections of
the Provisions reather than when so-called “brittle” conditions exist. Commentary provides discussion
of other Stuations where consderation of structura overstrength in the design of elements would be

appropriate.

The requirements for consideration of interaction effects between structural and nonstructural € ements
and for deformation compatibility for eementsthat are not part of the intended lateral-force-resisting
system dso have been strengthened and clarified.

In addition, the requirements to ensure both adequate deformation compatibility and the consideration
of the interaction of rigid eements adjoining flexible frames have been clarified to point out that
nonparticipating elements must be designed for the full moments, shears, and other forces imposed on
them as aresult of induced deformations equa to the design story drift and that the effect on these
forces of the presence of rigid infills and other nonstructural elements must be considered when
computing the forces. An exception is provided to permit e ements provided with adequate ductile
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detailing to be designed for reduced forces as if they were participating e ements of the lateral-force-
ressting system.

Additiona guidance is provided concerning the modeling of certain concrete, masonry, and stedl
structures by requiring the gpplication of more uniform modeling rulesin the determination of drift so
that the design of nonparticipating e ements for deformation compatibility provides amore consstent
level of protection.

Other changes have been made to implement the recommendeations of the SDPG with respect to tying
the the Selamic Design Categories (formerly termed Seismic Performance Categories) to the design
gpectrathat incorporate Site class effects. Specia configuration rules within Seismic Design Categories
C and D that increase the maximum permissible heights for structures with lateral-force-resisting
systems comprised of braced frames and/or shear walls. The 1994 Provisions permit increased height
limits for such structuresif the layout of the walls provides for adequate redundancy and torsional
resstance. However, the Provisions are written in amanner that more closdly relates to architectura
layout than structural configuration and effectiveness. For example, rather than directly addressing
whether or not the lines of res stance provide adequate torsiond rigidity, the Provisions requires that
the walls be located on the perimeter of the building. Such language is both highly restrictive and
indirect with regard to the intended purpose. The revised language contained in this proposa relates
directly to the distribution of lateral and torsond stiffnessin the building and provides for greater
design flexibility in its gpplication.

1994 Sec. 2.3.2.1/1997 Sec. 5.3.2.1, Calculation of Seismic Response Coefficient

Changes are made to the base shear equations used in the equivdent laterd force andysis as required to
accommodate the recommendations of the Seismic Design Procedures Group (SDPG); theterm Sy5is
subgtituted for the term 2.5C, used in the 1994 Provisions to represent the demands on short period
structures. S, represents the spectra acceleration at a period of 0.2 seconds, which in generd is
equivalent to 2.5C,, given the same assumptions with regard to fault characteristics, ground motion
attenuation and design return period. In addition, 1/T and 1/T? relationships, which are faithful to the
true character of the typical response spectrum, are adopted; however, a modification to the standard
response spectrum shape for structuresin Seismic Design Categories E and F isintroduced that is more
representative of near-field spectra. Further, the Occupancy |mportance Factor is integrated.

1994 Sec. 2.3.3/1997 Sec. 5.3.3, Period Deter mination

This section is modified to clarify that direct use of the gpproximate period is permitted. Thetitle of
1994 Sec. 2.3.3.1 is corrected to indicate that the approximate period formulais applicable to
structures of dl types and coefficients are provided in the section for other types of structures. In
addition, 1994 Table 2.3.3 is modified to accommodate the recommendations of the Seismic Design
Procedures Group with regard to substitution of the quantity S, for C..

1994 Sec. 2.3.5/1997 Sec. 5.3.5, Horizontal Shear Digtribution

This section is modified to require that the amplification of the accidental component of torsiona
appliesto the sum of computed torsion and accidentd torsion when the equivaent latera force
techniqueisemployed. The section dso is modified to provide eements at the edges of torsondly
irregular structures with the same level of protection against damage asthat provided for al dementsin
regular buildings and structures.
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1994 Sec. 2.3.7, 1997 Sec. 5.3.7, Drift Deter mination and P-Ddlta Effects

This section is modified to emphasize the importance of considering the stiffening effects of adjoining
rigid elements on the behavior of structural elements and incorporate guidelines for modeling of certain
concrete, masonry, and stedl structures.

Changes are made in 1994 Sec. 2.3.7.1/1997 Sec. 5.3.7.1 to require that for torsionally irregular
structures, interstory drift be calculated at the edge of the structure rather than at the center of mass of
the structure. The Occupancy Importance Factor is also integrated.

1994 Sec. 2.4/1997 Sec. 5.4, Modal Analysis Procedure

In 1994 Sec. 2.4.2/1997 Sec. 5.4.2, changes are made that make the Provisions compatible with the
levd of andysstypicdly performed by today’ s desgn professiona by updating the description of
modal andysisto include three-dimensiona moddling.

The changes made regarding base shear described above under the equivaent lateral force procedure
are aso reflected in 1994 Sec. 2.4.5/1997 Sec. 5.4.5.

1994 Sec. 2.4.9/1997 Sec. 5.4.9, Horizontal Shear Digtribution

This section is modified to indicate that the changes concerning amplification of torsion described
above are not required for that portion of the torson included in the dynamic analysis modd.

1994 Sec. 2.6, Provisonsfor Seismically I solated Structures, Sec. 2.7, Provisonsfor Nonbuilding
Structures, and the Appendix to Chapter 2, Passive Energy Disspation Systems

As noted above, 1994 Sec. 2.4 has become Chapter 13, the 1994 Appendix to Chapter 2 has become
an appendix to Chapter 13, and 1994 Sec. 2.7 has become Chapter 14.

1997 CHAPTER 6, ARCHITECTURAL, MECHANICAL, AND ELECTRICAL
COMPONENTSAND SYSTEMSDES GN REQUIREMENTS

1994 Sec. 3.1/1997 Sec. 6.1, General

The wording in Sec. 6.1 has been changed to more closdly reflect to the intent of the Provisonsand is
more cons stent with the Seismic Use Group terminology in Chapter 1. An exemption for all
mechanical and electrical components weighing 20 pounds or lessis added to be consistent with the
NEHRP Guiddines for the Seismic Rehabilitation of Buildings.

The references are updated and modified to remove those that are covered in 1997 Chapter 14,
Nonbuilding Structure Design Requirements.

The design equations and presentation and the values for a, and R, have been adjusted to be consistent
with design forces in the 1997 Uniform Building Code.

Sec. 6.1.4 has been modified to correct editoria errors, add provisons for essentia facilitiesto meet
the performance godsfor Group 111 buildings outlined in Sec. 1.4.3.6, stipulate a higher importance
factor for storage racks in areas open to the public to provide an appropriate level of safety for rack
ingtdlationsin higher density occupancies, and clarify requirements for components that pose safety
hazards.
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New sections have been added to consolidate and clarify provisons for the design of component
anchorage and to identify the minimum seismic requirements for inclusion in the congtruction
documents that are to be specified by aregistered design professond.

Sec. 6.2.3 has been modified to bring it into line with the 1997 UBC, to add some editoria
clarifications, and to correct some errorsin the 1994 Provisons. Sec. 6.2.6 has been changed to
amplify suspended celling system requirements that reflect knowledge gained from recent
earthquakes. Sec. 6.2.9 has been changed to refine the storage rack requirementsto reflect
performance observations after recent earthquakes. An expanded Commentary is aso provided.

Sec. 6.3.7 has been modified to provide a cross-references to clarify the basis for required

displacement caculations. Sec. 6.3.9 has been modified to clarify threshold values for at-grade storage
tanks and delete some of the provisions concerning at-grade storage tanks that are now being treated in
1997 Chapter 14. Sec. 6.3.10 has been modified to clarify trigger importance vaues and other
requirements. Sec. 6.3.11 has been revised to more clearly rely on nationd piping standards for the
design and andysis of piping systems in cases where the seismic forces and displacements used are not
less than those specified in the Provisions.  Sec. 6.3.13 has been modified to limit the design of the
equipment items themselves to only those components whose failure could result in arelease of
flammable or hazardous materids. Sec. 6.3.14 has been modified to relax requirements deemed to be
too regtrictive and not justified by past earthquake experience.

1997 CHAPTER 7, FOUNDATION DESIGN REQUIREMENTS

New Sec. 7.5.3 is added to provide more specific requirements for dealing with the liquefaction
hazard. The pile requirementsin 1994 Sec. 4.5.3/1997 Sec. 7.5.4 have been clarified. In addition,
Commentary has been added on horizontal ground displacement and mitigation of the liquefaction
hazard and post-earthquake observations of retaining wall movements not associated with waterfront
structures.

