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ABSTRACT L

This revision of the ASCE Standard Minimum Design Loads
for Buildings and Other Structures is a replacement of ASCE
7-98. This Standard provides requirements for dead, live, soil,
flood, wind, snow, rain, ice, and earthquake loads, and their
combinations that are suitable for inclusion in building codes
and other documents.

Substantial changes were made to the wind, snow,
earthquake, and ice provisions. In addition, substantial new
material was added regarding the determination of flood
loads. The structural loading requirements provided by this
Standard are intended for use by architects, structural
engineers, and those engaged in preparing and administering
local building codes.
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FOREWORD

The material presented in this Standard has been pre-
pared in accordance with recognized engineering principles.
This Standard should not be used without first securing
competent advice with respect to its suitability for any
given application. The publication of the material contained
herein is not intended as a representation or warranty on

the part of the American Society of Civil Engineers, or
of any other person named herein, that this information is
suitable for any general or particular use or promises free-
dom from infringement of any patent or patents. Anyone
making use of this information assumes all liability from
such use.
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SECTION 1.0
GENERAL

SECTION 1.1
SCOPE

This standard provides minimum load requirements for the
design of buildings and other structures that are subject
to building code requirements. Loads and appropriate load
combinations, which have been developed to be used
together, are set forth for strength design and allowable
stress design. For design strengths and allowable stress
limits, design specifications for conventional structural
materials used in buildings and modifications contained in
this standard shall be followed.

SECTION 1.2
DEFINITIONS

The following definitions apply to the provisions of the
entire standard.

ALLOWABLE STRESS DESIGN. A method of propor-
tioning structural members such that elastically computed
stresses produced in the members by nominal loads do not
exceed specified allowable stresses (also called working
stress design).

AUTHORITY HAVING JURISDICTION. The organi-
zation, political subdivision, office, or individual charged
with the responsibility of administering and enforcing the
provisions of this standard.

BUILDINGS. Structures, usually enclosed by walls and
a roof, constructed to provide support or shelter for an
intended occupancy.

DESIGN STRENGTH. The product of the nominal
strength and a resistance factor.

ESSENTIAL FACILITIES. Buildings and other struc-
tures that are intended to remain operational in the event of
extreme environmental loading from wind, snow, or earth-
quakes. ‘

FACTORED LOAD. The product of the nominal load and
a load factor.

HAZARDOUS MATERIAL. Chemicals or substances
classified as a physical or health hazard whether the chem-
icals or substances are in a usable or waste condition.

HEALTH HAZARD. Chemicals or substances classified
by the authority having jurisdiction as toxic, highly toxic,
Or corrosive.
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LIMIT STATE. A condition beyond which a structure or
member becomes unfit for service and is judged either to
be no longer useful for its intended function (serviceability
limit state) or to be unsafe (strength limit state).

LOAD EFFECTS. Forces and deformations produced in
structural members by the applied loads.

LOAD FACTOR. A factor that accounts for deviations of
the actual load from the nominal load, for uncertainties in
the analysis that transforms the load into a load effect, and
for the probability that more than one extreme load will
occur simultaneously.

LOADS. Forces or other actions that result from the
weight of all building materials, occupants and their pos-
sessions, environmental effects, differential movement, and
restrained dimensional changes. Permanent loads are those
loads in which variations over time are rare or of small
magnitude. All other loads are variable loads. (see also
nominal loads.)

NOMINAL LOADS. The magnitudes of the loads speci-
fied in Sections 3 through 9 (dead, live, soil, wind, snow,
rain, flood, and earthquake) of this standard.

NOMINAL STRENGTH. The capacity of a structure
or member to resist the effects of loads, as determined
by computations using specified material strengths and
dimensions and formulas derived from accepted principles
of structural mechanics or by field tests or laboratory
tests of scaled models, allowing for modeling effects and
differences between laboratory and field conditions.

OCCUPANCY. The purpose for which a building or other
structure, or part thereof, is used or intended to be used.

OTHER STRUCTURES. Structures, other than build-
ings, for which loads are specified in this standard.

P-DELTA EFFECT. The second-order effect on shears
and moments of frame members induced by axial loads
on a laterally displaced building frame.

PHYSICAL HAZARD. Chemicals or substances in a lig-
uid, solid, or gaseous form that are classified by the
authority having jurisdiction as combustible, flammable,
explosive, oxidizer, pyrophoric, unstable (reactive), or
water reactive.

RESISTANCE FACTOR. A factor that accounts for devi-
ations of the actual strength from the nominal strength and
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the manner and consequences of failure (also called strength
reduction factor),

STRENGTH DESIGN. A method of proportioning struc-
tural members such that the computed forces produced
in the members by the factored loads do not exceed the
member design strength (also called load and resistance
factor design).

TEMPORARY FACILITIES. Buildings or other struc-
tures that are to be in service for a limited time and have a
limited exposure period for environmental loadings.

SECTION 1.3
BASIC REQUIREMENTS

1.3.1 Strength. Buildings and other structures, and all
parts thereof, shall be designed and constructed to support
safely the factored loads in load combinations defined in
this document without exceeding the appropriate strength
limit states for the materials of construction. Alternatively,
buildings and other structures, and all parts thereof, shall
be designed and constructed to support safely the nominal
loads in load combinations defined in this document without
exceeding the appropriate specified allowable stresses for
the materials of construction.

1.3.2 Serviceability. Structural systems, and members
thereof, shall be designed to have adequate stiffness to
limit deflections, lateral drift, vibration, or any other
deformations - that adversely affect the intended use and
performance of buildings and other structures.

1.3.3 Self-Straining Forces. Provision shall be made for
anticipated self-straining forces arising from differential
settlements of foundations and from restrained dimensional
changes due to temperature, moisture, shrinkage, creep, and
similar effects.

1.3.4 Analysis. Load effects on individual structural mem-
bers shall be determined by methods of structural analysis
that take into account equilibrium, general stability, geo-
metric compatibility, and both short- and long-term material
properties. Members that tend to accumulate residual defor-
mations under repeated service loads shall have included
in their analysis the added eccentricities expected to occur
during their service life.

1.3.5 Counteracting Structural Actions. All structural
members and systems, and all components and cladding
in a building or other structure, shall be designed to resist
forces due to earthquake and wind, with consideration
of overturning, sliding, and uplift, and continuous load
paths shall be provided for transmitting these forces to the
foundation. Where sliding is used to isolate the elements,
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the effects of friction between sliding elements shall be
included as a force. Where all or a portion of the resistance
to these forces is provided by dead load, the dead load
shall be taken as the minimum dead load likely to be
in place during the event causing the considered forces.
Consideration shall be given to the effects of vertical and
horizontal deflections resulting from such forces.

SECTION 1.4
GENERAL STRUCTURAL INTEGRITY

Buildings and other structures shall be designed to sustain
local damage with the structural system as a whole remain-
ing stable and not being damaged to an extent dispropor-
tionate to the original local damage. This shall be achieved
through an arrangement of the structural elements that pro-
vides stability to the entire structural system by transfer-
ring loads from any locally damaged region to adjacent
regions capable of resisting those loads without collapse.
This shall be accomplished by providing sufficient continu-
ity, redundancy, or energy-dissipating capacity (ductility),
or a combination thereof, in the members of the structure.

SECTION 1.5
CLASSIFICATION OF BUILDINGS AND OTHER
STRUCTURES

1.5.1 Nature of Occupancy. Buildings and other struc-
tures shall be classified, based on the nature of occupancy,
according to Table 1-1 for the purposes of applying flood,
wind, snow, earthquake, and ice provisions. The categories
range from I to IV, where Category I represents buildings
and other structures with a low hazard to human life in the
event of failure and Category IV represents essential facil-
ities. Each building or other structure shall be assigned to
the highest applicable category or categories. Assignment
of the same structure to multiple categories based on use
and the type of load condition being evaluated (e.g., wind,
seismic, etc.) shall be permissible.

When buildings or other structures have multiple uses
(occupancies), the relationship between the uses of various
parts of the building or other structure and the independence
of the structural systems for those various parts shall be
examined. The classification for each independent structural
system of a multiple use building or other structure shall
be that of the highest usage group in any part of the
building or other structure that is dependent on that basic
structural system.

1.5.2 Hazardous Materials and Extremely Hazardous
Materials. Buildings and other structures containing haz-
ardous materials or extremely hazardous materials are per-
mitted to be classified as Category II structures if it can
be demonstrated to the satisfaction of the authority having
jurisdiction by a hazard assessment as part of an overall
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risk management plan (RMP) that a release of the haz-
ardous material or extremely hazardous material does not
pose a threat to the public.

In order to qualify for this reduced classification, the
owner or operator of the buildings or other structures
containing the hazardous materials or extremely haz-
ardous materials shall have a risk management plan
that incorporates three elements as a minimum: a haz-
ard assessment, a prevention program, and an emergency
response plan.

As a minimum, the hazard assessment shall include the
preparation and reporting of worst-case release scenarios for
each structure under consideration, showing the potential
effect on the public for each. As a minimum, the worst-
case event shall include the complete failure (instantaneous
release of entire contents) of a vessel, piping system, or
other storage structure. A worst-case event includes (but
is not limited to) a release during the design wind or
design seismic event. In this assessment, the evaluation
of the effectiveness of subsequent measures for accident
mitigation shall be based on the assumption that the
complete failure of the primary storage structure has
occurred. The off-site impact must be defined in terms of
population within the potentially affected area. In order to
qualify for the reduced classification, the hazard assessment
shall demonstrate that a release of the hazardous material
from a worst-case event does not pose a threat to the public
outside the property boundary of the facility.

As a minimum, the prevention program shall consist
of the comprehensive elements of process safety man-
agement, which is based on accident prevention through
the application of management controls in the key areas
of design, construction, operation, and maintenance. Sec-
ondary containment of the hazardous materials or extremely
hazardous materials (including, but not limited to, double
wall tank, dike of sufficient size to contain a spill, or other
means to contain a release of the hazardous materials or
extremely hazardous material within the property bound-
ary of the facility and prevent release of harmful quantities
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of contaminants to the air, soil, ground water, or surface
water) are permitted to be used to mitigate the risk of
release. When secondary containment is provided, it shall
be designed for all environmental loads and is not eligible
for this reduced classification. In hurricane-prone regions,
mandatory practices and procedures that effectively dimin-
ish the effects of wind on critical structural elements or that
alternatively protect against harmful releases during and
after hurricanes may be used to mitigate the risk of release.

As a minimum, the emergency response plan shall
address public notification, emergency medical treatment
for accidental exposure to humans, and procedures for
emergency response to releases that have consequences
beyond the property boundary of the facility. The emer-
gency response plan shall address the potential that
resources for response could be compromised by the event
that has caused the emergency.

SECTION 1.6
ADDITIONS AND ALTERATIONS TO EXISTING
STRUCTURES

When an existing building or other structure is enlarged
or otherwise altered, structural members affected shall be
strengthened if necessary so that the factored loads defined
in this document will be supported without exceeding
the specified design strength for the materials of con-
struction. When using allowable stress design, strength-
ening is required when the stresses due to nominal loads
exceed the specified allowable stresses for the materials of
construction.

SECTION 1.7
LOAD TESTS

A load test of any construction shall be conducted when
required by the authority having jurisdiction whenever there
is reason to question its safety for the intended occupancy
Or use.



TABLE 1-1

CLASSIFICATION OF BUILDINGS AND OTHER STRUCTURES FOR FLOOD, WIND, SNOW, EARTHQUAKE, AND ICE LOADS

Nature of Occupancy

Category

Buildings and other structures that represent a low hazard to human life in the event of failure including,
but not limited to:

Agricultural facilities

Certain temporary facilities

Minor storage facilities

I

All buildings and other structures except those listed in Categories 1, III, and IV

It

Buildings and other structures that represent a substantial hazard to human life in the event of failure
including, but not limited to:
Buildings and other structures where more than 300 people congregate in one area
Buildings and other structures with day care facilities with capacity greater than 150
Buildings and other structures with elementary school or secondary school facilities with capacity
greater than 250
Buildings and other structures with a capacity greater than 500 for colleges or adult education facilities
Health care facilities with a capacity of 50 or more resident patients but not having surgery or
emergency treatment facilities
Jails and detention facilities
Power generating stations and other public utility facilities not included in Category IV

Buildings and other structures not included in Category IV (including, but not limited to, facilities that
manufacture, process, handle, store, use, or dispose of such substances as hazardous fuels, hazardous
chemicals, hazardous waste, or explosives) containing sufficient quantities of hazardous materials to be
dangerous to the public if released.

Buildings and other structures containing hazardous materials shall be eligible for classification as Category
IT structures if it can be demonstrated to the satisfaction of the authority having jurisdiction by a hazard
assessment as described in Section 1.5.2 that a release of the hazardous material does not pose a threat to
the public.

111

Buildings and other structures designated as essential facilities including, but not limited to:

Hospitals and other health care facilities having surgery or emergency treatment facilities

Fire, rescue, ambulance, and police stations and emergency vehicle garages

Designated earthquake, hurricane, or other emergency shelters

Designated emergency preparedness, communication, and operation centers and other facilities required
for emergency response

Power generating stations and other public utility facilities required in an emergency

Ancillary structures (including, but not limited to, communication towers, fuel storage tanks, cooling
towers, electrical substation structures, fire water storage tanks or other structures housing or
supporting water, or other fire-suppression material or equipment) required for operation of Category
IV structures during an emergency

Aviation control towers, air traffic control centers, and emergency aircraft hangars

Water storage facilities and pump structures required to maintain water pressure for fire suppression

Buildings and other structures having critical national defense functions

Buildings and other structures (including, but not limited to, facilities that manufacture, process, handle,
store, use, or dispose of such substances as hazardous fuels, hazardous chemicals, hazardous waste, or
explosives) containing extremely hazardous materials where the quantity of the material exceeds a
threshold quantity established by the authority having jurisdiction.

Buildings and other structures containing extremely hazardous materials shall be eligible for classification
as Category II structures if it can be demonstrated to the satisfaction of the authority having jurisdiction by
a hazard assessment as described in Section 1.5.2 that a release of the extremely hazardous material does
not pose a threat to the public. This reduced classification shall not be permitted if the buildings or other
structures also function as essential facilities.

v
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SECTION 2.0
COMBINATIONS OF LOADS

SECTION 2.1
GENERAL

Buildings and other structures shall be designed using the
provisions of either Section 2.3 or 2.4. Either Section 2.3 or
2.4 shall be used exclusively for proportioning elements of
a particular construction material throughout the structure.

SECTION 2.2
SYMBOLS AND NOTATION

D = dead load;

D; = weight of ice;

E = earthquake load;

F = load due to fluids with well-defined pressures and
maximum heights;

F, = flood load;

H = load due to lateral earth pressure, ground water
pressure, or pressure of bulk materials;

L = live load;

L, = roof live load;

= rain load;

= snow load;

= self-straining force;

= wind load;

; = wind-on-ice determined in accordance with

Section 10.

SECTION 2.3
COMBINING FACTORED LOADS USING
STRENGTH DESIGN

2.3.1 Applicability. The load combinations and load fac-
tors given in Section 2.3.2 shall be used only in those cases
in which they are specifically authorized by the applicable
material design standard.

2.3.2 Basic Combinations. Structures, components, and
foundations shall be designed so that their design strength
equals or exceeds the effects of the factored loads in the
following combinations:

1.4(D+ F)

12(D+F+T)+1.6(L+ H)+05(L, or S or R)
1.2D +1.6(L, or S or R) + (L or 0.8W)

12D+ 1.6W + L +0.5(L, or S or R)

12D+ 1.0E+ L 4+0.2S8

AN
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6. 0.9D +1.6W + 1.6H
7. 09D 4+ 1.0E +1.6H

Exceptions:

1. The load factor on L in combinations (3), (4), and
(5) is permitted to equal 0.5 for all occupancies
in which L, in Table 4.1 is less than or equal to
100 psf, with the exception of garages or areas
occupied as places of public assembly.

2. The load factor on H shall be set equal to
zero in combinations (6) and (7) if the structural
action due to H counteracts that due to W or E.
Where lateral earth pressure provides resistance
to structural actions from other forces, it shall
not be included in H but shall be included in the
design resistance.

Each relevant strength limit state shall be investigated.
Effects of one or more loads not acting shall be investigated.
The most unfavorable effects from both wind and earth-
quake loads shall be investigated, where appropriate, but
they need not be considered to act simultaneously. Refer to
Section 9.2.2 for specific definition of the earthquake load
effect E.!

2.3.3 Load Combinations Including Flood Load. When
a structure is located in a flood zone (Section 5.3.1), the
following load combinations shall be considered:

1. In V-Zones or Coastal A-Zones, 1.6W in combina-
tions (4) and (6) shall be replaced by 1.6W 4 2.0F,.

2. In noncoastal A-Zones, 1.6W in combinations (4) and
(6) shall be replaced by 0.8W 4 1.0F,.

2.3.4 Leoad Combinations Including Atmospheric Ice
Loads. When a structure is subjected to atmospheric ice
and wind-on-ice loads, the following load combinations
shall be considered:

1. 0.5 (L, or § or R) in combination (2) shall be
replaced by 0.2D; 4+ 0.5S.

2. 1.6W + 0.5 (L, or S or R) in combination (4) shall
be replaced by D; + W; +0.55.

3. 1.6W in combination (6) shall be replaced by
D; + W;.

! The same E from Section 9 is used for both Section 2.3.2
and Section 2.4.1. Refer to the Commentary for Section 9.
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SECTION 2.4
COMBINING NOMINAL LOADS USING
ALLOWABLE STRESS DESIGN

2.4.1 Basic Combinations. Loads listed herein shall be
considered to act in the following combinations; whichever
produces the most unfavorable effect in the building,
foundation, or structural member being considered. Effects
of one or more loads not acting shalil be considered.

1. D+ F

22D+H+F+L+T

3. D+ H+F+(L,or SorR)

4 D+ H+ F+075(L+T)+0.75(L, or S or R)

5. D+ H+F+ (Wor07E)

6. D+ HA+F+0.75(W or 0.7E) + 0.75L + 0.75(L,
or Sor R)

7. 06D+ W+ H

8. 0.6D+0TE+H

The most unfavorable effects from both wind and
earthquake loads shall be considered, where appropriate,
but they need not be assumed to act simultaneously. Refer
to Section 9.2.2 for the specific definition of the earthquake
load effect E.>

Increases in allowable stress shall not be used with the
loads or load combinations given in this standard unless it
can be demonstrated that such an increase is justified by
structural behavior caused by rate or duration of load.

2 The same E from Section 9 is used for both Section 2.3.2
and Section 2.4.1. Refer to the Commentary for Section 9.

2.4.2 Load Combinations Including Flood Load. When
a structure is located in a flood zone, the following load
combinations shall be considered:

1. In V-Zones or Coastal A-Zones (Section 5.3.1),
1.5F, shall be added to other loads in combinations
(5), (6), and (7) and E shall be set equal to zero in
(5) and (6).

2. In noncoastal A-Zones, 0.75F, shall be added to
combinations (5), (6), and (7) and E shall be set equal
to zero in (5) and (6).

2.4.3 Load Combinations Including Atmospheric Ice
Loads. When a structure is subjected to atmospheric ice
and wind-on-ice loads, the following load combinations
shall be considered:

i. 0.7D; shall be added to combination (2).
2. (L, or S or R) in combination (3) shall be replaced
3. W in combination (7) shall be replaced by 0.7D; +

SECTION 2.5
LOAD COMBINATIONS FOR
EXTRAORDINARY EVENTS

Where required by the applicable code, standard, or the
authority having jurisdiction, strength and stability shall be
checked to ensure that structures are capable of withstand-
ing the effects of extraordinary (i.e., low-probability) events
such as fires, explosions, and vehicular impact.
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SECTION 3.0
DEAD LOADS

SECTION 3.1
DEFINITION

Dead loads consist of the weight of all materials of
construction incorporated into the building including but
not limited to walls, floors, roofs, ceilings, stairways,
built-in partitions, finishes, cladding and other similarly
incorporated architectural and structural items, and fixed
service equipment including the weight of cranes.

SECTION 3.2
WEIGHTS OF MATERIALS AND
CONSTRUCTIONS

In determining dead loads for purposes of design, the
actual weights of materials and constructions shall be
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used provided that in the absence of definite information,
values approved by the authority having jurisdiction shall
be used.

SECTION 3.3
WEIGHT OF FIXED SERVICE EQUIPMENT

In determining dead loads for purposes of design, the
weight of fixed service equipment such as plumbing stacks
and risers, electrical feeders, and heating, ventilating, and
air conditioning systems shall be included.






SECTION 4.0
LIVE LOADS

SECTION 4.1
DEFINITION

Live loads are those loads produced by the use and occu-
pancy of the building or other structure and do not include
construction or environmental loads such as wind load,
snow load, rain load, earthquake load, flood load, or dead
load. Live loads on a roof are those produced (1) during
maintenance by workers, equipment, and materials, and
(2) during the life of the structure by movable objects such
as planters and by people.

SECTION 4.2
UNIFORMLY DISTRIBUTED LOADS

4.2.1 Required Live Loads. The live loads used in the
design of buildings and other structures shall be the
maximum loads expected by the intended use or occupancy
but shall in no case be less than the minimum uniformly
distributed unit loads required by Table 4-1.

4.2.2 Provision for Partitions. In office buildings or other
buildings where partitions will be erected or rearranged,
provision for partition weight shall be made, whether or
not partitions are shown on the plans, unless the specified
live load exceeds 80 1b/ft> (3.83 kN/m?).

SECTION 4.3
CONCENTRATED LOADS

Floors and other similar surfaces shall be designed to sup-
port safely the uniformly distributed live loads prescribed
in Section 4.2 or the concentrated load, in pounds or kilo-
newtons (kN), given in Table 4-1, whichever produces
the greater load effects. Unless otherwise specified, the
indicated concentration shall be assumed to be uniformly
distributed over an area 2.5 ft square (762 mm square)
[6.25 ft? (0.58 m?)] and shall be located so as to produce
the maximum load effects in the structural members.

Any single panel point of the lower chord of exposed
roof trusses or any point along the primary structural
members supporting roofs over manufacturing, commercial
storage and warehousing, and commercial garage floors
shall be capable of carrying safely a suspended concentrated
load of not less than 2000 Ib (pound-force) (8.90 kN)
in addition to dead load. For all other occupancies, a
load of 200 Ib (0.89 kN) shall be used instead of 2000 1b
(8.90 kN).
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SECTION 4.4
LOADS ON HANDRAILS, GUARDRAIL
SYSTEMS, GRAB BAR SYSTEMS, VEHICLE
BARRIER SYSTEMS, AND FIXED LADDERS

4.4.1 Definitions.

HANDRAIL. A rail grasped by hand for guidance and
support. A handrail assembly includes the handrail, sup-
porting attachments, and structures.

FIXED LADDER. A ladder that is permanently attached
to a structure, building, or equipment.

GUARDRAIL SYSTEM. A system of building compo-
nents near open sides of an elevated surface for the purpose
of minimizing the possibility of a fall from the elevated
surface by people, equipment, or material.

GRAB BAR SYSTEM. A bar provided to support body
weight in locations such as toilets, showers, and tub
enclosures.

VEHICLE BARRIER SYSTEM. A system of building
components near open sides of a garage floor or ramp, or
building walls that act as restraints for vehicles.

4.4.2 Loads.

(a) Handrail assemblies and guardrail systems shall be

designed to resist a load of 50 Ib/ft (pound-force per
linear ft) (0.73 kIN/m) applied in any direction at the
top and to transfer this load through the supports to
the structure. For one- and two-family dwellings, the
minimum load shall be 20 lb/ft (0.29 kIN/m).
Further, all handrail assemblies and guardrail sys-
tems shall be able to resist a single concentrated
load of 200 Ib (0.89 kN) applied in any direction
at any point along the top, and have attachment
devices and supporting structure to transfer this
loading to appropriate structural elements of the
building. This load need not be assumed to act
concurrently with the loads specified in the preceding
paragraph.
Intermediate rails (all those except the handrail),
balusters, and panel fillers shall be designed to with-
stand a horizontally applied normal load of 50 Ib
(0.22 kN) on an area not to exceed 1 ft* (305 mm?)
including openings and space between rails. Reac-
tions due to this loading are not required to be super-
imposed with those of either preceding paragraph.



(b) Grab bar systems shall be designed to resist a single
concentrated load of 250 1b (1.11 kN) applied in any
direction at any point.

(c) Vehicle barrier systems for passenger cars shall
be designed to resist a single load of 6000 Ib
(26.70 kN) applied horizontally in any direction to
the barrier system, and shall have anchorages or
attachments capable of transferring this load to the
structure. For design of the system, the load shall
be assumed to act at a minimum height of 1 ft,
6 in. (460 mm) above the floor or ramp surface
on an area not to exceed 1 ft* (305 mm?), and
is not required to be assumed to act concurrently
with any handrail or guardrail loadings specified in
the preceding paragraphs of Section 4.4.2. Garages
accommodating trucks and buses shall be designed
in accordance with an approved method, which
contains provision for traffic railings.

(d) The minimum design live load on fixed ladders
with rungs shall be a single concentrated load of
300 lbs, and shall be applied at any point to produce
the maximum load effect on the element being
considered. The number and position of additional
concentrated live load units shall be a minimum of
1 unit of 300 lbs for every 10 ft of ladder height.

(e) Where rails of fixed ladders extend above a floor
or platform at the top of the ladder, each side rail
extension shall be designed to resist a concentrated
live load of 100 Ibs in any direction at any height up
to the top of the side rail extension. Ship ladders with
treads instead of rungs shall have minimum design
loads as stairs, defined in Table 4-1.

SECTION 4.5
LOADS NOT SPECIFIED

For occupancies or uses not designated in Section 4.2. or
4.3, the live load shall be determined in accordance with a
method approved by the authority having jurisdiction.

SECTION 4.6
PARTIAL LOADING

The full intensity of the appropriately reduced live load
applied only to a portion of a structure or member shall
be accounted for if it produces a more unfavorable effect
than the same intensity applied over the full structure
or member.

SECTION 4.7
IMPACT LOADS

The live loads specified in Sections 4.2.1 and 4.4.2 shall
be assumed to include adequate allowance for ordinary
impact conditions. Provision shall be made in the structural
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design for uses and loads that involve unusual vibration and
impact forces.

4.7.1 Elevators. All elevator loads shall be increased by
100% for impact and the structural supports shall be
designed within the limits of deflection prescribed by
Refs. 4-1 and 4-2.

4.7.2 Machinery. For the purpose of design, the weight of
machinery and moving loads shall be increased as follows
to allow for impact:

(1) elevator machinery, 100%;
(2) light machinery, shaft- or motor-driven, 20%;
(3) reciprocating machinery or power-driven units, 50%;

(4) hangers for floors or balconies, 33%. All percent-
ages shall be increased where specified by the
manufacturer.

SECTION 4.8
REDUCTION IN LIVE LOADS

The minimum uniformly distributed live loads, L, in
Table 4-1, may be reduced according to the following
provisions.

4.8.1 General. Subject to the limitations of Sections 4.8.2
through 4.8.5, members for which a value of K;; Ay is
400 f* (37.16 m?) or more are permitted to be designed
for a reduced live load in accordance with the following
formula:

L=1L, (0.25 + ﬁ) (Eq. 4-1)
In ST
L=1L, (0.25 + i)
VKL AT
where

L = reduced design live load per square ft (m) of area
supported by the member
L, = unreduced design live load per square ft (m) of
area supported by the member (see Table 4-1)
K11 = live load element factor (see Table 4-2)
A7 = tributary area in ft> (m?)

L shall not be less than 0.50L, for members supporting
one floor and L shall not be less than 0.40L,, for members
supporting two or more floors.

4.8.2 Heavy Live Loads. Live loads that exceed 100 1b/ft?
(4.79 kN/m?) shall not be reduced except the live loads
for members supporting two or more floors may be
reduced by 20%.
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4.8.3 Passenger Car Garages. The live loads shall not
be reduced in passenger car garages except the live loads
for members supporting two or more floors may be
reduced by 20%.

4.8.4 Special Occupancies. Live loads of 100 Ibs/ft?
(4.79 kN/m?) or less shall not be reduced in public
assembly occupancies.

4.8.5 Limitations on One-Way Slabs. The tributary area,
Ar, for one-way slabs shall not exceed an area defined by
the slab span times a width normal to the span of 1.5 times
the slab span.

SECTION 4.9
MINIMUM ROOF LIVE LOADS

4.9.1 Flat, Pitched, and Curved Roofs. Ordinary flat,
pitched, and curved roofs shall be designed for the live
loads specified in Eq. 4-2 or other controlling combina-
tions of loads as discussed in Section 2, whichever pro-
duces the greater load. In structures such as greenhouses,
where special scaffolding is used as a work surface for
workmen and materials during maintenance and repair
operations, a lower roof load than specified in Eq. 4-2
shall not be used unless approved by the authority having
jurisdiction.

L, =20R|R, where 12 < L, <20 (Eq. 4-2)
mSI: L, =096R;R, where 0.58 < L, <0.96

L, = roof live load/ft*> of horizontal projection
in Ibs/ ft* (kN/m?).

where

The reduction factors R; and R, shall be determined
as follows:

1 for A, <200 ft*>(18.58 m?)
R = 1.2—0.0014, for 200 f* < A, < 600 ft*
0.6 for A, > 600 ft>(55.74 m?)
in SI:
1 for A, < 18.58 m®
R, = 1.2 -0.01076A, for 18.58 m? < A, < 55.74 m?
0.6 for A, > 55.74 m?

where A, = tributary area in ft* (m?) supported by any
structural member and

1 for F <4
Ry=12-005F ford<F <12
0.6 for F > 12

Minimum Design Loads for Buildings and Other Structures

where, for a pitched roof, F = number of inches of rise
per ft (in SI: F =0.12 x slope, with slope expressed in
percentage points) and, for an arch or dome, F = rise-to-
span ratio multiplied by 32.

4.9.2 Special-Purpose Roofs. Roofs used for promenade
purposes shall be designed for a minimum live load of
60 Ib/ft? (2.87 kN/m?). Roofs used for roof gardens or
assembly purposes shall be designed for a minimum live
load of 100 Ib/ft> (4.79 kN/m?). Roofs used for other
special purposes shall be designed for appropriate loads
as approved by the authority having jurisdiction.

4.9.3 Special Structural Elements. Live loads of 100 1bs/
ft> (4.79 kN/m?) or less shall not be reduced for roof
members except as specified in 4.9.

SECTION 4.10
CRANE LOADS

The crane live load shall be the rated capacity of the crane.
Design loads for the runway beams, including connections
and support brackets, of moving bridge cranes and monorail
cranes shall include the maximum wheel loads of the crane
and the vertical impact, lateral, and longitudinal forces
induced by the moving crane.

4.10.1 Maximum Wheel Load. The maximum wheel
loads shall be the wheel loads produced by the weight of
the bridge, as applicable, plus the sum of the rated capacity
and the weight of the trolley with the trolley positioned on
its runway at the location where the resulting load effect
i$ maximum.

4.10.2 Vertical Impact Force. The maximum wheel loads
of the crane shali be increased by the percentages shown
below to determine the induced vertical impact or vibration
force:

Monorail cranes (powered) 25
Cab-operated or remotely operated bridge cranes 25
(powered)

Pendant-operated bridge cranes (powered) 10
Bridge cranes or monorail cranes with 0

hand-geared bridge, trolley, and hoist

4.10.3 Lateral Force. The lateral force on crane runway
beams with electrically powered trolleys shall be calcu-
lated as 20% of the sum of the rated capacity of the
crane and the weight of the hoist and troliey. The lateral
force shall be assumed to act horizontally at the traction
surface of a runway beam, in either direction perpendicu-
lar to the beam, and shall be distributed with due regard
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to the lateral stiffness of the runway beam and support-
ing structure.

4.10.4 Longitudinal Force. The longitudinal force on
crane runway beams, except for bridge cranes with
hand-geared bridges, shall be calculated as 10% of the
maximum wheel loads of the crane. The longitudinal
force shall be assumed to act horizontally at the traction
surface of a runway beam in either direction parallel to
the beam.

SECTION 4.11
REFERENCES

Ref. 4-1 ANSL (1988). “American National Standard Prac-
tice for the Inspection of Elevators, Escalators,
and Moving Walks (Inspectors’ Manual).” ANSI
Al7.2.

Ref. 4-2 ANSI/ASME. (1993). “American National Stan-
dard Safety Code for Elevators and Escalators.”
ANSI/ASME A17.1.

TABLE 4-1
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, Lo, AND MINIMUM CONCENTRATED LIVE LOADS
Uniform psf Conc. Ibs

Occupancy or Use {(kN/m?2) {kN)
Apartments (see residential)
Access floor systems

Office use 50 (2.4) 2000 (8.9)

Computer use 100 (4.79) 2000 (8.9)
Armories and drill rooms 150 (7.18)
Assembly areas and theaters

Fixed seats (fastened to floor) 60 (2.87)

Lobbies 100 (4.79)

Movable seats 100 (4.79)

Platforms (assembly) 100 (4.79)

Stage floors 150 (7.18)
Balconies (exterior) 100 (4.79)

On one- and two-family residences only, and not exceeding 100 ft.2 (9.3 m?) 60 (2.87)
Bowling alleys, poolrooms, and similar recreational areas 75 (3.59)
Catwalks for maintenance access 40 (1.92) 300 (1.33)
Corridors

First floor 100 (4.79)

Other floors, same as occupancy served except as indicated
Dance halls and ballrooms 100 (4.79)
Decks (patio and roof)

Same as area served, or for the type of occupancy accommodated
Dining rooms and restaurants 100 (4.79)
Dwellings (see residential)
Elevator machine room grating (on area of 4 in.> (2580 mm?)) 300 (1.33)
Finish light floor plate construction (on area of 1 in.? (645 mm?)) 200 (0.89)
Fire escapes 100 (4.79)

On single-family dwellings only 40 (1.92)
Fixed ladders See

Section 4.4

Garages (passenger vehicles only) 40 (1.92) Note (1)

Trucks and buses Note (2)

(continued)
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TABLE 4-1 — continued
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, Lo, AND MINIMUM CONCENTRATED LIVE LOADS

Uniform psf T Conc. Ibs
Occupancy or Use (kN/m?) (k)
Grandstands (see stadium and arena bleachers)
Gymnasiums, main floors, and balconies 100 (4.79) Note (4)
Handrails, guardrails, and grab bars See Section 4.4
Hospitals
Operating rooms, laboratories 60 (2.87) 1000 (4.45)
Private rooms 40 (1.92) 1000 (4.45)
Wards 40 (1.92) 1000 (4.45)
Corridors above first floor 80 (3.83) 1000 (4.45)
Hotels (see residential)
Libraries
Reading rooms 60 (2.87) 1000 (4.45)
Stack rooms 150 (7.18) Note (3) 1000 (4.45)
Corridors above first floor 80 (3.83) 1000 (4.45)
Manufacturing
Light 125 (6.00) 2000 (8.90)
Heavy 250 (11.97) 3000 (13.40)
Marquees and canopies 75 (3.59)
Office buildings
File and computer rooms shall be designed for heavier
loads based on anticipated occupancy
Lobbies and first floor corridors 100 (4.79) 2000 (8.90)
Offices 50 (2.40) 2000 (8.90)
Corridors above first floor 80 (3.83) 2000 (8.90)
Penal institutions
Cell blocks 40 (1.92)
Corridors 100 (4.79)
Residential
Dwellings (one- and two-family)
Uninhabitable attics without storage 10 (0.48)
Uninhabitable attics with storage 20 (0.96)
Habitable attics and sleeping areas 30 (1.44)
All other areas except stairs and balconies 40 (1.92)
Hotels and multifamily houses
Private rooms and corridors serving them 40 (1.92)
Public rooms and corridors serving them 100 (4.79)
Reviewing stands, grandstands, and bleachers 100 (4.79) Note (4)
Roofs See Sections 4.3 and 4.9

(continued)
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TABLE 4-1 — continued
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, Lo, AND MINIMUM CONCENTRATED LIVE

LOADS
Uniform psf Conc. lbs

Occupancy or Use (kN/m?) (kN)
Schools

Classrooms 40 (1.92) 1000 (4.45)

Corridors above first floor 80 (3.83) 1000 (4.45)

First floor corridors 100 (4.79) 1000 (4.45)
Scuttles, skylight ribs, and accessible ceilings 200 (9.58)
Sidewalks, vehicular driveways, and yards subject to 250 (11.97) 8000 (35.60)
trucking Note (5) Note (6)
Stadiums and arenas

Bleachers 100 (4.79) Note (4)

Fixed Seats (fastened to floor) 60 (2.87) Note (4)
Stairs and exit-ways 100 (4.79) Note (7)

One- and two-family residences only 40 (1.92)
Storage areas above ceilings 20 (0.96)
Storage warehouses (shall be designed for heavier loads
if required for anticipated storage)

Light 125 (6.00)

Heavy 250 (11.97)
Stores

Retail

First floor 100 (4.79) 1000 (4.45)
Upper floors 75 (3.59) 1000 (4.45)
Wholesale, all floors 125 (6.00) 1000 (4.45)

Vehicle barriers

See Section 4.4

Walkways and elevated platforms (other than exit-ways)

60 (2.87)

Yards and terraces, pedestrians

100 (4.79)

Notes

(1) Floors in garages or portions of building used for the storage of motor vehicles shall be designed for the uniformly distributed
live loads of Table 4-1 or the following concentrated load: (1) for garages restricted to passenger vehicles accommodating
not more than nine passengers, 3000 Ib (13.35 kN) acting on an area of 4.5 in. by 4.5 in. (114 mm by 114 mm, footprint of
a jack); (2) for mechanical parking structures without slab or deck which are used for storing passenger car only, 2250 Ib

(10 kN) per wheel.
2

~

provisions for truck and bus loadings.
@3

=

limitations:

a. The nominal bookstack unit height shall not exceed 90 in. (2290 mm);

b. The nominal shelf depth shall not exceed 12 in. (305 mm) for each face; and

¢. Parallel rows of double-faced bookstacks shall be separated by aisles not less than 36 in. (914 mm) wide.

4

fus)

Garages accommodating trucks and buses shall be designed in accordance with an approved method, which contains

The loading applies to stack room floors that support nonmobile, double-faced library bookstacks subject to the following

In addition to the vertical live loads, the design shall include horizontal swaying forces applied to each row of the seats as

follows: 24 1bs/ linear ft of seat applied in a direction parallel to each row of seats and 10 Ibs/ linear ft of seat applied in a
direction perpendicular to each row of seats. The parallel and perpendicular horizontal swaying forces need not be applied

simultaneously.

(5) Other uniform loads in accordance with an approved method, which contains provisions for truck loadings, shall also be

considered where appropriate.

(6) The concentrated wheel load shall be applied on an area of 4.5 in. by 4.5 in. (114 mm by 114 mm, footprint of a jack).
(7) Minimum concentrated load on stair treads (on area of 4 in.? (2580 mm?)) is 300 Ibs (1.33 kN).
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TABLE 4-2
LIVE LOAD ELEMENT FACTOR, K,

Element K1 (Note 1)
Interior Columns 4
Exterior Columns without cantilever slabs 4
Edge Columns with cantilever slabs 3
Corner Columns with cantilever slabs 2
Edge Beams without cantilever slabs 2
Interior Beams 2

All Other Members Not Identified Above
including:
Edge Beams with cantilever slabs
Cantilever Beams
One-way Slabs
Two-way Slabs
Members without provisions for

continuous shear transfer normal
to their span

Note 1. In lieu of the values above, K is permitted to be calculated.

Minimum Design Loads for Buildings and Other Structures
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SECTION 5.0
SOIL AND HYDROSTATIC PRESSURE AND FLOOD LOADS

SECTION 5.1
PRESSURE ON BASEMENT WALLS

In the design of basement walls and similar approximately
vertical structures below grade, provision shall be made
for the lateral pressure of adjacent soil. Due allowance
shall be made for possible surcharge from fixed or moving
loads. When a portion or the whole of the adjacent soil is
below a free-water surface, computations shall be based on
the weight of the soil diminished by buoyancy, plus full
hydrostatic pressure.

Basement walls shall be designed to resist lateral soil
loads. Soil loads specified in Table 5-1 shall be used as
the minimum design lateral soil loads unless specified
otherwise in a soil investigation report approved by the
authority having jurisdiction. The lateral pressure from
surcharge loads shall be added to the lateral earth pressure
load. The lateral pressure shall be increased if soils with
expansion potential are present at the site as determined by
a geotechnical investigation.

SECTION 5.2
UPLIFT ON FLOORS AND FOUNDATIONS

In the design of basement floors and similar approximately
horizontal elements below grade, the upward pressure
of water, where applicable, shall be taken as the full
hydrostatic pressure applied over the entire area. The
hydrostatic head shall be measured from the underside of
the construction. Any other upward loads shall be included
in the design.

Where expansive soils are present under foundations or
slabs-on-ground, the foundations, slabs, and other compo-
nents shall be designed to tolerate the movement or resist
the upward pressures caused by the expansive soils, or the
expansive soil shall be removed or stabilized around and
beneath the structure.

SECTION 5.3
FLOOD LOADS

The provisions of this section apply to buildings and other

structures located in areas prone to flooding as defined on
a flood hazard map.

5.3.1 Definitions. The following definitions apply to the
provisions of Section 5.3.

Minimum Design Loads for Buildings and Other Structures

APPROVED. Acceptable to the
jurisdiction.

authority  having

BASE FLOOD. The flood having a 1% chance of being
equaled or exceeded in any given year.

BASE FLOOD ELEVATION (BFE). The elevation of
flooding, including wave height, having a 1% chance of
being equaled or exceeded in any given year.

BREAKAWAY WALL. Any type of wall subject to flood-
ing that is not required to provide structural support to a
building or other structure, and that is designed and con-
structed such that, under base flood or lesser flood condi-
tions, it will collapse in such a way that: (1) it allows the
free passage of floodwaters, and (2) it does not damage the
structure or supporting foundation system.

COASTAL A-ZONE. An area within a Special Flood
Hazard Area, landward of a V-Zone or landward of an
open coast without mapped V-Zones. To be classified as a
Coastal A-Zone, the principal source of flooding must be
astronomical tides, storm surges, seiches, or tsunamis, not
riverine flooding.

COASTAL HIGH-HAZARD AREA (V-ZONE). An area
within a Special Flood Hazard Area, extending from off-
shore to the inland limit of a primary frontal dune along
an open coast, and any other area that is subject to high-
velocity wave action from storms or seismic sources. This
area is designated on FIRMs as V, VE, VO, or V1-30.

DESIGN FLOOD. The greater of the following two flood
events: (1) the Base Flood, affecting those areas identified
as Special Flood Hazard Areas on the community’s FIRM;
or (2) the flood corresponding to the area designated as a
Flood Hazard Area on a community’s Flood Hazard Map
or otherwise legally designated.

DESIGN FLOOD ELEVATION (DFE). The elevation of
the Design Flood, including wave height, relative to the
datum specified on a community’s Flood Hazard Map.

FLOOD HAZARD AREA. The area subject to flooding
during the Design Flood.

FLOOD BAZARD MAP. The map delineating Flood
Hazard Areas adopted by the authority having jurisdiction.

FLOOD INSURANCE RATE MAP (FIRM). An official
map of a community on which the Federal Insurance
and Mitigation Administration has delineated both Special
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Flood Hazard Areas and the risk premium zones applicable

to

the community.

SPECIAL FLOOD HAZARD AREA (AREA OF SPE-
CIAL FLOOD HAZARD). The land in the floodplain
subject to a 1% or greater chance of flooding in any given
year. These areas are delineated on a community’s Flood
Insurance Rate Map (FIRM) as A-Zones (A, AE, Al1-30,
A99, AR, AO, or AH) or V-Zones (V, VE, VO, or V1-30).

5.3.2 Design Requirements.

5.3.2.1 Design Loads. Structural systems of buildings
or other structures shall be designed, constructed, con-
nected, and anchored to resist flotation, collapse, and
permanent lateral displacement due to action of flood
loads associated with the design flood (see Section 5.3.3)
and other loads in accordance with the load combinations
of Section 2.

5.3.2.2 Erosion and Scour. The effects of erosion and
scour shall be included in the calculation of loads on
buildings and other structures in flood hazard areas.

5.3.2.3 Loads on Breakaway Walls. Walls and parti-
tions required by Ref. 5-1, to break away, including their
connections to the structure, shall be designed for the
largest of the following loads acting perpendicular to
the plane of the wall:

1. The wind load specified in Section 6.
2. The earthquake load specified in Section 9.
3. 10 psf (0.48 kN/m?).

The loading at which breakaway walls are intended to
collapse shall not exceed 20 psf (0.96 kN/m?) unless the
design meets the following conditions:

1. Breakaway wall collapse is designed to result from
a flood load less than that which occurs during the
base flood; and

2. The supporting foundation and the elevated portion
of the building shall be designed against collapse,
permanent lateral displacement, and other structural
damage due to the effects of flood loads in combi-
nation with other loads as specified in Section 2.

5.3.3 Loads During Flooding.
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5.3.3.1 Load Basis. In flood hazard areas, the structural
design shall be based on the design flood.

5.3.3.2 Hydrostatic Loads. Hydrostatic loads caused
by a depth of water to the level of the design flood
elevation shall be applied over all surfaces involved, both
above and below ground level, except that for surfaces

exposed to free water, the design depth shall be increased
by 1 ft (0.30 m).

Reduced uplift and lateral loads on surfaces of
enclosed spaces below the design flood elevation shall
apply only if provision is made for entry and exit
of floodwater.

5.3.3.3 Hydrodynamic Loads. Dynamic effects of
moving water shall be determined by a detailed analysis
utilizing basic concepts of fluid mechanics.

Exception: Where water velocities do not exceed
10 ft/sec (3.05 m/s), dynamic effects of moving water
shall be permitted to be converted into equivalent
hydrostatic loads by increasing the design flood ele-
vation for design purposes by an equivalent surcharge
depth, d;, on the headwater side and above the ground
level only, equal to:

aV?
2g

dy = (Eq. 5-1)

where

V = average velocity of water in ft/sec (m/s)

g = acceleration due to gravity,
32.2 ft/sec (9.81 m/s?)

a = coefficient of drag or shape factor (not less
than 1.25)

The equivalent surcharge depth shall be added to
the design flood elevation design depth and the resul-
tant hydrostatic pressures applied to, and uniformly
distributed across, the vertical projected area of the
building or structure which is perpendicular to the
flow. Surfaces parallel to the flow or surfaces wet-
ted by the tailwater shall be subject to the hydro-
static pressures for depths to the design flood eleva-
tion only.

5.3.3.4 Wave Loads. Wave loads shall be determined
by one of the following three methods: (1) using the ana-
lytical procedures outlined in this section, (2) by more
advanced numerical modeling procedures or, (3) by iab-
oratory test procedures (physical modeling).

Wave loads are those loads that result from water
waves propagating over the water surface and striking a
building or other structure. Design and construction of
buildings and other structures subject to wave loads shall
account for the following loads: waves breaking on any
portion of the building or structure; uplift forces caused
by shoaling waves beneath a building or structure, or
portion thereof; wave runup striking any portion of the
building or structure; wave-induced drag and inertia
forces; wave-induced scour at the base of a building
or structure, or its foundation. Wave loads shall be
included for both V-Zones and A-Zones. In V-Zones,

ASCE 7-02



waves are 3 ft (0.91 m) high, or higher; in coastal
floodplains landward of the V-Zone, waves are less than
3 ft high (0.91 m).

Nonbreaking and broken wave loads shall be calcu-
lated using the procedures described in Sections 5.3.3.2
and 5.3.3.3 to calculate hydrostatic and hydrody-
namic loads.

Breaking waves loads shall be calculated using
the procedures described in Sections 5.3.3.4.1 through
5.3.3.4.4. Breaking wave heights used in the procedures
described in Sections 5.3.3.4.1 through 5.3.3.4.4 shall
be calculated for V Zones and Coastal A Zones using
Egs. 5-2 and 5-3.

H, = 0.78d, (Eq. 5-2)

where

Hj, = breaking wave height in ft (m)
d, = local stillwater depth in ft (m)

The local stillwater depth shall be calculated using
Eq. 5-3, unless more advanced procedures or laboratory
tests permitted by this section are used.

d, = 0.65(BFE-G) (Eq. 5-3)

where

BFE = Base Flood Elevation in ft (m)
G = Ground elevation in ft (m)

5.3.3.4.1 Breaking Wave Loads on Vertical Pilings
and Columns. The net force resulting from a break-
ing wave acting on a rigid vertical pile or column
shall be assumed to act at the stillwater elevation and
shall be calculated by the following:

Fp = 0.5y, CpDH} (Eq. 5-4)

where

Fp = net wave force, in pounds (kN)

y» = unit weight of water, in pounds per cubic ft
(kKN/m?), = 62.4 pcf (9.80 kN/m?) for fresh
water and 64.0 pcf (10.05 kN/m?) for
salt water

Cp = coefficient of drag for breaking waves, = 1.75
for round piles or columns, and = 2.25 for
square piles or columns

D = pile or column diameter, in ft (m) for circular
sections, or for a square pile or column, 1.4
times the width of the pile or column in
ft (m).

H;, = breaking wave height, in ft (m)

5.3.3.4.2 Breaking Wave Loads on Vertical Walls.
Maximum pressures and net forces resulting from
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a normally incident breaking wave (depth-limited in
size, with H, = 0.78d,) acting on a rigid vertical wall
shall be calculated by the following:

Poax = Cpywds + 1.2y4d, (Eq. 5-5)
and

F, = 11C,y,d? + 2.4y,d> (Eq. 5-6)
where

P = maximum combined dynamic (C,y,d,) and
static (1.2y,,d;)wave pressures, also referred
to as shock pressures in Ibs/ft> (kN/m?)

F, = net breaking wave force per unit length of
structure, also referred to as shock, impulse
or wave impact force in lbs/ft (kN/m),
acting near the stillwater elevation

C, = dynamic pressure coefficient
(1.6 < C, < 3.5) (see Table 5-2)

Yw = unit weight of water, in Ibs/ft’ (kN/m?),
= 62.4 pcf (9.80 kN/m?) for fresh water and
64.0 pef (10.05 kN/m?) for salt water

d, = stillwater depth in ft (m) at base of building
or other structure where the wave breaks

This procedure assumes the vertical wall causes a
reflected or standing wave against the waterward side
of the wall with the crest of the wave at a height of
1.2 d; above the stillwater level. Thus, the dynamic
static and total pressure distributions against the wall
are as shown in Figure 5-1.

This procedure also assumes the space behind
the vertical wall is dry, with no fluid balancing the
static component of the wave force on the outside
of the wall. If free water =xisis behind the wall, a
portion of the hydrostatic component of the wave
pressure and force disappears (see Figure 5-2) and
the net force shall be computed by Eq.5-7 (the
maximum combined wave pressure is still computed
with Eq. 5-5).

F, = 1.1 Cpyud® + 1.9y,d’ (Eq. 5-7)

where

F, = net breaking wave force per unit length of
structure, also referred to as shock, impulse, or
wave impact force in Ibs/ft (kN/m), acting
near the stillwater elevation

C, = dynamic pressure coefficient (1.6 < C,, < 3.5)
(see Table 5-2)

Yw = unit weight of water, in Ibs/ft® (kN/m?),
= 62.4 pcf (9.80 kN/m?) for fresh water and
64.0 pef (10.05 kN/m?) for salt water

d, = stillwater depth in ft (m) at base of building or
other structure where the wave breaks
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5.3.3.4.3 Breaking Wave Loads on Nonvertical
Walls. Breaking wave forces given by Eq. 5-6 and
Eq. 5-7 shall be modified in instances where the walls
or surfaces upon which the breaking waves act are
nonvertical. The horizontal component of breaking
wave force shall be given by:

F,, = F;sin’a (Eq. 5-8)

where

F,, = horizontal component of breaking wave force
in Ibs/ft (kN/m)
F, = net breaking wave force acting on a vertical
surface in lbs/ft (kN/m)
« = vertical angle between nonvertical surface
and the horizontal

5.3.3.4.4 Breaking Wave Loads from Obliquely
Incident Waves. Breaking wave forces given by
Eq. 5-6 and Eq. 5-7 shall be modified in instances
where waves are obliquely incident. Breaking wave
forces from non-normally incident waves shall be
given by:

where

F,; = horizontal component of obliquely incident
breaking wave force in Ibs/ft (kN/m)
F, = net breaking wave force (normally incident
waves) acting on a vertical surface in
Tbs/ft (kN/m)
a = horizontal angle between the direction of
wave approach and the vertical surface

5.3.3.5 Impact Loads. Impact loads are those that
result from debris, ice, and any object transported by
floodwaters striking against buildings and structures,
or parts thereof, Impact loads shall be determined
using a rational approach as concentrated loads acting
horizontally at the most critical location at or below the
design flood elevation.

SECTION 5.4
REFERENCE

Ref. 5-1 ASCE. (1998). “Flood Resistant Design and Con-

F, = F,sin’ (Eq. 5-9) struction.” SEI/ASCE 24-98.

Vertical Wall
; . Crestof reflected wave

A

Dynamic pressure
1.2d, l
) Crest of incident wave
0.55d,
v
Y R ! SWL (stillwater level)
ds
v
Ground elevation

FIGURE 5.1
NORMALLY INCIDENT BREAKING WAVE PRESSURES AGAINST A VERTICAL WALL (SPACE BEHIND VERTICAL WALL IS DRY)
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Vertical Wall

Crest of reflected wave

dynamic pressure

crest of incident wave

SWL (stillwater level)

net hydrostatic pressure

ground elevation

FIGURE 5.2
NORMALLY INCIDENT BREAKING WAVE PRESSURES AGAINST A VERTICAL WALL (STILLWATER LEVEL EQUAL

ON BOTH SIDES OF WALL)
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TABLE 5-1
DESIGN LATERAL SOIL LOAD

Design Lateral Soil
Unified Soil Load (Note A) psf/ft of depth
Description of Backfill Material Classification (kN/m?/m of depth)
Well-graded, clean gravels; gravel-sand mixes GW 35 (5.50) Note C
Poorly graded clean gravels; gravel-sand mixes GP 35 (5.50) Note C
Silty gravels, poorly graded gravel-sand mixes GM 35 (5.50) Note C
Clayey gravels, poorly graded gravel-and-clay mixes GC 45 (7.07) Note C
Well-graded, clean sands; gravelly-sand mixes SW 35 (5.50) Note C
Poorly graded clean sands; sand-gravel mixes SP 35 (5.50) Note C
Silty sands, poorly graded sand-silt mixes SM 45 (7.07) Note C
Sand-silt clay mix with plastic fines SM-SC 85 (13.35) Note D
Clayey sands, poorly graded sand-clay mixes SC 85 (13.35) Note D
Inorganic silts and clayey silts ML 85 (13.35) Note D |
Mixture of inorganic silt and clay ML-CL 85 (13.35) Note D
Inorganic clays of low to medium plasticity CL 100 (15.71)
Organic silts and silt-clays, low plasticity OL Note B
Inorganic clayey silts, elastic silts MH Note B
Inorganic clays of high plasticity CH Note B
Organic clays and silty clays OH Note B

Note A. Design lateral soil loads are given for moist conditions for the specified soils at their optimum densities. Actual field conditions
shall govern. Submerged or saturated soil pressures shall include the weight of the buoyant soil plus the hydrostatic loads.

Note B. Unsuitable as backfill material.

Note C. For relatively rigid walls, as when braced by floors, the design lateral soil load shall be increased for sand and gravel type soils
to 60 pst (9.43 kN/m?) per ft (meter) of depth. Basement walls extending not more than 8 ft (2.44 m) below grade and supporting light
floor systems are not considered as being relatively rigid walls.

Note D. For relatively rigid walls, as when braced by floors, the design lateral load shall be increased for silt and clay type oils to
100 psf (15.71 kKN/m?) per ft (meter) of depth. Basement walls extending not more than 8 ft (2.44 m) below grade and supporting light
floor systems are not considered as being relatively rigid walls.

TABLE 5-2
VALUE OF DYNAMIC PRESSURE
COEFFICIENT, Cp

Building Category Cp
1 1.6
1I 2.8
il 32

v 3.5
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SECTION 6.0
WIND LOADS

SECTION 6.1
GENERAL

6.1.1 Scope. Buildings and other structures, including the
main wind force-resisting system and all components and
cladding thereof, shall be designed and constructed to resist
wind loads as specified herein.

6.1.2 Allowed Procedures. The design wind loads for
buildings and other structures, including the main wind
force-resisting system and component and cladding ele-
ments thereof, shall be determined using one of the
following procedures: (1) Method 1-—Simplified Proce-
dure as specified in Section 6.4 for buildings meeting the
requirements specified therein; (2) Method 2 — Analytical
Procedure as specified in Section 6.5 for buildings meeting
the requirements specified therein; (3) Method 3 — Wind
Tunnel Procedure as specified in Section 6.6.

6.1.3 Wind Pressures Acting on Opposite Faces of
Each Building Surface. In the calculation of design wind
loads for the main wind force-resisting system and for
components and cladding for buildings, the algebraic sum
of the pressures acting on opposite faces of each building
surface shall be taken into account.

6.1.4 Minimum Design Wind Loading. The design wind
load, determined by any one of the procedures speci-
fied in Section 6.1.2, shall be not less than specified in
this Section.

6.1.4.1 Main Wind Force-Resisting System. The wind
load to be used in the design of the main wind force-
resisting system for an enclosed or partially enclosed
building or other structure shall not be less than 10 1b/ft?
(0.48 kN/m?) multiplied by the area of the build-
ing or structure projecied onto a vertical plane nor-
mal to the assumed wind direction. The design wind
force for open buildings and other structures shall be
not less than 10 Ib/ft> (0.48 kN/m?) multiplied by the
area Ay.

6.1.4.2 Components and Cladding. The design wind
pressure for components and cladding of buildings shall
not be less than a net pressure of 10 Ib/ft? (0.48 kN/m?)
acting in either direction normal to the surface.

Minimum Design Loads for Buildings and Other Structures

SECTION 6.2
DEFINITIONS

The following definitions apply only to the provisions of
Section 6:

APPROVED. Acceptable to the authority having juris-
diction.

BASIC WIND SPEED, V. 3-second gust speed at 33 ft
(10 m) above the ground in Exposure C (see Section 6.5.6.3)
as determined in accordance with Section 6.5.4.

BUILDING, ENCLOSED. A building that does not
comply with the requirements for open or partially
enclosed buildings.

BUILDING ENVELOPE. Cladding, roofing, exterior
walls, glazing, door assemblies, window assemblies,
skylight assemblies, and other components enclosing
the building.

BUILDING AND OTHER STRUCTURE, FLEXIBLE.
Slender buildings and other structures that have a funda-
mental natural frequency less than 1 Hz.

BUILDING, LOW-RISE. Enclosed or partially enclosed
buildings that comply with the following conditions:

1. mean roof height k less than or equal to 60 ft
(18 m); and

mean roof height 7 does not exceed least horizon-
tal dimension.

[\]

BUILDING, OPEN. A building having each wall at least
80% open. This condition is expressed for each wall by the
equation A, > 0.84, where

A, = total area of openings in a wall that receives positive
external pressure, in ft> (m?)

Ay = the gross area of that wall in which A4, is identified,
in f¢ (m?)

BUILDING, PARTIALLY ENCLOSED. A building that
complies with both of the following conditions:

1. the total area of openings in a wall that receives
positive external pressure exceeds the sum of the
areas of openings in the balance of the building
envelope (walls and roof) by more than 10%, and

2. the total area of openings in a wall that receives
positive external pressure exceeds 4 ft> (0.37 m?) or
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1% of the area of that wall, whichever is smaller,
and the percentage of openings in the balance of the
building envelope does not exceed 20%.

These conditions are expressed by the following equations:

1. A, > 1.104,;

2. A, > 4fr* (037 m?) or > 0.014,, whichever is
smaller, and A,;/Ag < 0.20 where

A,, Ag are as defined for Open Building

A, = the sum of the areas of openings in the
building envelope {walls and roof) not
including A,, in ft* (m?)

Ay = the sum of the gross surface areas of the
building envelope (walls and roof) not
tncluding Ag, in ft2 (m?)

BUILDING OR OTHER STRUCTURE, REGULAR
SHAPED. A building or other structure having no unusual
geometrical irregularity in spatial form.

BUILDING OR OTHER STRUCTURES, RIGID. A
building or other structure whose fundamental frequency
is greater than or equal to 1 Hz.

BUILDING, SIMPLE DIAPHRAGM. An enclosed or
partially enclosed building in which wind loads are trans-
mitted through floor and roof diaphragms to the vertical
main wind force-resisting system.

COMPONENTS AND CLADDING. Elements of the
building envelope that do not qualify as part of the main
wind force-resisting system.

DESIGN FORCE, F. Equivalent static force to be used
in the determination of wind loads for open buildings and
other structures.

DESIGN PRESSURE, p. Equivalent static pressure to be
used in the determination of wind loads for buildings.

EFFECTIVE WIND AREA. The area used to determine
GC ). For component and cladding elements, the effective
wind area in Figures 6-11 through 6-17 is the span length
multiplied by an effective width that need not be less
than one-third the span length. For cladding fasteners, the
effective wind area shall not be greater than the area that
is tributary to an individual fastener.

ESCARPMENT. Also known as scarp, with respect to
topographic effects in Section 6.5.7, a cliff or steep slope
generally separating two levels or gently sloping areas (see
Figure 6-4).

GLAZING. Glass or transparent or translucent plastic
sheet used in windows, doors, skylights, or curtain walls.
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GLAZING, IMPACT RESISTANT. Glazing that has
been shown by testing in accordance with ASTM E 1886 [6-
1] and ASTM E 1996 [6-2] or other approved test methods
to withstand the impact of wind-borne missiles likely to be
generated in wind-borne debris regions during design winds.

HILL. With respect to topographic effects in Section 6.5.7,
a land surface characterized by strong relief in any horizon-
tal direction (see Figure 6-4).

HURRICANE-PRONE REGIONS. Areas vulnerable to
hurricanes; in the United States and its territories defined as:

1. the U.S. Atlantic Ocean and Gulf of Mexico coasts
where the basic wind speed is greater than 90 mph, and

2. Hawaii, Puerto Rico, Guarmn, Virgin Islands, and
American Samoa.

IMPACT-RESISTANT COVERING. A covering desig-
ned to protect glazing, which has been shown by testing in
accordance with ASTM E 1886 [6-1] and ASTM 1996 [6-2]
or other approved test methods to withstand the impact of
wind-borne debris missiles likely to be generated in wind-
borne debris regions during design winds.

IMPORTANCE FACTOR, I. A factor that accounts for
the degree of hazard to human life and damage to property.

MAIN WIND FORCE-RESISTING SYSTEM. An
assemblage of structural elements assigned to provide sup-
port and stability for the overall structure. The system gen-
erally receives wind loading from more than one surface.

MEAN ROOF HEIGHT, h. The average of the roof eave
height and the height to the highest point on the roof sur-
face, except that, for roof angles of less than or equal to 10
degrees, the mean roof height shall be the roof eave height.

OPENINGS. Apertures or holes in the building envelope
that allow air to flow through the building envelope and
that are designed as “open” during design winds as defined
by these provisions.

RECOGNIZED LITERATURE. Published research find-
ings and technical papers that are approved.

RIDGE. With respect to topographic effects in
Section 6.5.7, an elongated crest of a hill characterized by
strong relief in two directions (see Figure 6-4).

WIND-BORNE DEBRIS REGIONS. Areas within hur-
ricane-prone regions located

1. within 1 mile of the coastal mean high water line
where the basic wind speed is equal to or greater
than 110 mph and in Hawaii, or

2. in areas where the basic wind speed is equal to or
greater than 120 mph.
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SECTION 6.3
SYMBOLS AND NOTATIONS

The following symbols and notations apply only to the
provisions of Section 6:

A = effective wind area, in ft* (m?);

Ay = area of open buildings and other structures
either normal to the wind direction or
projected on a plane normal to the wind
direction, in ft* (m?);

Ag = the gross area of that wall in which A, is

identified, in ft* (m?);
; = the sum of the gross surface areas of the
building envelope (walls and roof) not
including Ay, in ft* (m?);
= total area of openings in a wall that receives
positive external pressure, in ft* (m?);
; = the sum of the areas of openings in the
building envelope (walls and roof) not
including A,, in ft* (m?);
= total area of openings in the building
envelope ft*> (m?);
a = width of pressure coefficient zone, in ft (m);
B = horizontal dimension of building measured
normal to wind direction, in ft (m);

b = mean hourly wind speed factor in Eq. 6-14
from Table 6-2;

b = 3-second gust speed factor from Table 6-2;

C; = force coefficient to be used in determination
of wind loads for other structures;

C, = external pressure coefficient to be used in
determination of wind loads for buildings;

¢ = turbulence intensity factor in Eq. 6-5 from

Table 6-2

D = diameter of a circular structure or member,
in ft (m);

D’ = depth of protruding elements such as ribs

and spoilers, in ft (m);
G = gust effect factor;
= gust effect factor for main wind
force-resisting systems of flexible buildings
and other structures;
= combined net pressure coefficient for a
parapet
= product of external pressure coefficient
and gust effect factor to be used in
determination of wind loads for
buildings;
= product of the equivalent external pressure
coefficient and gust effect factor to be used
in determination of wind loads for main
wind force-resisting system of low-rise
buildings;
GCp; = product of internal pressure coefficient and
gust effect factor to be used in
determination of wind loads for buildings;

GC,py

GC,

chf
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go = peak factor for background response in

8r

8v

H

h

=2

Ny
1y

PL
Pret30
Pp

Ps30

Pw

q
qn

Eqgs. 6-4 and 6-8;

peak factor for resonant response in

Eq. 6-8;

peak factor for wind response in Eqs. 6-4
and 6-8;

height of hill or escarpment in Figure 6-4,
in ft (m);

mean roof height of a building or height of
other structure, except that eave height
shall be used for roof angle € of less than
or equal to 10 degrees, in ft (m);

= importance factor;

intensity of turbulence from Eq. 6-5;
multipliers in Figure 6-4 to obtain K;;
wind directionality factor in Table 6-4;

= velocity pressure exposure coefficient

evaluated at height z = A;
velocity pressure exposure coefficient
evaluated at height z;

= topographic factor;

= horizontal dimension of a building

measured parallel to the wind direction, in
ft (m);

distance upwind of crest of hill or
escarpment in Figure 6-4 to where the
difference in ground elevation is half the
height of hill or escarpment, in ft (m);
integral length scale of turbulence, in ft
(m);

integral length scale factor from Table 6-2,
ft (m);

= larger dimension of sign, in ft (m);

smaller dimension of sign, in ft (m);
reduced frequency from Eq. 6-12;

building natural frequency, Hz;

design pressure to be used in determination
of wind loads for buildings, in 1b/ft?
(N/m?);

wind pressure acting on leeward face in
Figure 6-9;

net design wind pressure for exposure B at
h =30 ft and I = 1.0 from Figure 6-3;
combined net pressure on a parapet from
Eq. 6-20;

simplified design wind pressure for
exposure B at 4 = 30 ft and / = 1.0 from
Figure 6-2;

wind pressure acting on windward face in
Figure 6-9;

background response factor from Eq. 6-6;
velocity pressure, in Ib/ft? (N/m?);

= velocity pressure evaluated at height 7 = &,

in 1b/ft> (N/m?);
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g; = velocity pressure for internal pressure
determination;

g, = velocity pressure at top of parapet;

g, = velocity pressure evaluated at height z
above ground, in Ib/ft? (N/m?);

R = resonant response factor from Eq. 6-10;

R, Ry, R, = values from Eq. 6-13;

R; = reduction factor from Eq. 6-16;

R, = value from Eq. 6-11;

r = rise-to-span ratio for arched roofs;

V = basic wind speed obtained from Figure 6-1,
in mph (m/s). The basic wind speed
corresponds to a 3-second gust speed at
33 ft (10 m) above ground in Exposure
Category C;

V; = unpartitioned internal volume ft® (m);

V> = mean hourly wind speed at height 7, ft/s
(m/s);

W = width of building in Figures 6-12, and
6-14A and B and width of span in
Figures 6-13 and 6-15, in ft (m);

X = distance to center of pressure from
windward edge in Figure 6-18, in ft (m);

all the conditions of 6.4.1.1 or 6.4.1.2. If a building
qualifies only under 6.4.1.2 for design of its components
and cladding, then its main wind force-resisting system
shall be designed by Method 2 or Method 3.

6.4.1.1 Main Wind Force-Resisting Systems. For the
design of main wind force-resisting systems the building
must meet all of the following conditions:

1.

the building is a simple diaphragm building as
defined in Section 6.2,

the building is a low-rise building as defined in
Section 6.2,

. the building is enclosed as defined in Section 6.2

and conforms to the wind-borne debris provisions
of Section 6.5.9.3,

. the building is a regular shaped building or struc-

ture as defined in Section 6.2,

. the building is not classified as a flexible building

as defined in Section 6.2,

. the building does not have response characteristics

making it subject to across-wind loading, vortex

x = distance upwind or downwind of crest in shedding, instability due to galloping or flutter;

Figure 6-4, in ft (m); and does not have a site location for which
7z = height above ground level, in ft (m); channeling effects or buffeting in the wake of
Z = equivalent height of structure, in ft (m); upwind obstructions warrant special consideration,

z, = nominal height of the atmospheric
boundary layer used in this standard.
Values appear in Table 6-2;
Zmin = exposure constant from Table 6-2;

the building structure has no expansion joints or
separations,

. the building is not subject to the topographic

effects of 6.5.7 (i.e., K;; = 1.0),

a = 3-sec gust speed power law exponent from
Table 6-2; 9. the building has an approximately symmetrical
& = reciprocal of « from Table 6-2; cross section in each direction with either a flat
@ = mean hourly wind speed power law roof, or a gable or hip roof with 6 < 45 degrees.
exponent in Eq. 6-14 from Table 6-2;
B = damping ratio, percent critical for buildings 6.4.1.2 Components and Cladding. For the design of

or other structures;

e = ratio of solid area to gross area for open
sign, face of a trussed tower, or lattice
structure;

A = adjustment factor for building height and
exposure from Figures 6-2 and 6-3;

‘€ = integral length scale power law exponent in
Eq. 6-7 from Table 6-2;

n = value used in Eq. 6-13 (see
Section 6.5.8.2);

6 = angle of plane of roof from horizontal, in
degrees;

v = height-to-width ratio for solid sign.

components and cladding the building must meet all the
following conditions:

L.
2.

the mean roof height & < 60 ft,

the building is enclosed as defined in Section 6.2
and conforms to the wind-borne debris provisions
of Section 6.5.9.3,

. the building is a reguiar shaped building or struc-

ture as defined in Section 6.2,

the building does not have response character-
istics making it subject to across-wind loading,
vortex shedding, instability due to galloping or
flutter, and does not have a site location for
which channeling effects or buffeting in the wake

SECTION 6.4 of upwind obstructions warrant special consi-
METHOD 1 — SIMPLIFIED PROCEDURE deration,
6.4.1 Scope. A building whose design wind loads are 5. the building is not subject to the topographic

determined in accordance with this Section shall meet effects of Section 6.5.7 (i.e., K,, = 1.0),
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6. the building has either a flat roof, or a gable
roof with @ <45 degrees, or a hip roof with
0 < 27 degrees.