1997 CHAPTER 8, STEEL STRUCTURE DESIGN REQUIREMENTS

The chapter has been revised sgnificantly to reflect adoption of the 1997 version of the AISC Seismic
Provisonsfor Sructural Steel Buildings and the new AlSI Specification for the Design of Cold-
Formed Siedl Sructural Members.

1997 CHAPTER 9, CONCRETE STRUCTURE DESIGN REQUIREMENTS

The chapter has been updated to reflect the 1995 edition of ACI-318. Other changes include the
following: the addition of arequirement for both experimenta evidence and analysisfor precast
elements has been added, clarification of the fact testing needs to verify capacities of only those
portions of the system that will become eastic, separation of the digphragm boundary element
provisions from those of structural walls, the utilization of the entire wall cross section to resst
factored gravity loads and factored overturning moments, an explicit limitation of the factored axia
load on Structurd walls, the addition of rules for determining when specia confinement becomes
necessary at wall edges are added, the addition of an dternative methodology for establishing the need
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for wal edge confinement, the limitation of confined concrete strain to reflect the degree of
confinement required, the addition of a genera procedure applicableto al shear wal configurations
and asimple procedure for the common case of cantilever walls governed by flexura yielding at their
base, the addition of explicit equationsfor the caculation of strain vaues, the addition of specific
detailing requirements are given for shear wall boundary zones, and the addition of specific
requirements for precast/prestressed structures in high seismic aress.

1997 CHAPTER 10, COMPOS TE STEEL AND CONCRETE STRUCTURE DESIGN
REQUIREMENTS

A magor change to the chapter reflects the fact that detailed design requirementsin the 1997 edition are
now included by reference to the American Ingtitute of Steel Construction's Seismic Provisions for
Sructural Sed Buildings. In particular, the 1997 AISC Saismic Provisonsinclude anew section,
“Part 11 - Composite Structurd Steel and Reinforced Concrete Buildings,” that was developed in
coordination with the 1997 NEHRP update process. Thus, the AISC Part Il seismic provisonsare
cong stent with the 1997 update to the requirements for composite stedl-concrete structures that were
first introduced into the 1994 NEHRP Provisions. In referencing the AISC seismic provisons, new
language has been added to require specid review for the use of composite systemsin Seismic Design
Categories D and above.

Specific changes include the addition of severd new composite seismic System categories and revison
of requirements to maintain consistency with provisions for stedl and reinforced concrete structures and
to reflect the SDPG recommendeation that detailing and design rules be applied consstently to all
sysemswith the same R value. Changesto system categories and design requirements include the
following: introduction of a new composite intermediate moment frame category based on asimilar
new system for sted structures with related modification of requirements for the existing composite
ordinary and specid moment frames and modification of usage restrictions for the three frame typesto
make them comparable to those for reinforced concrete frames; introduction of a new composite
ordinary braced frame category intended for use in Seismic Design Categories A through C with
related changes to requirements for composite concentrically and eccentrically braced frames, which
are primarily intended for usein Seismic Design Categories D and above; and divison of the reinforced
concrete shear walls composite with structural stee elements category has been split into two
categories that include the designations ordinary and specid (a change made to consistent with
comparable changes made for reinforced concrete shear wall systems).

The detailing rules for composite members have been revised to be consistent with the three basic
categories of seismic performance termed ordinary, intermediate, and specid. Some additional
technical changes made to the member design requirementsinclude:  ardaxation of D/t limitsfor
concrete filled round tubes, more stringent requirements for moment connections in composite specia
moment frames, and new cautionary language concerning the transition of composite to reinforced
concrete columns.

1997 CHAPTER 11, MASONRY STRUCTURE DESIGN REQUIREMENTS
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As noted above, the masonry structure design requirementsin 1994 Chapter 8 have been relocated to
1997 Chapter 11. In generd, requirements have been revised to improve clarity or to correct prior
inconsistencies and errors. Much like the 1994 masonry provisions, the 1997 provisons represent a
true strength design of masonry. The basic design approach and fundamenta concepts have not been
changed.

The primary reference document for the 1997 provisions has been updated to the 1995 Masonry
Standards Joint Committee (M SJC) requirements.

Masonry shear wall types have been categorized and given names that define the design approach
(“plan” for designs neglecting reinforcement or “reinforced” for designs considering reinforcement)
and the need for prescriptive reinforcement (“ordinary” for no prescriptive reinforcement, “detailed” or
“intermediate’ for walls with minimum reinforcement per the former Seismic Design Category C
requirements, and “specid” for wals with minimum reinforcement per the former Seismic Design
Category D and E requirements).  These new classifications are given to provide direct linkages with
design and detailing requirementsand R, ,and C, factorsin 1997 Table 5.2.2.

Maximum amounts of longitudina reinforcement in reinforced masonry flexura members have been
increased. The requirements contained in 1994 Sec. 8.6.2.2 have been relaxed by usng amuch smaler
curvature for out-of-plane bending, toe compressive strains larger than the previous value of 0.002, and
arectangular stress block rather than atriangular distribution of compressive stress. The revised
criterion isless redrictive than that given in the 1997 UBC for the typica range of axid compressive
dress. Because longitudina reinforcement is limited based on an ultimate masonry compressive strain,
alargeindadtic drain in tendle reinforcement and the level of axid compressve stress, actud masonry
compressive strains cannot exceed peak vaues. Thus, requirements for confinement stel in reinforced
masonry shear walls have been iminated in the 1997 Provisions. Furthermore, because curvature
ductility can be ensured despite the level of axia force, capacity reduction factors for combinations of
axid load and flexure have been set equal to that for flexure done.

No criteria had been given in the 1994 Provisions for maximum spacing of vertical reinforcement in
masonry wallsin Seismic Design Category C. A maximum spacing is pecified at 4'-0” in the 1997
Provisons which is consstent with the 1997 UBC and per the 1995 M SIC code for walls not part of
the lateral-force system.

Regquirements for wall frames have been modified to be consstent with the 1997 UBC design
requirements.

Provisonsfor the design of anchors in masonry have been revised to separate pull-out strengths for
headed and bent-bar anchors. This revision removes the excessive conservatism for headed anchors
that was formerly limited by the pullout strength of bent-bar anchors.

Design requirements for glass-unit masonry and masonry veneer per Chapters 11 and 12 of the 1995
MSIC code have been adopted by reference.

The 1994 Appendix to Chapter 8 has been shortened appreciably to form the 1997 Appendix to
Chapter 11 by making reference to Chapter 10 of the 1995 M SIC requirements. These requirements
condtitute the same pseudo-strength design method as introduced in the 1991 Provisions masonry
design requirements that were moved to the 1994 Appendix.
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1997 CHAPTER 12, WOOD STRUCTURE DESIGN REQUIREMENTS

The wood structures chapter for the Provisions has been thoroughly reorganized and revised for the
1997 Edition. The sections have been reordered in an effort to make the chapter smilar to that used in
the other materia chapters. The AF& PA/ASCE 16-95 Sandard for Load and Resistance Factor
Design (LRFD) for Engineering Wood Construction has been adopted as the reference standard for
design and the soft conversion factors for use with alowable stress design have been moved to the
Commentary. In addition, requirements related to Seismic Design Categories have been considered in
three groups (i.e., A; B, C, and D; and E and F) in order to show that the detailing for wood structures
isdirectly related to the structural system used rather than to the Seismic Design Category.

The engineered construction requirements have been changed sgnificantly. Deformation compatibility
requirements have been added and framing requirements, modified. The definition of aspect ratio for
digphragms has been clarified as have requirements concerning the horizonta distribution of shear.
Anchorage requirements for shear walls also have been modified to require that steel plate washers be
used instead of standard cut washers. Many of these changes reflect lessons learned after the 1994
Northridge earthquake.

The digphragm and shear wall requirements also have been changed. The definition of aspect ratio for
shear walls has been clarified. In addition, the capacities for shear wals have been reduced by 10
percent to account for the effects of cyclic loading in response to the racking damage observed after
the Northridge earthquake. Note that digphragm capacities have not been reduced since the since
smilar damage was not observed.

Conventiona construction requirements have been significantly expanded in an effort to illustrate when
structures should be engineered. Irregular structure examples with maximum dimensions for
conventiona congtruction (including setbacks, offset floors, stepped footings, and openingsin
digphragms) have been added. Detailing examples for stepped footings and openings in digphragms

a so have been added to illustrate how forces around these irregularities might be transferred. Details
for transferring forces in truss roof systems to the shear walls have been added to the Commentary
since trandfer of these forces often is overlooked. The exception to dlow wood framing to resist lateral
forces associated with masonry construction has been expanded to allow an additiona story of
masonry veneer for structures that have either increased the required structural sheathing by 509
percent or include masonry or concrete shear walls on the firgt story above grade.

1997 CHAPTER 13, SEISMICALLY ISOLATED STRUCTURE DESIGN REQUIREMENTS

The baseisolation provisions have been fully updated to be consstent with 1997 Uniform Building
Codel design requirements and other improvements and to be cons stent with the new seismic design
procedures adopted for the 1997 Provisons?2. Second, the 1994 Energy Dissipation Systems appendix
has been deleted since its provisions were deemed to be insufficient for design and regulation. Instead,
it has been replaced by only afew paragraphs giving only very genera guidance concerning use of such
sysems. It isanticipated that during the effort to update the 1997 Provisions for re-issuance in 2000, a
concerted edffort will be made to develop up-to-date criteria covering energy dissipation systems.
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1997 CHAPTER 14, NONBUILDING STRUCTURE DESIGN REQUIREMENTS

Asindicated above, the nonbuilding structures requirements which appeared as 1994 Sec. 2.6 now
appears as 1997 Chapter 14 and the requirements have been expanded and modified to reflect the new
design procedures for the 1997 Provisions. An gppendix isincluded to provide the user with
consderable extra guidance concerning nonbuilding structures for which no formal standards exist.
Commentary changes have been made to reflect the Provisons changes.
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COMPARISON OF THE CONTENTSOF THE
1994 AND 1997 EDITIONS OF THE PROVISIONS

Changesfrom the 1994 to the 1997 Edition
shown in underline and strikeout

Chapter 1 GENERAL PROVISIONS
11 Purpose
1.2 Scope and Application

121 Scope

Exception 1

Exception 2

Exception 3

Exception 4

i

122432 Additions te-Existing Britdings
12214324

1.2.2.21+322
1.2.3+33 Changeof Use
Exception
1.2.4 Alterations
1.2.4 %5 Alternate Alternative Materids and Alternate Means and Methods of Congtruction

|

1994 Sec. 1.4, 1.4.1, 1.4.2 moved to 1997 Chapter 4

1.3 +43 Saamic Use HezaraHExposdre Groups
1.31+433 Grouplll

1323432 Groupll

133433 Groupl

1341434 MultipleUse

1351435 Group Il BuidingProtected Structure Access Protection

1994 Sec. 1.6 moved to 1997 Chapter 3

14 Occupancy |mportance Factor

Chapter 2 GLOSSARY AND NOTATIONS

21 Glossay
2.2 Notations
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Chapter 3 QUALITY ASSURANCE

?

Scope
2 +6:2 Quality Assurance Plan
Exceptions 1, 2, 3, and 4

2116331 Deallsof Quaity Assurance Plan
21612  Contractor Responsbility
33162  Specid Inspection
331162t Foundations Pes, Piles Caissons
331622 Renforcing Sted
3316221
3316222
3.316:23 Structura Concrete
3.316:24 Prestressed Concrete
3.3%+625 Structura Masonry
3.3t6:25.1
3.316:25.2
331626 Structurd Sted
3.316:26.1

Exception
3.316:26.2
3.316:27 Structurd Wood
3316271
3.3t62.7.2
3.3.8 Cold-Formed Stedl Framing
3391628  Architecturd Components

ltem 1

Exceptionsaand b

Item 2
3.3.10%6:29 Mechanica and Electrical Components
3311 Segmiclsolation Sysem
34163 Teding
341631 Renforcing and Prestressing Sted!
3416311
3416312
3.4163.1.3
3416:3.2 Structurd Concrete
3.4+63.3 Structura Masonry
341634 Structurd Sted
341634.1
341635 Mechanica and Electrica Equipment

(98}

(98}

(98]
N
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341636 Sasmicdly Isolated Structures
3.5 Structura Observations

3.6 164 Reporting and Compliance Procedures

Chapter 4 GROUND MOTION
4.1 +4—SasmiePerformance Procedures for Determining Maximum Considered Earthquake and
Design Earthquake Ground M otion Accelerations and Response Spectra

Map 1

Maximum Considered Earthquake Ground Motion for the United States of 0.2 sec

Map 2

Spectral Response Acceleration
Maximum Considered Earthquake Ground Motion for the United States of 1.0 sec

Map 3

Spectral Response Acceleration
Maximum Considered Earthquake Ground Motion for CalifornialNevada of 0.2

Map 4

sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Motion for CaifornialNevada of 1.0

Map 5

sec Spectral Response Acceleration
Maximum Consdered Earthquake Ground Mation for the Southern Cdifornia

Map 6

Areaof 0.2 sec Spectral Response Acceleration
Maximum Consdered Earthquake Ground Mation for the Southern Cdifornia

Map 7

Areaof 1.0 sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Mation for the San Francisco Bay Area

Map 8

of 0.2 sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Mation for the San Francisco Bay Area

Map 9

of 1.0 sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Motion for the Pacific Northwest of 0.2

Map 10

sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Motion for the Pacific Northwest of 1.0

Map 11

sec Spectral Response Acceleration
Maximum Consdered Earthquake Ground Mation for SAt Lake City and the

Map 12

Intermountain Area of 0.2 sec Spectral Response Acceleration
Maximum Consdered Earthquake Ground Mation for SAt Lake City and the

Map 13

Intermountain Area of 1.0 sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Moation for the New Madrid Area of

Map 14

0.2 sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Moation for the New Madrid Area of

Map 15

1.0 sec Spectral Response Acceleration
Maximum Considered Earthquake Ground Motion for the Charleston, South

Map 16

Caradlina, Areaof 0.2 sec Spectrd Response Acceleration
Maximum Considered Earthquake Ground Motion for the Charleston, South

Map 17

Caradlina, Areaof 1.0 sec Spectrd Response Acceleration
Maximum Considered Earthquake Ground Motion for Alaska at 0.2 sec Spectral

Map 18

Response Acceleration
Maximum Considered Earthquake Ground Motion for Alaska at 1.0 sec Spectral

Response Acceleration
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Map 19 Maximum Considered Earthquake Ground Motion for Hawaii at 0.2 sec Spectral
Response Acceleration

Map 20 Maximum Considered Earthquake Ground Motion for Hawaii at 1.0 sec Spectral
Response Acceleration

Map 21 Maximum Considered Earthquake Ground Motion for Puerto Rico, Culebra, St.
Thomas, Vieques, and S. Croix at 0.2 sec Spectral Response Acceleration

Map 22 Maximum Consdered Earthquake Ground Motion for Puerto Rico, Culebra, St.
Thomas, Vieques, and &. Croix at 1.0 sec Spectral Response Acceleration:

Map 23 Maximum Consdered Earthquake Ground Motion for Guam and Tutuilaat 0.2 sec
Spectral Response Acceleration

Map 24 Maximum Consdered Earthquake Ground Motion for Guam and Tutuilaat 1.0 sec
Spectral Response Acceleration

4.1.1 Maximum Consdered Earthquake Ground Motion

|

|

1.2 +42—Sersmic-Cosffictents Generd Procedure for Determining Maximum Considered
Earthquake and Design Spectral Response Accderation
4.1.21 SteClassDefinitions
41221421 Sepsfor Classfying aSte
Table 4.1.2.2 +42-3Soi-Profite Fype Site Classification
4.1.2.3 1422 Ddfinitions of Ste Class Parameters
4.1.2.31+423 Site Coefficients and Adjusted Maximum Considered Earthquake Spectral Response
Accderation Parameters
Table4.1.2.4a1+423a Vduesof F, asaFunction of Site Class and Mapped Short Period
Maximum Considered Earthquake Spectral Acceleration €enditions
! Cheki :
Table4.1.2.4b+423a Vduesof F,asaFunction of Site Class and Mapped 1 Second Period
Maximum Considered Earthquake Spectral Acceleration €enditrons
X :
40 L . ?HQHMQMMBW
424 | SI es. '_" e. SeeIh_eu e'.'ES S E;F.'d.g" )

4.1.25 Desagn Spectra Response Accderation Parameters

4.1.26 Genera Procedure Response Spectrum
4.1.3 Site-Specific Procedure for Determining Ground Motion Acceerations
4.1.3.1 Probabiligic Maximum Consdered Earthquake

~ Exception
4.1.3.2 Deeminigic Limit on Maximum Consdered Earthquake Ground Motion
4.1.3.3 Deeminisic Maximum Consdered Earthquake Ground Motion