6.4.2 Design Procedure.

1. The basic wind speed V shall be determined in
accordance with Section 6.5.4. The wind shall be
assumed to come from any horizontal direction.

2. An importance factor I shall be determined in accor-
dance with Section 6.5.5.

3. An exposure category shall be determined in accor-
dance with Section 6.5.6.

4. A height and exposure adjustment coefficient, A, shall
be determined from Figure 6-2.

6.4.2.1 Main Wind Force-Resisting System. Simpli-
fied design wind pressures, p;, for the main wind force-
resisting systems of low-rise simple diaphragm buildings
represent the net pressures (sum of internal and external)
to be applied to the horizontal and vertical projections
of building surfaces as shown in Figure 6-2. For the
horizontal pressures (Zones A, B, C, D), p, is the
combination of the windward and leeward net pressures.
ps shall be determined by the following equation:

s = M ps3o (Eq. 6-1)

where

A = adjustment factor for building height and
exposure from Figure 6-2.

[ = importance factor as defined in Section 6.2.
ps3o = simplified design wind pressure for exposure
B, at h = 30 ft, and for /] = 1.0, from

Figure 6-2.

6.4.2.1.1 Minimum Pressures. The load effects of
the design wind pressures from Section 6.4.2.1 shall
not be less than the minimum load case from
Section 6.1.4.1 assuming the pressures, py, for Zones
A, B, C, and D all equal to +10 psf, while assuming
Zones E, F, G, and H all equal to O pst.

6.4.2.2 Components and Cladding. Net design wind
pressures, pne, for the components and cladding of
buildings designed using Method 1 represent the net
pressures (sum of internal and external) to be applied
normal to each building surface as shown in Figure 6-3.
Pner Shall be determined by the following equation:

Prer = M Prarso (ECI~ 6-2)

where

A = adjustment factor for building height and
exposure from Figure 6-3.
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I = importance factor as defined in Section 6.2.
Drer3o = net design wind pressure for exposure B, at
h = 30 ft, and for / = 1.0, from
Figure 6-3.

6.4.2.2.1 Minimum Pressures. The positive design
wind pressures, p,.;, from Section 6.4.2.2 shall not
be less than +10 psf, and the negative design wind
pressures, ppe, from 6.4.2.2 shall not be less than
—10 psf.

6.4.3 Air-Permeable Cladding. Design wind loads deter-
mined from Figure 6-3 shall be used for all air-permeable
cladding unless approved test data or recognized litera-
ture demonstrate lower loads for the type of air-permeable
cladding being considered.

SECTION 6.5
METHOD 2 — ANALYTICAL PROCEDURE

6.5.1 Scope. A building or other structure whose design
wind loads are determined in accordance with this Section
shall meet all of the following conditions:

1. The building or other structure is a regular shaped
building or structure as defined in Section 6.2, and

o

The building or other structure does not have response
characteristics making it subject to across-wind load-
ing, vortex shedding, instability due to galloping or
flutter; or does not have a site location for which
channeling effects or buffeting in the wake of upwind
obstructions warrant special consideration.

6.5.2 Limitations. The provisions of Section 6.5 take into
consideration the load magnification effect caused by gusts
in resonance with along-wind vibrations of flexible build-
ings or other structures. Buildings or other structures
not meeting the requirements of Section 6.5.1, or hav-
ing unusual shapes or response characteristics, shall be
designed using recognized literature documenting such
wind load effects or shall use the wind tunnel procedure
specified in Section 6.6.

6.5.2.1 Shielding. There shall be no reductions in
velocity pressure due to apparent shielding afforded by
buildings and other structures or terrain features.

6.5.2.2 Air-Permeable Cladding. Design wind loads
determined from Section 6.5 shall be used for air-
permeable cladding unless approved test data or recog-
nized literature demonstrate lower loads for the type of
air-permeable cladding being considered.
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6.5.3 Design Procedure.

1. The basic wind speed V and wind directionality
factor K4 shall be determined in accordance with
Section 6.5.4.

2. An importance factor I shall be determined in
accordance with Section 6.5.5.

(U]

An exposure category or exposure categories and
velocity pressure exposure coefficient K, or Ky,
as applicable, shall be determined for each wind
direction in accordance with Section 6.5.6.

4. A topographic factor K, shall be determined in
accordance with Section 6.5.7.

5. A gust effect factor G or Gy, as applicable, shall be
determined in accordance with Section 6.5.8.

6. An enclosure classification shall be determined in
accordance with Section 6.5.9.

7. Internal pressure coefficient GC ,; shall be deter-
mined in accordance with Section 6.5.11.1.

8. External pressure coefficients C, or GC 7, or force
coefficients C y, as applicable, shall be determined
in accordance with Section 6.5.11.2 or 6.5.11.3,
respectively.

9. Velocity pressure g, or g, as applicable, shall be
determined in accordance with Section 6.5.10.

10. Design wind load p or F shall be determined in accor-
dance with Sections 6.5.12 and 6.5.13, as applicable.

6.5.4 Basic Wind Speed. The basic wind speed, V, used
in the determination of design wind loads on buildings and
other structures shall be as given in Figure 6-1 except as
provided in Sections 6.5.4.1 and 6.5.4.2. The wind shall be
assumed to come from any horizontal direction.

6.5.4.1 Special Wind Regions. The basic wind speed
shall be increased where records or experience indicate
that the wind speeds are higher than those reflected
in Figure 6-1. Mountainous terrain, gorges, and spe-
cial regions shown in Figure 6-1 shall be examined for
unusual wind conditions. The authority having juris-
diction shall, if necessary, adjust the values given in
Figure 6-1 to account for higher local wind speeds. Such
adjustment shall be based on meteorological informa-
tion and an estimate of the basic wind speed obtained in
accordance with the provisions of Section 6.5.4.2.

6.5.4.2 Estimation of Basic Wind Speeds from
Regional Climatic Data. Regional climatic data shall
only be used in lieu of the basic wind speeds given in
Figure 6-1 when: (1) approved extreme-value statistical-
analysis procedures have been employed in reducing
the data; and (2) the length of record, sampling error,
averaging time, anemometer height, data quality, and
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terrain exposure of the anemometer have been taken
into account.

In hurricane-prone regions, wind speeds derived
from sumulation techniques shall only be used in lieu
of the basic wind speeds given in Figure 6-1 when
(1) approved simulation or extreme-value statistical-
analysis procedures are used (the use of regional wind
speed data obtained from anemometers is not permit-
ted to define the hurricane wind speed risk along the
Gulf and Atlantic coasts, the Caribbean, or Hawaii) and
(2) the design wind speeds resulting from the study shall
not be less than the resulting 500-year return period wind
speed divided by /1.5.

6.5.4.3 Limitation. Tornadoes have not been considered
in developing the basic wind-speed distributions.

6.5.4.4 Wind Directionality Factor. The wind direc-
tionality factor, K, shall be determined from Table 6-4.
This factor shall only be applied when used in conjunc-
tion with load combinations specified in Sections 2.3
and 2.4.

6.5.5 Importance Factor. An importance factor, /, for
the building or other structure shall be determined from
Table 6-1 based on building and structure categories listed
in Table 1-1.

6.5.6 Exposure, For each wind direction considered, an
exposure category that adequately reflects the characteris-
tics of ground roughness and surface irregularities shall be
determined for the site at which the building or structure
is to be constructed. Account shall be taken of varia-
tions in ground surface roughness that arises from natural
topography and vegetation as well as constructed features.

6.5.6.1 Wind Directions and Sectors. Foreach selected
wind direction at which the wind loads are to be evaluated,
the exposure of the building or structure shall be deter-
mined for the two upwind sectors extending 45 degrees
either side of the selected wind direction. The exposures
in these two sectors shall be determined in accordance
with Sections 6.5.6.2 and 6.5.6.3 and the exposure result-
ing in the highest wind loads shall be used to represent
the winds from that direction.

6.5.6.2 Surface Roughness Categories. A ground sur-
face roughness within each 45-degree sector shall be
determined for a distance upwind of the site as defined
in Section 6.5.6.3 from the categories defined below, for
the purpose of assigning an exposure category as defined
in Section 6.5.6.3.

Surface Roughness B: Urban and suburban areas,
wooded areas or other terrain with numerous
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closely spaced obstructions having the size of
single-family dwellings or larger.

Surface Roughness C: Open terrain with scattered
obstructions having heights generally less than
30 ft (9.1 m). This category includes flat open
country, grasslands, and all water surfaces in
hurricane-prone regions.

Surface Roughness D: Flat, unobstructed areas and
water surfaces outside huricane-prone regions.
This category includes smooth mud flats, salt flats,
and unbroken ice.

6.5.6.3 Exposure Categories.

Exposure B: Exposure B shall apply where the ground
surface roughness condition, as defined by Surface
Roughness B, prevails in the upwind direction for
a distance of at least 2630 ft (800 m) or 10 times
the height of the building, whichever is greater.

Exception: For buildings whose mean roof
height is less than or equal to 30 ft (9.1 m),
the upwind distance may be reduced to
1500 ft (457 m).

Exposure C: Exposure C shall apply for all cases
where exposures B or D do not apply.

Exposure D: Exposure D shall apply where the
ground surface roughness, as defined by surface
roughness D, prevails in the upwind direction for a
distance at least 5000 ft (1524 m) or 10 times the
building height, whichever is greater. Exposure D
shall extend inland from the shoreline for a distance
of 660 ft (200 m) or 10 times the height of the
building, whichever is greater.

For a site located in the transition zone between expo-
sure categories, the category resulting in the largest
wind forces shall be used. Exception: An inter-
mediate exposure between the above categories is
permitted in a transition zone provided that it is
determined by a rational analysis method defined
in the recognized literature.

6.5.6.4 Exposure Category for Main Wind
Force-Resisting Systems.

6.5.6.4.1 Buildings and Other Structures. For each
wind direction considered, wind loads for the design
of the main wind force-resisting system determined
from Figure 6-6 shall be based on the exposure
categories defined in Section 6.5.6.3.

6.5.6.4.2 Low-Rise Buildings. Wind loads for the
design of the main wind force-resisting systems
for low-rise buildings shall be determined using a
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velocity pressure g, based on the exposure resulting
in the highest wind loads for any wind direction at the
site when external pressure coefficients GC,y given
in Figure 6-10 are used.

6.5.6.5 Exposure Category for Components and
Cladding.

6.5.6.5.1 Buildings with Mean Roof Height /& Less
Than or Equal to 60 fi (18 m). Components and
cladding for buildings with a mean roof height A of
60 ft (18 m) or less shall be designed using a velocity
pressure g, based on the exposure resulting in the
highest wind loads for any wind direction at the site.

6.5.6.5.2 Buildings with Mean Roof Height &
Greater Than 60 ft (18 m) and Other Structures.
Components and cladding for buildings with a mean
roof height i in excess of 60 ft (18 m) and for
other structures shall be designed using the exposure
resulting in the highest wind loads for any wind
direction at the site.

6.5.6.6 Velocity Pressure Exposure Coefficient. Based
on the exposure category determined in Section 6.5.6.3,
a velocity pressure exposure coefficient K, or Ky, as
applicable, shall be determined from Table 6-3.

6.5.7 Topographic Effects.

6.5.7.1 Wind Speed-Up over Hills, Ridges, and Escarp-
ments. Wind speed-up effects at isolated hills, ridges,
and escarpments constituting abrupt changes in the
general topography, located in any exposure category,
shall be included in the design when buildings and other
site conditions and locations of structures meet all of the
following conditions:

1. The hill, ridge, or escarpment is isolated and
unobstructed upwind by other similar topographic
features of comparable height for 100 times the
height of the topographic feature (100 H) or
2 miles (3.22 km), whichever is less. This distance
shall be measured horizontally from the point at
which the height A of the hill, ridge, or escarp-
ment 1s determined;

[N

The hill, ridge, or escarpment protrudes above the
height of upwind terrain features within a 2-mile
(3.22-km) radius in any quadrant by a factor of
two or more;

3. The structure is located as shown in Figure 6-4 in
the upper half of a hill or ridge or near the crest
of an escarpment;

4. H/L, = 0.2; and
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5. H is greater than or equal to 15 ft (4.5 m) for
Exposures C and D and 60 ft (18 m) for Expo-
sure B.

6.5.7.2 Topographic Factor. The wind speed-up effect
shall be included in the calculation of design wind loads
by using the factor K,:

Ky = (1+ K K2K3)? (Eq. 6-3)

where K|, K>, and K3 are given in Figure 6-4.
6.5.8 Gust Effect Factor.

6.5.8.1 Rigid Structures. For rigid structures as defined
in Section 6.2, the gust effect factor shall be taken as
0.85 or calculated by the formula:

(1+ 1.7gQ15g1)

G =0.925
14 1.7gv1§

(Eq. 6-4)

Iz = ¢(33/2)"/° (Eq. 6-5)
where [ = the intensity of turbulence at height zZ where
zZ = the equivalent height of the structure defined as
0.6 h but not less than zy,;, for all building heights A.
zmin and ¢ are listed for each exposure in Table 6-2; go
and g, shall be taken as 3.4. The background response
Q is given by

Q= ! (Eq. 6-6)

B J 0.63
1 +0.63 (-—t—’-)
L

where B, h are defined in Section 6.3; and s = the
integral length scale of turbulence at the equivalent
height given by

Lz = £(z/33)¢ (Eq. 6-7)

in which £ and € are constants listed in Table 6-2.

6.5.8.2 Flexible or Dynamically Sensitive Structures.
For flexible or dynamically sensitive structures as
defined in Section 6.2, the gust effect factor shall be
calculated by:

1+ 17L /g3 0% + g3 R?

1+ 1.7g,15

G =10.925 (Eq. 6-8)

go and g, shall be taken as 3.4 and g is given by

gr = +/2In(3600 n,) +

0.577

—_— Eq. 6-9
2 In(3600 n,) (Eq )
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R, the resonant response factor, is given by

1
R= \/ 5 R,RyR5(0.53 + 0.47R,) (Eq. 6-10)
747 N, )
R,= —————— Eq. 6-11
(1 + 103N ) (Eq. 6-11)
I‘lll.f
N} = —= (Eg. 6-12)
j Ve q
1 1 ) .
Ri=———(0—eMNforn=>0 (Eq. 6-13a)
n o 2n?

Ri=1forn=0 (Eq. 6-13b)
where the subscript £ in Eq. 6-13 shall be taken as h,
B, and L respectively where h, B, L are defined in
Section 6.3.

n; = building natural frequency;
Ry = Ry, setting n = 4.6n|h/—K73;
R; = Rp setting n = 4.6n,B/Vz;
R, = Ry, setting n = 15.4111L/V;;
B = damping ratio, percent of critical; and
Vg = mean hourly wind speed (ft/sec) at height 7
determined from Eq. 6-14.

—  —/Z\" /8
33 60

where b and @ are constants listed in Table 6-2 and V
is the basic wind speed in mph.

(Eq. 6-14)

6.5.8.3 Rational Analysis. In lieu of the procedure
defined in Sections 6.5.8.1 and 6.5.8.2, determination of
the gust effect factor by any rational analysis defined in
the recognized literature is permitted.

6.5.8.4 Limitations. Where combined gust effect fac-
tors and pressure coefficients (GC,, GCp, and GCpy)
are given in figures and tables, the gust effect factor shall
not be determined separately.

6.5.9 Enclosure Classifications.

6.5.9.1 General. For the purpose of determining inter-
nal pressure coefficients, all buildings shall be classified
as enclosed, partially enclosed, or open as defined in
Section 6.2.

6.5.9.2 Openings. A determination shall be made of the
amount of openings in the building envelope in order
to determine the enclosure classification as defined in
Section 6.5.9.1.
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6.5.9.3 Wind-Borne Debris. Glazing in buildings clas-
sified as Category II, III, or IV (Note 1) located in
wind-borne debris regions shall be protected with an
impact-resistant covering or be impact-resistant glaz-
ing according to the requirements (Note 2) specified
in Ref. 6-1 and Ref. 6-2 referenced therein or other
approved test methods and performance criteria.

Notes:

1. In Category II, TIL, or IV buildings, glazing located
over 60 ft (18.3 m) above the ground and over
30 ft (9.2 m) above aggregate surface roof debris
located within 1500 ft (458 m) of the building
shall be permitted to be unprotected.

Exceptions: In Category II and III buildings
(other than health care, jail, and detention facil-
ities, power generating and other public util-
ity facilities), unprotected glazing shall be per-
mitted, provided that unprotected glazing that
receives positive external pressure is assumed
to be an opening in determining the buildings’
enclosure classification.

2. The levels of impact resistance shall be a function
of Missile Levels and Wind Zones specified in
Ref. 6-2.

6.5.9.4 Multiple Classifications. If a building by def-
inition complies with both the “open” and “partially
enclosed” definitions, it shall be classified as an “open”
building. A building that does not comply with either
the “open” or “partially enclosed” definitions shall be
classified as an “enclosed” building.

6.5.10 Velocity Pressure. Velocity pressure, ¢, evaluated
at height z shall be calculated by the following equation:

g. = 0.00256 K-K,, K,V*I (Ib/ft*)

[In SI: ¢, =0.613 KK, K,V*I (N/m*); V in m/s]

(Eq. 6-15)
where K, is the wind directionality factor defined in
Section 6.5.4.4, K, is the velocity pressure exposure coef-
ficient defined in Section 6.5.6.6 and K, is the topographic
factor defined in Section 6.5.7.2, and ¢, is the velocity pres-
sure calculated using Eq. 6-15 at mean roof height 4.

The numerical coefficient 0.00256 (0.613 in SI) shall be
used except where sufficient climatic data are available to
justify the selection of a different value of this factor for a
design application.

6.5.11 Pressure and Force Coefficients.

6.5.11.1 Internal Pressure Coefficient. Internal pres-
sure coefficients, GC,;, shall be determined from
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Figure 6-5 based on building enclosure classifications
determined from Section 6.5.9.

6.5.11.1.1 Reduction Factor for Large Volume
Buildings, R;. For a partially enclosed building con-
taining a single, unpartitioned large volume, the inter-
nal pressure coefficient, GC,;, shall be multiplied by
the following reduction factor, R;:

R,’ =1.0o0r
1
R =051+ < 1.0
14+ vi
22, 800A,,
(Eq. 6-16)
where

A,, = total area of openings in the building
envelope (walls and roof, in ft?)
V; = unpartitioned internal volume, in ft*

6.5.11.2 External Pressure Coefficients.

6.5.11.2.1 Main Wind Force-Resisting Systems.
External pressure coefficients for main wind force-
resisting systems C, are given in Figures 6-6, 6-7,
and 6-8. Combined gust effect factor and external
pressure coefficients, GC ,r, are given in Figure 6-10
for low-rise buildings. The pressure coefficient val-
ues and gust effect factor in Figure 6-10 shall not
be separated.

6.5.11.2.2 Components and Cladding. Combined
gust effect factor and external pressure coefficients
for components and cladding GC, are given in
Figures 6-11 through 6-17. The pressure coefficient
values and gust effect factor shall not be separated.

6.5.11.3 Force Coefficients. Force coefficients Cy are
given in Figures 6-18 through 6-22.

6.5.11.4 Roof Overhangs.

6.5.11.4.1 Main Wind Force-Resisting System.
Roof overhangs shall be designed for a positive
pressure on the bottom surface of windward roof
overhangs corresponding to C,, = 0.8 in combination
with the pressures determined from using Figures 6-6
and 6-10.

6.5.11.4.2 Components and Cladding. For all build-
ings, roof overhangs shall be designed for pres-
sures determined from pressure coefficients given in
Figure 6-11B, C, and D.
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6.5.11.5 Parapets.

6.5.11.5.1 Main Wind Force-Resisting System. The
pressure coefficients for the effect of parapets on the
MWERS loads are given in Section 6.5.12.2.4

6.5.11.5.2 Components and Cladding. The pres-
sure coefficients for the design of parapet com-
ponent and cladding elements are taken from the
wall and roof pressure coefficients as specified in
Section 6.5.12.4.4.

6.5.12 Design Wind Loads on Enclosed and Partially
Enclosed Buildings.
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6.5.12.1 General.

6.5.12.1.1 Sign Convention. Positive pressure acts
toward the surface and negative pressure acts away
from the surface.

6.5.12.1.2 Critical Load Condition. Values of exter-
nal and internal pressures shall be combined alge-
braically to determine the most critical load.

6.5.12.1.3 Tributary Areas Greater Than 700 ft?
(65 m?). Component and cladding elements with
tributary areas greater than 700 ft> (65 m?) shall be
permitted to be designed using the provisions for main
wind force resisting systems.

6.5.12.2 Main Wind Force-Resisting Systems.

6.5.12.2.1 Rigid Buildings of All Height. Design
wind pressures for the main wind force-resisting
system of buildings of all heights shall be determined
by the following equation:

p=qGC, —q;(GC,) (Ib/f*)(N/m*)  (Eq. 6-17)

where

q = g, for windward walls evaluated at height
z above the ground;

q = g for leeward walls, side walls, and
roofs, evaluated at height h;

g; = gy for windward walls, side walls,
leeward walls, and roofs of enclosed
buildings and for negative internal
pressure evaluation in partially
enclosed buildings;

g: = g, for positive internal pressure
evaluation in partially enclosed buildings
where height z is defined as the level of
the highest opening in the building

that could affect the positive internal
pressure. For buildings sited in wind-
borne debris regions, glazing that is not
impact resistant or protected with an
impact-resistant covering, shall be treated
as an opening in accordance with
Section 6.5.9.3. For positive internal
pressure evaluation, g; may
conservatively be evaluated at height
h (qi = qn);

G = gust effect factor from Section 6.5.8;

C, = external pressure coefficient from
Figure 6-6 or 6-8;

(GCpi) = internal pressure coefficient from

Figure 6-5

g and ¢; shall be evaluated using exposure
defined in Section 6.5.6.3. Pressure shall be applied
simultaneously on windward and leeward walls and
on roof surfaces as defined in Figures 6-6 and 6-8.

6.5.12.2.2 Low-Rise Building. Alternatively, design
wind pressures for the main wind force-resisting
system of low-rise buildings shall be determined by
the following equation:

P = qul(GC,p) — (GC,)] (b/ft*)(N/m?)
(Eq. 6-18)
where

g, = velocity pressure evaluated at mean roof
height h using exposure defined in
Section 6.5.6.3;
(GCpr) = external pressure coefficient from
Figure 6-10; and
(GC,i) = intemnal pressure coefficient from
Figure 6-5.

6.5.12.2.3 Flexible Buildings. Design wind pressures
for the main wind force-resisting system of flexi-
ble buildings shall be determined from the follow-
ing equation:

P =qG;C,—qi(GCp) (Ib/£t%) (N/m?)

(Eq. 6-19)
where ¢, g;, C, and (GC,) are as defined
in Section 6.5.12.2.1 and, G = gust effect factor
defined in Section 6.5.8.2

6.5.12.2.4 Parapets. The design wind pressure for
the effect of parapets on main wind force-resisting
systems of rigid, low-rise or flexible buildings with
flat, gable, or hip roofs shall be determined by the
following equation:

Pp = CIpGCpn (Ib/sf) (Eq. 6-20)
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where

pp = combined net pressure on the parapet due
to the combination of the net pressures
from the front and back parapet surfaces.
Plus (and minus) signs signify net pressure
acting toward (and away from) the front
(exterior) side of the parapet.
qp = velocity pressure evaluated at the top of
the parapet.
GC,, = combined net pressure coefficient
= +1.8 for windward parapet
= —1.1 for leeward parapet

6.5.12.3 Design Wind ILoad Cases. The main wind
force-resisting system of buildings of all heights, whose
wind loads have been determined under the provisions
of Sections 6.5.12.2.1 and 6.5.12.2.3, shall be designed
for the wind load cases as defined in Figure 6-9. The
eccentricity e for rigid structures shall be measured
from the geometric center of the building face and shall
be considered for each principal axis (ex, ey). The
eccentricity e for flexible structures shall be determined
from the following equation and shall be considered for
each principal axis (ey, ey):

o= 0 + 1.715/(g9Qep)? + (grReg)?

(Eq. 6-21)
1755/ (g00)? + (gz R)?

where

ep = eccentricity e as determined for
rigid structures in Figure 6-9

er = distance between the elastic shear
center and center of mass of each
floor

I, go. Q. gr, R shall be as defined in
Section 6.5.8

The sign of the eccentricity e shall be plus or minus,
whichever causes the more severe load effect.

Exception: One-story buildings with & less than or
equal to 30 ft, buildings two stories or less framed
with light-framed construction and buildings two
stories or less designed with flexible diaphragms need
only be designed for Load Case 1 and Load Case 3
in Figure 6-9.

6.5.12.4 Components and Cladding. .

6.5.12.4.1 Low-Rise Buildings and Buildings with
h < 60 ft (18.3 m). Design wind pressures on compo-
nent and cladding elements of low-rise buildings and
buildings with 4 < 60 ft (18.3 m) shall be determined
from the following equation:
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p = @:l(GC,) — (GC,)] (b/f?)(N/m*)  (Eq. 6-22)

where

g, = velocity pressure evaluated at mean roof
height /# using exposure defined in
Section 6.5.6.3
(GC,) = external pressure coefficients given in
Figures 6-11 through 6-16; and
(GC,;) = internal pressure coefficient given in
Figure 6-5.

6.5.12.4.2 Buildings with £h > 60 ft (18.3 m).
Design wind pressures on components and cladding
for all buildings with & > 60 ft (18.3 m) shall be
determined from the following equation:

p = q(GC,) — q:(GC) (L) (Nm?)
(Eq. 6-23)
where

q = g, for windward walls calculated at
height z above the ground;

g = gy, for leeward walls, side walls, and
roofs, evaluated at height £;

q; = q,, for windward walls, side walls,
leeward walls, and roofs of enclosed
buildings and for negative internal
pressure evaluation in partially enclosed
buildings; and

¢; = q. for positive internal pressure
evaluation in partially enclosed buildings
where height z is defined as the level of
the highest opening in the building that
could affect the positive internal pressure.
For buildings sited in wind-borne debris
regions, glazing that is not impact
resistant or protected with an
impact-resistant covering, shall be treated
as an opening in accordance with
Section 6.5.9.3. For positive internal
pressure evaluation, g; may
conservatively be evaluated at height &
(i = qn):

(GC)) = external pressure coefficient from
Figure 6-17; and

(GC,p;) = internal pressure coefficient given in
Figure 0-5

g and ¢; shall be evaluated using exposure defined in
Section 6.5.6.3.

6.5.12.4.3 Alternative Design Wind Pressures for
Components and Cladding in Buildings with 60 ft
(18.3 m) < h <90 ft (27.4 m). Alternative to the
requirements of Section 6.5.12.4.2, the design of
components and cladding for buildings with a mean
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roof height greater than 60 ft (18.3 m) and less than
90 ft (27.4 m) values from Figure 6-11 through 6-17
shall be used only if the height to width ratio is one
or less (except as permitted by Note 6 of Figure 6-17)
and Eq. 6-22 is used.

6.5.12.4.4 Parapets. The design wind pressure on the
components and cladding elements of parapets shall
be designed by the following equation:

p= qp(GCp - GC;)[) (Eq. 6-24)

where

qp, = velocity pressure evaluated at the top of
the parapet;
GC, = external pressure coefficient from
Figures 6-11 through 6-17; and
GC,; = internal pressure coefficient from
Figure 6-5, based on the porosity of the
parapet envelope.

Two load cases shall be considered. Load Case
A shall consist of applying the applicable positive
wall pressure from Figure 6-11A or 6-17 to the front
surface of the parapet while applying the applicable
negative edge or corner zone roof pressure from
Figure 6-11B through 6-17 to the back surface. Load
Case B shall consist of applying the applicable
positive wall pressure from Figure 6-11A or 6-17 to
the back of the parapet surface, and applying the
applicable negative wall pressure from Figure 6-11A
or 6-17 to the front surface. Edge and corner zones
shall be arranged as shown in Figures 6-11 through
6-17. GC,, shall be determined for appropriate roof
angle and effective wind area from Figures 6-11
through 6-17. If internal pressure is present, both load
cases should be evaluated under positive and negative
internal pressure.

6.5.13 Design Wind Loads on Open Buildings and
Other Structures. The design wind force for open build-
ings and other structures shall be determined by the follow-
ing formula:

F=q.GCsA; (IHN) (Eq. 6-25)

where

g, = velocity pressure evaluated at height z of the
centroid of area A using exposure defined in
Section 6.5.6.3;

G = gust effect factor from Section 6.5.8;

C; = net force coefficients from Figure 6-18 through
6-22; and

Ay = projected area normal to the wind except where C
is specified for the actual surface area, ft* (m?).

SECTION 6.6
METHOD 3 — WIND-TUNNEL PROCEDURE

6.6.1 Scope. Wind-tunnel tests shall be used where
required by Section 6.5.2. Wind-tunnel testing shall be
permitted in lieu of Methods 1 and 2 for any building
or structure.

6.6.2 Test Conditions. Wind-tunnel tests, or similar tests
employing fluids other than air, used for the determina-
tion of design wind loads for any building or other struc-
ture, shall be conducted in accordance with this section.
Tests for the determination of mean and fluctuating forces
and pressures shall meet all of the following condi-
tions:

. the nataral atmospheric boundary layer has been
modeled to account for the variation of wind speed
with height;

2. the relevant macro (integral) length and micro length
scales of the longitudinal component of atmospheric
turbulence are modeled to approximately the same
scale as that used to model the building or structure;

S

. the modeled building or other structure and sur-
rounding structures and topography are geometrically
similar to their full-scale counterparts, except that,
for low-rise buildings meeting the requirements of
Section 6.5.1, tests shall be permitted for the mod-
eled building in a single exposure site as defined in
Section 6.5.6.3;

4. the projected area of the modeled building or other
structure and surroundings is less than 8% of the test
section cross-sectional area unless correction is made
for blockage;

5. the longitudinal pressure gradient in the wind-tunnel
test section is accounted for;

6. Reynolds number effects on pressures and forces are
minimized; and

7. response characteristics of the wind-tunnel instrumen-
tation are consistent with the required measurements.

6.6.3 Dynamic Response. Tests for the purpose of deter-
mining the dynamic response of a building or other structure
shall be in accordance with Section 6.6.2. The structural
model and associated analysis shall account for mass dis-
tribution, stiffness, and damping.

6.6.4 Limitations.

6.6.4.1 Limitations on Wind Speeds. Variation of
basic wind speeds with direction shall not be permit-
ted unless the analysis for wind speeds conforms to the
requirements of Section 6.5.4.2.
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SECTION 6.7
REFERENCES

Ref. 6-1 Standard Test Method for Performance of Exte-
rior Windows, Curtain Walls, Doors and Storm
Shutters Impacted by Missile(s) and Exposed to
Cyclic Pressure Differentials, ASTM E1886-97,
ASTM Inc., West Conshohocken, PA, 1997.

Ref. 6-2 Specification Standard for Performance of Exte-
rior Windows, Glazed Curtain Walls, Doors and
Storm Shutters Impacted by Windborne Debris in
Hurricanes, ASTM E 1996-99, ASTM Inc., West
Conshohocken, PA, 1999,
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4, Mountainous terrain, gorges, ocean
110(49) 120(54) promontories, and special wind regions shall
be examined for unusuai wind conditions.

FIGURE 6-1a
BASIC WIND SPEED — WESTERN GULF OF MEXICO HURRICANE COASTLINE
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FIGURE 6-1b
BASIC WIND SPEED — EASTERN GULF OF MEXICO AND SOUTHEASTERN US HURRICANE COASTLINE
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Notes:

1. Values are nominal design 3-second gust wind
speeds in miles per hour (m/s) at 33 ft (10 m)
above ground for Exposure C category.

2. Linear interpolation between wind contours is
permitted.

3. Islands and coastal areas outside the last
contour shall use the last wind speed contour
of the coastal area.

4, Mountainous terrain, gorges, ocean
promontories, and special wind regions shall
be examined for unusual wind conditions.

FIGURE 6-1c
BASIC WIND SPEED — MID AND NORTHERN ATLANTIC HURRICANE COASTLINE



Main Wind Force Resisting System — Method 1 h <60 ft.

Figure 6-2 Design Wind Pressures

Enclosed Buildings Walls & Roofs

1.

9 MO W

Transverse

Notes:

Pressures shown are applied to the horizontal and vertical projections, for exposure B, at h=30 ft (9.1m), for I=1.0. Adjust to other
exposures and heights with adjustment factor A.
The load patterns shown shall be applied to each corner of the building in turn as the reference comner. (See Figure 6-10)
For the design of the longitudinal MWFRS use & = 0°, and locate the zone E/F, G/H boundary at the mid-length of the building.
Load cases ] and 2 must be checked for 25° < @ <45°. Load case 2 at 25° is provided only for interpolation between 25° to 30°.
Plus and minus signs signify pressures acting toward and away from the projected surfaces, respectively.
For roof slopes other than those shown, linear interpolation is permitted.
The total horizontal load shall not be less than that determined by assuming ps = 0 in zones B & D.
The zone pressures represent the following:
Horizontal pressure zones — Sum of the windward and leeward net (sum of internal and external) pressures on vertical projection of:
A - End zone of wall C - Interior zone of wall
B - End zone of roof D - Interior zone of roof
Vertical pressure zones — Net (sum of internal and external) pressures on horizontal projection of:
E- End zone of windward roof G- Interior zone of windward roof
F - End zone of leeward roof H - Interior zone of leeward roof
Where zone E or G falls on a roof overhang on the windward side of the building, use Eon and Goy for the pressure on the horizontal
projection of the overhang. Overhangs on the leeward and side edges shall have the basic zone pressure applied.
Notation:
a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of least horizontal dimension
or 3 ft (0.9 m).
h: Mean roof height, in feet (meters), except that eave height shall be used for roof angles <10°.
6: Angle of plane of roof from horizontal, in degrees.