:
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4.1.35 Site-Specific Desgn Ground Motion
4.2 +44 Saamic Desgn Perfermance Category
4.2.1 Determination of Seismic Design Category
Table4.2.1a Seismic Design Category Based on Short Period Response Accderations
Table4.2.1b Seismic Design Category Based on 1 Second Period Response Accelerations
4.2.2+45 Stelimitation for Seismic Desgn Perfermance-Category CategoriesE and F

Exception

Chapter 5 €hapter 2  STRUCTURAL DESIGN CRITERIAANALY-SIS-AND-PROEEBURES
52.1 Reference Document
52.2 Structurd Design Requirements
52221 DedgnBass
5.2.1 Generd
5222 StuettraHraming-Systerns Basic Seismic-Force-Resisting System
Table52.2.2 Structural Systems (see separate legal-sze sheet for 1997 version)
52.2.2.1 Dud System
52.2.2.2 Combinations of Framing Systems
52.2.2.2.1 Combinationframingeetor Rand  Factors
Exceptions 1 and 2
52.2.2.2.2 Combination Framing Detailing Requirements
52.2.2.3 Saamic Perfermance Desgn CategoriesA; B; and C
52.2.2.4 Saamic Perfermanee Desgn Category D and E
522241 Limited Building Height
52224.2 Interaction Effects
522243 Deformationd Compatibility
Exception
522244 Specid Moment Frames
52.2.25 Saamic Perfermanee Desgn Category E F
5223 Structure Buitding Configuration
5.2.3.1 Digphragm Fexibility
522312 Panlrregularity
Table52.2.342  Plan Structurd Irregularities
522323 Veticd Irregulaity
Exceptions 1 and 2
Table52.2.323  Verticd Structurd Irregularities
5.2.4 Redundancy
5241 Sesmic Desgn CategoriesA,.B.andC
5.24.2 Sasmic Desgn Category D
- Exception
5243 Sasmic Desgn CategoriesE and F
Exception
52.245 AndyssProcedures
522541 Saamic Perfermanee Desgn Category A
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522542 SasamicPerfermance Desgn CategoriesB and C
522543 SaamicPerfoermance Desgn Categories D, and E, and F
Table52.2.54.3  Anadyss Procedures for Seismic Perfermance Design Categories D, and E,
and F
5254 Digphragms
52.256 Desgn, Detailing Requirements, and Structural Component Load Effects
522651 SasmicPerformance Desgn Category A
5.2.6.1.1 Component L oad Effects
52.2.65.1.42 Connections
52265123 Anchorage of Concrete or Masonry Walls
522652 SasmicPerfermance Desgn Category B
52.2.65.2.1 Second-Order Componenttoad Effects
52.2.65.2.2 Openings
2.65.243 Discontinuitiesin Verticd System
Exception
52265254 Nonredundant Systems
52265265 Collector Elements
52265276 Digphragms
52.2.65.2.87 BeaingWadls
52.2.65.298 Inverted Pendulum-Type Structures
5.2.6.2.9 Anchorage of Nongtructura Systems
526.210 Columns Supporting Discontinuous Walls or Frames
52.2.65.3 Saamic Perfoermance Desgn Category C
52.2.65.3.1 Pan Irregularity
5.2.6.3.2 Cdllector Elements
- Exception
5.2.6.3.3 Anchorage of Concrete or Masonry Walls
522654 Saamic Perfermanee-Categories Desgn Category D ane-E
52.2.65.4.1 Orthogona Load Effects
5.2.6.4.2 Cdllector Elements
- Exception
52265423 Planor Verticd Irregularities
52265434 Veticd Seismic Forces
5.2.6.5 Sasmic Desgn CategoriesE and F
5.2.6.5.1 Plan or Vertica Irregularities
52.2.76 Combination of Load Effects
Eq. 226-152.7-1
Eq. 22625.2.7-2
5271 Specid Combination of Loads
Eq. 226-352.7.1-1
Eq. 226-452.7.1-2
52278 Déflection and Drift Limits
Table 5.2.822+F Allowable Story Dirift,
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52.3 Equivaent Lateral Force Procedure
5231 Gened
5232 Sasmic Base Shear
Eqg. 52.3.2:1
52.3.2.1 Cdculation of Seismic Response Coefficient
Eqg. 52.3.2.1-1
Eqg.5.3.2.1-2
Eqg.5.3.2.1-3

Eq.5.3.2.1-4
52.3.3 Peaiod Determination

Table52.3.3  Coefficient for Upper Limit on Caculated Period
52.3.3.1 Approximate Fundamenta Period fer-Conerete-and-SteeHvoment ResstingHrame
Btitdings
Eqg. 52.3.3-1
Eqg. 52.3.3-2
5234 Veticad Digribution of Seismic Forces
Eqg. 52.3.4-1
Eqg. 52.3.4-2
5235 Horizontd Shear Didribution
Eqg. 52.3.5
523.5.1 Torsion
5.35.2 Accidentd Torson
5.3.5.3 Dynamic Amplification of Torsgon
Eg. 2351 535.3
523.6 Overturning
Eqg. 52.3.6
52.3.7 Drift Determination and P-delta Effects
52.3.7.1 Story Drift Determination
Eqg. 52.3.7.1
52.3.7.2 P-DdtaEffects
Eqg. 52.3.7.2-1
Eqg. 52.3.7.2-2
52.4 Modd Andyss Procedure
5241 Gened
5242 Modding
5243 Modes
524.4 Pertods Modal Properties
5245 Moda Base Shear
Eqg. 524.5-1
Eqg. 52.4.5-2
Eqg. 52.4.5-3
Exceptionstand-2
Eqg. 52454
Exception 3 2

275



1997 Provisions Appendix A

Eqg. 52.4.55
524.6 Modd Forces, Deflections, and Drifts
Eqg. 52.4.6-1
Eqg. 52.4.6-2
Eqg. 52.4.6-3
Eqg. 52.4.6-4
524.7 Modd Story Shears and Moments
524.8 DesgnVdues
Eqg. 52.4.8
Exception
5249 Horizonta Shear Digtribution
52.4.10 Foundation Overturning
524.11 P-ddtaEffects
525 Soil-Structure Interaction Effects
5251 Gened
5252 Equivdent Lateral Force Procedure
52521 BaseShear
Eqg. 525.2.1-1
Eqg. 525.2.1-2
525.21.1 Effective Building Period
Eqg.525.2.1.1-1
Eqg. 525.2.1.1-2
Table52.5.2.1.1 Values of G/G, and v{v,,
Eqg. 525.2.1.1-3
Eqg.525.2.1.1-4
Eqg. 525.2.1.1-5
Eqg. 525.2.1.1-6
525.21.2 Effective Damping
Eqg. 525.2.1.2-1
Figure52.5.2.1.2 Foundation damping factor
Eqg. 525.2.1.2-2
Eqg. 525.2.1.2-3
Exception
Eqg. 525.2.1.2-4
525.2.2 Verticd Didribution of Seismic Forces
52.5.2.3 Other Effects
Eqg. 52.5.2.3
5253 Modd Andyss Procedure
525.3.1 Modd Base Shears
Eqg. 525.3.1-1
Eqg. 525.3.1-2
52.5.3.2 Other Modad Effects
Eqg. 525.3.2-1
Eqg. 525.3.2-2
525.3.3 DesgnVdues
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1996 Sec. 2.6 moved to 1997 Chapter 13
1994 Sec. 2.7 moved to 1997 Chapter 14

1994 Appendix to Chapter 2 moved to 1997 Appendix to Chapter 13

Chapter 6 €hapter3 ARCHITECTURAL, MECHANICAL, AND ELECTRICAL
COMPONENTS AND SYSTEMS DESIGN REQUIREMENTS
63.1 Gened
Exception
Exception 1
Exception 2
Exception 3
Exception 4
Exception4 5
Exception 6
63.1.1 Reeencesand Standards
6.1.1.1 Consensus Standards
Ref. 3-1through-3-16 6-1through 6-12
6.1.1.2 Accepted Standards
Ref. 6-13 through 6-18
63.1.2 Component Force Transfer
63.1.3 Sasmic Forces
Eg. 63.1.3-1 through 63.1.3-5
63.1.4 Sasmic Reative Digplacements
Eg. 63.1.4-1 through 63.1.4-4
63.1.5 Component Importance Factor
6.1.6 Component Anchorage
6.1.6.1 through 6.1.6.7
6.1.7 Construction Documents
Table 6.1.7 Construction Documents
63.2 Architectural Component Design
6321 Gened
63.2.2 Architectura Component Forces and Displacements
Table 63.2.2 Architectural Component Coefficients
63.2.3  Architectura Component Deformation
63.24 Exterior Wdl Panel Connections
63.25 Out-of-Plane Bending
63.26 Suspended Ceilings
63.2.6.1 Seismic Forces
63.2.6.32 Industry Standard Construction
63.2.6.32.1 Seismic Design Category C
63.2.6.32.2 Seismic Desgn CategoriesD, E, and F
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63.2.6.63 Integral Celling/Sprinkler Construction

63.27 AccessHoors

63.2.7.1 Generd

63.2.7.2 Specid Access Hoors

63.28 Patitions

6329 Sted Storage Racks

63.3 Mechanica and Electricd Component Design

6331 Generd

63.3.2 Mechanica and Electricd Component Forces and Displacements
Table 63.3.2, Mechanical and Electrical Components Coefficients

63.3.3 Mechanicd and Electricad Component Period
Eqg. 63.3.3

63.34 Mechanicd and Electrica Component Attachments

63.3.5 Component Supports

63.3.6 Component Certification

63.3.7  Utility and Service Lines a Building Interfaces

63.3.8 Ste-Specific Condderations

63.39 Storage Tanks

63.3.10 HVAC Ductwork

63.3.11 Piping Sysems

63.3.11.21 FireProtection Sprinkler Systems

63.3.11.32 Other Piping Systems

63.31142.1 Supports and Attachments for Other Piping

63.3.12 Boilersand Pressure Vessdls

63.3121 ASME Boilersand Pressure Vessdls

63.3.12.2 Other Boilersand Pressure Vessds

63.3.12.3  Supports and Attachments for Boilers and Pressure Vessdls
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63.3.13 Mechanica Equipment, Attachments, and Supports

63.313.1 Mechanica Equipment

63.3.13.2 Attachments and Supports for Mechanical Equipment
Exception

63.3.14 Electrica Equipment, Attachments, and Supports

63.3.14.1 Electrica Equipment

63.3.14.2  Attachments and Supports for Electrical Equipment

63.3.15 Alternative Seismic Qudlification Methods

63.3.16 Elevator Design Requirements

3.3.16.1 Elevators and Hoistway Structural System

63.3.16.2 Elevator Machinery and Controller Supports and Attachments

63.3.16.3 Seismic Controls

63.3.16.4 Retainer Plates

Chapter 7 €hepter4 FOUNDATION DESIGN REQUIREMENTS
741 Gened
74.2 Strength of Components and Foundations
7421 Structurd Materids
7422  Soil Capacities
74.3 Sasmic Desgn Perfermance Categories A and B
744 Sdsmic Desgn Perfermance Category C
7441 Invedtigation
7442 Pole-Type Structures
744.3 Foundation Ties
7444  Specid Pile Requirements
74.4.4.1 Uncased Concrete Piles
74.4.4.2 Metd-Cased Concrete Piles

Exception
74.4.4.3 Concrete-Filled Pipe
74.4.4.4 Precast Concrete Piles
74445 Precast-Prestressed Piles
745 Sdasmic Desgn Perfermance Categories D, and E, and F
7451 Invedigation
7452 Foundation Ties
753  Liquefaction Potentid and Soil Strength Loss
74543 Specid Pile Requirements
745431 Uncased Concrete Piles
745432 Med-Cased Concrete Piles

Exception

745433 Precast Concrete Piles
745434 Precast-Prestressed Piles
745435 Sed Rles

279



1997 Provisions Appendix A

Chapter 8 €hepter5 STEEL STRUCTURE DESIGN REQUIREMENTS
85.1 Reference Documents
Ref. 85-1 through 8-7 5-8
85.2 Struetura-Steet Desgn Setsmite Requirements for Steel Structures
56 SasmieProvisonsforSteeSirdcturaHviembers
8 3561 SelsmlcPeﬁemﬂaaee gn CategorlesA andB,and C

8456—3 SelsmlcPeﬁemﬂaaee gn CategorlesD andE, and F
8553 Cold-Formed Sted Selamic Requirements
85.1531 Ref-54 Madificationsto Ref. 8-4

i

5.2 533 Ref—5-5 Madificationsto Ref. 8-5

§ |

ﬂi 57 nght Framed Walls

8.6.1 571 Bounday Members

8.6.2572 Connections

8.6.357+3 Braced Bay members

8.6.45+4 Diagond Braces

8.6.5 Shear Wadlls
Table8.6 Nomina Shear Vduesfor Seismic Forces for Shear Walls Framed with Cold-Formed
Sted Studs

54 Sagmic Requirementsfor Steel Deck Digphragms

855 Sted Cables

Co
\]

[oe]

Chapter 9 €hepter6 CONCRETE STRUCTURE DESIGN REQUIREMENTS

96.1 Reference Documents
Ref. 6-1
Ref. 6-2

96.1.1 Modificationsto Ref. 6-1

96.1.1.1

9112

96.1.1.23

96.1.1.34

96.1.1.45

96.1.1.56

96.1.1.67

96.1.1.78

96.1.1.89

96.1.1.10

96.1.1.11

9.1.1.12

91113

96.1.1.1214
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9.1.1.15
96.1.1.1416
96.2 Boltsand Headed Stud Anchorsin Concrete
96.2.1 Load Factor Multipliers
96.2.2  Strength of Anchors
96.2.3 Strength Based on Tests
96.24  Strength Based on Calculations
96.2.4.1 Strengthin Tenson
Eq. 96.2.4.1-1
Eqg. 96.2.4.1-2
Figure 96.2.4.1a Shear cone failure for asingle headed anchor
Eqg. 96.2.4.1-3
Figure 96.2.4.1b Truncated pyramid failure for agroup of headed anchors
Figure 96.2.4.1c Pull-out failure surface for agroup of headed anchorsin tension
96.2.4.2 Strength in Shear
Eq. 96.2.4.2-1 through 96.2.4.2-68
Figure 96.2.4.2 Shear on agroup of headed anchors
96.2.4.3 Combined Tenson and Shear
Eg. 96.2.4.3-1aand 1b through 96.2.4.3-2a and 2b
9.3 Clasdfication of Seismic-Force-Resigting Systems
96.3.1 Clasdfication of Moment Frames
96.3.1.1 Ordinary Moment Frames
93111
93112
96.3.1.2 Intermediate Moment Frames
96.3.1.3 Specid Moment Frames
9.3.2 Classfication of Shear Walls
9.3.2.1 Ordinary Plain Concrete Shear Walls
9.3.2.2 Detailed Plain Concrete Shear Walls
9.3.2.3 Ordinary Reinforced Concrete Shear Walls
9.3.2.4 Specid Reinforced Concrete Shear Walls
96.4 Seasmic Performance Design Category A
96.5 Sagmic Perfermance Design Category B
96.521 Moment Frames
96.6 Sasmic Perfermanece Desgn Category C
9.6.1 Seigmic-Force-Resisting Systems
96.6.1.1 Moment Frames
9.6.1.2 Shear Wdls
96.6.2  Discontinuous Members
96.6.3 Plan Concrete
96.6.3.1 Wadls
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96.6.3.2 Footings
Exceptions
96.6.3.3 Pededtds
96.7 Sagmic Perfermance Design Categories D, and E, or F
9.7.1 Seismic-Force-Ressting Systems
96.7.1.1 Moment Frames
9.7.1.2 Shear Wdlls
%67 — -
96.7.32 Frame Members Not Proportioned To Resist Forces Induced by Earthquake Motions
96.743 Plan Concrete
Exceptions 1 through 3
Appendix to Chapter 9 9A6A., Reinforced Concrete Structura Systems Composed from Intercon-
nected Precast Elements
Preface
9A6A.1 Generd
9A6A.1.1 Scope
9A6A.12 Reference Document
Ref. 6A-1
9A6A.2 Generd Principles
9A6A.3 Laterd Force Ressting Structural Framing Systems
9A6A.3.1
9A6A.3.2
9A6A.3.3
Table 9A6A.3.3 Redtrictionson Rand C,
9A6A.34
9A6A.4 Connection Performance Requirements
9A6A 4.1
9A6A 4.2
9A6A.4.3
9A6A.4.4
9A6A .45
9A6A.5 Connection Design Requirements
9A6A.5.1
9A6A.5.2
9A6A.5.3
9A6A.5.4

Chapter 10 €hapter7 COMPOSITE STEEL AND CONCRETE STRUCTURE DESIGN RE-
QUIREMENTS
7.1 Scope
10.1 ~2 Reference Documents
Ref. 107-1 through 75 10-4
10.2 Requirements

73— Dbsfinitronsand-Symbels
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Chapter 11 €hepter 8 MASONRY STRUCTURE DESIGN REQUIREMENTS
1181  Gened
118.1.1 Scope
118.1.2 Reference Documents