Minimum Design Loads for Buildings and Other Structures

41
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Main Wind Force Resisting System — Method 1 h £60 ft.
Figure 6-2 (cont’d Design Wind Pressures

- ( . ) - Walls & Roofs
Enclosed Buildings

Simplified Design Wind Pressure , pssyy (psf) (Exposure B at h = 30 ft. with 1 = 1.0)

% Zones
Ba;g:e\;\gnd A':Z'c;f % Horizontal Pressures Vertical Pressures Overhangs
(mph) (degrees) § S A B c D E F G H EoH GoH
0to 5° 1 11.5 -5.9 7.6 -3.5 -13.8 -7.8 -9.6 -6.1 -19.3 -15.1
10° 1 12.9 -5.4 8.6 -3.1 -13.8 -8.4 -9.6 -6.5 -19.3 -15.1
15° 1 14.4 -4.8 9.6 -2.7 -13.8 -9.0 -9.6 -6.9 -19.3, -15.1
85 20° 1 15.9 4.2 10.6 -2.3 -13.8 -9.6 -9.6 -7.3 -19.3 -15.1
25° 1 14.4 2.3 10.4 24 -6.4 -8.7 4.6 -7.0 -11.9 -10.1
2 P Dl ————— e -2.4 -4.7 -0.7 3.0 ]| —— e
301045 1 12.9 8.8 10.2 7.0 1.0 -7.8 0.3 -6.7 4.5 -5.2
2 12.9 8.8 10.2 7.0 5.0 -3.9 4.3 -2.8 4.5 -5.2
0to5° 1 12.8 6.7 8.5 4.0 -15.4 -8.8 -10.7 -6.8 -21.6 -16.9
10° 1 14.5 -6.0 9.6 -3.5 -15.4 -9.4 -10.7 -7.2 -21.6 -16.9
15° 1 16.1 -5.4 10.7 -3.0 -15.4 -10.1 -10.7 7.7 -21.6 -16.9
90 20° 1 17.8 -4.7 11.9 -2.6 -15.4 -10.7 -10.7 -8.1 -21.6 -16.9
25° 1 16.1 2.6 11.7 2.7 -7.2 -9.8 -5.2 -7.8 -13.3 -11.4
2 -} - - e e 2.7 -5.3 -0.7 34 | e | e
30to 45 1 14.4 9.9 11.5 7.9 1.1 -8.8 0.4 -7.5 -5.1 -5.8
2 14.4 9.9 11.5 7.9 5.6 -4.3 4.8 -3.1 -5.1 -5.8
0to 5° 1 15.9 -8.2 10.5 4.9 -18.1 -10.8 -13.3 -8.4 -26.7 -20.9
10° 1 17.9 -7.4 1.9 4.3 -19.1 -11.6 -13.3 -8.9 -26.7 -20.9
15° 1 19.9 -6.6 13.3 -3.8 -19.1 -12.4 -13.3 -8.5 -26.7 -20.9
20° 1 22.0 -5.8 14.6 -3.2 -19.1 -13.3 -13.3 -10.1 -26.7 -20.9
1 00 25° 1 19.9 3.2 14.4 33 -8.8 -12.0 -6.4 97 -16.5 -14.0
2 —— | e — el B -3.4 -6.6 -0.9 4.2 ——— e
30 to 45 1 17.8 12.2 14.2 9.8 1.4 -10.8 0.5 -9.3 6.3 -7.2
2 17.8 12.2 14.2 9.8 6.9 -5.3 5.9 -3.8 6.3 -7.2
Oto 5° 1 19.2 -10.0 12.7 -5.9 -23.1 -13.1 -16.0 -10.1 -32.3 -25.3
10° 1 21.6 -9.0 14.4 -5.2 -23.1 -14.1 -16.0 -10.8 -32.3 -26.3
15° 1 24.1 -8.0 16.0 -4.6 -23.1 -15.1 -16.0 -11.5 -32.3 -25.3
1 1 0 20° 1 26.6 -7.0 17.7 -3.9 -23.1 -16.0 -16.0 -12.2 -32.3 -25.3
25° 1 24.1 3.9 17.4 4.0 -10.7 -14.6 7.7 -11.7 -19.9 -17.0
20 - | - -~ e e -4.1 -7.9 -1.1 -5.1 e ————-
30to 45 1 216 14.8 17.2 11.8 1.7 -13.1 0.6 -11.3 -7.6 -8.7
2 216 14.8 17.2 11.8 8.3 -6.5 7.2 -4.6 -7.6 -8.7
Oto5° 1 22.8 -11.9 15.1 -7.0 -27.4 -15.6 -19.1 -12.1 -38.4 -30.1
10° 1 25.8 -10.7 171 -6.2 -27.4 -16.8 -19.1 -12.9 -38.4 -30.1
15° 1 28.7 -9.5 19.1 -5.4 -27.4 -17.9 -19.1 -13.7 -38.4 -30.1
120 20° 1 31.6 -8.3 21.1 -4.6 -27.4 -19.1 -19.1 -14.5 -38.4 -30.1
25° 1 28.6 4.6 20.7 4.7 -12.7 -17.3 -9.2 -13.9 -23.7 -20.2
2 - e | e e -4.8 -9.4 -1.3 -6.0 e e
30to 45 1 257 17.6 204 14.0 2.0 -15.6 0.7 -13.4 -9.0 -10.3
2 25.7 17.6 204 14.0 9.9 -7.7 8.6 -5.5 -9.0 -10.3
0to 5° 1 26.8 -13.9 17.8 -8.2 -32.2 -18.3 -22.4 -14.2 -45.1 -35.3
10° 1 30.2 -12.5 20.1 -7.3 -32.2 -19.7 -22.4 -15.1 -45.1 -36.3
15° 1 33.7 -11.2 22.4 -6.4 -32.2 -21.0 -22.4 -16.1 -45.1 -35.3
1 30 20° 1 37.1 -9.8 24.7 -5.4 -32.2 224 -22.4 -17.0 -45.1 -35.3
25° 1 33.6 54 243 5.5 -14.9 -20.4 -10.8 -16.4 -27.8 -23.7
2 e m————— e e -5.7 -11.1 -1.5 -7.1 B e
30to 45 1 30.1 20.6 24.0 16.5 23 -18.3 0.8 -15.7 -10.6 -12.1
2 30.1 20.6 24.0 16.5 11.6 -9.0 10.0 -6.4 -10.6 -12.1

Unit Conversions — 1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m’

ASCE 7-02



Main Wind Ferce Resisting System — Method 1 h < 60 ft.
Figure 6-2 (cont’d Design Wind Pressures
£ ¢ e ) £ Walls & Roofs
Enclosed Buildings
Simplified Design Wind Pressure , ps3 (psf) (Exposure B at h = 30 ft. with | = 1.0)
o § Zones
Ba;::e\g;nd A'zgf: % Horizontal Pressures Vertical Pressures Overhangs
(mph) (degrees) | S A B c D E F G H EoH GoH
0to5° § 1] 31.1 -16.1 20.6 -9.6 373 | 212 | 260 | -164 [ 523 | -40.9
10° 1§ 351 -145 | 233 8.5 373 | 228 | 260 | -175 | 523 | 409
15° 1§ 390 | -129 | 260 74 373 | -244 | 260 | -186 | 523 | 409
140 20° 10 430 | -114 | 287 6.3 373 | 260 | 260 | -19.7 [ 523 | -40.9
25° 1§ 390 6.3 28.2 6.4 173 | 236 | 125 | -190 | -323 | -275
20 e N [ — 6.6 -12.8 1.8 8.2 SR R —
30tod45 | 11 350 239 27.8 19.1 2.7 21.2 0.9 182 § 123 | -140
2] 350 23.9 27.8 19.1 134 | -105 1.7 75 123 | -14.0
Oto5° | 11 357 | -185 | 237 | -11.0 | -429 | -244 | -298 | -189 ]| -600 | -47.0
10° 10 402 | -167 | 268 9.7 429 | 262 | 298 | 201 | 600 | 47.0
15° 10 448 | -149 | 298 85 429 | 280 | 298 | 214 | 600 | 47.0
150 20° 1§ 494 | -130 | 329 72 429 | 298 | 298 | 226 | 600 | 47.0
25° 1] 448 7.2 32.4 74 2199 [ 271 | 144 | 218 | 370 | 316
2 UV R— J— 7.5 -14.7 2.1 94 SR o —
30tos5 | 1] 401 27.4 319 22.0 3.1 -24.4 1.0 209 | -141 | -16.1
21 401 27.4 31.9 220 154 | -120 134 86 141 | -16.1
0to5° | 1] 458 | 238 | 304 | -141 | -551 | -31.3 | -383 | -242 | -771 | -804
10° 14 517 | 214 | 344 | 125 | 551 | 336 | -383 | 258 | -77.1 | 604
15° 1§ 576 | -191 383 | 1090 | 551 | -36.0 | -383 | 275 | 771 | -604
170 20° 10 634 | -167 | 423 -9.3 551 | 383 | -383 | 201 | 771 | -604
25° 11 575 9.3 416 95 256 | -348 | 185 | 280 | 476 | 405
3 [ (O R J— 97 -18.9 2.6 A24 ] —— | ——
30 to 45 1 515 35.2 41.0 28.2 4.0 -31.3 1.3 -26.9 -18.1 -20.7
2] 515 35.2 41.0 28.2 198 | -154 172 | 110 1 -181 | 207

Adjustment Factor
for Building Height and Exposure, )

Mean roof Exposure
__height (ft) B c D
15 1.00 1.21 147
20 1.00 1.29 1.55
25 1.00 1.35 1.61
30 1.00 1.40 1,66
35 1.05 1.45 1.70
40 1.09 1.49 1.74
45 1.12 1.53 1.78
50 1.16 1.56 1.81
55 1.19 1.59 1.84
60 1.22 1.62 1.87

Unit Conversions — 1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m’

Minimum Design Loads for Buildings and Other Structures
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Figue 6-3

h <60 ft.

Design Wind Pressures

Walls & Roofs

Enclosed Buildings

Notes:

Do

e Y

Flat Roof Hip Roof (7° < 6 <27°)

Gable Roof (6 < 7°)

D Interior Zones

Roofs - Zone 1/ Walls - Zone 4

Gable Roof (7° < 8 < 45°)

End Zones

Roofs - Zone 2/ Walls - Zone 5

Corner Zones
Roofs -Zone 3

Pressures shown are applied normal to the surface, for exposure B, at h=30 ft (9.1m), for I=1.0. Adjust to other exposures and

heights with adjustment factor A.
Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

For hip roofs with 8 < 25°, Zone 3 shall be treated as Zone 2.
For effective wind areas between those given, value may be interpolated, otherwise use the value associated with the lower

effective wind area.

Notation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of least horizontal
dimension or 3 ft (0.9 m).

h: Mean roof height, in feet (meters), except that eave height shall be used for roof angles <10°.

6: Angle of plane of roof from horizontal, in degrees.

ASCE 7-02
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h <60 ft.

Figure 6-3 (cont’d) Design Wind Pressures
— Walls & Roofs
Enclosed Buildings
Net Design Wind Pressure , ppeso (PSf) (Exposure B at h = 30 ft. with | = 1.0)
Zon% m?r“; Basic Wind Speed V (mph)
(s 85 90 100 110 120 130 140 150 170
1 10 | 53 [-130] 59 [-146| 7.3 [-180| 89 [-21.8] 105 | -259| 124 | -30.4| 14.3 | -35.3| 165 | 40.5 | 21.1 | -52.0
1 20 50 |-127)] 56 |-142] 69 |-175] 83 | -21.2| 99 |-252| 116 | -296| 134 | -344 | 154 | -394 | 198 | -50.7
R 1 50 | 45 [-122] 51 [-137] 63 [-169| 7.6 | -205]| 9.0 | -244] 106 | -286| 123 | -33.2] 14.1 | -38.1] 181 | -489
b4 1 100 42 | -119| 47 | -133| 58 | -165]| 70 |-199] 83 | -237| 98 | -278| 114 | -32.3| 13.0 | -37.0 | 16.7 | -47.6
o {2 10 | 53 [218] 59 [-244] 73 |-302| 89 [-365] 105 | 43.5| 124 | 51.0| 14.3 | -59.2 16.5 [ 67.9 | 21.1 | -67.2
N 2 20 | 50 |-195| 56 |-21.8] 69 |-27.0] 83 | -326| 9.9 | -388] 116 | 456| 134 | 529 154 | -60.7 | 19.8 | -78.0
8 2 50 45 | -1641 51 | -184 63 |-227| 76 | -275| 9.0 |-327| 106 | -384 | 123 | 445} 141 | -51.1] 181 | -65.7
% 2 100 42 | 141} 47 | -158| 58 |-195}¢ 7.0 | -236| 83 | -281]| 9.8 | -33.0| 114 | -38.2) 13.0 | 439 | 16.7 | -56.4
8 3 10 | 53 | 328 59 |-368| 7.3 | -454| 89 | 550 | 105 | -654 ] 124 | -76.8| 14.3 | -89.0 [ 165 |-102.2[ 21.1 |-131.3
3 20 50 {-272]| 56 |-305) 69 |-376| 83 | 455 99 | -542] 116 | -63.6 | 134 | -73.8| 154 | -84.7 | 19.8 |-108.7
3 50 45 [ -197| 51 | -221} 63 |-273]| 76 |-331}| 90 |-393]| 106 | 462} 123 | -53.5} 141 | 61.5] 18.1 | -78.9
3 100 42 | -141| 47 | -158] 58 | -195}| 7.0 | -236| 83 | -281| 98 | -33.0] 114 | -38.2| 13.0 | -43.9| 16.7 | -56.4
1 10 75 | -119] 84 | -13.3} 104 | -165| 125 | -199| 149 | -237 | 175 | -278| 203 | -323} 23.3 | -37.0| 30.0 | -476
1 20 | 68 | -116] 77 | -130| 94 | -16.0] 11.4 | -19.4 | 136 | 230 160 | -27.0| 185 | -31.4| 21.3 | -36.0] 27.3 | 46.3
@ 1 50 60 |-111] 67 | -125} 82 |-154] 100 | -186| 119 | -222| 139 | -26.0| 16.1 | -30.2} 185 | -346 | 23.8 | -445
I 100 | 53 [ 108] 59 |-121| 73 | 149 89 | 184 105 | 215 124 | 252 143 | -20.3| 16.5 | -33.6 | 211 | -432
3 2 10 75 | -207| 84 |-23.2} 104 |-287| 125 | -34.7} 149 | -413| 175 | 484 203 | -56.2 23.3 | 64.5] 30.0 | -82.8
N 2 20 68 | -19.0} 77 | -214| 94 |-264 ] 114 |-319| 136 | -38.0) 18.0 | 446 | 185 | -51.7| 213 | -69.3} 27.3 | -76.2
s [ 2 50 | 60 |-16.9]| 67 |-189] 82 |-233] 10.0 | 282 11.9 [ -336| 139 | -394} 161 | 457 | 185 | 52.5| 238 | 674
» 0 2] 100 |53 [152] 59 | 70| 73 |-210] 69 | -255| 105 | -30.3 | 124 | -356| 143 | 412| 165 | 47.3| 211 | -608
E 3 10 75 | -306| 84 |-343| 104 | 424§ 125 ! -51.3) 149 | 610} 175 | -71.6| 203 | -83.1| 23.3 | -954 | 30.0 |-1225
x 3 20 68 | -286) 77 |-321| 94 |-396| 114 {479 136 | -571| 16.0 | 67.0| 185 | -77.7} 213 | -89.2} 27.3 |-1145
3 50 | 60 | 260] 67 | -201| 82 |-36.0] 100 | -435] 11.0 | -51.8] 139 | 60.8| 16.1 | -70.5]| 185 | -81.0| 238 |-104.0
3 100 53 | -240| 59 | -26.9| 7.3 |-332| 89 | 402} 105 | -479| 124 | -56.2| 143 | -65.1| 16.5 | -74.8 | 21.1 | -96.0
1 10 | 119|130 133 [ -146] 165 | -180] 199 | 218 | 237 | -25.9| 27.8 | -30.4 | 323 | 353 | 37.0 | 40.5 | 47.6 | -520
1 20 116 | -123} 13.0 | -13.8| 16.0 | 171} 19.4 | -20.7 | 23.0 | -246 | 27.0 | -289 | 314 | -33.5] 36.0 | -38.4 | 46.3 | -49.3
g | 1 50 § 111 |-115] 125 | 128 154 | -159 | 18.6 | -19.2 | 222 | -228| 260 | -26.8 | 30.2 | -31.1| 34.6 | -35.7 | 445 | -45.8
g 1 100 10.8 | -10.8§ 121 | -121 ] 149 | -14.9] 18.1 | -181 | 215 | -21.6| 25.2 | -25.2] 29.3 | -29.3 ] 33.6 | -33.6 | 43.2 | -43.2
3 |2 10 119 [-152] 133 | -17.0] 16.5 | -21.0] 19.9 | -255| 237 | -30.3 ] 27.8 | -35.6 | 32.3 | 41.2] 37.0 | 47.3] 476 | 608
2 2 20 116 | -145| 13.0 | -16.3| 16.0 | -20.1 | 19.4 | -24.3| 23.0 | -29.0} 27.0 | -340| 314 | -394 | 36.0 | 45.3 | 46.3 | -58.1
f 2 50 111 | -13.7] 125 | -153 | 154 | -189 | 186 | -229 | 222 | -27.2] 26.0 | -320| 30.2 | -37.1| 346 | 425 445 | -546
‘x 2 100 10.8 | -13.0] 12.1 | -146| 149 | -180) 18.1 | -21.8] 215 | -256.9| 25.2 | -304 | 29.3 | -35.3 | 33.6 | 40.5 | 43.2 | -52.0
E 3 10 119 | -152| 133 | -17.0| 165 | -21.0] 19.9 | -255| 23.7 | -30.3 | 27.8 | -356 | 32.3 | 41.2| 37.0 | 47.3] 476 | -60.8
x 3 20 116 | -145{ 13.0 | -16.3| 16.0 | -20.1 | 19.4 | -24.3 ) 23.0 | -20.0] 27.0 | -34.0] 314 | -39.4] 36.0 | 453 | 46.3 | -68.1
3 50 111 | -137 | 125 | -153| 154 | -189| 186 | -229| 222 | -27.2| 26.0 | -320 | 30.2 | -37.1| 34.6 | 425| 445 | -54.6
3 100 108 | -13.0| 121 | 146 149 | -180| 181 | -21.8| 215 | -259| 252 | -304 | 293 | -35.3 | 33.6 | -40.5| 43.2 | -520
4 10 13.0 | -14.1| 146 | -158| 18.0 | -195| 21.8 | -23.6 | 259 | -28.1 | 304 | -33.0| 353 | -38.2| 405 | -43.9 | 520 | -56.4
4 20 124 | -135] 13.9 | 151 | 172 1 -187 | 20.8 | -226] 247 | -269| 29.0 | -316| 337 | -36.7 | 38.7 | 421 | 496 | -54.1
4 50 116 | -12.7§ 13.0 | -143| 16.1 | -17.6 | 195 { -21.3 | 232 | -264 | 272 | -298| 316 | -346 362 | -30.7{ 466 | -51.0
4 § 100 | 114|122 124 [-136] 153 | 168 | 18.5 | 204 | 220 [ -242] 259 | 284 300 | 330 344 | -37.8 | 44.2 | 486
% 4 500 97 |-1081) 10.9 | -121] 134 | -149| 16.2 | -18.1| 19.3 | -215| 22.7 | -25.2| 26.3 | -29.3] 30.2 | -33.6 | 38.8 | -43.2
= 5 10 13.0 | -17.4| 146 | -195] 18.0 | -241 | 21.8 { -29.1| 259 | -34.7 | 304 | 40.7| 353 | 47.2| 405 | -54.2 | 520 | -696
5 20 124 | -162| 139 | -182 ) 17.2 | -225| 208 | -27.2| 247 | -324 | 29.0 | -38.0| 33.7 | 44.0f 387 | -50.5| 49.6 | -64.9
5 50 11.6 ‘ 147 | 130 | -165 | 16.1 | -203 | 195 | 246 | 232 | -2903| 272 | -343| 316 | -390.8 | 36.2 | 45.7 | 466 | -58.7
5 100 111 \ -13.5] 124 | -15.1] 1563 | -18.7 | 185 | -226 | 22.0 | -26.9] 259 | -31.6 | 30.0 | -36.7 | 344 | 421 | 44.2 | -541
5 500 9.7 \ -108] 109 | 121} 134 | -149| 16.2 | -18.1| 193 | -215]| 227 | -25.2| 26.3 | -29.3| 30.2 | -33.6 | 38.8 | -43.2
Unit Conversions — 1.0 ft = 0.3048 m; 1.0 sf = 0.0929 m*; 1.0 psf = 0.0479 KN/m®

Minimum Design Loads for Buildings and Other Structures
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Cdniptments a.nd'CIa’d(ling; Method 1 - v h < 60 ft.

Figure 6-3 (cont’) , Design Wind Pressures

Walls & Roofs

Enclosed Buildings

Roof Overhang Net Design Wind Pressure , poetso (psf)
(Exposure B at h =30 ft. with | = 1.0)

Effectve Basic Wind Speed V (mph)

Wind Area

Zone (sf) 90 100 | 110 120 | 130 | 140 150 | 170
10 -21.0 | -256.9 | -314 | -37.3 | -43.8 | -50.8 | -58.3 | -74.9
20 -20.6 | -26.5 | -30.8 | -36.7 | -43.0 | 49.9 | -57.3 | -73.6
50 -201 | -249 | -30.1 | -358 | 420 | 487 | -65.9 | -71.8
100 -19.8 | -244 | -295 | -351 | 412 | 478 | -549 | -70.5
10 -346 | 427 | 516 | 615 | -721 | -83.7 | -96.0 | -1234
20 271 | -335 | 405 | 483 | -56.6 | -65.7 | -75.4 | -96.8
50 -173 ] -214 ] -259 | -30.8 | -36.1 | -41.9 | 481 | -61.8
100 -10.0 | -122 | 148 | -17.6 | -206 | -23.9 | -27.4 | -35.2
10 272 | -335 | 406 | 483 ] -56.7 | -65.7 | -755 | -96.9
20 -27.2 | -335 | 406 | 483 | -56.7 | -65.7 | -75.5 | -96.9
50 -27.2 | -335 | 406 | 483 ) -56.7 | 657 | -75.5 | -96.9
100 -27.2 | -33.5 ]| 406 | 483 | -56.7 | -65.7 | -75.5 | -96.9
10 -45.7 | -564 | 683 | -81.2 | -95.3 | -110.6|-126.9] -163.0
20 -41.2 | -50.9 | 616 | -73.3 | -86.0 | -99.8 | -114.5] -147.1
50 -3563 | 436 | -528 | 628 | -73.7 | -855 | -98.1 | -126.1
100 -30.9 | -38.1 | -46.1 | -54.9 | -64.4 | -74.7 | -85.8 | -110.1

.10 247 | -30.5 ] -36.9 | 439 | -515 | -50.8 | -68.6 | -88.1
20 -240 | -296 | -35.8 | 426 | -50.0 | -58.0 | -66.5 | -85.5
50 -23.0 1 -284 | -343 | 408 | -479 | -556 | -63.8 | -82.0
100 =222 | 274 | -332 | -395 ] -464 | -53.8 | -61.7 | -79.3
10 -247 | -305 | -36.9 ] 439 | -51.5 | -59.8 | -68.6 | -88.1
20 -24.0 | -296 | -358 | 426 | -50.0 | -58.0 | -66.5 | -85.5
50 -23.0 | -284 | -343 | 408 | 479 | -556 | -63.8 | -82.0
100 -22.2 | 274 | -33.2 | -395 | -46.4 | -53.8 | -61.7 | -79.3

N

Roof 0 to 7 degrees

Roof > 7 to 27 degrees
W (W (WM N W[W|[W WINIRININ]WW WwiWwiN NN

Roof > 27 to 45 degrees

Adjustment Factor
for Building Height and Exposure, )

Mean roof Exposure
| height () | B c D
15 1.00 1.21 1.47
20 1.00 1.29 1.55
25 1.00 1.35 1.61
30 1.00 1.40 1.66
35 1.05 145 1.70
40 1.09 1.49 1.74
45 1,12 1.53 1.78
50 1.16 1.56 1.81
55 1.19 1.59 1.84
60 1.22 1.62 1,87

Unit Conversions — 1.0 ft = 0.3048 m; 1.0 sf = 0.0929 m’; 1.0 psf = 0.0479 kN/m’
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Topographic Factor, K, — Method 2

4. Notation:
Lh:

KIZ

H:Height of hill or escarpment relative to the upwind terrain, in feet (meters).

Figure 6-4 I
P o) z V(z)l
' Speed-up Speed-up
"o x(Upwind) x (Downwind) o x(Upwind) x (Downwind)
/ Gk NSNS PRGN
| > &\/\ K H2
4 H 2 Lh - H
EAASABAASASAVANS ENATAVAAANS XA
ESCARPMENT 2-D RIDGE OR 3-D AXISYMMETRICAL HILL
Topographic Multipliers for Exposure C

K, Multiplier K, Muitiplier K3 Multiplier

H/L, | 2-D 2-D 3-D x/Ly 2-D All z/Ly, 2-D 2-D 3-D
Ridge | Escarp. | Axisym. Escarp. | Other Ridge | Escarp. | Axisym.
Hill Cases Hill
0.20 | 0.29 0.17 0.21 0.00 1.00 1.00 | 0.00 1.00 1.00 1.00
0.25 | 0.36 0.21 0.26 | 0.50 0.88 0.67 | 0.10 | 0.74 0.78 0.67
0.30 | 043 0.26 0.32 1.00 0.75 0.33 0.20 | 0.55 0.61 0.45
0.35 | 0.51 0.30 0.37 1.50 0.63 0.00 § 030 | 041 0.47 0.30
040 1 0.58 0.34 0.42 | 2.00 0.50 0.00 | 040 | 0.30 0.37 0.20
0.45 0.65 0.38 047 1| 2.50 0.38 0.00 | 0.50 § 0.22 0.29 0.14
0.50 § 0.72 0.43 0.53 3.00 0.25 0.00 | 0.60 {| 0.17 0.22 0.09
3.50 0.13 0.00 | 0.70 | 0.12 0.17 0.06
4.00 0.00 0.00 | 0.80 § 0.09 0.14 0.04
0.90 | 0.07 0.11 0.03
1.00 { 0.05 0.08 0.02
1.50 | 0.01 0.02 0.00
2.00 | 0.00 0.00 0.00
Notes:

1. For values of H/L;, x/L, and z/L,, other than those shown, linear interpolation is permitted.

2. For H/L;, > 0.5, assume H/L;, = 0.5 for evaluating K, and substitute 2H for L;, for evaluating K; and K.

3. Multipliers are based on the assumption that wind approaches the hill or escarpment along the direction
of maximum slope.

Distance upwind of crest to where the difference in ground elevation is haif the height of
hill or escarpment, in feet (meters).
Factor to account for shape of topographic feature and maximum speed-up effect.
Factor to account for reduction in speed-up with distance upwind or downwind of crest.
Factor to account for reduction in speed-up with height above local terrain.

Distance (upwind or downwind) from the crest to the building site, in feet (meters).
Height above local ground level, in feet (meters).
Horizontal attenuation factor.
Height attenuation factor.

Minimum Design Loads for Buildings and Other Structures
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Topographic Factor, K, — Method 2

Figure 6-4 (cont’d) l

Eguations:

Ky =(1+K; K K;3)?

K determined from table below

K2 =(1-_l.)_((__
uLy

K3 = eJYZ/Lh

Parameters for Speed-Up Over Hills and Escarpments

K,/(H/Ly)
Hill Shape Exposure Y Upwind Downwind
B C D of Crest of Crest

2-dimensional ridges

(or valleys with negative 130 | 145 | 1.55 3 1.5 1.5

H in K,/(H/Ly)
2-dimensional escarpments 0.75 0.85 0.95 2.5 1.5 4
3-dimensional axisym. hill 0.95 1.05 1.15 4 1.5 1.5
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Main Wind Force Res. Sys. / Comp and Clad. — Method 2

All Heights

Figure 6-5

Internal Pressure Coefficient, GCy;

Enclosed, Partially Enclosed, and Open Buildings

Walls & Roofs

Enclosure Classification GC,;
Open Buildings 0.00
Partially Enclosed Buildings +0.55
-0.55
Enclosed Buildings +0.18
-0.18

Notes:

1. Plus and minus signs signify pressures acting toward and away

from the internal surfaces, respectively.

2. Values of GC,,; shall be used with q, or gy as specified in 6.5.12.

3. Two cases shall be considered to determine the critical load

requirements for the appropriate condition:

(i) apositive value of GC,; applied to all internal surfaces
(ii) a negative value of GC,; applied to all internal surfaces

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 2

All Heights

Figure 6-6 External Pressure Coefficients, Cp

Enclosed, Partially Enclosed Buildings Walls & Roofs
D o
r = - 1,6
WIND_ | TE
4,6, ‘ 7456 z % I 2] 946€,
l 946C, ‘ : .
o — P =
PLAN ELEVATION
GABLE, HIP ROOF
| | thCp QhGCp
mj:u 0,66, ° 1 S
7,6€, Jt 046€, i
M * thCp -
(SO S— e
PLAN ELEVATION ELEVATION
MONOSLOPE ROOF (NOTE 4)
i O
T iy
WIND G o , [
1,66, } - " o L e
y li l i thCp L Eﬂ
S L ]
PLAN ELEVATION
MANSARD ROOF (NOTE8)
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Main Wind Force Resisting System — Method 2 All Heights
Figure 6-6 (con’t) External Pressure Coefficients, C,,
Enclosed, Partially Enclosed Buildings Walls & Roofs
Wall Pressure Coefficients, C,
Surface L/B C, Use With
Windward Wall All values 0.8 2
0-1 -0.5
Leeward Wall 2 -0.3 qn
>4 -0.2
Side Wall All values -0.7 Gn
Roof Pressure Coefficients, C,, for use with q, j
Windward Leeward
Wind Angle, 0 (degrees
Direction Angle, 0 (degrees) gle, O (degrees)
h/L 10 15 20 25 30 35 45 >60# 10 15 | >20 |
-0.7 -0.5 -0.3 -02 | -02 0.0%* 03 05 | -06
Normal | <0.25] -0.18 0.0* 0.2 0.3 0.3 0.4 0.4 10.010¢§ ™ - )
to -0.9 -0.7 -0.4 -03 | -0.2 -0.2 0.0% 05 |05 |06
ridge for 0.5 -0.18 | -0.18 0.0* 0.2 0.2 0.3 04 10016 ) ) )
82>10° -1.3%% 1 -1.0 -0.7 -05 | -0.3 -0.2 0.0* 07 |06 | 06
>1.0 -0.18 | -0.18 | -0.18 | 0.0* { 0.2 0.2 03 (0016 ) ) |
Horiz distance from ¢ *Value is provided for interpolation
Normal windward edge P purposes.
to 0 to h/2 -0.9,-0.18
ridgefor | <05 | h2toh -0.9,-0.18 1 **Value can be reduced linearly with area
6<10 hto2h -0.5,-0.18 1 over which it is applicable as follows
and > 2h -0.3,-0.18 it
Parallel » Area (sq ft) Reduction Factor
S1.3%% -
toridge | >1.0 0toh2 0.18 <100(9.3sqm) 1.0
for all 6 200 (23.2 sq m) 0.9
2 - -
> b2 0.7, -0.18 I —=7350 92.9 sq m) 08
Notes:

1. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

2. Linear interpolation is permitted for values of L/B, /L and 6 other than shown. Interpolation shall only be
carried out between values of the same sign. Where no value of the same sign is given, assume 0.0 for
interpolation purposes.

3. Where two values of C, are listed, this indicates that the windward roof slope is subjected to either

positive or negative pressures and the roof structure shall be designed for both conditions. Interpolation

for intermediate ratios of h/L in this case shall only be carried out between C, values of like sign.

For monoslope roofs, entire roof surface is either a windward or leeward surface.

For flexible buildings use appropriate G,as determined by Section 6.5.8.

Refer to Figure 6-7 for domes and Figure 6-8 for arched roofs.

Notation:

: Horizontal dimension of building, in feet (meter), measured normal to wind direction.
Horizontal dimension of building, in feet (meter), measured parallel to wind direction.
Mean roof height in feet (meters), except that eave height shall be used for 6 < 10 degrees.
Height above ground, in feet (meters).

: Gust effect factor.

q.q,: Velocity pressure, in pounds per square foot (N/mz), evaluated at respective height.
0: Angle of plane of roof from horizontal, in degrees.

8. For mansard roofs, the top horizontal surface and leeward inclined surface shall be treated as leeward

surfaces from the table.

9. Except for MWFRS’s at the roof consisting of moment resisting frames, the total horizontal shear shall not
be less than that determined by neglecting wind forces on roof surfaces.

#For roof slopes greater than 80°, use C, = 0.8

Nownk
N

Q

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 2 All Heights

Figure 6-7 External Pressure Coefficients, Cy,

Enclosed, Partially Enclosed Buildings and Structures

Domed Roofs

Notes:
1.

[98]

W

Wind B
A 0 /o c {f
R hy
¢ )
| D l
A (0, /D = 0.25)
ws A D=0)\
108 \)/ = VA F/A(hD /0 21.0)
+04 L
i e
g +0.2 = / Z /C(ho D=0)
§ 0.0 7 «
5 02 S [
S o N / |_C(hy/D205)
o \_..___\_..%_____.._1____(.
5, 06 < ™~ < /
2 A
g 10 7 ~ < |_-B(hy/D=0)
% -1.2 / \ﬁ%__ﬂ_g
oo < -5 -~ _ B (hy /D 20.5)
S
Y . |

0 0.1 0.2 0.3 04 05

Ratio of Rise to Diameter, /D
External Pressure Coefficients for Domes with a Circular Base.
(Adapted from Eurocode, 1995)

Two load cases shall be considered:

Case A.  C, values between A and B and between B and C shall be determined by linear
interpolation along arcs on the dome parallel to the wind direction;

Case B.  C, shall be the constant value of A for 6 < 25 degrees, and shall be determined by linear
interpolation from 25 degrees to B and from B to C.

Values denote Cj, to be used with g+ Where hp + f is the height at the top of the dome.

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

C, is constant on the dome surface for arcs of circles perpendicular to the wind direction; for example,

the arc passing through B-B-B and all arcs parallel to B-B-B.

For values of hp/D between those listed on the graph curves, linear interpolation shall be permitted.

0 = 0 degrees on dome springline, 6 = 90 degrees at dome center top point. f is measured from

springline to top.

The total horizontal shear shall not be less than that determined by neglecting wind forces on roof

surfaces.

For f/D values less than 0.05, use Figure 6-6.
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Main Wind Force Res. Sys. / Comp and Clad. — Method 2 All Heights
Figure 6-8 External Pressure Coefficients, C,,
Enclosed, Partially Enclosed Buildings and Structures Arched Roofs
Rise-to-span G
Conditions ratio, r
Windward Center Leeward
quarter half quarter
0<r<02 -0.9 -0.7-r -0.5
Roof on elevated structure 0.2<r<0.3% 1.5»-0.3 -0.7-r -0.5
03<r<06 2.75r-0.7 0.7-r -0.5
Roof springing from ground level 0<r<0.6 1.4r -0.7-r -0.5

the windward quarter.

Notes:

directed parallel to ridge.

this table multiplied by 0.87.

*When the rise-to-span ratio is 0.2 < r £ 0.3, alternate coefficients given by 6r - 2.1 shall also be used for

1. Values listed are for the determination of average loads on main wind force resisting systems.
2. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

3. For wind directed parallel to the axis of the arch, use pressure coefficients from Fig. 6-6 with wind

4. For components and cladding: (1) At roof perimeter, use the external pressure coefficients in Fig. 6-11
with 0 based on spring-line slope and (2) for remaining roof areas, use external pressure coefficients of

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System— Method 2 All Heights

Figure 6-9 Design Wind Load Cases

Case 2. Three quarters of the design wind pressure acting on the projected area perpendicular to each
principal axis of the structure in conjunction with a torsional moment as shown, considered separately
for each principal axis.

Case 3. Wind loading as defined in Case 1, but considered to act simultaneously at 75% of the specified
value.

Case 4. Wind loading as defined in Case 2, but considered to act simultaneously at 75% of the specified
value.

Notes:

Py 0.75P gy
l RREERE
.75 P gy - —0.75P
07 WXL_,_ S— X
Pyx Prx ] Pry T 1 ; 1 l
i i 075P .y
CASE 1 CASE 3
By N By
0.563 P ry
i F 75wy REEE
D DI I = R
™ ™ My My 1
My —_——
r-—-
0.75P pyx 0.75PLx ( 075PLY 0563 P wx I I i T ( 0.563P Ly
] 1 0563 Py
Mr=0.75 (Pyx+tPrgByex Mr=0.75 (PpytPryByey Mr=0.563 (Pyy+PryByex+ 0.563 (Pyy+PryByey
eX:iO-J-SBX €y:ﬂ:0.15By e,y=i0.15BX ey=:t0.15By
CASE 2 CASE 4
Case 1. Full design wind pressure acting on the projected area perpendicular to each principal axis of the

structure, considered separately along each principal axis.

1. Design wind pressures for windward and leeward faces shall be determined in accordance with the
provisions of 6.5.12.2.1 and 6.5.12.2.3 as applicable for building of all heights.

2. Di

agrams show plan views of building.

3. Notation:

Pyy, Pwy: Windward face design pressure acting in the x, y principal axis, respectively.
Py, Pry: Leeward face design pressure acting in the x, y principal axis, respectively.
e (ex. ey : Eccentricity for the x, y principal axis of the structure, respectively.

Mry: Torsional moment per unit height acting about a vertical axis of the building.
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Main Wind Force Resisting System — Method 2 h < 60 ft.

Figure 6-10 External Pressure Coefficients, GCp¢ .
Enclosed, Partially Enclosed Buildings Low-rise Walls & Roofs

Longitudinal Direction

Basic Load Cases

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 2 h < 60 ft.

Figure 6-10 (cont’d) | External Pressure Coefficients, GCpt Low-rise Walls & Roofs

Enclosed, Partially Enclosed Buildings

A];gﬂ:fe Building Surface
(degrees) {4 2 3 4 5 6 IE | 2E | 3E | 4E
0-5 0.40 -0.69 -0.37 -0.29 | -0.45 -0.45 0.61 -1.07 -0.53 | -0.43
20 0.53 -0.69 -0.48 -0.43 | -0.45 -0.45 0.80 -1.07 -0.69( -0.64
30-45 0.56 0.21 |-043 -0.37 | -045 | -0.45 0.69 0.27 -0.53] -0.48
90 0.56 0.56 -0.37 -0.37 1 -0.45 -0.45 0.69 0.69 -0.48( -0.48
Notes:

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

For values of © other than those shown, linear interpolation is permitted.

The building must be designed for all wind directions using the 8 loading patterns shown. The

load patterns are applied to each building corner in turn as the Reference Corner.

Combinations of external and internal pressures (see Figure 6-5) shall be evaluated as required to

obtain the most severe loadings.

For the torsional load cases shown below, the pressures in zones designated with a “T” (1T, 2T,

3T, 4T) shall be 25% of the full design wind pressures (zones 1, 3, 3, 4).
Exception: One story buildings with h less than or equal to 30 ft (9.1m), buildings two stories
or less framed with light frame construction, and buildings two stories or less designed with
flexible diaphragms need not be designed for the torsional load cases.

Torsional loading shall apply to all eight basic load patterns using the figures below applied at each

reference corner.

6. Except for moment-resisting frames, the total horizontal shear shall not be less than that
determined by neglecting wind forces on roof surfaces.

7. For the design of the MWFRS providing lateral resistance in a direction parallel to a ridge line or
for flat roofs, use 6 = 0° and locate the zone 2/3 boundary at the mid-length of the building.

8. The roof pressure coefficient GC,; when negative in Zone 2, shall be applied in Zone 2 for a
distance from the edge of roof equal to 0.5 times the horizontal dimension of the building parallel
to the direction of the MWFRS being designed or 2.54, whichever is less; the remainder of Zone 2
extending to the ridge line shall use the pressure coefficient GCy for Zone 3.

9. Notation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either
4% of least horizontal dimension or 3 ft (0.9 m).

h:  Mean roof height, in feet (meters), except that eave height shall be used for 6 < 10°,

6: Angle of plane of roof from horizontal, in degrees.

A ol

Coner

Transverse Direction Longitudinal Direction
Torsional Load Cases

56
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Components and Cladding — Method 2 h <60 ft.
Figure 6-11A External Pressure Coefficients, GC
- Walls
Enclosed, Partially Enclosed Buildings
10 500
o 18 T
O a6t
O] .5
- 14 -_\ — - 14
r= (4) S
= 12 =4 ey
Q2 i \\ | 1.1
o 1.0 ——
g 0.8 : -0.8
SRR Y —
o _0.4 [ I f, .
e o
7 0
@ 02
Bera
Q. 404
© 406
E +0 gl +0.7
+0.8 7y yveras
D (4 &5)
£ 1.0 | +1.0
w2 =
1 10 20 50 100 200 5001000
(0) 09) (19) (48 (93) (186) (465)(929)
: . 2 mZ
Effective Wind Area, ft™ (m" )
Notes:
1. Vertical scale denotes GC, to be used with g;,.
2. Horizontal scale denotes effective wind area, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively
4. Each component shall be designed for maximum positive and negative pressures.
5. Values of GC, for walls shall be reduced by 10% when 6 < 10°.
6. Notation:
a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4%
of least horizontal dimension or 3 ft (0.9 m).
h:  Mean roof height, in feet (meters), except that eave height shall be used for 6 < 10°.
0: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2 h < 60 ft.

Figure 6-11B | External Pressure Coecients, GG,

Gable Roofs 6 < 7°

Enclosed, Partially Enclosed Buildings

QL 2
_‘k-_l__.._

-

©
o

©

-
S
i
2

10 100 & 10 100
32 32
3.0 73 | | < 3.0 |
e RE) Roof 1 2 = KO Overhang "
. ) S =2 2
o 2
¢ 26— \ S 2 \
S 24— N B4
4-=-=‘ 22 \ 8 22
2 2013 2.0
S gl \ 18 £ L@ \ .
"g 16 ‘ D 6 18
O 4 N A
® 2 & 2 .
5 ol i3 S .10 \ H
09 ]
@ 08 508 -0.8
& 06 S 06
= 04 - i 1 10 20 50 100 200 5001000
€ 02 S S (01) 09 (19 (46) (93) (185) (465)(929)
£ 0= Effective Wind Area, ft* (nf’ )
o 02 HD2)e(3) 02 J
+0.4 SN S
+0.6
1 10 20 50 100 200 5001000
.1) 09) (19 (46) (93) (185) (465)(%9)
Effective Wind Area, ft° (rn2 )
Notes:
1. Vertical scale denotes GC, to be used with g;,.
2. Horizontal scale denotes effective wind area, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. . Each component shall be designed for maximum positive and negative pressures.
5. If aparapet equal to or higher than 3 ft (0.9m) is provided around the perimeter of the roof with 8 < 7°,
Zone 3 shall be treated as Zone 2.
6. Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.
7. Notation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of
least horizontal dimension or 3 ft (0.9 m).

h:  Eave height shall be used for 6 < 10°.

0: Angle of plane of roof from horizontal, in degrees.
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, Cor'm)‘unéntsv a’nd'-:C_Iu‘ddi:n;_v',y;ﬁl\levt'hn‘d“:Z‘ ‘ h <60 ft.

' Figure 6-11C External Pressure oeffiints,

Enclesed, Partiaily Enclosed Buildings

Gable/Hip Roofs 7°< 6 <27°

| 0.0 90 @ 6 s
: F : L
; A : 0 —
@ 0 @@ 0 © .
it @ ® 00 ® 6 5)‘[
" 10 100
a2 |
26 26
Py KON |
a 2 Roof
g =2
o 20 20 o
E N = q A7 3 » 10 100
2 e ™~ = 38 LG |
D 12 42 e | Overhang | 37
Q Q 36 g
S 0D 09 B a AN
L 08 08 S AN |
2 08 © AN
® o -30
7] o \Y
o 04 3 28
a ] ! a8 N\
® 0 2 ., .25
E w2 +03 % 22 =5 22
2 404 FOHEG) e +0:5 £ 20 ,
i "g-s i ..3 1 10 20 50 100 200 5001000
+0.8
. 10 20 50 100 200 5001000 W0 | (09) .(1.9) (46) (93) 2(18.6)2 (46.5)(82.9)
{04) (09) (19) (48) (03) (186) 1465)(829) Effective Wind Area, ft “(m”~)
Effective Wind Area, ft 2(mz)
Notes:
1. Vertical scale denotes GC, to be used with g;,.
2. Horizontal scale denotes effective wind area, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.
6. For hip roofs with 7° < 8 £ 27°, edge/ridge strips and pressure coefficients for ridges of gabled roofs shall
apply on each hip.
. For hip roofs with 8 < 25°, Zone 3 shall be treated as Zone 2.
8. Notation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of
least horizontal dimension or 3 ft (0.9 m).

h:  Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.

©: Angle of plane of roof from horizontal, in degrees.
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(‘.omjpv(incnts a h’dr('“.l‘:ﬁl‘(‘lriné;:!\~1 eth‘o‘(j:i“ r h <60 ft.
Figure 6-11D | External Pressure Coefficients GC,, o o
Enclosed, Partially Enclosed Buildings Gable Roofs 27°< 0 <45
L a,a a e
Il OO0 ONORO
[ | [ [
| [ [ [
I [ | [
[ | [ |
| | | [ 0 _
ofole oNoRo
| | ! ! h
| [ [ [
i f | |
| [ [ [
[ ! [ [
s B0 66 @06
£ 10 100
©Q
b -1.;3 T & 10 100
£ 0 Roof L G 322 |
2 0 T 10 § 26 Overhang
4 . T gy : 4 =& r
s 08 (D) — 08 é_# 24
o -06 22
Q s — CPyjioro 20
o o2 B '
5 02 o -8 18
@ 0 S 16
@ 42 A 14
Q04 2 a2 1+
8 06 210
o 08 ALH2)&L3 +0.8 i 1 10 20 50 100 200 5001000
510, 10 20 50 100 200 500 100(;09 "g o 09 19 10 £ Too) 169629
, . 2
0) 08) (19 (46 (93 (188) 65 E29) L Effective Wind Area, ft? (nf )
, . 2
Effective Wind Area, ft (m2 )
Notes:
1. Vertical scale denotes GC, to be used with g,
2. Horizontal scale denotes effective wind area, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.
6. Notation:
a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of
least horizontal dimension or 3 ft (0.9 m).
h: Mean roof height, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.
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Figure 6-12 External Pressure Coefficients, GCp

d d q h <60 ft.

Notes:

b:

h
hii
Ww:
Wi
0:

Enclosed, Partially Enclosed Buildings Stepped Roofs
b hy 210 ft.(3m)
~—th
. b=1.5h,

’ b <100 ft.(30.5m)
h,
—£=03100.7
A h
| ”
—=0.25t00.75
4! " 4
W
L 7 h
= ~ta
‘u T T
== by
¥ Wy W
W

1. On the lower level of flat, stepped roofs shown in Fig. 6-12, the zone designations and pressure
coefficients shown in Fig. 6-11B shall apply, except that at the roof-upper wall intersection(s), Zone
3 shall be treated as Zone 2 and Zone 2 shall be treated as Zone 1. Positive values of GC, equal to
those for walls in Fig. 6-11A shall apply on the cross-hatched areas shown in Fig. 6-12.

2. Notation:

1.5h; in Fig. 6-12, but not greater than 100 ft (30.5 m).

Mean roof height, in feet (meters).

hyor hyin Fig. 6-12; A= hy + hy; by 2 10 ft (3.1 m); h/h=0.3 t0 0.7.

Building width in Fig. 6-12. ‘

Wi or W, or Wy inFig. 6-12. W= W, + W, or W1+ W, + W;; W/W =0.25 to 0.75.
Angle of plane of roof from horizontal, in degrees.

Minimum Design Loads for Buildings and Other Structures
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'(Ioni[ﬁ)héljtiﬁ and Cldddmg_ Merhod 2 . , h <60 ft.
Figure 6-13 External Pressure Coefficients, GCp .
: span Gable Roof
Enclosed, Partially Enclosed Buildings Multi pan Gable Roofs
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106 [ 2 i +0.6 +06
+08 ‘ +0.8 — 108
1 10 20 50 100 200 5001000 +1.0 IOIOLIORBS=_, 10
04) 09) (19 (46) (93) (186) (465)(929) 12
. . 2 1 10 20 50 100 200 5001000
Effective Wind Area, ft* (nf’ ) 1) 09) (19 48) 63 (188) (#6529
Effective Wind Area, ft (m2 )
Notes:
1. Vertical scale denotes GC, to be used with g;,.
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. For 8 £ 10°, values of GC, from Fig. 6-11 shall be used.
6. Notation:
a: 10 percent of least horizontal dimension of a single-span module or 0.44, whichever is
smaller, but not less than either 4 percent of least horizontal dimension of a single-span
module or 3 ft (0.9 m).
h:  Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.
W: Building module width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2 . h <60 ft.
Figure 6-14A External Pressure Coefficients, GC,, Monoslope Roofs
Enclosed, Partially Enclosed Buildings 3°< 8 < 10°
|_2a 2a
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] N ) | @ '
E -0.6
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Ban
g0 ALL ZONES
oy 402 402
404 +0.3
6 +0.6
1 10 20 50 100 200 5001000
\ 04) 09 (19 148) 03 (188) (#65)(%29)
h L] B 2 2
Effective Wind Area, ft” (m”)
- 4 -
Notes:
1. Vertical scale denotes GC, to be used with g;,.
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. For 0 < 3°, values of GC,, from Fig. 6-11B shall be used.
6. Notation:
a: 10 percent of least horizontal dimension or 0.44, whichever is smaller, but not less than
either 4 percent of least horizontal dimension or 3 ft (0.9 m).
h: Eave height shall be used for 6 < 10°.
W: Building width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.
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h < 60 ft.

Figure 6-14B External Pressure Ceefficients, GC, Moneoslope Roofs
Enclosed, Partially Enclesed Buildings 10°< 9 < 3¢°
2a a
et
|
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0 108 [ *
h 1 10 20 50 100 200 5001000
04) 09) (19 (46) (03) (186) (465)(%29)
. . 2, 2
‘ Effective Wind Area, ft“ (m”)
4 -
Notes:
1. Vertical scale denotes GC,, to be used with g;.
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. Notation:

a: 10 percent of least horizontal dimension or 0.4%, whichever is smaller, but not less than
either 4 percent of least horizontal dimension or 3 ft (0.9 m).

h: Mean roof height, in feet (meters).

W: Building width, in feet (meters).

0: Angle of plane of roof from horizontal, in degrees.
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Components and Ciadding — Me¢thod 2 h <60 ft.
Figure 6-15 | External Pressure Coefficients, GC
. . L Sawtooth Roofs
Enclosed, Partially Enclosed Buildings
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~ = ~ = 10 100 500
! 44
PAN
s . @ Gl = 42 (HEPATA 4.1
~ 3|_‘"- ""‘,'ir -4.0 )
i | | -3.8
| | -36 \\ '37
I I '
| | 34 2\
! 1 . 32 T/ \ -3.2
/D: @ :@ O -30 A
, , S 2 N
v [ (3)(SPANSBCED) | N\, \
' I = 26 g 26
! ! L o4l N \
! ! o | NON N
—_— | = 22 2.2
: | 5 AN 21
8 Br----5---- v = o 20 19
! @ 3] = & 18 ‘\
8 .18 Ny 16
2 14 AN
@B 4 N '
e - 1.1
a -1.0
] —g:' 0.8
0.6
k :é 0.4
W 02
0 A I
W +0.2
+0.4 +0.4
406 D -
08 = ‘ 108
+U. @ +U,
+1.0 oy
+1.2 @ ‘ '
+1.4
1 10 20 50 100 200 5001000
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Elevation of Building . . 2, 2
(2 or More Spans) Effective Wind Area, ft” (m")
Notes:
1. Vertical scale denotes GC,, to be used with g;,.
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. For© < 10°, values of GC, from Fig. 6-11 shall be used.
6. Notation:
a: 10 percent of least horizontal dimension or 0.4A, whichever is smaller, but not less than either 4
percent of least horizontal dimension or 3 ft (0.9 m).
h:  Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.
W: Building width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.
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Figure 6-16 . External Pressure Coefficients, GCp
Enclosed, Partially Enclosed Buildings and Structures Domed Roofs

All Heights

Wind

.
0 { ‘ ‘_%'th M Q

External Pressure Coefficients for Domes with a Circular Base

Negative Positive Positive

Pressures Pressures Pressures

0, degrees 0-90 0—60 61— 90
GC, -0.9 +0.9 +0.5

Notes:

Values denote GC, to be used with g+ Where hp + fis the height at the top of the dome.
Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
Each component shall be designed for the maximum positive and negative pressures.

Values apply to 0 <hp/D<0.5,02 < /D <0.5.

6 = 0 degrees on dome springline, 8 = 90 degrees at dome center top point. f is measured from
springline to top.

SRR
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Components and Cladding — Method 2 h > 60 ft.
Figure 6-17 External Pressure Coefficients, GCp
Enclosed, Partially Enclosed Buildings Walls & Roofs
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w ! l
WALL ELEVATION
Notes:
1. Vertical scale denotes GC, to be used with appropriate g. or g,
2. Horizontal scale denotes effective wind area A4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Use g. with positive values of GC, and g, with negative values of GC,,.
5. Each component shall be designed for maximum positive and negative pressures.
6. Coefficients are for roofs with angle 8 < 10°. For other roof angles and geometry, use GC, values

a.

h:
z:
0:

from Fig. 6-11 and attendant g, based on exposure defined in 6.5.6.
7. If aparapet equal to or higher than 3 ft (0.9m) is provided around the perimeter of the roof with 8 <
10°, Zone 3 shall be treated as Zone 2.
8. Notation:

10 percent of least horizontal dimension, but not less than 3 ft (0.9 m).
Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.

height above ground, in feet (meters).

Angle of plane of roof from horizontal, in degrees.

Minimum Design Loads for Buildings and Other Structures

67



68

Main Wind Force Resisting System — Method 2 All Heights
Figure 6-18 Force Coefficients, C;
Open Buildings Monoslope Roofs
Roof angle 6 L/B
. degrees 5 3 2 1 1/2 1/3 1/5
10 0.2 0.25 0.3 0.45 0.55 0.7 0.75
15 0.35 0.45 0.5 0.7 0.85 0.9 0.85
20 0.5 0.6 0.75 0.9 1.0 0.95 0.9
25 0.7 0.8 0.95 1.15 1.1 1.05 0.95
30 0.9 1.0 1.2 1.3 1.2 1.1 1.0
Center of Pressure X/L
Roof angle 6
degrees L/B
2t05 1 1/5t0 1/2
10 to 20 0.35 0.3 0.3
25 0.35 0.35 0.4
30 0.35 04 0.45
Notes:

1. Wind forces act normal to the surface. Two cases shall be considered: (1) wind forces directed
inward; and (2) wind forces directed outward.

2. The roof angle shall be assumed to vary + 10° from the actual angle and the angle resulting in the
greatest force coefficient shall be used.

3. Notation:

B: dimension of roof measured normal to wind direction, in feet (meters);

L: Dimension of roof measured parallel to wind direction, in feet (meters);

X: Distance to center of pressure from windward edge of roof, in feet (meters); and

6: Angle of plane of roof from horizontal, in degrees.
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Other Structures - Method 2 All Heights

Figure 6-19 | Force Coefficients, Cy Chimneys, Tanks, Rooftop
Equipment, & Similar Structures

. h/D
Cross-Sect

ross-Section Type of Surface 1 7 25
Square (wind normal to face) All 1.3 14 2.0
Square (wind along diagonal) All 1.0 1.1 1.5
Hexagonal or octagenal All 1.0 1.2 14
Moderately smooth 0.5 0.6 0.7

Round (D,/q, >2.5)
* Rough (D'/D = 0.02) 0.7 0.8 0.9

. . 2

(Dyg. >33, Dinm, g, inN/m™) 1y o hDD=008) | 08 1.0 1.2

Round (D,/q, <2.5)
All 0.7 0.8 1.2

(D.Jq, <5.3,Dinm,q, in N/m?)

Notes:

1. The design wind force shall be calculated based on the area of the structure projected on a plane normal
to the wind direction. The force shall be assumed to act parallel to the wind direction.

2. Linear interpolation is permitted for 4/D values other than shown.
3. Notation:

D: diameter of circular cross-section and least horizontal dimension of square, hexagonal or octagonal
cross-sections at elevation under consideration, in feet (meters),

D" depth of protruding elements such as ribs and spoilers, in feet (meters); and
h: height of structure, in feet (meters); and

g.: velocity pressure evaluated at height z above ground, in pounds per square foot (N/m?).

Minimum Design Loads for Buildings and Other Structures
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Other Structures — Method 2 All Heights

Figure 6-20

Force Coefficients, C; Solid Freestanding

Walls & Solid Svigns

At Ground Level Above Ground Level
v Cr M/N Cr
<3 1.2 <6 1.2

5 1.3 10 1.3

8 14 16 1.4

10 1.5 20 i.5
20 1.75 40 1.75
30 1.85 60 1.85

240 2.0 >80 2.0

Notes:

1. The term "signs" in notes below applies also to "freestanding
walls".

2. Signs with openings comprising less than 30% of the gross area
shall be considered as solid signs.

3. Signs for which the distance from the ground to the bottom edge is
less than 0.25 times the vertical dimension shall be considered to
be at ground level.

4. To allow for both normal and oblique wind directions, two cases
shall be considered:

a. resultant force acts normal to the face of the sign on a vertical
line passing through the geometric center, and

b. resultant force acts normal to the face of the sign at a distance
from a vertical line passing through the geometric center equal
to 0.2 times the average width of the sign.

5. Notation:

v: ratio of height to width;
M: larger dimension of sign, in feet (meters); and

N:  smaller dimension of sign, in feet (meters).
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Other Structures — Method 2

All Heights

Figure 6-21

Force Coefficients, C;

Open Signs &

Lattice Frameworks

Rounded Members
€ 1;‘1“6‘"3‘)‘;:;‘ Dyq, <25 | D\fq, >2.5
(Dya, £53) | @4fq, >53)
<0.1 2.0 12 0.8
0.1t00.29 1.8 1.3 0.9
0.300.7 1.6 1.5 1.1

Notes:

1.

Signs with openings comprising 30% or more of the gross area are

classified as open signs.

The calculation of the design wind forces shall be based on the area of
all exposed members and elements projected on a plane normal to the
wind direction. Forces shall be assumed to act parallel to the wind

direction.

The area A consistent with these force coefficients is the solid area
projected normal to the wind direction.

Notation:

€: ratio of solid area to gross area;

D: diameter of a typical round member, in feet (meters);

q,. velocity pressure evaluated at height z above ground in pounds per

square foot (N/m?).

Minimum Design Loads for Buildings and Other Structures
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Other Structures — Method 2 : All Heights

Figure 6-22

Force Coefficients, C;

Open Stractares Trussed Towers
Tower Cress Section Cr
Square 40e?-59e +4.0
Triangle 34e’-47c+34
Notes:
1. For all wind directions considered, the area 4, consistent with the specified force

coefficients shall be the solid area of a tower face projected on the plane of that
face for the tower segment under consideration.

The specified force coefficients are for towers with structural angles or similar flat-
sided members.

For towers containing rounded members, it is acceptable to multiply the specified
force coefficients by the following factor when determining wind forces on such
members:

0.51 €+ 0.57, butnot> 1.0

Wind forces shall be applied in the directions resulting in maximum member forces
and reactions. For towers with square cross-sections, wind forces shall be
multiplied by the following factor when the wind is directed along a tower
diagonal:

1+0.75 €, butnot>1.2

Wind forces on tower appurtenances such as ladders, conduits, lights, elevators,
etc., shall be calculated using appropriate force coefficients for these elements.

Loads due to ice accretion as described in Section 11 shall be accounted for.

Notation:

e: ratio of solid area to gross area of one tower face for the segment under
consideration.
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Importance Factor, I (Wind Loads) I

Table 6-1 |
Non-Hurricane Prone Regions Hurricane Prone Regions
Category and Hurricane Prone Regions with V > 100 mph
with V = 85-100 mph
and Alaska
I 0.87 0.77
II 1.00 1.00
IIE 1.15 1.15
v 1.15 1.15
Note:

1. The building and structure classification categories are listed in Table 1-1.

Minimum Design Loads for Buildings and Other Structures
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Terrain Exposure Constants

Table 6-2

Exposure a z, (ft) A /I; a b ¢ £(ft) e Zmin (ft)*
B 7.0 1200 1/7 084 | 1/4.0 0.45 0.30 320 1/3.0 30
C 9.5 900 1/9.5 1.00 | 1/6.5 0.65 0.20 500 1/5.0 15
D 11.5 700 1/11.5 1.07 | 1/9.0 0.80 0.15 650 1/8.0 7

*zmin = Minimum height used to ensure that the equivalent height z is greater of 0.6/ or z,.

For buildings with h < zu,, 2z shall be taken as zy,.
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Velocity Pressure Exposure Coefficients, Kj and K, ]

Table 6-3 |
Height above Exposure (Note 1)
ground level, z B C D
ft (m) Case 1 Case2 | Cases] &2 | Casesl&?2
0-15 (0-4.6) 0.70 0.57 0.85 1.03
20 6.1) 0.70 0.62 0.90 1.08
25 (7.6) 0.70 0.66 0.94 1.12
30 0.1 0.70 0.70 0.98 1.16
40 (12.2) 0.76 0.76 1.04 1.22
50 (15.2) 0.81 0.81 1.09 1.27
60 (18) 0.85 0.85 1.13 1.31
70 (21.3) 0.89 0.89 1.17 134
80 (24.4) 0.93 0.93 1.21 1.38
920 (27.4) 0.96 0.96 1.24 1.40
100 (30.5) 0.99 0.99 1.26 1.43
120 (36.6) 1.04 1.04 1.31 1.48
140 (42.7) 1.09 1.09 1.36 1.52
160 (48.8) 1.13 1.13 1.39 1.55
180 (54.9) 1.17 1.17 1.43 1.58
200 (61.0) 1.20 1.20 1.46 1.61
250 (76.2) 1.28 1.28 1.53 1.68
300 91.4) 1.35 1.35 1.59 1.73
350 (106.7) 1.41 1.41 1.64 1.78
400 (121.9) 1.47 1.47 1.69 1.82
450 (137.2) 1.52 1.52 1.73 1.86
500 (152.4) 1.56 1.56 1.77 1.89
Notes:

1. Casel: a. All components and cladding.
b. Main wind force resisting system in low-rise buildings designed using Figure 6-10.

Case2: a. All main wind force resisting systems in buildings except those in low-rise buildings
designed using Figure 6-10.
b. All main wind force resisting systems in other structures.

2. The velocity pressure exposure coefficient K, may be determined from the following formula:
For15ft. <z<z Forz<15 ft.
K, =2.01 (z/z)"™ K, =2.01 (15/z)""
Note: z shall not be taken less than 30 feet for Case 1 in exposure B.
a and z, are tabulated in Table 6-2.
4. Linear interpolation for intermediate values of height z is acceptable.

5. Exposure categories are defined in 6.5.6.

Minimum Design Loads for Buildings and Other Structures
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Wind Directionality Factor, Kq4

Table 6-4 |
Structure Type Directionality Factor K *
Buildings
Main Wind Force Resisting System 0.85
Components and Cladding 0.85
Arched Roofs 0.85
Chimneys, Tanks, and Similar Structures
Square
Hexagonal 0.90
Round 0.95
0.95
Solid Signs 0.85
Open Signs and Lattice Framework 0.85
Trussed Towers
Triangular, square, rectangular 0.85
All other cross sections 0.95

*Directionality Factor K4 has been calibrated with combinations of loads
specified in Section 2. This factor shall only be applied when used in
conjunction with load combinations specified in 2.3 and 2.4.
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SECTION 7.0
SNOW LOADS

SECTION 7.1
SYMBOLS AND NOTATIONS
B = gable roof drift parameter as determined
from Eq. 7-3
C. = exposure factor as determined from Table 7-2
C; = slope factor as determined from Figure 7-2
C, = thermal factor as determined from Table 7-3

h, = height of balanced snow load determined by
dividing ps or py by y, in ft (m)

h. = clear height from top of balanced snow load to
(1) closest point on adjacent upper roof, (2) top of
parapet, or (3) top of a projection on the roof,

in ft (m)

hy = height of snow drift, in ft (m)

h, = elevation difference between the ridge line and the
eaves

h, = height of obstruction above the surface of the roof,
in ft (m)

I = importance factor as determined from Table 7-4

I, = length of the roof upwind of the drift, in ft (m)
pq = maximum intensity of drift surcharge load, in
pounds per square ft (kn/m?)
pr = snow load on flat roofs (“flat” = roof slope < 5%,
in Ibs/ft* (kn/m?)
py = ground snow load as determined from Figure 7-1
and Table 7-1; or a site-specific analysis, in 1bs/ft?
(kn/m?)
ps = sloped roof snow load, in pounds per square
ft (kn/m?)
= separation distance between buildings, in ft (m)
roof slope on the leeward side, in degrees
width of snow drift, in ft (m)
= horizontal distance from eave to ridge, in ft (m)
= snow density, in pounds per cubic ft
(kn/m?) as determined from Eq. 7-4

i

X gg o=
I

SECTION 7.2
GROUND SNOW LOADS, p,

Ground snow loads, p,, to be used in the determination
of design snow loads for roofs shall be as set forth in
Figure 7-1 for the contiguous United States and Table 7-1
for Alaska. Site-specific case studies shall be made to
determine ground snow loads in areas designated CS in
Figure 7-1. Ground snow loads for sites at elevations above
the limits indicated in Figure 7-1 and for all sites within
the CS areas shall be approved by the authority having

Minimum Design Loads for Buildings and Other Structures

jurisdiction. Ground snow load determination for such sites
shall be based on an extreme-value statistical-analysis of
data available in the vicinity of the site using a value with
a 2% annual probability of being exceeded (50-year mean
recurrence interval).

Snow loads are zero for Hawaii, except in moun-
tainous regions as determined by the authority having
jurisdiction.

SECTION 7.3
FLAT ROOF SNOW LOADS p;

The snow load, ps, on a roof with a slope equal to or
less than 5° (1 in./ft = 4.76°) shall be calculated in lbs/ft?
(kn/m?) using the following formula:

pr=0.79C.C,Ip, (Eq. 7-1)

but not less than the following minimum values for low-
slope roofs as defined in Section 7.3.4:

where p, is 20 Ib/ft* (0.96 kN/m?) or less,
pr=U)p,
where p, exceeds 20 Ib/ft? (0.96 kN/m?),
pr =20(1) (Importance factor times 20 Ib/fi?)

(Importance factor times py)

7.3.1 Exposure Factor, C,. The value for C, shall be
determined from Table 7-2.

7.3.2 Thermal Factor, C,. The value for C; shall be
determined from Table 7-3.

7.3.3 Importance Factor, I. The value for [ shall be
determined from Table 7-4.

7.3.4 Minimum Values of p; for Low-Slope Roofs.
Minimum values of p; shall apply to monoslope roofs
with slopes less than 15 degrees, hip, and gable roofs with
slopes less than or equal to (70/ W) + 0.5 with W in ft (in
SI: 21.3/W + 0.5, with W in m), and curved roofs where
the vertical angle from the eaves to the crown is less than
10 degrees.

SECTION 7.4
SLOPED ROOF SNOW LOADS, ps

Snow loads acting on a sloping surface shall be assumed to
act on the horizontal projection of that surface. The sloped
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roof snow load, p;, shall be obtained by multiplying the
flat roof snow load, py, by the roof slope factor, C;:

ps = Cspy (Eq. 7-2)
Values of C, for warm roofs, cold roofs, curved roofs,
and multiple roofs are determined from Sections 7.4.1
through 7.4.4. The thermal factor, C;, from Table 7-3
determines if a roof is “cold” or “warm.” “Slippery sur-
face” values shall be used only where the roof’s sur-
face is unobstructed and sufficient space is available
below the eaves to accept all the sliding snow. A roof
shall be considered unobstructed if no objects exist on
it that prevent snow on it from sliding. Slippery sur-
faces shall include metal, slate, glass, and bituminous,
rubber, and plastic membranes with a smooth surface.
Membranes with an imbedded aggregate or mineral granule
surface shall not be considered smooth. Asphalt shin-
gles, wood shingles, and shakes shall not be consid-
ered slippery.

7.4.1 Warm Roof Slope Factor, C,;. For warm roofs
(C, <1.0 as determined from Table 7-3) with an
unobstructed slippery surface that will allow snow to slide
off the eaves, the roof slope factor C, shall be determined
using the dashed line in Figure 7-2a, provided that for
nonventilated warm roofs, their thermal resistance (R-
value) equals or exceeds 30 ft>-hr-°F/Btu (5.3 K-mE/W)
and for warm ventilated roofs, their R-value equals or
exceeds 20 ft>-hr-°F/Btu (3.5 K-m?/W). Exterior air shall
be able to circulate freely under a ventilated roof from
its eaves to its ridge. For warm roofs that do not meet
the aforementioned conditions, the solid line in Figure 7-2a
shall be used to determine the roof slope factor C;.

7.4.2 Cold Roof Slope Factor, C;. Cold roofs are those
with a C, > 1.0 as determined from Table 7-3. For cold
roofs with C; = 1.1 and an unobstructed slippery surface
that will allow snow to slide off the eaves, the roof slope
factor C; shall be determined using the dashed line in
Figure 7-2b. For all other cold roofs with C; = 1.1, the
solid line in Figure 7-2b shall be used to determine the
roof slope factor C;. For cold roofs with C;, = 1.2 and
an unobstructed slippery surface that will allow snow
to slide off the eaves, the roof slope factor C, shall
be determined using the dashed line on Figure 7-2¢. For
all other cold roofs with C, = 1.2, the solid line in
Figure 7-2c shall be used to determine the roof slope
factor Cs.

7.4.3 Roof Slope Factor for Curved Roofs. Portions of
curved roofs having a slope exceeding 70 degrees shall be
considered free of snow load, (i.e., C; = 0). Balanced loads
shall be determined from the balanced load diagrams in
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Figure 7-3 with C; determined from the appropriate curve
in Figure 7-2.

7.4.4 Roof Slope Factor for Multiple Folded Plate,
Sawtooth, and Barrel Vault Roofs. Multiple folded plate,
sawtooth, or barrel vault roofs shall have a C, = 1.0, with
no reduction in snow load because of slope (i.e., p; = py).

7.4.5 Ice Dams and Icicles Along Eaves. Two types
of warm roofs that drain water over their eaves shall
be capable of sustaining a uniformly distributed load of
2ps on all overhanging portions there: those that are
unventilated and have an R-value less than 30 ft*-hr-"F/Btu
(5.3 k-m?/W) and those that are ventilated and have an
R-value less than 20 ft*-hr-°F/Btu (3.5 k-m?/W). No other
loads except dead loads shall be present on the roof when
this uniformly distributed load is applied.

SECTION 7.5
PARTIAL LOADING

The effect of having selected spans loaded with the
balanced snow load and remaining spans loaded with half
the balanced snow load shall be investigated as follows:

7.5.1 Continuous Beam Systems. Continuous beam sys-
tems shall be investigated for the effects of the three load-
ings shown in Figure 7-4:

Case 1: Full balanced snow load on either exterior span
and half the balanced snow load on all other spans.
Case 2: Half the balanced snow load on either exterior

span and full balanced snow load on all other spans.
Case 3: All possible combinations of full balanced snow
load on any two adjacent spans and half the balanced
snow load on all other spans. For this case there will
be (n — 1) possible combinations where »n equals the
number of spans in the continuous beam system.

If a cantilever is present in any of the above cases, it shall
be considered to be a span.

Partial load provisions need not be applied to structural
members that span perpendicular to the ridge line in gable
roofs with slopes greater than 70/ W + 0.5 with W in ft (in
SI: 21.3/W + 0.5, with W in m).

7.5.2 Other Structural Systems. Areas sustaining only
half the balanced snow load shall be chosen so as to produce
the greatest effects on members being analyzed.

SECTION 7.6
UNBALANCED ROOF SNOW LOADS

Balanced and unbalanced loads shall be analyzed sepa-
rately. Winds from all directions shall be accounted for
when establishing unbalanced loads.
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7.6.1 Unbalanced Snow Loads for Hip and Gable
Roofs. For hip and gable roofs with a slope exceeding 70°
or with a slope less than 70/ W + 0.5 with W in ft (in
SI: 21.3/W 4 0.5, with W in m), unbalanced snow loads
are not required to be applied. For roofs with an eave to
ridge distance, W, of 20 ft (6.1 m) or less, the structure
shall be designed to resist an unbalanced uniform snow
load on the leeward side equal to 1.5p;/C,. For roofs with
W > 20 ft (6.1 m), the structure shall be designed to resist
an unbalanced uniform snow load on the leeward side equal
to 1.2(1 4+ 8/2)ps/C, with 8 given by Eq. 7-3.