Besgr-and-Construction-Standareds

Ref. 118-1 and 118-2

Meterials Standards
118.1.3 Définitions
118.1.4 Notations
1182  Congruction Requirements
11821 Generd
118.2.2 Qudity Assurance
1183  Generd Desgn Reguirements
118.3.1 Scope
118.3.2 Empiricd Masonry Design
118.3.3 PFain (Unreinforced) Masonry Design
118.33.1
118.3.3.2
118.3.3.3
11834 Renforced Masonry Design
11835 SaamicPerfoermance Desgn Category A
118.3.6 Saamic Perfermance Design Category B
118.3.7 Saamic Perfermance Desgn Category C
83746 11.3.7.1 Materid Requirements
11.3.7.2 Masonry Shear Walls
118.3.7.23 Minimum Wal Reinforcement
11.3.7.4 Stack Bond Construction
118.3.745 Multiple Wythe Wadls Not Acting Compositely
118.3.7.56 Wals Separated from the Basic Structural System
11.3.7.7 Connectionsto Masonry Columns
118.3.8 Saamic Perfermance Desgn Category D
118.3.8.1 Materid Requirements
11.3.8.2 Masonry Shear Walls
118.3.8.23 Minimum Wal Reinforcement
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118.3.8.34 Stack Bond Congtruction

118.3.85 MintmumbBimensons Minimum Wall Thickness
11.3.8.6 Minimum Column Reinforcement

118.3.8.5.27 Minimum Column Dimenson

11.3.8.8 Separation Joints

118.3.9 SaamicPerfermance Desgn Category Eand F
118.3.9.1 Materid €enstruetion Requirements

11.3.9.2 Masonry Shear Walls

1.3.9.38:3:9:3 Stacked Bond Congtruction
11.3.9.3.18393%
11.3.9.3.2 83932
118310 Propertiesof Materials
118.3.10.1 Sted Reinforcement Modulus of Elagticity

118.3.10.2 Masonry Modulus of Eladticity

Eg. 118.3.10.2
118.3.10.3
118.3.10.4 Masonry Compressive Strength
118.3.104.1
118.3.10.4.2

118.3.10.5 Modulus of Rupture

118.3.10.5.1 Out-of-Plane Bending Running-BoncHvasonry
Table 118.3.10.5.1, Modulus of Rupture for Masonry Laid in Running Bond (f,)

11831052 SteckBondHMasonry In-Plane Bending
118.3.10.6 Reinforcement Strength
118.3.11 Section Properties
1183.11.1
1183.11.2
118.3.12 Plate, Headed, and Bent Bar Anchor Bolts
1183121
Eqg. 118.3.12.1-1
Eqg. 118.3.12.1-2
11831211
Eqg. 118.3.12.1.1-1
Eqg. 118.3.12.1.1-2
1183.12.1.2
1183.121+411.1.3
113122
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Eqg.11.3.12.2-1
Eqg. 11.3.12.2-2

Eqg. 11.3.12.2-3
11831221221

Eg. 118.3.42212.2.1-1
Eqg. 118.3.42212.2.1-2
11.2.12.2.2
11.3.12.2.3
118.34212.3
Eg. 118.342312.3-1
Eqg. 11.3.12.3-2
11.312.31
11.3.124
Eqg.11.3.124
118.4 Details of Reinforcement
118.4.1 Generd
1184.1.1
1184.1.2
118.4.2 Size of Reinforcement
1184.2.1
118.4.2.32
118.4.3 Placement Limits for Reinforcement
118.4.3.1
118.4.3.2
118.4.3.3
118.4.34

;

%

118.4.4 Cover for Reinforcement

1184.4.1

11.44.2

118.4.4.23

118.4.4.34

118.4.5 Development of Reinforcement

118.4.5.1 Generd

118.4.5.2 Embedment of Reinforcing Bars and Wiresin Tenson
Eg. 118.4.5.2

118.4.5.3 Standard Hooks

1184531

11845311

118453.1.2

1145313

118453134

114532

114533
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118.4.5.4 Minimum Bend Diameter for Reinforcing Bars
118454.1

Table 118.4.5.4.1, Minimum Diameters of Bend
118.4.5.5 Development of Shear Reinforcement
11845511
11845542
114553

118.4.5.6 Splices of Reinforcement
118.4.5.6.1 Lap Splices
118456.1.1

118.4.56.1.2

118.4.5.6.2 Welded Splices
118.4.5.6.3 Mechanical Connections
118.4.5.6.4 End Bearing Splices
1184.56.4.1
118.4.5.6.4.2
118.4.5.6.4.3
118.5 Strength and Deformation Requirements
1185.1 Generd
118.5.2 Required Strength
118.5.3 Design Strength
Table 118.5.3, Strength Reduction Factor
118.5.4 Deformation Requirements
11854.1
11854.1.1
11854.2
1185.4.3
Eq. 1185.4.3
118544
118.6 Hexure and Axid Loads
118.6.1 Scope
118.6.2 Design Requirements of Reinforced Masonry Members
118.6.2.1
118.6.2.2
118.6.2.3
118.6.3 Design of Plain (Unreinforced) Masonry Members
118.6.3.1
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118.6.3.2
118.6.3.3
118.6.34
118.6.35
Eq. 118.6.3.5-1
Eq. 118.6.3.5-2
118.7 Shear
118.7.1 Scope
118.7.2 Shear Strength
118.7.2.1
Eq. 118.7.2.1
118.7.2.2
118.7.3 Design of Reinforced Masonry Members
118.7.3.1
Eq. 118.7.3.1-1
Eq. 118.7.3.1-2
Eq. 118.7.3.1-3
118.7.3.2
Eq. 118.7.3.2-%
118.7.3.3
Eq. 118.7.3.3
118.7.4 Design of Plain (Unreinforced) Masonry Members
118.74.1
118.8 Specia Requirements for Beams
1188.1
11882
118.8.3
118.8.4 Deep Flexurd Members
118.84.1
118.84.2
118.84.3
118.9 Specia Requirements for Columns
1189.1
1189.2
118.9.3
118.10 Specia Requirementsfor Walls
118.10.1
118.11 Specia Requirements for Shear Walls
11.11.1 Ordinary Plain Masonry Shear Walls
11.11.2 Detailed Plain Masonry Shear Walls
11.11.3 Ordinary Reinforced Masonry Shear Walls
11.11.4 Intermediate Reinforced Masonry Shear Walls
11.11.5 Specia Reinforced Masonry Shear Walls
111151 Vertica Reinforcement
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11.11.52 Horizonta Reinforcement

111153 Shear Keys

118.11.36 Hanged Shear Wadlls

118.11.36.1

118.11.3:36.2

118.11.346.3

118.11.47 Coupled Shear Walls

118.11.47.1 Design of Coupled Shear Wdlls

118.11.47.2 Shear Strength of Coupling Beams
Eq. 118.11.47.2

118.12 WaltHrarmes Specid Moment Frames of Masonry

8121

118.12.21 Cdculation of Required Stress

118.12.32 Hexurd Yidding

118.12.43 Reinforcement

118.1243.1

118.12.43.2

118.12.43.3

118.1243.4

118.12.54 Wall Frames Beams

118.1254.1

118.12534.2

118.12.544.3

118.12554.4

11.12.45

118.12.5:64.6 Longitudina Reinforcement

118.125:6:14.6.1

118.125:6:24.6.2

11812.5:6:34.6.3

11.12.4.6.4

118.12.5:74.7 Transverse Reinforcement

118.125+314.7.1

118.125724.7.2

118.125+34.7.3

118.125+44.74

11.12.4.7.5

118.12.65 Wdll Frame Columns

118.12.6:15.1
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118.12.6:25.2
118.12.6:35.3
111254
118.12.645.5 Longitudina Reinforcement
118.12.6415.5.1
118.12.64:25.5.2
11.12.55.3
11.12.554
118.12.6:55.6 Transverse Reinforcement
118.12.6:5:15.6.1
118.12.6:5:25.6.2
118.12.6:5:35.6.3
118.12.76 WAl Frame Beam-Column Intersection
118.12.7#16.1
Eq. 118.12.76.1-1
Eq. 118.12.76.1-2
118.12.726.2
Eq. 118.12.726.2
11.13 Glass-Unit Masonry and Masonry Veneer
11.13.1 Desgn Laterd Force Displacements
11.13.2 Glass-Unit Masonry Design
11.13.2.1
11.13.3 Masonry Venegr Design
11.133.1
11.13.3.2
Appendix to Chapter 11 €hapter8, ALTERNATIVE MASONRY STRUCTURE DESIGN PROVI-
SIONS
11A8A.1 Generd
11A8A.1.1 Scope
11A8A.1.2 Reference Documents
Ref. 8A-1
11A8A.1.21 Modificationsto Chapter 10 Appenciix/A of Reference 118A-1
11A.1.2.1.1
11A.1.2.1.2
11A.1.2.1.3
11A.2 Response Modification Coefficients
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Chapter 12 €hapter9 WOOD STRUCTURES DESIGN REQUIREMENTS