1.0 Pe < 20 Ib/fe?
B=1{15-0.025p, 20 < p, < 40 Ib/ft?

0.5 pe = 40 1o/t

(Eq. 7-3)
In SI:

1.0 Pe < 0.97 kN/m?
B=1315-052p, 0.97 < p, < 1.93 kN/m?

0.5 Pe = 1.93 kKN/m?

For the unbalanced situation with W > 20 ft (6.1 m), the
windward side shall have a uniform load equal to 0.3p,.
Balanced and unbalanced loading diagrams are presented
in Figure 7-5.

7.6.2 Unbalanced Snow Loads for Curved Roofs.
Portions of curved roofs having a slope exceeding 70
degrees shall be considered free of snow load. If the slope
of a straight line from the eaves (or the 70-degree point,
if present) to the crown is less than 10 degrees or greater
than 60 degrees, unbalanced snow loads shall not be taken
into account.

Unbalanced loads shall be determined according to the
loading diagrams in Figure 7-3. In all cases the windward
side shall be considered free of snow. If the ground or
another roof abuts a Case Il or Case III (see Figure 7-3)
curved roof at or within 3 ft (0.91 m) of its eaves, the
snow load shall not be decreased between the 30-degree
point and the eaves but shall remain constant at the 30-
degree point value. This distribution is shown as a dashed
line in Figure 7-3.

7.6.3 Unbalanced Snow Loads for Multiple Folded
Plate, Sawtooth, and Barrel Vault Roofs. Unbalanced
loads shall be applied to folded plate, sawtooth, and bar-
rel vaulted multiple roofs with a slope exceeding 3/8 in./ft
(1.79 degrees). According to 7.4.4, C; = 1.0 for such roofs,
and the balanced snow load equals p,. The unbalanced
snow load shall increase from one-half the balanced load
at the ridge or crown (i.e., 0.5ps) to two times the bal-
anced load given in 7.4.4 divided by C, at the valley (i.e.,
2 py/C,.). Balanced and unbalanced loading diagrams for
a sawtooth roof are presented in Figure 7-6. However, the
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snow surface above the valley shall not be at an elevation
higher than the snow above the ridge. Snow depths shall
be determined by dividing the snow load by the density of
that snow from Eq. 7-4, which is in Section 7.7.1.

7.6.4 Unbalanced Snow Loads for Dome Roofs. Unbal-
anced snow loads shall be applied to domes and similar
rounded structures. Snow loads, determined in the same
manner as for curved roofs in Section 7.6.2, shall be applied
to the downwind 90-degree sector in plan view. At both
edges of this sector, the load shall decrease linearly to zero
over sectors of 22.5 degrees each. There shall be no snow
load on the remaining 225-degree upwind sector.

SECTION 7.7
DRIFTS ON LOWER ROOFS
(AERODYNAMIC SHADE)

Roofs shall be designed to sustain localized loads from
snow drifts that form in the wind shadow of (1) higher
portions of the same structure and, (2) adjacent structures
and terrain features.

7.7.1 Lower Roof of a Structure. Snow that forms drifts
comes from a higher roof or, with the wind from the oppo-
site direction, from the roof on which the drift is located.
These two kinds of drifts (“leeward” and “windward,”
respectively) are shown in Figure 7-7. The geometry of the
surcharge load due to snow drifting shall be approximated
by a triangle as shown in Figure 7-8. Drift loads shall be
superimposed on the balanced snow load. If A,/ hy is less
than 0.2, drift loads are not required to be applied.

For leeward drifts, the drift height &, shall be determined
directly from Figure 7-9 using the length of the upper roof.
For windward drifts, the drift height shall be determined
by substituting the length of the lower roof for [, in
Figure 7-9 and using three-quarters of h,; as determined
from Figure 7-9 as the drift height. The larger of these two
heights shail be used in design. If this height is equal to
or less than k., the drift width, w, shall equal 4k, and the
drift height shall equal h,. If this height exceeds h., the
drift width, w, shall equal 4113, / h. and the drift height shall
equal i.. However, the drift width, w, shall not be greater
than 8h.. If the drift width, w, exceeds the width of the
lower roof, the drift shall be truncated at the far edge of
the roof, not reduced to zero there. The maximum intensity
of the drift surcharge load, py, equals h,y where snow
density, y, is defined in Eq. 7-4:

y = 0.13p, + 14 but not more than 30 pcf (Eq. 7-4)

(in SI: y = 0.426p, + 2.2 but not more than 4.7 kN/m?)

This density shall also be used to determine /4 by dividing
pr (or pg) by y (in SL also multiply by 102 to get the
depth in m).
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7.7.2 Adjacent Structures and Terrain Features. The
requirements in Section 7.7.1 shall also be used to deter-
mine drift loads caused by a higher structure or terrain fea-
ture within 20 ft (6.1 m) of a roof. The separation distance,
s, between the roof and adjacent structure or terrain feature
shall reduce applied drift loads on the lower roof by the fac-
tor (20 s)/20 where s is in ft [(6.1 s]/6.1 where s is in m).

SECTION 7.8
ROOF PROJECTIONS

The method in Section 7.7.1 shall be used to calculate drift
loads on all sides of roof projections and at parapet walls.
The height of such drifts shall be taken as three-quarters the
drift height from Figure 7-9 (i.e., 0.75 hy) with [, equal to
the length of the roof upwind of the projection or parapet
wall. If the side of a roof projection is less than 15 ft (4.6 m)
long, a drift load is not required to be applied to that side.

SECTION 7.9
SLIDING SNOW

The load caused by snow sliding off a sloped roof onto
a lower roof shall be determined for slippery upper roofs
with slopes greater than % on 12, and for other (i.e., non-
slippery) upper roofs with slopes greater than 2 on 12. The
total sliding load per unit length of eave shall be 0.4p,
W, where W is the horizontal distance from the eave to
ridge for the sloped upper roof. The sliding load shall be
distributed uniformly on the lower roof over a distance of
15 ft from the upper roof eave. If the width of the lower
roof is less than 15 ft, the sliding load shall be reduced
proportionally.

The sliding snow load shall not be further reduced unless
a portion of the snow on the upper roof is blocked from
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sliding onto the lower roof by snow already on the lower
roof or is expected to slide clear of the lower roof.

Sliding loads shall be superimposed on the balanced
snow load.

SECTION 7.10
BAIN-ON-SNOW SURCHARGE LOAD

For locations where p, is 20 Ib/ft* (0.96 kN/m?) or less but
not zero, all roofs with a slope less than 1/2 in./ft (2.38°),
shall have a 5 1b/ft? (0.24 kN/m?) rain-on-snow surcharge
load applied to establish the design snow loads. Where the
minimum flat roof design snow load from 7.3.4 exceeds p
as determined by Eq. 7-1, the rain-on-snow surcharge load
shall be reduced by the difference between these two values
with a maximum reduction of 5 Ib/ft?> (0.24 kN/m?).

SECTION 7.11
PONDING INSTABILITY

Roofs shall be designed to preclude ponding instability.
For roofs with a slope less than 1/4 in/ft (1.19°), roof
deflections caused by full snow loads shall be investigated
when determining the likelihood of ponding instability from
rain-on-snow or from snow meltwater (see Section 8.4).

SECTION 7.12
EXISTING ROOFS

Existing roofs shall be evaluated for increased snow loads
caused by additions or alterations. Owners or agents for
owners of an existing lower roof shall be advised of the
potential for increased snow loads where a higher roof is
constructed within 20 ft (6.1 m). See footnote to Table 7-2
and Section 7.7.2.
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To convert Ib/sq ft to kN/m?, multiply by 0.0479.
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FIGURE 7-1
GROUND SNOW LOADS, pg FOR THE UNITED STATES (IB/SQ FT)
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FIGURE 7-1 — continued
GROUND SNOW LOADS, p; FOR THE UNITED STATES (IB/SQ FT)
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Portion of roof where
Cs = 1.0 from Figure 7-2
(may include entire roof)
Case 1 ~ Slope at eaves < 30° |

| !

pf Cs*
Balanced Load 0
Eaves Crown Eaves
2p;Cs*/ Ce
Wind ""' 0.5 pr
Unbalanced Load 5 {1t 0

Eaves Crown Eaves

Portion of roof where
C, = 1.0 from Figure 7-2
Case 2 - Slope at eaves 30°to 70° | i

Balanced Load

Eaves 30° Crown 30° Eaves
Point Point

2piCs/ Cq

2 Ps Cs*/ Ce
Unbalanced Load 0
Eaves 30° Crown 30° Eaves
Point Point

Portion of roof where
C, = 1.0 from Figure 7-2
Case 3 ~ Slope at eaves > 70° | I

Ps CsM
Balanced Load 0
Eaves 30° Point Crown Eaves
70° 70°
Point Point
y 12 pf Cs**/ Ce
Wind # 0.5 P+
Unbalanced Load i 0
i
Eaves 30° Crown Eaves
Point
70° 70°
Point Point

* Use the slope at the eaves to determine C, here.
** Use 30° slope to determine C, here.
¢ Alternate distribution if another roof abuts.

FIGURE 7-3
BALANCED AND UNBALANCED LOADS FOR CURVED ROOFS
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Case 3

* The left supports are dashed since they would not exist when a cantilever is present.

FIGURE 7-4
PARTIAL LOADING DIAGRAMS FOR CONTINUOUS BEAMS
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Balanced

Unbalanced
W <20 ft. (6.1m)

Unbalanced 1.2 (1 + (B/2))ps/ Ce

W > 20 ft. (6.1m)

Note: Unbalanced loads need not be considered for 8> 70° or for 0< 70/W + 0.5

FIGURE 7-5
BALANCED AND UNBALANCED SNOW LOADS FOR HIP AND GABLE ROOFS
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Balanced
Load 0

2p,/Cy*

Unbalanced
Load

!
0.5 py

* May be somewhat less; see Section 7.6.3.

FIGURE 7-6
BALANCED AND UNBALANCED SNOW LOADS FOR A SAWTOOTH ROOF

Wind ﬁ

Windward Drift

l.eeward Drift

Windward Leeward
Step Step

Snow

FIGURE 7-7
DRIFTS FORMED AT WINDWARD AND LEEWARD STEPS
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Surcharge Load
Due to Drifting

o 1
° hy Pq
] ] Balanced Snow Load
hy 4 {‘
Y | v 3 vy 3
i |
i w |
FIGURE 7-8
CONFIGURATION OF SNOW DRIFTS ON LOWER ROOFS

Or—T—717 T T 1

I, > 600 ft, use equation

h,, Drift Height (ft)

2___
Ifl, <25ft, usel, =25 ft
. 3 4
h,=043 VT, Vp,+10-15
S N W NN N N N
0 20 40 60 80

pg. Ground Snow Load (Ib/ft?)

To convert Ib/ft2 to kN/m 2, multiply by 0.0479.
To convert feet to meters, multiply by 0.3048.

FIGURE 7-9
GRAPH AND EQUATION FOR DETERMINING DRIFT HEIGHT, hy
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TABLE 7-1
GROUND SNOW LOADS, pgy, FOR ALASKAN LOCATIONS

Pg Pg Pg
Location Io/ft? (kN/m?) Location Ib/ft? (kN/m?) Location b/ft2 (kN/m?)
Adak 30 (1.4) Galena 60 2.9 Petersburg 150 (7.2)
Anchorage 50 2.4) Gulkana 70 (3.4) St Paul Islands 40 (1.9)
Angoon 70 3.4) Homer 40 (1.9) Seward 50 2.4)
Barrow 25 (1.2) Juneau 60 2.9) Shemya 25 (1.2)
Barter Island 35 (1.7 Kenai 70 3.4) Sitka 50 2.4)
Bethel 40 (1.9) Kodiak 30 (1.4) Talkeetna 120 (5.8)
Big Delta 50 24) Kotzebue 60 2.9 Unalakleet 50 (2.4)
Cold Bay 25 (1.2) McGrath 70 3.4 Valdez 160 (7.7
Cordova 100 (4.8) Nenana 80 (3.8) Whittier 300 (14.4)
Fairbanks 60 2.9) Nome 70 (3.4) Wrangell 60 2.9)
Fort Yukon 60 2.9) Palmer 50 (2.4) Yakutat 150 (7.2)
TABLE 7-2
EXPOSURE FACTOR, C.
Fully Exposure of Roof*
Terrain Category Exposed Partially Exposed Sheltered

A (see Section 6.5.6) N/A 1.1 1.3

B (see Section 6.5.6) 0.9 1.0 1.2

C (see Section 6.5.6) 0.9 1.0 1.1

D (see Section 6.5.6) 0.8 0.9 1.0

Above the treeline in windswept mountainous areas. 0.7 0.8 N/A

In Alaska, in areas where trees do not exist within a 0.7 0.8 N/A

2-mile (3 km) radius of the site.

The terrain category and roof exposure condition chosen shall be representative of the anticipated conditions during

the life of the structure. An exposure factor shall be determined for each roof of a structure.

*Definitions

PARTIALLY EXPOSED. All roofs except as indicated below.

FULLY EXPOSED. Roofs exposed on all sides with no shelter™ afforded by terrain, higher structures, or trees. Roofs

that contain several large pieces of mechanical equipment, parapets that extend above the height of the balanced snow

load (h3), or other obstructions are not in this category.

SHELTERED. Roofs located tight in among conifers that qualify as obstructions.

**Obstructions within a distance of 10/, provide “shelter,” where /i, is the height of the obstruction above the roof

level. If the only obstructions are a few deciduous trees that are leafless in winter, the “fully exposed” category shall be

used except for terrain Category “A.” Note that these are heights above the roof. Heights used to establish the terrain

category in Section 6.5.3 are heights above the ground.
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TABLE 7-3
THERMAL FACTOR, C;

Thermal Condition* Ci
All structures except as indicated below 1.0
Structures kept just above freezing and others with cold, ventilated roofs in 1.1

which the thermal resistance (R-value) between the ventilated space and the
heated space exceeds 25 F°-hr-sq ft/Btu (4.4 K-m?/W)

Unheated structures and structures intentionally kept below freezing 1.2

Continuously heated greenhouses™ with a roof having a thermal resistance 0.85
(R-value) less than 2.0 F°-hr-f?/Btu(0.4 K-m?/W)

*These conditions shall be representative of the anticipated conditions during winters for the life of
the structure.

**Greenhouses with a constantly maintained interior temperature of 50 °F (10°C) or more at any
point 3 ft above the floor level during winters and having either a maintenance attendant on duty at
all times or a temperature alarm system to provide warning in the event of a heating failure.

TABLE 7-4
IMPORTANCE FACTOR,
1, (SNOW LOADS)

Category* I
I 0.8
11 1.0
m 1.1
v 1.2

*See Section 1.5 and Table 1-1.
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SECTION 8.0
RAIN LOADS

SECTION 8.1
SYMBOLS AND NOTATION

R = rain load on the undeflected roof, in pounds per
square ft (kilonewtons/m?). When the phrase
“undeflected roof” is used, deflections from loads
(including dead loads) shall not be considered when
determining the amount of rain on the roof.

ds = depth of water on the undeflected roof up to the
inlet of the secondary drainage system when the
primary drainage system is blocked (i.e., the static
head), in in. (mm).

dp = additional depth of water on the undeflected roof
above the inlet of the secondary drainage system at
its design flow (i.e., the hydraulic head), in in. (mm).

SECTION 8.2
ROOF DRAINAGE

Roof drainage systems shall be designed in accordance with
the provisions of the code having jurisdiction. The flow
capacity of secondary (overflow) drains or scuppers shall
not be less than that of the primary drains or scuppers.

SECTION 8.3
DESIGN RAIN LOADS

Each portion of a roof shall be designed to sustain the load
of all rainwater that will accumulate on it if the primary
drainage system for that portion is blocked plus the uniform
load caused by water that rises above the inlet of the
secondary drainage system at its design flow.

R =52(d; + d))
In SI: R = 0.0098(d; + dj)

(Eq. 8-1)
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If the secondary drainage systems contain drain lines, such
lines and their point of discharge shall be separate from the
primary drain lines.

SECTION 8.4
PONDING INSTABILITY

“Ponding™ refers to the retention of water due solely to
the defiection of relatively flat roofs. Roofs with a slope
less than 1/4 in./ft (1.19 degrees) shall be investigated by
structural analysis to ensure that they possess adequate stiff-
ness to preclude progressive deflection (i.e., instability) as
rain falls on them or meltwater is created from snow on
them. The larger of snow load or rain load shall be used in
this analysis. The primary drainage system within an area
subjected to ponding shall be considered to be blocked in
this analysis.

SECTION 8.5
CONTROLLED DRAINAGE

Roofs equipped with hardware to control the rate of
drainage shall be equipped with a secondary drainage
system at a higher elevation that limits accumulation of
water on the roof above that elevation. Such roofs shali
be designed to sustain the load of all rainwater that will
accumulate on them to the elevation of the secondary
drainage system, plus the uniform load caused by water
that rises above the inlet of the secondary drainage system
at its design flow (determined from Section 8.3).

Such roofs shall also be checked for ponding instability
(determined from Section 8.4).
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SECTION 9.0
EARTHQUAKE LOADS

[Note to user: This Section is based on the 2000 NEHRP
Recommended Provisions for the Development of Seismic
Regulations for New Buildings.]

SECTION 9.1
GENERAL PROVISIONS

9.1.1 Purpose. Section 9 presents criteria for the design
and construction of buildings and similar structures subject
to earthquake ground motions. The specified earthquake
loads are based on post-elastic energy dissipation in the
structure, and because of this fact, the provisions for
design, detailing, and construction shall be satisfied even
for structures and members for which load combinations
that do not contain the earthquake effect indicate larger
demands than combinations including earthquake.

9.1.2 Scope and Application.

9.1.2.1 Scope. Every building, and portion thereof,
shall be designed and constructed to resist the effects
of earthquake motions as prescribed by these provi-
sions. Certain nonbuilding structures, as described in
Section 9.14, are within the scope and shall be designed
and constructed as required for buildings. Additions to
existing structures also shall be designed and constructed
to resist the effects of earthquake motions as prescribed
by these provisions. Existing structures and alterations
to existing structures need only comply with these pro-
visions when required by Sections 9.1.2.2 and 9.1.2.3.

Exceptions:

1. Structures located where the mapped spectral
response acceleration at l-sec period, S, is
less than or equal to 0.04 g and the mapped
short period spectral response acceleration, S,
is less than or equal to 0.15 g shall only be
required to comply with Section 9.5.2.6.1.

2. Detached one- and two-family dwellings that
are located where the mapped, short period,
spectral response acceleration, Sg. is less than
0.4 g or where the Seismic Design Category
determined in accordance with Section 9.4.2 is
A, B, or C are exempt from the requirements
of these provisions.

3. Detached one- and two-family wood frame
dwellings not included in Exception 2 with
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not more than 2 stories and satisfying the
limitations of International Code Council (ICC)
[Ref. 9.12-10} are only required to be con-
structed in accordance with Ref. 9.12-10.

4. Agricultural storage structures that are intended
only for incidental human occupancy are
exempt from the requirements of these provi-
sions.

Special structures including, but not limited to, vehic-
ular bridges, transmission towers, piers and wharves,
hydraulic structures, and nuclear reactors require special
consideration of their response characteristics and envi-
ronment that is beyond the scope of these provisions.

9.1.2.2 Additions to Existing Structures. Additions
shall be made to existing structures only as follows:

9.1.2.2.1 An addition that is structurally independent
from an existing structure shall be designed and con-
structed in accordance with the seismic requirements
for new structures.

9.1.2.2.2 An addition that is not structurally indepen-
dent from an existing structure shall be designed and
constructed such that the entire structure conforms
to the seismic force-resistance requirements for new
structures unless the following three conditions are
complied with:

1. The addition shall comply with the require-
ments for new structures.

2. The addition shall not increase the seismic
forces in any structural element of the existing
structure by more than 5% unless the capacity
of the element subject to the increased forces is
still in compliance with these provisions.

3. The addition shall not decrease the seismic
resistance of any structural element of the
existing structure unless the reduced resistance
is equal to or greater than that required for
new structures.

9.1.2.3 Change of Use. When a change of use results
in a structure being reclassified to a higher Seismic
Use Group, the structure shall conform to the seismic
requirements for new construction.
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Exceptions:

1. When a change of use results in a structure
being reclassified from Seismic Use Group 1
to Seismic Use Group II and the structure is
located in a seismic map area where Sps <
0.33, compliance with these provisions is
not required.

2. Specific seismic detailing provisions of
Appendix A required for a new structure are
not required to be met when it can be shown
that the level of performance and seismic safety
is equivalent to that of a new structure. Such
analysis shall consider the regularity, over-
strength, redundancy, and ductility of the struc-
ture within the context of the existing and
retrofit (if any) detailing provided.

9.1.2.4 Application of Provisions. Buildings and struc-
tures within the scope of these provisions shall be
designed and constructed as required by this Section.
When required by the authority having jurisdiction,
design documents shall be submitted to determine com-
pliance with these provisions.

9.1.2.4.1 New Buildings. New buildings and struc-
tures shall be designed and constructed in accor-
dance with the quality assurance requirements of
Section 9.4.3. The analysis and design of structural
systems and components, including foundations,
frames, walls, floors, and roofs shall be in accordance
with the applicable requirements of Sections 9.5 and
9.7. Materials used in construction and components
made of these materials shall be designed and con-
structed to meet the requirements of Sections 9.8
through 9.12. Architectural, electrical, and mechan-
ical systems and components including tenant
improvements shall be designed in accordance with
Section 9.6.

9.1.2.5 Alternate Materials and Methods of Con-
struction. Alternate materials and methods of construc-
tion to those prescribed in these provisions shall not be
used unless approved by the authority having jurisdic-
tion. Substantiating evidence shall be submitted demon-
strating that the proposed alternate, for the purpose
intended, will be at least equal in strength, durability,
and seismic resistance.

9.1.3 Seismic Use Groups. All structures shall be assigned
to Seismic Use Group: I, I1, or III as specified in Table 9.1.3
corresponding to its Occupancy Category determined from
Table 1-1:

9.1.3.1 High Hazard Exposure Structures. All build-
ings and structures assigned to Seismic Use Group HI
shall meet the following requirements:
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TABLE 9.1.3

SEISMIC USE GROUP
Seismic Use Group
I I I
I
Occupancy II
Category
(Table 1-1) I X
v X

9.1.3.1.1 Seismic Use Group III Structure Pro-
tected Access. Where operational access to a Seismic
Use Group III structure is required through an adja-
cent structure, the adjacent structure shall conform
to the requirements for Seismic Use Group III struc-
tures. Where operational access is less than 10 ft from
the interior lot line or another structure on the same
lot, protection from potential falling debris from adja-
cent structures shall be provided by the owner of the
Seismic Use Group III structure.

9.1.3.1.2 Seismic Use Group III Function. Desig-
nated seismic systems in Seismic Use Group I struc-
tures shall be provided with the capacity to function,
in so far as practical, during and after an earthquake.
Site-specific conditions as specified in Section 9.6.3.8
that could result in the interruption of utility services
shall be considered when providing the capacity to
continue to function.

9.1.3.2 This Section is intentionally left blank.
9.1.3.3 This Section is intentionally left blank.

9.1.3.4 Multiple Use. Structures 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 Section 9.5.2.8, each portion shall
be separately classified. Where a structurally separated
portion of a structure provides access to, egress from,
or shares life safety components with another portion
having a higher Seismic Use Group, both portions shall
be assigned the higher Seismic Use Group.

9.1.4 Occupancy Importance Factor. An occupancy
importance factor, I, shall be assigned to each structure
in accordance with Table 9.1.4.

9.2.1 Definitions. The definitions presented in this Section
provide the meaning of the terms used in these provisions.
Definitions of terms that have a specific meaning relative to
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TABLE 9.1.4
OCCUPANCY IMPORTANCE

FACTORS
Seismic Use Group 1
I 1.0
II 1.25
11 1.5

the use of wood, steel, concrete, or masonry are presented in
the section devoted to the material (Sections A.9.8 through
A.9.12, respectively).

ACTIVE FAULT. A fault determined to be active by the
authority having jurisdiction from properly substantiated
geotechnical data (e.g., most recent mapping of active faults
by the U.S. Geological Survey).

ADDITION. An increase in building area, aggregate floor
area, height, or number of stories of a structure.

ADJUSTED RESISTANCE (D’). The reference resis-
tance adjusted to include the effects of all applicable adjust-
ment 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, compo-
nents, 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. The level at which the horizontal seismic ground
motions are considered to be imparted to the structure.

BASE SHEAR. Total design lateral force or shear at
the base.

BASEMENT. A basement is any story below the lowest
story above grade.

Minimum Design Loads for Buildings and Other Structures

BOUNDARY ELEMENTS. Diaphragm and shear wall
boundary members to which the diaphragm transfers forces.
Boundary members include chords and drag struts at
diaphragm and shear wall perimeters, interior openings,
discontinuities, and re-entrant corners.

BOUNDARY MEMBERS. Portions along wall and
diaphragm edges strengthened by longitudinal and
transverse reinforcement. Boundary members include
chords and drag struts at diaphragm and shear wall
perimeters, interior openings, discontinuities, and re-entrant
corners.

BUILDING. Any structure whose use could include shel-
ter of human occupants.

CANTILEVERED COLUMN SYSTEM. A seismic
force-resisting system in which lateral 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 attach-
ments, having a fundamental period greater than
0.06 sec.

Component, rigid. Component, including its attach-
ments, having a fundamental period less than or equal
to 0.06 sec.

CONCRETE, PLAIN. Concrete that is either unrein-
forced or contains less reinforcement than the minimum
amount specified in Ref. 9.9-1 for reinforced concrete.

CONCRETE, REINFORCED. Concrete reinforced with
no less than the minimum amount required by Ref. 9.9-1,
prestressed or nonprestressed, and designed on the assump-
tion that the two materials act together in resisting forces.

CONFINED REGION. That portion of a reinforced con-
crete or reinforced masonry component in which the
concrete or masonry is confined by closely spaced spe-
cial transverse reinforcement restraining the concrete or
masonry 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 this Standard.

CONTAINER. A large-scale independent component used
as a receptacle or vessel to accommodate plants, refuse, or
similar uses, not including liquids.
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COUPLING BEAM. A beam that is used to connect
adjacent concrete wall elements to make them act together
as a unit to resist lateral loads.

DEFORMABILITY. The ratio of the ultimate deforma-
tion 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 a low deformability nor a high deformabil-
ity element.

Low deformability element. An element whose deform-
ability is 1.5 or less.

DEFORMATION.

Limit deformation. Two times the initial deforma-
tion that occurs at a load equal to 40% of the maxi-
mum strength.

Ultimate deformation. The deformation at which fail-
ure occurs and which shall be deemed to occur if the
sustainable load reduces to 80% or less of the maxi-
mum strength.

DESIGN EARTHQUAKE GROUND MOTION. The
earthquake effects that buildings and structures are specifi-
cally proportioned to resist as defined in Section 9.4.1.

DESIGN EARTHQUAKE. The earthquake effects that
are two-thirds of the corresponding maximum consid-
ered earthquake.

DESIGNATED SEISMIC SYSTEMS. The seismic force-
resisting system and those architectural, electrical, and
mechanical systems or their components that require design
in accordance with Section 9.6.1 and for which the compo-
nent importance factor, 1, is >1.0.

DIAPHRAGM. Roof, floor, or other membrane or brac-
ing system acting to transfer the lateral forces to the
vertical resisting elements. Diaphragms are classified as

either flexible or rigid according to the requirements of
Section 9.5.2.3.1.

DIAPHRAGM, BLOCKED. A diaphragm in which all
sheathing edges not occurring on a framing member are
supported on and fastened to blocking.

DIAPHRAGM BOUNDARY. A location where shear is
transferred into or out of the diaphragm element. 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
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analogous to the flanges of a beam. Also applies to
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 lat-
eral 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 consid-
ered earthquake lateral displacement, including addi-
tional displacement due to actual and accidental torsion,
required for verification of the stability of the isolation
system or elements thereof, design of structure separa-
tions, and vertical load testing of isolator unit prototypes.

DISPLACEMENT RESTRAINT SYSTEM. A collec-
tion of structural elements that limits lateral displacement
of seismically isolated structures due to the maximum con-
sidered earthquake.

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 ele-
ments or distributes forces within the diaphragm or shear
wall. A drag strut often is an extension of a boundary ele-
ment that transfers forces into the diaphragm or shear wall.
See Sections 9.5.2.6.3.1 and 9.5.2.6.4.1.

EFFECTIVE DAMPING. The value of equivalent vis-
cous 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, includ-
ing braces, frames, legs, lugs, snuggers, hangers, or saddles,
that transmit gravity loads and operating loads between the
equipment and the structure.

ESSENTIAL FACILITY. A structure required for post-
earthquake recovery.

FACTORED RESISTANCE (A¢D). Reference resistance
multiplied by the time effect and resistance factors. This
value must be adjusted for other factors such as size effects,
moisture conditions, and other end-use factors.
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FLEXIBLE EQUIPMENT CONNECTIONS. Those
connections between equipment components that permit
rotational and/or translational movement without degrada-
tion of performance. Examples include universal joints,
bellows expansion joints, and flexible metal hose.

FRAME.

Braced frame. An essentially vertical truss, or its
equivalent, of the concentric or eccentric type that is
provided in a bearing wall, building frame, or dual
system to resist seismic forces.

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
frames into 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. 9.8-3 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. Special concentrically
braced frames shall conform to Section A.9.8.1.3.1.

Moment frame.

Intermediate moment frame (IMF). A moment
frame in which members and joints are capable
of resisting forces by flexure as well as along the
axis of the members. Intermediate moment frames
of reinforced concrete shall conform to Ref. 9.9-1.
Intermediate moment frames of structural steel con-
struction shall conform to Section 9.8-3 or 10. Inter-
mediate moment frames of composite construction
shall conform to Ref. 9.10-3, Part II, Section 6.4b, 7,
8, and 10.

Ordinary moment frame (OMF). A moment frame
in which members and joints are capable of resisting
forces by flexure as well as along the axis of the
members. Ordinary moment frames shall conform to
Ref. 9.9-1, exclusive of Chapter 21, and Ref. 9.8-3,
Section 12 or A.9.9.3.1.

Special moment frame (SMF). A moment frame in
which members and joints are capable of resisting
forces by flexure as well as along the axis of the
members. Special moment frames shall conform to
Ref. 9.8-3 or Ref. 9.9-1.

Minimum Design Loads for Buildings and Other Structures

FRAME SYSTEM.

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

Dual frame system. A structural system with an essen-
tially complete space frame providing support for ver-
tical loads. Seismic force resistance is provided by
moment-resisting frames and shear walls or braced
frames as prescribed in Section 9.5.2.2.1.

Space frame system. A structural system composed of
interconnected members, other than bearing walls, that is
capable of supporting vertical loads and, when designed
for such an application, is capable of providing resistance
to seismic forces.

GLAZED CURTAIN WALL. A nponbearing wall that
extends beyond the edges of building floor slabs and
includes a glazing material installed in the curtain
wall framing.

GLAZED STOREFRONT. A nonbearing wall that is
installed between floor slabs, typically including entrances,
and includes a glazing material installed in the store-
front framing.

GRADE PLANE. A reference plane representing the aver-
age 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 estab-
lished 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 struc-
ture and a point 6 ft (1829 mm) from the structure.

HAZARDOUS CONTENTS. A material that is highly
toxic or potentially 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 °F.

INSPECTION, SPECIAL. The observation of the work
by the special inspector to determine compliance with the
approved construction documents and these standards.

Continuous special inspection. The full-time observa-
tion 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 intermit-
tent observation of the work by an approved special
inspector who is present in the area where work has
been or is being performed.

INSPECTOR, SPECIAL (WHO SHALL BE IDENTI-
FIED AS THE OWNER’S INSPECTOR). A person
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approved by the authority having jurisdiction to perform
special inspection. The authority having jurisdiction shall
have the option to approve the quality assurance personnel
of a fabricator as a special inspector.

INVERTED PENDULUM-TYPE STRUCTURES.
Structures that have a large portion of their mass concen-
trated near the top and, thus, have essentially one degree of
freedom in horizontal translation. The structures are usu-
ally T-shaped with a single column supporting the beams
or framing at the top.

ISOLATION INTERFACE. The boundary between the
upper portion of the structure, which is isolated, and the
lower portion of the structure, which moves rigidly with
the ground.

ISOLATION SYSTEM. The collection of structural ele-
ments that includes all individual isolator units, all struc-
tural elements that transfer force between elements of the
isolation system, and all connections to other structural ele-
ments. The isolation system also 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 Section 9.13.

ISOLATOR UNIT. A horizontally flexible and vertically
stiff structural element of the isolation system that permits
large lateral deformations under design seismic load. An
isolator unit may be used either as part of or in addition to
the weight-supporting system of the structure.

JOINT. The geometric volume common to intersect-
ing members.

LIGHT-FRAME CONSTRUCTION. A method of con-
struction where the structural assemblies (e.g., walls, floors,
ceilings, and roofs) are primarily formed by a system of
repetitive wood or cold-formed steel framing members or
subassemblies of these members (e.g., trusses).

LOAD.

Dead load. The gravity load due to the weight of all
permanent structural and nonstructural components of a
building such as walls, floors, roofs, and the operating
weight of fixed service equipment.

Gravity load (W). The total dead load and applicable
portions of other loads as defined in Section 9.5.3.

Live load. The load superimposed by the use and
occupancy of the building not including the wind load,
earthquake load, or dead load, see Section 9.5.3.

MAXIMUM CONSIDERED EARTHQUAKE
GROUND MOTION. The most severe earthquake effects
considered by these standards as defined in Section 9.4.1.
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NONBUILDING STRUCTURE. A structure, other than
a building, constructed of a type included in Section 9.14
and within the limits of Section 9.14.1.1.

OCCUPANCY IMPORTANCE FACTOR. A factor
assigned to each structure according to its Seismic Use
Group as prescribed in Section 9.1.4.

OWNER. Any person, agent, firm, or corporation having
a legal or equitable interest in the property.

PARTITION. A nonstructural interior wall that spans hor-
izontally or vertically from support to support. The supports
may be the basic building frame, subsidiary structural mem-
bers, or other portions of the partition system.

P-DELTA EFFECT. The secondary effect on shears and
moments of structural members due to the action of the
vertical loads induced by displacement of the structure
resulting from various loading conditions.

QUALITY ASSURANCE PLAN. A detailed written pro-
cedure that establishes the systems and components subject
to special inspection and testing. The type and frequency
of testing and the extent and duration of special inspection
are given in the quality assurance plan.

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 archi-
tect or engineer, registered or licensed to practice pro-
fessional 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 tile or similar material
weighing more than 1 pound.

SEISMIC DESIGN CATEGORY. A classification as-
signed to a structure based on its Seismic Use Group and
the severity of the design earthquake ground motion at the
site as defined in Section 9.4.2.

SEISMIC FORCE-RESISTING SYSTEM. That part of
the structural system that has been considered in the design
to provide the required resistance to the seismic forces
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 Section 9.5.5.2.1.

SEISMIC USE GROUP. A classification assigned to a
structure based on its use as defined in Section 9.1.3.
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SHALLOW ANCHOR. 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 Section 9.4.1.2.

SITE COEFFICIENTS. The values of F, and F, as
indicated in Tables 9.4.1.2.4a and 9.4.1.2.4b, respectively.

SPECIAL TRANSVERSE REINFORCEMENT. Rein-
forcement composed of spirals, closed stirrups, or hoops
and supplementary crossties provided to restrain the con-
crete and qualify the portion of the component, where used,
as a confined region.

STORAGE RACKS. Include industrial pallet racks,
moveable 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 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.

STORY ABOVE GRADE. Any story having its finished
floor surface entirely above grade, except that a story shall
be considered as a story above grade where the finished
floor surface of the story immediately above is more than
6 ft (1829 mm) above the grade plane, more than 6 ft
(1829 mm) above the finished ground level for more than
40% of the total structure perimeter, or more than 12 ft
(3658 mm) above the finished ground level at any point.

STORY DRIFT. The difference of horizontal deflections
at the top and bottom of the story as determined in
Section 9.5.5.7.1.

STORY DRIFT RATIQO. The story drift, as determined in
Section 9.5.5.7.1, divided by the story height.

STORY SHEAR. The summation of design lateral seismic
forces at levels above the story under consideration.

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 this
Standard (or the referenced standards) before application
of any strength reduction factors.

Minimum Design Loads for Buildings and Other Structures

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
stipulated by this Standard.

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

STRUCTURAL OBSERVATIONS. The visual observa-
tions performed by the registered design professional in
responsible charge (or another registered design profes-
sional) to determine that the seismic force-resisting system
is constructed in general conformance with the construc-
tion documents.

STRUCTURAL-USE PANEL. A wood-based panel prod-
uct that meets the requirements of Ref. 9.12-3 or Ref. 9.12-
5 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
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 boundary elements of shear walls. These
devices are intended to resist load without significant slip
between the device and the shear wall boundary element or
be shown with cyclic testing to not reduce the wall capacity
or ductility.

TIME EFFECT FACTOR (X). A factor applied to the
adjusted resistance to account for effects of duration
of load.

TORSIONAL FORCE DISTRIBUTION. The distribu-
tion of horizontal shear through a rigid diaphragm when the
center of mass of the structure at the level under considera-
tion does not coincide with the center of rigidity (sometimes
referred to as diaphragm rotation).

TOUGHNESS. The ability of a material to absorb energy
without losing significant strength.

UTILITY OR SERVICE INTERFACE. The connection
of the structure’s mechanical and electrical distribution sys-
tems to the utility or service company’s distribution system.

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.
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Bearing wall. Any wall meeting either of the following
classifications:

1. Any metal or wood stud wall that supports more
than 100 pounds per linear ft (1459 N/m) of ver-
tical load in addition to its own weight.

2. Any concrete or masonry wall that supports more
than 200 pounds per linear ft (2919 N/m) of ver-
tical load in addition to its own weight.

Cripple wall. Short stud wall, less than 8 ft (2400 mm)
in height, between the foundation and the lowest framed
floors with studs not less than 14 inches long— also
known as a knee wall. 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. Any wall that is not a bearing wall.

Nonstructural wall. All walls other than bearing walls
or shear walls.

Shear wall (vertical diaphragm). A wall, bearing or
nonbearing, designed to resist lateral seismic forces
acting in 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 struc-
tural 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.

9.2.2 Symbols. The unit dimensions used with the items
covered by the symbols shall be consistent throughout
except where specifically noted. The symbols and defini-
tions presented in this Section apply to these provisions
as indicated.

A,B,C, D, E, F = the Seismic Performance Categories
as defined in Tables 9.4.2.1a and
9.4.2.1b

A, B,C, D, E, F = the Site Classes as defined in
Section 9.4.1.2.1

Ag, = cross-sectional area (in.? or mm?) of a
component measured to the outside of the
special lateral reinforcement

Ap = the area of the load-carrying foundation
(f> or m?)
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A,y = total cross-sectional area of hoop

Bp

By

Ca‘m

Cr

CUI

Dy

i
DM

reinforcement (in.?> or mm?), including
supplementary crossties, having a spacing
of s, and crossing a section with a core
dimension of &,

required area of leg (in.> or mm?) of
diagonal reinforcement

the torsional amplification factor,

Section 9.5.5.5.2

the incremental factor related to P-delta
effects in Section 9.5.5.7.2

the amplification factor related to the
response of a system or component as
affected by the type of seismic attachment,
determined in Section 9.6.1.3

numerical coefficient as set forth in

Table 9.13.3.3.1 for effective damping
equal to Bp

numerical coefficient as set forth in

~ Table 9.13.3.3.1 for effective damping

equal to By

the shortest plan dimension of the
structure, in ft (mm) measured
perpendicular to d

the deflection amplification factor as given
in Table 9.5.2.2

the seismic response coefficient determined
in Sections 9.5.5.2.1 and 9.5.9.3.1

the modal seismic response coefficient
determined in Section 9.5.6.5
{dimensionless)

the building period coefficient in

Section 9.5.3.3

the vertical distribution factor as
determined in Section 9.5.5.4

distance from the neutral axis of a flexural
member to the fiber of maximum
compressive strain (in. or mm)

the effect of dead load

design displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.1

design displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration, as
prescribed by Eq. 9.13.4.2-1

maximum displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration, as
prescribed by Eq. 9.13.3.3.3

maximum displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration, as
prescribed by Eq. 9.13.4.2-2
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D, =

Drp =

Dry =

E loop ™

FT =

Fi, Fo, Fre =

relative seismic displacement that the
component must be designed to
accommodate as defined in

Section 9.6.1.4

the total depth of the stratum in

Eq. 9.5.9.2.1.2-4 (ft or m)

total design displacement, in in. (mm), of
an element of the isolation system
including both translational displacement at
the center of rigidity and the component of
torsional displacement in the direction
under consideration as prescribed by

Eq. 9.13.3.3.5-1

total maximum displacement, in in. (mm),
of an element of the isolation system
including both translational displacement at
the center of rigidity and the component of
torsional displacement in the direction
under consideration as prescribed by

Eq. 9.13.3.3.5-2

overall depth of member (in. or mm) in
Section 9.5

the longest plan dimension of the structure,
in ft (mm), in Section 9.13

the longest plan dimension of the structure,
in ft (mm)

the effect of horizontal and vertical
earthquake-induced forces, in

Sections 9.5.2.7 and 9.13

energy dissipated in kip-in. (kN-mm), in an
isolator unit during a full cycle of
reversible load over a test displacement
range from A7 to A~, as measured by the
area enclosed by the loop of the
force-deflection curve

the actual eccentricity, in ft (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 ft
(mm), taken as 5% 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 a single 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 i, n, or x, respectively, as
determined in Section 9.5.5.4

Minimum Design Loads for Buildings and Other Structures

F, = the seismic force acting on a component

Iy
fvh

> & o

of a structure as determined in Section

9.6.1.3

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. 9.13.3.5

the portion of the seismic base shear, V,,,

induced at Level x as determined in
Section 9.5.5.6

specified compressive strength of concrete
used in design

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

specified yield stress of the special lateral
reinforcement (psi or kPa)

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

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

the acceleration due to gravity
thickness of soil

the height of a shear wall measured as the
maximum clear height from top of
foundation to bottom of diaphragm framing
above, or the maximum clear height from
top of diaphragm to bottom of diaphragm
framing above

the effective height of the building as
determined in Section 9.5.9.2 or 9.5.9.3
(ft or m)

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

the height above the base Level i, n, or x,
respectively

the story height below Level
x=(hy —hyy)

I = the occupancy importance factor in

Section 9.1.4

Iy = the static moment of inertia of the

load-carrying foundation, see
Section 9.5.9.2.1 (in.* or mm*)

I, = the component importance factor as

prescribed in Section 9.6.1.5
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the building level referred to by the
subscript i; i = 1 designates the first level
above the base

the stiffness of the component or
attachment, Section 9.6.3.3

the lateral stiffness of the foundation as
defined in Section 9.5.9.2.1.1 (Ib/in. or
N/m)

the rocking stiffness of the foundation as
defined in Section 9.5.9.2.1.1 (ft-1b/degree
or N-m/rad)

the lateral slenderness 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

maximum effective stiffness, in kips/in.
(kN/mm), of the isolation system at the
design displacement in the horizontal
direction under consideration as prescribed
by Eq. 9.13.9.5.1-1

minimum effective stiffness, in kips/in.
(kN/mm), of the isolation system at the
design displacement in the horizontal
direction under consideration as prescribed
by Eq. 9.13.9.5.1-2

= maximum effective stiffness, in kips/in.

(kN/mm), of the isolation system at the
maximum displacement in the horizontal
direction under consideration as prescribed
by Eq. 9.13.9.5.1-3

= minimum effective stiffness, in kips/in.

(kN/mm), of the isolation system at the
maximum displacement in the horizontal
direction under consideration, as prescribed
by Eq. 9.13.9.5.1-4

the distribution exponent given in

Section 9.5.5.4

the stiffness of the building as determined
in Section 9.5.9.2.1.1 (Ib/ft or N/m)
effective stiffness of an isolator unit, as
prescribed by Eq. 9.13.9.3-1

the overall length of the building (ft or m)
at the base in the direction being analyzed
length of bracing member (in. or mm) in
Section A.9.8

the effect of live load in Section 9.13

= the overall length of the side of the

foundation in the direction being analyzed,
Section 9.5.9.2.1.2 (ft or m)

the dimension of a diaphragm
perpendicular to the direction of application
of force. For open-front structures, / is the
length from the edge of the diaphragm at
the open-front to the vertical resisting

My, Mo,

M,

M[CI

z =z

=|

N ch

Pg

Py

elements parallel to the direction of

the applied force. For a cantilevered
diaphragm, / is the length of the
cantilever.

the foundation overturning design moment
as defined in Section 9.5.5.6

(ft-kip or kN-m)

the overturning moment at the
foundation-soil interface as determined in
Sections 9.5.9.2.3 and 9.5.9.3.2

(ft-Ib or N-m)

the torsional moment resulting from the
location of the building masses,

Section 9.5.5.5.2

the accidental torsional moment as
determined in Section 9.5.5.5.2

the building overturning design

moment at Level x as defined in

Section 9.5.5.6

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

number of stories, Section 9.5.5.3.2
standard penetration resistance, ASTM
D1536-84.

average field standard penetration resistance
for the top 100 ft (30 m), see

Section 9.4.1.2.1

average standard penetration resistance for
cohesionless soil layers for the top 100 ft
(30 m), see Section 9.4.1.2.1

designates the level that is uppermost in the
main portion of the building

required axial strength on a column
resulting from application of dead load, D,
in Section 9.5 (kip or kN)

required axial strength on a column
resulting from application of the amplified
earthquake load, E’, in Section 9.5

(kip or kN)

required axial strength on a column
resulting from application of live load, L,
in Section 9.5 (kip or kN)

nominal axial load strength (Ib or N) in
A9.8

the algebraic sum of the shear wall and the
minimum gravity loads on the joint surface
acting simultaneously with the shear

(Ib or N)

required axial strength on a brace (kip or
kN) in Section A.9.8

the total unfactored vertical design load at,
and above, Level x for use in

Section 9.5.5.7.2

PI = plasticity index, ASTM D4318-93.
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QOf =
Qv =

S5 =

S =

Sps =

Sp1 =

Sys =

Sy =

%]
!

Sh
T =

7,7 =

T, =

the effect of horizontal seismic
(earthquake-induced) forces, Section 9.5.2.7
the load equivalent to the effect of the
horizontal and vertical shear strength of the
vertical segment, Section A.9.8

the response modification coefficient as
given in Table 9.5.2.2

the component response modification factor
as defined in Section 9.6.1.3

the characteristic length of the foundation
as defined in Section 9.5.9.2.1

the characteristic foundation length as
defined by Eq. 9.5.9.2.1.1-5 (ft or m)

the characteristic foundation length as
defined by Eq. 9.5.9.2.1.1-6 (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

the mapped maximum considered
earthquake, 5% damped, spectral response
acceleration at short periods as defined in
Section 9.4.1.2

the mapped maximum considered
earthquake, 5% damped, spectral response
acceleration at a period of 1 sec as defined
in Section 9.4.1.2

the design, 5% damped, spectral response
acceleration at short periods as defined in
Section 9.4.1.2

the design, 5% damped, spectral response
acceleration at a period of 1 sec as defined
in Section 9.4.1.2

the maximum considered earthquake, 5%
damped, spectral response acceleration at
short periods adjusted for site class effects
as defined in Section 9.4.1.2

the maximum considered earthquake, 5%
damped, spectral response acceleration at a
period of 1 sec adjusted for site class
effects as defined in Section 9.4.1.2

= average undrained shear strength in top

100 ft (30 m); see Section 9.4.1.2, ASTM
D2166-91 or ASTM D2850-87.

spacing of special lateral reinforcement
(in. or mm)

the fundamental period of the building as
determined in Section 9.5.5.2.1

the effective fundamental period (sec) of
the building as determined in

Sections 9.5.9.2.1.1 and 9.5.9.3.1

the approximate fundamental period

of the building as determined in

Section 9.5.5.3
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Tp = effective period, in seconds (sec), of the

T

Ty

Ty

Ty

T

Ve

AV
AV,

Vs

[l

seismically isolated structure at the design
displacement in the direction under
consideration as prescribed by

Eq. 9.13.3.3.2

the modal period of vibration of the m™
mode of the building as determined in
Section 9.5.6.5

effective period, in seconds (sec), of the
seismically isolated structure at the
maximum displacement in the direction
under consideration as prescribed by
Eq. 9.13.3.34

the fundamental period of the
component and its attachment,

Section 9.6.3.3

0.285p1/8ps

Spi/Sps

effective period, in seconds (sec), of the
seismically isolated structure at the
maximum displacement in the direction
under consideration as prescribed by
Eq. 9.13.3.34

net tension in steel cable due to dead load,
prestress, live load, and seismic load,
Section A.9.8.8

the total design lateral force or shear at the
base, Section 9.5.5.2

the total lateral seismic design

force or shear on elements of the
isolation system or elements below the
isolation system as prescribed by

Eq. 9.13.34.1

the total lateral seismic design force

or shear on elements above the
isolation system as prescribed by

Eq. 9.13.34.2

the design value of the seismic base shear
as determined in Section 9.5.6.8
required shear strength (Ib or N) due to
factored loads in Section 9.6

the seismic design shear in story x as
determined in Section 9.5.5.5 or 9.5.6.8
the portion of the seismic base shear, V,
contributed by the fundamental mode,
Section 9.5.9.3 (kip or kN)

the reduction in V as determined in
Section 9.5.9.2 (kip or kN)

the reduction in V| as determined in
Section 9.5.9.3 (kip or kN)

the average shear wave velocity

for the soils beneath the foundation at
large strain levels, Section 9.5.9.2

(ft/s or m/s)
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Uy =

Uso =

W =

=
[

Wp =

W, =

Wi, Wy, Wy =

106
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i

average shear wave velocity in top 100 ft
(30 m), see Section 9.4.1.2

the average shear wave velocity for the
soils beneath the foundation at small strain
levels, Section 9.5.9.2 (ft/s or m/s)

the total gravity load of the building as
defined in Section 9.5.5.2. For calculation
of seismic-isolated building period, W is
the total seismic dead load weight of the
building as defined in Sections 9.5.9.2 and
9.5.9.3 (kip or kN).

the effective gravity load of the building as
defined in Sections 9.5.9.2 and 9.5.9.3
(kip or kN)

the gravity load of a component of the
building

the energy dissipated per cycle at the story
displacement for the design earthquake,
Section 9.13.3.2

the effective modal gravity load determined
in accordance with Eq. 9.5.6.5-2.

= component operating weight (Ib or N)

the width of a diaphragm or shear wall in
the direction of application of force. For
sheathed diaphragms, the width shall be
defined as the dimension between the
outside faces of the tension and
compression chords.

moisture content (in percent), ASTM
D2216-92 (3]

the portion of W that is located at or
assigned to Level i, n, or x, respectively
the level under consideration

1 designates the first level above the base
elevations difference between points of
attachment in Section 9.6

the distance, in ft (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 consideration,
Section 9.13

the level under consideration; x = 1
designates the first level above the base
the relative weight density of the structure
and the soil as determined in

Section 9.5.9.2.1.1

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 Section 9.5.9.2.1

Bp =

Bu =

Bo =

:Beitf =

SIHCL’V -

(Savg -

Bxem -

8./\5”1 -

effective damping of the isolation system at
the design displacement as prescribed by
Eq. 9.13.9.5.2-1

effective damping of the isolation system at
the maximum displacement as prescribed
by Eq. 9.13.5.2-2

the foundation damping factor as specified
in Section 9.5.9.2.1

effective damping of the isolation system as
prescribed by Eq. 9.13.9.3-2

the average unit weight of soil

(Ib/f® or kg/m?)

the design story drift as determined in
Section 9.5.5.7.1

the allowable story drift as specified in
Section 9.5.2.8

the design modal story drift determined in
Section 9.5.6.6

= maximum positive displacement of an

isolator unit during each cycle of prototype
testing

maximum negative displacement of an
isolator unit during each cycle of prototype
testing

the maximum displacement at Level x,
considering torsion, Section 9.5.5.5.2

the average of the displacements at the
extreme points of the structure at Level x,
Section 9.5.5.5.2

the deflection of Level x at the center

of the mass at and above Level x,

Eq. 9.5.5.7.1

the deflection of Level x at the center

of the mass at and above Level x
determined by an elastic analysis,

Section 9.5.5.7.1

the modal deflection of Level x at the
center of the mass at and above Level x
determined by an elastic analysis,

Section 9.5.6.6

the modal deflection of Level x at the
center of the mass at and above Level x
as determined by Egs. 9.5.4.6-3 and
9.13.3.2-1

the deflection of Level x at the center of
the mass at and above Level x,

Egs. 9.5.9.2.3-1 and 9.5.9.3.2-1

(in. or mm)

the stability coefficient for P-delta effects
as determined in Section 9.5.5.7.2

the overturning moment reduction factor,
Eq. 9.5.3.6

a reliability coefficient based on the extent
of structural redundance present in a
building as defined in Section 9.5.2.7
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ps = spiral reinforcement ratio for precast,
prestressed piles in Sections A.9.7.4.4.5 and
A0.7544

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

A = time effect factor

¢ = the capacity reduction factor

¢ = the strength reduction factor or resistance
factor
¢i,m = the displacement amplitude at the i level
of the building for the fixed-base condition
when vibrating in its m™ mode,
Section 9.5.6.5
Qo = overstrength factor as defined in
Table 9.5.2.2
Y Ep = total energy dissipated, in kip-ins.
(kN-mm), in the isolation system during a
full cycle of response at the design
displacement, D
2 Ey = total energy dissipated, in kip-ins.
(kN-mm), in the isolation system during a
full cycle of response at the maximum
displacement, Dy,
Y| Fpt|mee = sum, for all isolator units, of the
maximum absolute value of force, in
kips (kN), at a positive displacement
equal to Dp
S| Fpt|min = sum, for all isolator units, of the minimum
absolute value of force, in kips (kN), at a
positive displacement equal to Dp
Y| Fp™ e = sum, for all isolator units, of the
maximum absolute value of force, in
kips (kN), at a negative displacement
equal to Dp
Y| Fp~ |min = sum, for all isolator units, of the minimum
absolute value of force, in kips (kN), at a
negative displacement equal to Dp
S| Fast | max = sum, for all isolator units, of the
maximum absolute value of force, in
kips (kN), at a positive displacement
equal to Dy,
Y| Fpr ™ |imin = sum, for all isolator units, of the
minimum absolute value of force, in
kips (kN), at a positive displacement
equal to Dy
|y e = sum, for all isolator units, of the
maximum absolute value of force, in
kips (kN), at a negative displacement
equal to Dy
2 Fpr ™ |min = sum, for all isolator units, of the
minimum absolute value of force, in
kips (kN), at a negative displacement
equal to Dy
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SECTION 9.3

This Section is intentionally left blank.

9.4.1 Procedures for Determining Maximum Consid-
ered 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 general procedure of Section 9.4.1.2
or the site-specific procedure of Section 9.4.1.3. The gen-
eral procedure in which spectral response acceleration
parameters for the maximum considered earthquake ground
motions are derived using Figure 9.4.1.1a through 9.4.1.1j,
modified by site coefficients to include local site effects
and scaled to design values, are permitted to be used for
any structure except as specifically indicated in these pro-
visions. The site-specific procedure also is permitted to be
used for any structure and shall be used where specifically
required by these provisions.

9.4.1.1 Maximum Considered Earthquake Ground
Motions. The maximum considered earthquake ground
motions shall be as represented by the mapped spectral
response acceleration at short periods, Sg, and at 1-sec,
Sy, obtained from Figure 9.4.1.1a through 9.4.1.1j and
adjusted for Site Class effects using the site coefficients
of Section 9.4.1.2.4. When a site-specific procedure is
used, maximum considered earthquake ground motion
shall be determined in accordance with Section 9.4.1.3.

9.4.1.2 General Procedure for Determining Maxi-
mum Considered Earthquake and Design Spectral
Response Accelerations. The mapped maximum con-
sidered earthquake spectral response acceleration at short
periods (Ss) and at 1-sec (S;) shall be determined from
Figure 9.4.1.1a through 9.4.1.1;j.

For buildings and structures included in the scope
of this Standard as specified in Section 9.1.2.1, the
Site Class shall be determined in accordance with
Section 9.4.1.2.1. The maximum considered earthquake
spectral response accelerations adjusted for Site Class
effects, Sy s and Sy, shall be determined in accordance
with Section 9.4.1.2.4 and the design spectral response
accelerations, Sps and Spi, shall be determined in
accordance with Section 9.4.1.2.5. The general response
spectrum, when required by these provisions, shall be
determined in accordance with Section 9.4.1.2.6.

9.4.1.2.1 Site Class Definitions. The site shall be
classified as one of the following classes:

A = Hard rock with measured shear wave
velocity, vy > 5000 ft/s (1500 m/s)

B = Rock with 2500 ft/s < v, < 5000 ft/s
(760 m/s < vy < 1500 m/s)
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TABLE 9.4.1.2

SITE CLASSIFICATION
Site Class Vs Nor N, Sy
A >5000 ft/s not applicable not applicable
Hard rock (>1500 m/s)
B 2500 to 5000 ft/s not applicable not applicable
Rock (760 to 1500 m/s)
C 1200 to 2500 ft/s > 50 > 2000 psf
Very dense soil (370 to 760 m/s) (> 100 kPa)
and soft rock
D 600 to 1200 ft/s 15 to 50 1000 to 2000 psf
Stiff soil (180 to 370 m/s) (50 to 100 kPa)
E <600 ft/s <15 <1000 psf
Soil (<180 m/s) (<50 kPa)
Any profile with more than 10 ft of soil having the following characteristics:
— Plasticity index PI > 20,
— Moisture content w > 40%, and
— Undrained shear strength 5, < 500 psf

F Soils requiring site-specific
evaluation

1. Soils vulnerable to potential failure or
collapse

2. Peats and/or highly organic clays

3. Very high plasticity clays

4. Very thick soft/medium clays

3. Very high plasticity clays (H > 25 ft [7.6 m]
with PI > 75).

4. Very thick soft/medium stiff clays (H > 120 ft
[37 m]).

C = Very dense soil and soft rock with 1200 ft/s <
v, < 2500 ft/s (370 m/s < v, < 760 m/s) or
N or N > 50 0r5s, > 2000 psf (100 kPa)
D = Stiff soil with 600 ft/s < vy < 1200 ft/s

(180 m/s < T, < 370 m/s) or with 15 < N

or Ny <50 or 1000 psf <5, <2000 psf
(50 kPa <5, < 100 kPa)

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

any profile with more than 10 ft (3 m) of soft
clay. Soft clay is defined as soil with PI > 20,
w > 40%, and s, < 500 psf (25 kPa)

F = Soils requiring site-specific evaluations:

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

Exception: For structures having fundamen-
tal periods of vibration equal to or less
than 0.5-sec, site-specific evaluations are
not required to determine spectral accel-
erations for liquefiable soils. Rather, the
Site Class may be determined in accordance
with Section 9.4.1.2.2 and the corresponding
values of F, and F, determined from
Tables 9.4.1.2.4a and 9.4.1.2.4b.

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

Exception: When the soil properties are not
known in sufficient detail to determine the
Site Class, Class D shall be used. Site Class E
shall be used when the authority having
jurisdiction determines that Site Class E is
present at the site or in the event that Site
E is established by geotechnical data.

The following standards are referenced in the

provisions for determining the seismic coefficients:

(1]

[2]

[3]

(4]

(5]

ASTM. “Test Method for Penetration Test and
Split-Barrel Sampling of Soils.” ASTM D1586-
84, 1984,

ASTM. “Test Method for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils.” ASTM
D4318-93, 1993.

ASTM. “Test Method for Laboratory Determi-
nation of Water (Moisture) Content of Soil and
Rock.” ASTM D2216-92, 1992.

ASTM. “Test Method for Unconfined Compres-
sive Strength of Cohesive Soil.” ASTM D2166-
91, 1991.

ASTM. “Test Method for Unconsolidated, Un-
drained Compressive Strength of Cohesive Soils
in Triaxial Compression.” ASTM D2850-87,
1987.
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DISCUSSION

The acceferation valtes contoured are the random
horizontal component. For design the
reference site congtition for the map is to be taken as
NEHRP site class B.

Regional maps should be used when additional dewil
is required.

REFERENCES

Building Scismic Safety Council, | 998, NEHRP
Recommended Provisions for Seismic Regulations
for New Buildings and other Structures, FEMA 302

Frankel, A, Mucller, C., Bambard, T., Perkins, D.,

- s
Documentation June | 996: U.S. Geological Survey
Open-File Report 96-532, 110 p
Frankel, A, Mucller, C., Bamhard, T, Perkins, D,
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Hopper, M., 1997, Seismic - Hazard Mags for the
Conterminus United Statzs, Map F - Horizontal
Spectral Response Acceleration for 0.2 Second
FPenod with 2% Probability of Exceedance in 50
Years: UJ.S. Geological Survey Open-File Report
97-131-F, scale 1: 7,000,000

Peterser, M., Bryant, W., Cramer, C., Cao, T,
Reichle, M, Frankel, A, Lienksemper, J,
McCrory, P., and Schwartz, D, 1 996, Probabilistic
Seismic Hazard Assessment for the Staks of
Califomia: Califomia Division of Mines and
Geology Open-File Report 96-08, 66 p., and USS.
Geological Survey Open-File Report 96-706, 66 p

Map prepared by U.S. Geological Survey.

Index of detailed regional maps at farger scales

FIGURE 9.4.1.1(a)
MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR
CONTERMINOUS UNITED STATES. OF 0.2 s SPECTRAL RESPONSE
ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B
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Explanation

Contour intervals, % g
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Note: contours are irregularly spaced
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FIGURE 9.4.1.1(a) — continued

MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR
CONTERMINOUS UNITED STATES. OF 0.2 s SPECTRAL RESPONSE
ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B
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DISCUSSION

The acceleration vilues contoured are the random
harizomtal component. For design purposes, the
reference site condition for the map s to be taken as
NEHRP site class B.

Regional maps should be used when additional detail

is required.

REFERENCES

Building Seismic Safety Council, | 998, NEHRP
Recomunended Provisions for Seismic Regulations
for New Buildings and other Structures, FEMA 302,
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Leyendecker, E.V., Dickman, N., Hanson, ., and
Hopper, M., 1996, National Seismic-Hazard Maps:
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Years: USS. Geological Survey Open-File Report
97-131-L, scale 1:7,000,000

Petersen, M., Bryant, W., Crarier, C, Cao, T,
Reichle, M, Frankel, A, Lienkzeruper, I,
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Map prepared by U, Geological Survey.
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FIGURE 9.4.1.1(b) — continued
MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR
CONTERMINOUS UNITED STATES OF 1.0s SPECTRAL RESPONSE
ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B
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ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B
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DISCUSSION
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the map is to be taken as NEHRP site class B.

A line sbown as a fault location is the projection to the earth's.
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the earth's surface, Only the portion of the fault used in :
determining design values is shown. The number on the fault is the
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Selected contours near faults have been deleted for clasity. In 122 e 0
these instances, interpolation may be done wsing Fault values and the Scale 1:3,500,000
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MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 1 OF 1.0 s SPECTRAL RESPONSE
ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B
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DISCUSSION

The acceleration values contoured are the random horizontal
component. For desi gn purposes, the reference site condition for
the map is to be taken as NEHRPsite class B.
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these instances, interpolation may be done using fault values and the
nearest adjacent contour,
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Recommended Provisions for Seismic Regulations
for New Buildings and other Structurcs, FEMA 302,

US. Geological Survey National Scismic - Hazard Mapping Project,
1998, Alaska Seissic-Hazand Maps: Docomentation: U.S.
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US. Geological Survey National Scismic - Hazard Mapping Project,
1998, Seismic - Hazard Maps of Alaska: U, Geological Survey
Open-File Repon, 2 shects, scale 1:7,500,000, in progress

Map prepared by U.S. Goological Survey.
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DISCUSSION

The acceleration values contoured are the random horizental
component. For design purposes, the reference site condition for
the map is to be taken as NEHRP site class B.

Aline shown as a fault location is the projection to the earth’s
surface of the edge of the fault rupture area located closest to
the carth’s surface, Only the portion of the fault used in
determining design values is shown. The number on the fault is the

inistic medi leration times

response 5
valucs on the fault portion shown may be used for interpolation

puposes,
Selected contours near faults have been deleted for clasity. In
these instances, interpolation may be done using fault values and the
nearest adjacent contour,

REFERENCES

Building Seismic Safety Council, 1998, NEHRP
Recommended Provisions for Seismic Regulations
for New Buildings and other Structures, FEMA 302.

S, Geological Survey National Seismic - Hazard Mapping Project,
1998, Alaska Seismic-Hazard Maps: Documentation: U.S.
Geological Survey Open-File Report, in progress.

US. Geological Survey National Seismic - Hazard Mapping Project,
1998, Seismic - Hazard Maps of Alaska: U.S. Geological Survey

Open-File Report, 2 sheets, scale 1:7,500,000, in progress.

Map prepared by U.S. Geological Survey.
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FIGURE 9.4.1.1(g) — continued
MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR ALASKA OF 1.0 s SPECTRAL RESPONSE
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9.4.1.2.2 Steps for Classifying a Site. The Site
Class of a site shall be determined using the follow-

ing steps:

Step 1: Check for the four categories of Site Class F

Step 2:

Step 3:

requiring site-specific evaluation. If the site
corresponds to any of these categories, clas-
sify the site as Site Class F and conduct a
site-specific evaluation.

Check for the existence of a total thickness
of soft clay > 10 ft (3 m) where a soft clay
layer is defined by s, < 500 psf (25 kPa),
w > 40%, and Pl > 20. If this criterion is
satisfied, classify the site as Site Class E.
Categorize the site using one of the following
three methods with v, N, and 5, computed
in all cases as specified by the definitions in
Section 9.4.1.2.3.

a. The v, method: Determine v, for the top

100 ft (30 m) of soil. Compare the value
of v, with those given in Section 9.4.1.2
and Table 9.4.1.2 and assign the corre-
sponding Site Class.

v, for rock, Site Class B, shall be
measured on-site or estimated by a
geotechnical engineer or engineering
geologist/seismologist for competent rock
with moderate fracturing and weathering.
v, for softer and more highly fractured
and weathered rock shall be measured on-
site or shall be classified as Site Class C.
The classification of hard rock, Site
Class A, shall be supported by on-site
measurements of U 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 condi-
tions are known to be continuous to a
depth of at least 100 ft (30 m), surficial
measurements of v, are not prohibited
from being extrapolated to assess T.
The rock categories, Site Classes A and
B, shall not be assigned to a site 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.

. The N method: Determine N for the top

100 ft (30 m) of soil. Compare the value
of N with those given in Section 9.4.1.2
and Table 9.4.1.2 and assign the corre-
sponding Site Class.

>. The 5, method: For cohesive soil layers,

determine s, for the top 100 ft (30 m) of
soil. For cohesionless soil layers, deter-
mine N, for the top 100 ft (30 m) of soil.

Cohesionless soil is defined by a P/ <
20 where cohesive soil is defined by a
P11 > 20. Compare the values of 5, and
N, with those given in Section 9.4.1.2
and Table 9.4.1.2 and assign the corre-
sponding Site Class. When the N, and
s, criteria differ, assign the category with
the softer soil (Site Class E soil is softer
than D).

9.4.1.2.3 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 a total of n distinct
layers in the upper 100 ft (30 m). Where some of
the n layers are cohesive and others are not, k is the
number of cohesive layers and m is the number of
cohesionless layers. The symbol i refers to any one
of the layers between 1 and n.

vs; 1S the shear wave velocity in ft/s (m/s).

d; is the thickness of any layer between 0 and
100 ft (30 m).

v, 1S
n
> d
— =]

ST n
4

(Eq. 9.4.1.2-1)

Ve
i=1 %

n
whereby Zd,: is equal 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.

N is .
>
N == y (Eq. 9.4.1.2-2)
o Ni
Nch is:_ 4
Nep = — (Eq. 9.4.1.2-3)

s
Ly,

m
whereby Zd,» =d;. (Use only d; and »; for

i=1
cohesionless soils.)

d; is the total thickness of cohesionless soil layers
in the top 100 ft (30 m)
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sy 1s the undrained shear strength in psf (kPa), not
to exceed 5000 psf (240 kPa), ASTM D2166-91
or D2850-87.
S, 18
5, = —— (Eq. 9.4.1.2-4)
k
d;

S,
i—1 ut

k
whereby Z d; = d..
i=1
d, is the total thickness (100 — d;) of cohesive soil
layers in the top 100 ft (30 m)

PI is the plasticity index, ASTM D4318-93

w is the moisture content in percent, ASTM
D2216-92

9.4.1.2.4 Site Coefficients and Adjusted Maximum
Considered Earthquake Spectral Response Accel-
eration Parameters. The maximum considered earth-
quake spectral response acceleration for short periods
(Sys) and at l-sec (Su ), adjusted for site class
effects, shall be determined by Egs. 9.4.1.2.4-1 and
9.4.1.2.4-2, respectively.

SMS = FaSs
Sur = F,$1

(Eq. 9.4.1.2.4-1)
(Eq. 9.4.1.2.4-2)

where

S; = the mapped maximum considered earthquake
spectral response acceleration at a period of
1-sec as determined in accordance with
Section 9.4.1

TABLE 9.4.1.2.4a

Ss = the mapped maximum considered earthquake
spectral response acceleration at short periods
as determined in accordance with Section 9.4.1

where site coefficients F, and F, are defined in
Tables 9.4.1.2.4a and b, respectively.

9.4.1.2.5 Design Spectral Response Acceleration
Parameters. Design earthquake spectral response
acceleration at short periods, Spg, and at 1-sec period,
Spi, shall be determined from Egs. 9.4.1.2.5-1 and
9.4.1.2.5-2, respectively.

Sbs = Sus (Eq. 9.4.1.2.5-1)
2
SD| = gSMl (Eq. 9.4.1.2.5-2)

9.4.1.2.6 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 shall
be developed as indicated in Figure 9.4.1.2.6 and
as follows:

1. For periods less than or equal to T, the
design spectral response acceleration, S,, shall
be taken as given by Eq. 9.4.1.2.6-1:

T
S, = Sps <0.4+ 0.6——)
Ty

(Eq. 9.4.1.2.6-1)

VALUES OF F; AS A FUNCTION OF SITE CLASS AND MAPPED SHORT PERIOD MAXIMUM
CONSIDERED EARTHQUAKE SPECTRAL ACCELERATION

Mapped Maximum Considered Earthquake
Spectral Response Acceleration at Short Periods
Site Class Sg <0.25 S5 =05 Sg=0.75 Sg=1.0 Sg>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 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 09 0.9
F a a a a a

Note: Use straight-line interpolation for intermediate values of Ss.

 Site-specific geotechnical investigation and dynamic site response analyses shall be performed except that for structures
with periods of vibration equal to or less than 0.5-seconds, values of F, for liquefiable soils may be assumed equal to the
values for the site class determined without regard to liquefaction in Step 3 of Section 9.4.1.2.2.
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Spectral response acceleration S,

TABLE 9.4.1.2.4b
VALUES OF F, AS A FUNCTION OF SITE CLASS AND MAPPED
1-SECOND PERIOD MAXIMUM CONSIDERED EARTHQUAKE

SPECTRAL ACCELERATION
Mapped Maximum Considered Earthquake
Spectral Response Acceleration at 1-Second Periods
Site Class Sy <01 Sy =02 S, =03 Sy =04 S;>05
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 14 1.3
D 2.4 20 1.8 1.6 1.5
E 35 32 2.8 2.4 2.4
F a a a a a

Note: Use straight-line interpolation for intermediate values of Sj.