12.1 Genegrd

12.1.1 Scope

12.1.29% Reference Documents

12.1.2.1 Engineered Wood Congruction
Ref. 12-1 through 12-4

12.1.2.2 Conventional Light Frame Construction
Ref. 12-5 through 12-6

12.1.2.3 Materid Standards
Ref. 12-8 through 12-14

12.1.3 Notations

12.2 Design Methods
12.2.1 Engineered Wood Design

12.2.2 Conventiona Light-Frame Construction
12.2.2.1

12.39:8 Engineered Wood Construction

1231 Generd

12.3.29:83 Framing Requirements

12.3.39:8:2 Biaphragm-and-Shear-Walt-Regtrerments Deformation Competibility Requirements
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—Exeeption

12.3.4 Design Limitations

12.3.4.1 Wood Members Resisting Horizontal Seismic Forces Contributed by Masonry and Concrete
- Exceptions1 and 2

12.3.4.2 Horizonta Distribution of Shear
- Exception

12.3.4.3 Framing and Anchorage Limitations

12.3.4.4 Shear Wal Anchorage

12.49:9 Diagphragms and Shear Walls

12.4.1 Diaphragm and Shear Wall Aspect Ratios

12.4.2 Shear Resigance Based on Principles of Mechanics

12.4.39:9:3 Sheathing ShearPanet Requirements

Exception
12.4.3.19:9-3F Structural- UseShear PeneIsSh hing

9t el tertals Other Panel Sheathing Materias
12 4 3 39:9-13 Single Dlagondly Shesathed Lumber Draohraqms and Shear Panels Walls
124.3.49:9:-+4 Double Dragondly Sheathed Lumber Draohraqms and Shear PaaelsWdls

Table 12.4.3-189 ¢ tress Factored
Shear Resistance for Horrzontd Draphragms with Framing Members of Douglas Fir, Larch, or
Southern Pinefor Seismic Load| ngs
Table 12.4.3.-2a9:9 oot Factored Shear

Resstance for Seilsmic Forces on Structurd Use Panel Shear Walswith Framing of Douglas Fir,
Larch, or Southern Pine
125910 Conventiond Light Frame Construction
Exeeptton
9:16:1—Braced-Walls
Table 12.5.1-19-16:3-1a Conventiond Light-Frame Congtruction Braced Wal Requirements
Table 12.5.2-19-16:3-1b Conventiond Light-Frame Construction Braced Wall Requirementsin
Minimum Length of Wall Bracing per Each 25 Lineal Feet of Braced
Wadl Line
12 5.1.19-316: -1+ BracedhWaH-Spaetng Scope
- Exceptions1 and 2
12.5.1.1 Irregular Structures
125111
125112
- Exception
125.1.1.3
- Exception
125114
125.1.15
125.1.1.6
12.5.1.1.7 Stepped Foundation
12.5.2 Braced Wdlls
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125.2.1 Spacing Between Braced WAl Lines
12.5.2.2 Braced WAl Line Sheathing Requirements
12.5.2.3 Attachment

125.23.1

125.2.32

125.2.33

12.5.3 Detailing Requirements

1253193622 Wal Anchorage

12.5.3.29:16:22 TopPates

125.3.39:16:23 Bottom Plates
12.5.3.49:16:24—Roof-anaHtoorto Braced Wall Pand Connection
12.5.3.5 Foundations Supporting Braced Wall Pandls

12.5.3.6 Stepped Footings

12.5.3.7 Detailing for Openingsin Digphragms
9:2—Sirength-ofHvtembers-and-Connections

12693 Saamic Perfoermance Desgn Category A

12.794 SaamicPerfermance Design Category B, C, and D
12.7.1941 Constructiontimitations, Conventiona Light-Frame Congtruction
12 7.2 Enm neered Constructlon

1289—7 SelsmlcPeﬁemﬂaaee gnCategoryEandF
97 1+—FramingSysems

12.8.19#2 bBiaphragm-and-Shear-Walt Limitations
12811

Exception
128.1.2

Chapter 13 SEISMICALLY ISOLATED STRUCTURE DESIGN REQUIREMENTS
1326.1 Generd

1326.2 Criteria Selection

1326.2.1 Bagsfor Desgn

1326.2.2 Sability of the Isolation System

1326.23 Sasmic Hazard Exposure Group
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1326.2.4  Configuration Requirements
1326.25 Sdection of Latera Response Procedure
1326.25.1 Generd
132:6.2.5.2 Equivdent Lateral Force Procedure
132:6.2.5.3 Dynamic Andyss
1326.2531 Response-Spectrum Andysis
1326.253.2 TimeHigory Andyss
1326.25.3.3 Ste-Specific Desgn Spectra
1326.3 Equivaent Lateral Force Procedure
132631 Generd
1326.3.2 Deformation Characteristics of the Isolation System
1326.3.3 Minimum Laterd Digplacements
1326.3.3.1 Desgn Displacements

Eq. 1326.3.3.1

Table 132:6.3.3.1b Damping Coefficient B,
132:6.3.3.2 Effective tsoteted-Bitding Period

Eq. 1326.3.3.2
13.3.3.3 Maximum Displacement
13.3.3.4 Effective Period at Maximum Displacement
1326.3.335 Totd Besgnh Digplacement

Eq. 132:6.3.3.35-1and 13.3.3.5-2

1326.34.1 Isolation System and Structural Elements at or Below the Isolation System
Eq. 1326.34.1
1326.3.4.2 Structurd Elements Above the Isolation System
Eq. 1326.3.4.2
132:6.3.4.3 LimitsonV,
1326.35 Vertica Didribution of Force
Eq. 1326.35
1326.3.6 Drift Limits
1326.4 Dynamic Latera Response Procedure
132641 Generd
1326.4.2 Isolation System and Structural Elements Below the Isolation System
Eq. 1326.4.2
1326.4.3 Structurd Elements Above the Isolation System
Exception
Exception
1326.4.4 Ground Motion
1326.4.4.1 Design Spectra
Exception
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Eqg. 1326.4.4.1-1
Eqg. 1326.4.4.1-2
Eqg. 1326.4.4.1-3
1326.4.4.2 TimeHidories
132645 Mathematicd Modd
1326451 Generd
1326.4.5.2 Isolaion System
1326.4.5.3 Isolated Building
1326.453.1 Displacement
1326.45.3.2 Forcesand Displacementsin Key Elements
1326.4.6  Description of Andyss Procedures
1326.4.6.1 Generd
1326.4.6.2 Input Earthquake
1326.4.6.3 Response-Spectrum Anaysis
1326.4.6.4 TimeHigory Andyss
1326.4.7 DedgnLaterd Force
1326.4.7.1 Isolation System and Structural Elements at or Below the Isolation System
1326.4.7.2 Structurd Elements Above the Isolation System
1326.4.7.3 Scdling of Results
1326.4.7.4 Dirift Limits
1326.5 Laterd Load on Elements of Buildings and Nonstructura Components Supported by
Buildings
132651 Generd
1326.5.2 Forces and Displacements
132:6.5.2.1 Components at or Above the Isolation Interface
Exception
132:6.5.2.2 Components Crossing the |solation Interface
132:6.5.2.3 Components Below the Isolation Interface
1326.6 Detaled Sysem Requirements
1326.6.1 Generd
1326.6.2 Isolaion System
1326.6.2.1 Environmental Conditions
1326.6.2.2 Wind Forces
132:6.6.2.3 Fire Resstance
1326.6.24 Laerd-Restoring Force
Exception
132:6.6.2.5 Displacement Redtraint
132:6.6.2.6 Verticd-Load Stability
132:6.6.2.7 Overturning
132:6.6.2.8 Ingpection and Replacement
132:6.6.2.9 Qudity Control
1326.6.3 Structurd System
1326.6.3.1 Horizonta Digtribution of Force
1326.6.3.2 Building Separations
1326.6.3.3 Nonbuilding Structures
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1326.7 Foundations

1326.8 Desgn and Congruction Review

132681 Gened

1326.8.2 Isolaion System

13269 Required Tests of the Isolation System

132691 Gened

1326.9.2 Prototype Tests

1326.9.21 Gened

1326.9.2.2 Record

1326.9.2.3 Sequence and Cycles

132:6.9.2.4 Units Dependent on Loading Rates

132:6.9.2.5 Units Dependent on Bilaterd Load

1326.9.2.6 Maximum and Minimum Bewnward-Vertical Load

1326.9.2.7 Sacrificd-Wind-Redtraint Sysems

132:6.9.2.8 Tesing Similar Units

1326.9.3 Determination of Force-Deflection Characteristics
Eqg. 1326.9.3

132694 Tedt Specimen System Adequacy

1326.95 Desgn Propertiesof the Isolation System

13.9.5.1 Maximum and Minimum Effectiveness Stiffness

13.9.5.2 Effective Damping

Appendix to €hapter-2 13, Passive Energy Dissipation Systems
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Chapter 14 NONBUILDING STRUCTURES
142+.1 Generd
142+.1.1 Scope
14.1.2 Nonbuilding Structures Supported by Other Structures
14.1.3 Architecturd, Mechanica, and Electrical Components
1414213 Loads
14.1.52+14 Fundamentd Period
14.1.62#%5 Drift Limitations
272
Exeeptton
14.1. 723 Materid Requirements

274

275

14.2 Structural Design Requirements

14.2.1 DedgnBass

14.2.2 Rigid Nonbuilding Structures

14.2.3 Deflection Limits and Structure Separation
14.3 Nonbuilding Structures Smilar to Buildings
14.3.1 Generd

14.3.2 Pipe Racks

14.3.3 Sted Storage Racks

14.3.4 Electrica Power Generating Facilities

14.3.5 Structural Towersfor Tanks and Vessals
14.3.6 Piersand Wharves

14.4 Nonbuilding Structures Not Smilar to Buildings
14.4.1 Generd

14.4.2 Earth Retaining Structures

14.4.3 Tanksand VessHs

14.4.4 Electrical Transmisson, Substation, and Digtribution Structures
14.4.5 Tdecommunication Towers

14.4.6 Stacks and Chimneys
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14.4.7 Amusement Structures
14.4.8 Specid Hydraulic Structures
14.4.9 Buried Structures

14.4.10 Inverted Pendulums

Appendix to Chapter 14

Preface

Al4.1 Referencesand Standards

Al4.1.1 Standards

A14.1.2 Industry Standards

Al14.1.3 Generd References

Al4.2 Industry Design Standards and Recommended Practice
Al4.3 Tanksand VessHls

Al4.3.1 Generd

Al14.3.2 Ground-Suported Storage Tanks for Liquids

A14.3.3 Ground-Supported Storage Tanks for Granular Materials
Al14.34 Elevated Tanksfor Liguids and Granular Materiads
Al14.35 Boiler and Pressure Vessals

Al14.3.6 Liguid and Gas Spheres

Al14.3.7 Refrigerated Gas Liquid Storage Tanks and Vessdls
A14.3.8 Horizontal, Saddle Supported Vesselsfor Liquid or Vapor Storage
Al14.3.9 Impoundment Dikes and Walls

Al4.4 Electrica Transmisson, Substation, and Distribution Structures
Al4.4.1 Generd

Al4.4.2 Desgn Bass

Al45 Teecommunication Towers

Al45.1 Generd

Al14.5.2 Desgn Bass

Remainder of Chapter 14 and Appendix to Chapter 14 are new

GEOSSARY moved to 1997 Sec. 2.1
NSTATHONS moved to 1997 Sec. 2.2
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BSSC 1997 UPDATE PROGRAM PARTICIPANTS

Chairman
Vice Chairman
Secretary
Ex-Officio

Members

1995 BOARD OF DIRECTION

James E. Beavers, MS Technology, Inc., Oak Ridge, Tennessee

Allan R. Porush, Dames and Moore, Los Angedles, Cdifornia

Joseph “JIm” Messersmith, Portland Cement Association, Rockville, Virginia;
Gerdd H. Jones, Kansas City, Missouri

Mark B. Hogan, Nationa Concrete Masonry Association, Herndon, Virginia; Nestor
Iwankiw, American Ingtitute of Steel Construction, Chicago, Illinois

Les Murphy, AFL-CIO Building and Construction Trades Department, Washington,
D.C.

Clifford J. Oudey, Bethiehem Sted Corporation, Bethlehem, Pennsylvania
(representing the American Iron and Stedl Ingtitute)

F. Robert Preece, Preece/Goudie and Associates, San Francisco, Cdifornia
(representing the Earthquake Engineering Research Ingtitute)

Jack Prosek, Turner Construction Company, San Francisco, Cdifornia
(representing the Associated Generd Contractors of America)

William W. Stewart, Stewart-Schaberg Architects, Clayton, Missouri (representing
the American Ingtitute of Architects)

John C. Theiss, Theiss Engineers, Inc., St. Louis, Missouri (representing the
American Society of Civil Engineers)

David P. Tyree, American Forest and Paper Association, Georgetown, California

David Wismer, Department of Licenses and Ingpections, Philadel phia, Pennsylvania
(representing the Building Officids and Code Adminigtrators International)

Richard Wright, National Institute of Standards and Technology, Gaithersburg,
Maryland (representing the Interagency Committee for Seismic Safety in
Construction)

301



BSSC 1997 Update Project Participants

1996 BOARD OF DIRECTION
Chairman
Eugene Zdller, Director of Planning and Building, Department of Planning and Building, Long Beach, Cdifornia
ViceChairman

Richard Wright, Director, Building and Fire Research Laboratory, National Ingtitute of Standards and Technology,
Gaithershurg, Maryland (representing the Interagency Committee for Seismic Safety in Construction)

Secretary

Joseph J. Messersmith, Coordinating Manager, Regiona Code Services, Portland Cement Association, Rockville,
Virginia

Members

James E. Beavers, Ex officio, MS Technology, Inc., Oak Ridge, Tennessee

Mark B. Hogan, Vice President of Engineering, National Concrete Masonry Association, Herndon, Virginia

Nestor Iwankiw, Vice President, Technology and Research, American Indtitute of Sted Construction, Chicago,
Illinois

Gerdd H. Jones, Kansas City, Missouri (representing the Nationd Ingtitute of Building Sciences)

Joseph Nicoletti, Senior Consultant, URS/John A. Blume and Associates, San Francisco, California (representing
the Earthquake Engineering Research Ingtitute)

Allan R. Porush, Structural Engineer, Dames and Moore, Los Angdles, California (representing the Structura
Engineers Association of California)

Jack Prosek, Project Manager, Turner Construction Company, Palo Alto, California (representing the Associated
Genera Contractors of America)

William W. Stewart, Stewart Schaberg/Architects, Clayton, Missouri (representing the American Indtitute of
Architects)

John C. Theiss, Vice President, EQE - Theiss, . Louis, Missouri (representing the American Society of Civil
Engineers)

CharlesH. Thornton, Chairman, The LZA Group, Thornton-Tomasetti Engineers, New Y ork, New Y ork
(representing the Applied Technology Council)

David P. Tyree, Regional Manager, American Forest and Paper Association, Colorado Springs, Colorado

David Wismer, Director of Planning and Code Development, Department of Licenses and Inspections,
Philadd phia, Pennsylvania (representing Building Officias and Code Administrators International)
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1997 BOARD OF DIRECTION

Chairman
Eugene Zdller, City of Long Beach, Cdifornia
Vice Chairman

William W. Stewart, Stewart-Scholberg Architects, Clayton, Missouri (representing the American Indtitute of
Architects)

Secretary

Mark B. Hogan, Nationa Concrete Masonry Association, Herndon, Virginia

Ex-Officio

James E. Beavers, Beavers and Associates, Oak Ridge, Tennessee

Members

Eugene Cole, Carmichad, Cdlifornia (representing the Structural Engineers Association of California)
S. K. Ghosh, Portland Cement Association, Skokie, Illinois

Nestor Iwankiw, American Ingtitute of Sted Congtruction, Chicago, Illinois

Gerdd H. Jones, Kansas City, Missouri (representing the Nationd Intitute of Building Sciences)

Joseph Nicoletti, URS/John A. Blume and Associates, San Francisco, Cdifornia (representing the Earthquake
Engineering Research Indtitute)

Jack Prosek, Turner Construction Company, San Francisco, California (representing the Associated General
Contractors of America)

W. Lee Shoemaker, Meta Building Manufacturers Association, Cleveland, Ohio
John C. Theiss, TheissEngineers, Inc., t. Louis, Missouri (representing the American Society of Civil Engineers)
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