2 Site-specific geotechnical investigation and dynamic site response analyses shall be
performed except that for structures with periods of vibration equal to or less than 0.5-
seconds, values of F, for liquefiable soils may be assumed equal to the values for the site
class determined without regard to liquefaction in Step 3 of Section 9.4.1.2.2.

9]
o
7

Spi

1.0
Period T

FIGURE 9.4.1.2.6
DESIGN RESPONSE SPECTRUM

For periods greater than or equal to 7 and less
than or equal to T, the design spectral response
acceleration, S,, shall be taken as equal to Spy.

. For periods greater than T, the design spectral

response acceleration, S,, shall be taken as
given by Eq. 9.4.1.2.6-2:

S
S, = % (Eq. 9.4.1.2.6-2)

where

Sps = the design spectral response accelera-
tion at short periods

Sp1 = the design spectral response accelera-
tion at 1-sec period, in units of g-sec

T = the fundamental period of the structure

(sec)
T() = 0.28[}1/51)5 and
Ts = Sp1/Sps.

9.4.1.3 Site-Specific Procedure for Determining
Ground Motion Accelerations. A site-specific study
shall account for the regional 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 effects, if
any, and the characteristics of subsurface site conditions.

9.4.1.3.1 Probabilistic =~ Maximum  Considered
Earthquake. When site-specific procedures are uti-
lized, the maximum considered earthquake ground
motion shall be taken as that motion represented by
a 5% damped acceleration response spectrum hav-
ing a 2% probability of exceedance within a 50-year
period. The maximum considered earthquake spectral
response acceleration at any period S, shall be taken
from that spectrum.

Exception: Where the spectral response ordinates
or a 5% damped spectrum having a 2% probability
of exceedance within a 50-year period at periods of
1.0- or 0.2-sec exceed the corresponding ordinate
of the deterministic limit of Section 9.4.1.3.2, the
maximum considered earthquake ground motion
shall be taken as the lesser of the probabilistic
maximum considered earthquake ground motion or
the deterministic maximum considered earthquake
ground motion of Section 9.4.1.3.3 but shall not
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FIGURE 9.4.1.3.2
DETERMINISTIC LIMIT ON MAXIMUM CONSIDERED
EARTHQUAKE RESPONSE SPECTRUM

be taken less than the deterministic limit ground

motion of Section 9.4.1.3.2.

9.4.1.3.2 Deterministic Limit on Maximum Con-
sidered Earthquake Ground Motion. The deter-

it shall not be taken as less than 90% of the peak
spectral acceleration, S,, at any period. The parameter
Spi shall be taken as the greater of the spectral
acceleration, S,, at a period of 1 sec or two times
the spectral acceleration, S,, at a period of 2 sec. The
parameters Sy g and Sy, shall be taken as 1.5 times
Sps and Spi, respectively.

9.4.2 Seismic Design Category. Structures shall be
assigned a Seismic Design Category in accordance with
Section 9.4.2.1.

9.4.2.1 Determination of Seismic Design Category.

All structures shall be assigned to a Seismic Design Cat-
egory based on their Seismic Use Group and the design
spectral response acceleration coefficients, Spg and Sp1,
determined in accordance with Section 9.4.1.2.5. Each
building and structure shall be assigned to the most
severe Seismic Design Category in accordance with
Table 9.4.2.1a or 9.4.2.1b, irrespective of the fundamen-

ministic limit on maximum considered earthquake
ground motion shall be taken as the response spec-
trum determined in accordance with Figure 9.4.1.3.2,
where F, and F, are determined in accordance with
Section 9.4.1.2.4, with the value of Sy taken as 1.5 g
and the value of S; taken as 0.6 g.

9.4.1.3.3 Deterministic Maximum Considered
Earthquake Ground Motion. The deterministic
maximum considered earthquake ground motion
response spectrum shall be calculated as 150% of the
median spectral response accelerations (S,y) at all

tal period of vibration of the structure, 7.

9.4.2.2 Site Limitation for Seismic Design Cate-
gories E and F. A structure assigned to Category E or
F shall not be sited where there is a known 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.

periods resulting from a characteristic earthquake on

any known active fault within the region.

9.4.3 Quality Assurance. The performance required of
structures in Seismic Design Categories C, D, E, or F
requires that special attention be paid to quality assur-
ance during construction. Refer to A.9.3 for supplemen-

9.4.1.3.4 Site-Specific Design Ground Motion.
Where site-specific procedures are used to determine
the maximum considered earthquake ground motion
response spectrum, the design spectral response
acceleration at any period shall be determined from
Eq. 9.4.1.3.4:

2

Sa = zSam

3 (Eq. 9.4.1.34)

and shall be greater than or equal to 80% of the
S, determined by the general response spectrum in
Section 9.4.1.2.6.

9.4.1.3.5 Design Acceleration Parameters. Where
the site-specific procedure is used to determine
the design ground motion in accordance with
Section 9.4.1.3.4, the parameter Sps shall be taken
as the spectral acceleration, S,, obtained from the
site-specific spectra at a period of 0.2 sec, except that

Minimum Design Loads for Buildings and Other Structures

tary provisions.

TABLE 9.4.2.1a
SEISMIC DESIGN CATEGORY BASED ON SHORT
PERIOD RESPONSE ACCELERATIONS

Seismic Use Group
Value of Spg 1 il 1
Sps < 0.167g A A A
0.167g < Sps < 0.33g B B
0.33g < Sps < 0.50g C C
0.50g < Sps D# D? D?

4 Seismic Use Group I and II structures located on sites with mapped max-
imum considered earthquake spectral response acceleration at 1-second
period, Si, equal to or greater than 0.75g shall be assigned to Seismic
Design Category E and Seismic Use Group III structures located on such

sites shall be assigned to Seismic Design Category F.



TABLE 9.4.2.1b
SEISMIC DESIGN CATEGORY BASED ON
1-SECOND PERIOD RESPONSE ACCELERATIONS

Seismic Use Group
Value of Spy 1 (] n
Spr < 0.067¢g A A
0.067g < Spy < 0.133g B
0.133g < Spy < 0.20g C C D
0.20g < Sp, D? D? D*

2 Seismic Use Group I and I structures located on sites with mapped max-
imum considered earthquake spectral 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 III structures located on such
sites shall be assigned to Seismic Design Category F.

SECTION 9.5
STRUCTURAL DESIGN CRITERIA, ANALYSIS,
AND PROCEDURES

9.5.1 This Section Has Been Intentionally Left Blank,
9.5.2 Structural Design Requirements.

9.5.2.1 Design Basis. The seismic analysis and design
procedures to be used in the design of structures and
their components shall be as prescribed in this Section.
The structure shall include complete lateral and vertical
force-resisting systems capable of providing adequate
strength, stiffness, and energy dissipation capacity to
withstand the design ground motions within the pre-
scribed limits of deformation and strength demand. The
design ground motions shall be assumed to occur along
any horizontal direction of a structure. The adequacy
of the structural systems shall be demonstrated through
the construction of a mathematical model and evaluation
of this model for the effects of design ground motions.
The design seismic forces, and their distribution over
the height of the structure, shall be established in accor-
dance with one of the applicable procedures indicated
in Section 9.5.2.5 and the corresponding internal forces
and deformations in the members of the structure shall
be determined. An approved alternative procedure shall
not be used to establish the seismic forces and their dis-
tribution unless the corresponding internal forces and
deformations in the members are determined using a
model consistent with the procedure adopted.
Individual members shall be provided with adequate
strength to resist the shears, axial forces, and moments
determined in accordance with these provisions, and con-
nections shall develop the strength of the connected
members or the forces indicated above. The deforma-
tion of the structure shall not exceed the prescribed

132

limits when the structure is subjected to the design seis-
mic forces.

A continuous load path, or paths, with adequate
strength and stiffness shall be provided to transfer all
forces from the point of application to the final point
of resistance. The foundation shall be designed to resist
the forces developed and accommodate the movements
imparted to the structure by the design ground motions.
The dynamic nature of the forces, the expected ground
motion, and the design basis for strength and energy
dissipation capacity of the structure shall be included in
the determination of the foundation design criteria.

Allowable Stress Design is permitted to be used to
evaluate sliding, overturning, and soil bearing at the soil-
structure interface regardless of the design approach used
in the design of the structure.

9.5.2.2 Basic Seismic Force-Resisting Systems. The
basic lateral and vertical seismic force-resisting sys-
tem shall conform to one of the types indicated in
Table 9.5.2.2. Each type is subdivided by the types of
vertical element used to resist lateral seismic forces. The
structural system used shall be in accordance with the
Seismic Design Category and height limitations indi-
cated in Table 9.5.2.2. The appropriate response mod-
ification, coefficient, R, system overstrength factor, o,
and the deflection amplification factor (C,;) indicated in
Table 9.5.2.2 shall be used in determining the base shear,
element design forces, and design story drift. Special
framing requirements are indicated in Section 9.5.2.6
and Sections 9.8, 9.9, 9.10, 9.11, and 9.12 for structures
assigned to the various Seismic Design Categories.

Seismic force-resisting systems that are not con-
tained in Table 9.5.2.2 shall be permitted if analytical
and test data are submitted that establish the dynamic
characteristics and demonstrate the lateral force resis-
tance and energy dissipation capacity to be equiva-
lent to the structural systems listed in Table 9.5.2.2 for
equivalent response modification coefficient, R, system
overstrength coefficient, 2y, and deflection amplification
factor, C,, values.

9.5.2.2.1 Dual System. For a dual system, the
moment frame shall be capable of resisting at least
25% of the design seismic forces. The total seismic-
force resistance is to be provided by the combination
of the moment frame and the shear walls or braced
frames in proportion to their rigidities.

9.5.2.2.2 Combinations of Framing Systems. Dif-
ferent seismic force-resisting systems are permit-
ted along the two orthogonal axes of the structure.
Combinations of seismic force-resisting systems shall
comply with the requirements of this Section.
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TABLE 9.5.2.2
DESIGN COEFFICIENTS AND FACTORS FOR BASIC SEISMIC FORCE-RESISTING SYSTEMS

Structural System Limitations
and
Building Height (ft) Limitations®
Response System Over- Deflection Seismic Design Category
Modification strength Amplification
Basic Seismic Force-Resisting System Coefficient, R? Factor, 909 Factor, C4° A&B [ pd E® Fe
Bearing Wall Systems
Ordinary steel concentrically braced frames 4 2 3] NL | NL | 35% | 355 | NP*
Special reinforced concrete shear walls 5 2% 5 NL | NL | 160 | 160 | 100
Ordinary reinforced concrete shear walls 4 2% 4 NL | NL | NP | NP | NP
Detailed plain concrete shear walls 21 21 2 NL [ NP | NP | NP | NP
Ordinary plain concrete shear walls 13 23 15 NL | NP | NP | NP | NP
Special reinforced masonry shear walls 5 2% ’S% NL | NL | 160 | 160 | 100
Intermediate reinforced masonry shear walls 34 25 24 NL | NL | NP | NP | NP
Ordinary reinforced masonry shear walls 2 24 13 NL | 160 | NP | NP | NP
Detailed plain masonry shear walls 2 2% l% NL | NP | NP | NP | NP
Ordinary plain masonry shear walls 1% 2% lj—t NL | NP | NP | NP | NP
Light-framed walls sheathed with wood 6 3 4 NL [ NL 65 65 65
structural panels rated for shear resistance
or steel sheets
Light-framed walls with shear panels of all 2 2% 2 NL | NL | 35 NP | NP
other materials
Light-framed wall systems using flat strap 4 2 3% NL | NL 65 65 65
bracing
Building Frame Systems
Steel eccentrically braced frames, moment 8 2 4 NL | NL | 160 | 160 | 100
resisting, connections at columns away from
links
Steel eccentrically braced frames, 7 2 4 NL NL 160 | 160 100
non-moment resisting, connections at
columns away from links
Special steel concentrically braced frames 6 2 5 NL | NL | 160 | 160 | 100
Ordinary steel concentrically braced frames 5 2 44 NL | NL | 35% | 355 | NP*
Special reinforced concrete shear walls 6 2% 5 NL | NL | 160 | 160 | 100
Ordinary reinforced concrete shear walls 5 2% 4% NL | NL | NP | NP NP
Detailed plain concrete shear walls 3 2% 2% NL | NP | NP [ NP | NP
Ordinary plain concrete shear walls 2 2% 2 NL | NP | NP | NP | NP
Composite eccentrically braced frames 8 2 4 NL | NL | 160 | 160 | 100
Composite concentrically braced frames 5 2 4% NL | NL | 160 | 160 | 100
Ordinary composite braced frames 3 2 3 NL | NL | NP | NP | NP
Composite steel plate shear walls 61 21 55 NL | NL | 160 | 160 | 100
Special composite reinforced concrete shear 6 2% 5 NL | NL | 160 | 160 | 100
walls with steel elements
Ordinary composite reinforced concrete 5 2% 4% NL | NL | NP | NP | NP
shear walls with steel elements
Special reinforced masonry shear walls 5% 21 4 NL [ NL | 160 | 160 { 100
Intermediate reinforced masonry shear walls 4 2% 4 NL | NL | NP | NP | NP
Ordinary reinforced masonry shear walls 2% 2% 24—1‘ NL | 160 | NP | NP | NP
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TABLE 9.5.2.2 — continued
DESIGN COEFFICIENTS AND FACTORS FOR BASIC SEISMIC FORCE-RESISTING SYSTEMS

Structural System Limitations
and
Building Height (ft} Limitations®
Response System Over- Deflection Seismic Design Category
Modification strength Amplification
Basic Seismic Force-Resisting System Coefficient, R? Factor, W9 Factor, C4P° A&B [o] pd E® Fe
Detailed plain masonry shear walls 2% 2% 2% NL | 160 | NP NP NP
Ordinary plain masonry shear walls 14 21 1 NL | NP | NP | NP | NP
65
Light-framed walls sheathed with wood 63 23 41 NL | NL | 65 65 65
structural panels rated for shear resistance
or steel sheets
Light-framed walls with shear panels of all 2% 2% 212 NL | NL 35 NP NP
other materials
Moment Resisting Frame Systems
Special steel moment frames 3 5% NL | NL NL NL NL
Special steel truss moment frames 7 3 5% NL | NL 160 100 NP
Intermediate steel moment frames 3 4 NL { NL | 35" | NP™ | NP™
Ordinary steel moment frames 35 3 3 NL | NL | NP™P | NP | NPMI
Special reinforced concrete moment frames 3 5% NL | NL NL NL NL
Intermediate reinforced concrete moment 5 3 4% ‘NL | NL NP NP NP
frames
Ordinary reinforced concrete moment 3 3 2% NL | NP NP NP NP
frames
Special composite moment frames 8 3 5% NL | NL NL NL NL
Intermediate composite moment frames 3 41: NL | NL NP NP NP
Composite partially restrained moment 6 3 5% 160 | 160 | 100 NP NP
frames
Ordinary composite moment frames 3 3 2% NL | NP NP NP NP
Special masonry moment frames 5% 3 5 NL | NL 160 160 100
Dual Systems with Special Moment
Frames Capable of Resisting at Least
25% of Prescribed Seismic Forces
Steel eccentrically braced frames, moment 8 2% 4 NL | NL | NL NL NL
resisting connections, at columns away from
links
Steel eccentrically braced frames, 7 2% 4 NL | NL NL NL NL
non-moment resisting connections, at
columns away from links
Special steel concentrically braced frames 8 2% 6}; NL | NL | NL NL NL
Special reinforced concrete shear walls 8 2% 6% NL | NL | NL NL NL
Ordinary reinforced concrete shear walls 7 2% 6 NL | NL | NP NP NP
Composite eccentrically braced frames 8 2% 4 NL | NL | NL NL NL
Composite concentrically braced frames 6 2% 5 NL | NL | NL NL NL
Composite steel plate shear walls 8 25 63 NL | NL [ NL NL | NL
Special composite reinforced concrete shear 8 2% 61 NL | NL | NL NL NL
walls with steel elements )
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TABLE 9.5.2.2 — continued
DESIGN COEFFICIENTS AND FACTORS FOR BASIC SEISMIC FORCE-RESISTING SYSTEMS

Structural System Limitations
and
Building Height (ft) Limitations®
Response System Over- Deflection Seismic Design Category
Modification strength Amplification
Basic Seismic Force-Resisting System Coefficient, B2 | Factor, W9 Factor,C4® | A&B | C p¢ E® Fe
Ordinary composite reinforced concrete 7 21 6 NL | NL | NP | NP NP
shear walls with steel elements N
Special reinforced masonry shear walls 3 6% NL | NL | NL | NL NL
Intermediate reinforced masonry shear walls 2% 5 NL | NL | NL | NL NL
Ordinary steel concentrically braced frames 2% 5 NL | NL | NL | NL NL
Dual Systems with Intermediate Moment
Frames Capable of Resisting at Least
25% of Prescribed Seismic Forces
Special steel concentrically braced frames’ 41 24 45 NL | NL | 35 | NP | NP"
Special reinforced concrete shear walls 6 2% 5 NL | NL | 160 | 100 100
Ordinary reinforced masonry shear walls 3 3 2% NL | 160 | NP | NP NP
Intermediate reinforced masonry shear walls 5 3 4% NL | NL | NP | NP NP
Composite concentrically braced frames 5 24 44 NL | NL | 160 | 100 | NP
Ordinary composite braced frames 4 2%_ 3 NL | NL | NP | NP NP
Ordinary composite reinforced concrete 5 3 4% NL | NL | NP | NP NP
shear walls with steel elements
Ordinary steel concentrically braced frames 5 2% % NL | NL | 160 | 160 NP
Ordinary reinforced concrete shear walls 5% 2% 4; NL | NL | NP | NP NP
Inverted Pendulum Systems and
Cantilevered Column Systems
Special sieel moment frames 21 2 24 NL | NL | NL | NL | NL
Ordinary steel moment frames 1 2 24 NL | NL | NP | NP | NP
Special reinforced concrete moment frames 2% 2 1 i NL | NL | NL | NL NL
Structural Steel Systems Not Specifically 3 3 3 NL | NL | NP | NP NP
Detailed for Seismic Resistance

 Response modification coefficient, R, for use throughout the standard. Note R reduces forces to a strength level, not an allowable stress level.

b Deflection amplification factor, Cy, for use in Sections 9.5.3.7.1 and 9.5.3.7.2

¢ NL = Not Limited and NP = Not Permitted. For metric units use 30 m for 100 ft and use 50 m for 160 ft. Heights are measured from the base of
the structure as defined in Section 9.2.1.

d See Section 9.5.2.2.4.1 for a description of building systems limited to buildings with a height of 240 ft (75 m) or less.

¢ See Sections 9.5.2.2.4 and 9.5.2.2.4.5 for building systems limited to buildings with a height of 160 ft (50 m) or less.

f Ordinary moment frame is permitted to be used in leu of intermediate moment frame in Seismic Design Categories B and C.

£ The tabulated value of the overstrength factor, Wy, may be reduced by subtracting % for structures with flexible diaphragms but shall not be taken as
less than 2.0 for any structure.

R Steel ordinary moment frames and intermediate moment frames are permitted in single-story buildings up to a height of 60 ft, when the moment joints
of field connections are constructed of bolted end plates and the dead load of the roof does not exceed 15 psf.

" Steel ordinary moment frames are permitted in buildings up to a height of 35 ft where the dead load of the walls, floors, and roofs does not exceed
15 psf.

K Steel ordinary concentrically braced frames are permitted in single-story buildings up to a height of 60 ft when the dead load of the roof does not
exceed 15 psf and in penthouse structures.
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9.5.2.2.2.1 R and £y Factors. The response mod-
ification, coefficient, R, in the direction under
consideration at any story shall not exceed the
lowest response modification coefficient, R, for
the seismic force-resisting system in the same
direction considered above that story excluding
penthouses. For other than dual systems, where a
combination of different structural systems is uti-
lized to resist lateral forces in the same direction,
the value of R used in that direction shall not be
greater than the least value of any of the systems
utilized in the same direction. If a system other
than a dual system with a response modification
coefficient, R, with a value of less than 5 is used
as part of the seismic force-resisting system in any
direction of the structure, the lowest such value
shall be used for the entire structure. The system
overstrength factor, £, in the direction under con-
sideration at any story shall not be less than the
largest value of this factor for the seismic force-
resisting system in the same direction considered
above that story.

Exceptions:

1. The limit does not apply to supported
structural systems with a weight equal
to or less than 10% of the weight of
the structure.

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

9.5.2.2.2.2 Combination Framing Detailing
Requirements. The detailing requirements of
Section 9.5.2.6 required by the higher response
modification coefficient, R, shall be used for struc-
tural components common to systems having dif-
ferent response modification coefficients.

9.5.2.2.3 Seismic Design Categories B and C. The
structural framing system for structures assigned to
Seismic Design Categories B and C shall comply
with the structure height and structural limitations in
Table 9.5.2.2.

9.5.2.2.4 Seismic Design Categories D and E. The
structural framing system for a structure assigned to
Seismic Design Categories D and E shall comply
with Section 9.5.2.2.3 and the additional provisions
of this Section.

9.5.2.2.4.1 Increased Building Height Limit. The
height limits in Table 9.5.2.2 are permitted to
be increased to 240 ft (75 m) in buildings that
have steel braced frames or concrete cast-in-place
shear walls and that meet the requirements of

this Section. In such buildings the braced frames
or cast-in-place special reinforced concrete shear
walls in any one plane shall resist no more than
60% of the total seismic forces in each direction,
neglecting torsional effects. The seismic force in
any braced frame or shear wall in any cone plane
resulting from torsional effects shall not exceed
20% of the total seismic force in that braced frame
or shear wall.

9.5.2.2.4.2 Interaction Effects. Moment resisting
frames that are enclosed or adjoined by more
rigid elements not considered to be part of the
seismic force-resisting system shall be designed so
that the action or failure of those elements will
not impair the vertical load and seismic force-
resisting capability of the frame. The design shall
provide for the effect of these rigid elements
on the structural system at structure deformations
corresponding to the design story drift (A) as
determined in Section 9.5.3.7. In addition, the
effects of these elements shall be considered when
determining whether a structure has one or more
of the irregularities defined in Section 9.5.2.3.

9.5.2.2.4.3 Deformational Compatibility. Every
structural component not included in the seismic
force-resisting system in the direction under con-
sideration shall be designed to be adequate for
the vertical load-carrying capacity and the induced
moments and shears resulting from the design
story drift (A) as determined in accordance with
Section 9.5.3.7; see also Section 9.5.2.8.

Exception: Reinforced concrete frame mem-
bers not designed as part of the seismic force-
resisting system shall comply with Section 21.9
of Ref. 9.9-1.

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

9.5.2.2.4.4 Special Moment Fraines. A special
moment frame that is used but not required
by Table 9.5.2.2 shall not be discontinued and
supported by a more rigid system with a
lower response modification coefficient (R) unless
the requirements of Sections 9.5.2.6.2.4 and
9.5.2.6.4.2 are met. Where a special moment frame
is required by Table 9.5.2.2, the frame shall be
continuous to the foundation.
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9.5.2.2.5 Seismic Design Category F. The framing
systems of structures assigned to Seismic Design
Category F shall conform to the requirements of
Section 9.5.2.2.4 for Seismic Design Categories D
and E and to the additional requirements and lim-
itations of this Section. The increased height limit
of Section 9.5.2.2.4.1 for braced frame or shear wall
systems shall be reduced from 240 ft (75 m) to 160 ft
(50 m).

9.5.2.3 Structure Configuration. Structures shall be
classified as regular or irregular based on the criteria
in this Section. Such classification shall be based on the
plan and vertical configuration.

9.5.2.3.1 Diaphragm Flexibility. A diaphragm shall
be considered flexible for the purposes of distribution
of story shear and torsional moment when the com-
puted maximum in-plane deflection of the diaphragm

TABLE 9.5.2.3.2

itself under lateral load is more than two times the
average drift of adjoining vertical elements of the
lateral force-resisting system of the associated story
under equivalent tributary lateral load. The loadings
used for this calculation shall be those prescribed by
Section 9.5.5.

9.5.2.3.2 Plan Irregularity. Structures having one or
more of the irregularity types listed in Table 9.5.2.3.2
shall be designated as having plan structural irregu-
larity. Such structures assigned to the Seismic Design
Categories listed in Table 9.5.2.3.2 shall comply
with the requirements in the sections referenced in
that table.

9.5.2.3.3 Vertical Irregularity. Structures having
one or more of the irregularity types listed in
Table 9.5.2.3.3 shall be designated as having vertical
irregularity. Such structures assigned to the Seismic

PLAN STRUCTURAL IRREGULARITIES

Irregularity Type and Description

Seismic Design
Category
Application

Reference
Section

la.

Torsional Irregularity

diaphragms are rigid or semirigid.

Torsional irregularity is defined to exist where the maximum story drift,
computed including accidental torsion, at one end of the structure
transverse to an axis is more than 1.2 times the average of the story
drifts at the two ends of the structure. Torsional irregularity requirements
in the reference sections apply only to structures in which the

95.2.64.2
95552

D, E, and F
C,D,E and F

Extreme Torsional Irregularity

Extreme Torsional Trregularity is defined to exist where the maximum
story drift, computed including accidental torsion, at one end of the
structure transverse to an axis is more than 1.4 times the average of the
story drifts at the two ends of the structure. Extreme torsional
irregularity requirements in the reference sections apply only to
structures in which the diaphragms are rigid or semirigid.

9.52.64.2 D
95552 Cand D
9.5.2.6.5.1 Eand F

Re-entrant Corners

of the structure in the given direction.

Plan configurations of a structure and its lateral force-resisting system
contain re-entrant corners, where both projections of the structure
beyond a re-entrant corner are greater than 15% of the plan dimension

9.5.2.64.2 D,E,and F

Diaphragm Discontinuity

stiffness of more than 50% from one-story to the next.

Diaphragms with abrupt discontinuities or variations in stiffness,
including those having cutout or open areas greater than 50% of the
gross enclosed diaphragm area, or changes in effective diaphragm

9.5.2.64.2 D,E, and F

Out-of-Plane Offsets

offsets of the vertical elements.

Discontinuities in a lateral force-resistance path, such as out-of-plane

9.5.2.64.2 D,E, and F
9.5.2.6.2.11 B,C,D,E, or F

Nonparallel Systems

system.

The vertical lateral force-resisting elements are not parallel to or
symmetric about the major orthogonal axes of the lateral force-resisting

9.5.2.6.3.1 C,D,E, and F

Minimum Design Loads for Buildings and Other Structures
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TABLE 9.5.2.3.3

VERTICAL STRUCTURAL iIRREGULARITIES

Seismic Design
Reference Category
Irregularity Type and Description Section Application

la. | Stiffness Trregularity: Soft Story 9.5.25.1 D, E,and F
A soft story is one in which the lateral stiffness is less than 70% of that
in the story above or less than 80% of the average stiffness of the three
stories above.

1b. | Stiffness Irregularity: Extreme Soft Story 9.5.2.5.1 D,

An extreme soft story is one in which the lateral stiffness is less than 9.5.2.6.5.1 Eand F
60% of that in the story above or less than 70% of the average stiffness
of the three stories above.

2. | Weight (Mass) Irregularity 95.25.1 D, E, and F
Mass irregularity shall be considered to exist where the effective mass
of any story is more than 150% of the effective mass of an adjacent
story. A roof that is lighter than the floor below need not be considered.

3. | Vertical Geometric Irregularity 9.5.2.5.1 D, E, and F
Vertical geometric irregularity shall be considered to exist where the
horizontal dimension of the lateral force-resisting system in any story is
more than 130% of that in an adjacent story.

4. | In-Plane Discontinuity in Vertical Lateral Force-Resisting Elements 9.5.2.6.2.11 B,C,D,E and F
In-plane discontinuity in vertical lateral force-resisting elements shall be 9.5.2.64.2 D,E, and F
considered to exist where an in-plane offset of the lateral force-resisting
elements is greater than the length of those elements or there exists a
reduction in stiffness of the resisting element in the story below.

5. | Discontinuity in Lateral Strength: Weak Story 9.5.2.6.2.2 B,C,D,E and F
A weak story is one in which the story lateral strength is less than 80% 9.5.2.6.5.1 Eand F
of that in the story above. The story strength is the total strength of all
seismic-resisting elements sharing the story shear for the direction under
consideration.

Design Categories listed in Table 9.5.2.3.3 shall com- 9.5.2.4 Redundancy. A reliability factor, p, shall be
ply with the requirements in the sections referenced assigned to all structures in accordance with this Section,
in that table. based on the extent of structural redundancy inherent in
the lateral force-resisting system.
Exceptions: 9.5.2.4.1 Seismic Design Categories A, B, and C.
For structures in Seismic Design Categories A, B, and
1. Vertical structural irregularities of Types 1a, C, the value of p is 1.0.
Ib, or 2 in Table 9.5.2.3.3 do not apply
where no story drift ratio under design 9.5.2.4.2 Seismic Design Category D. For structures
lateral seismic force is greater than 130% of in Seismic Design Category D, p shall be taken as the
the story drift ratio of the next story above. largest of the values of p, calculated at each story
Torsional effects need not be considered in “x” of the structure in accordance with Eq. 9.5.2.4.2-
the calculation of story drifts. The story drift 1 as follows:
ratio relationship for the top 2 stories of the 20
structure are not required to be evaluated. Py =2— ——e (Eq. 9.5.2.4.2-1)
1 Fmax, vV Ay
2. Irregularities Types la, 1b, and 2 of
Table 9.5.2.3.3 are not required to be where
considered for 1-story buildings in any Fmax, = the ratio of the design story shear resisted
Seismic Design Category or for 2-story by the single element carrying the most
buildings in Seismic Design Categories A, shear force in the story to the total story
B, C, or D. shear, for a given direction of loading. For
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braced frames, the value of r,,,,  is equal to

the lateral force component in the most

heavily loaded brace element divided by the
story shear. For moment frames, 7,,,,. shall
be taken as the maximum of the sum of the

shears in any two adjacent columns in the
plane of a moment frame divided by the
story shear. For columns common to two
bays with moment resisting connections on
opposite sides at the level under
consideration, 70% of the shear in that
column may be used in the column shear
summation. For shear walls, r,,,  shall be
taken equal to shear in the most heavily

loaded wall or wall pier multiplied by 10//,,
(the metric coefficient is 3.3/l,,) where [, is

the wall or wall pier length in ft (m)
divided by the story shear and where the
ratio 10/, need not be taken greater than
1.0 for buildings of light-frame
construction. For dual systems, 7,y shall
be taken as the maximum value as defined
above considering all lateral-load—resisting

elements in the story. The lateral loads shall

be distributed to elements based on relative
rigidities considering the interaction of the

dual system. For dual systems, the value of

p need not exceed 80% of the value
calculated above.

A, = the floor area in ft* of the diaphragm level
immediately above the story

The value of p need not exceed 1.5, which may
be used for any structure. The value of p shall not be

taken as less than 1.0.

Exception: For structures with lateral-force-
resisting systems in any direction consisting
solely of special moment frames, the lateral-force-
resisting system shall be configured such that the
value of p calculated in accordance with this

Section does not exceed 1.25.

The metric equivalent of Eq. 9.5.2.4.2 is:

6.1
Fmax, vV Ax

where A, is in m?.

/),\':2-

9.5.2.4.3 Seismic Design Categories E and F. For
structures in Seismic Design Categories E and F,
the value of r shall be calculated as indicated in

Section 9.5.2.4.2, above.

Exception: For structures with lateral force-
resisting systems in any direction consisting

Minimum Design Loads for Buildings and Other Structures

(Eq. 9.5.2.4.2)

solely of special moment frames, the lateral-force-
resisting system shall be configured such that
the value of p calculated in accordance with
Section 9.5.2.4.2 does not exceed 1.1.

9.5.2.5 Analysis Procedures. A structural analysis con-
forming to one of the types permitted in Section 9.5.2.5.1
shall be made for all structures. Application of load-
ing shall be as indicated in Section 9.5.2.5.2.1, and as
required by the selected analysis procedure. All mem-
bers of the structure’s seismic force-resisting system and
their connections shall have adequate strength to resist
the forces, Qp, predicted by the analysis, in combina-
tion with other loads, as required by Section 9.5.2.7.
Drifts predicted by the analysis shall be within the lim-
its specified by Section 9.5.2.8. If a nonlinear analysis
is performed, component deformation demands shall not
exceed limiting values as indicated in Section 9.5.7.3.2.

Exception: For structures designed using the index
force analysis procedure of Section 9.5.3 or the sim-
plified analysis procedure of Section 9.5.4, drift need
not be evaluated.

9.5.2.5.1 Analysis Procedures. The structural anal-
ysis required by Section 9.5.2.5 shall consist of one
of the types permitted in Table 9.5.2.5.1, based on
the structure’s Seismic Design Category, structural
system, dynamic properties and regularity, or with
the approval of the authority having jurisdiction, an
alternative generally accepted procedure shall be per-
mitted to be used.

9.5.2.5.2 Application of Loading. The directions of
application of seismic forces used in the design shall
be those which will produce the most critical load
effects. It shall be permitted to satisfy this requirement
using the procedures of Section 9.5.2.5.2.1 for Seis-
mic Design Category A and B, Section 9.5.2.5.2.2 for
Seismic Design Category C, and Section 9.5.2.5.2.3
for Seismic Design Categories D, E, and F. All struc-
tural components and their connections shall be pro-
vided with strengths sufficient to resist the effects of
the seismic forces prescribed herein. Loads shall be
combined as prescribed in Section 9.5.2.7.

9.5.2.5.2.1 Seismic Design Categories A and B.
For structures assigned to Seismic Design Cate-
gory A and B, the design seismic forces are per-
mitted to be applied separately in each of two
orthogonal directions and orthogonal interaction
effects may be neglected.

9.5.2.5.2.2 Seismic Design Category C. Loading
applied to structures assigned to Seismic Design
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TABLE 9.5.2.5.1
PERMITTED ANALYTICAL PROCEDURES

Equivalent Modal Linear Nonlinear
Index Lateral Response Response Response
Seismic Force Simplified Force Spectrum History History
Design Structural Analysis Analysis Analysis Analysis Analysis Analysis

Category Characteristics Section 9.5.3 Section 9.5.4 Section 9.5.5 Section 9.5.6 Section 9.5.7 Section 9.5.8
A All structures P P P P P P
B.C SUG-1 buildings of NP P P | P P

light-framed construction

not exceeding three

stories in height

Other SUG-1 buildings NP P P P P P

not exceeding two

stories in height

All other structures NP NP P P P P
D,EF SUG-1 buildings of NP P P P P

light-framed construction

not exceeding three

stories in height

Other SUG-1 buildings NP P P P P P

not exceeding two

stories in height

Regular structures with NP NP P P P P

T< 3.5 T, and all

structures of light-frame

construction

Irregular structures with NP NP P P P P

T <3.5 T, and having

only plan irregularities

type 2, 3,4, or 5 of

Table 9.5.2.3.2 or

vertical irregularities

type 4 or 5 of

Table 9.5.2.3.3

All other structures NP NP NP P P P

Notes: P—indicates permitted, NP —indicates not permitted

Category C shall, as a minimum, conform to the
requirements of Section 9.5.2.5.2.1 for Seismic
Design Categories A and B and the requirements
of this Section. Structures that have plan struc-
tural irregularity Type 5 in Table 9.5.2.3.2 shall
be analyzed for seismic forces using a three-
dimensional representation and either of the fol-
lowing procedures:

140

a. The structure shall be analyzed using the

equivalent lateral force analysis procedure
of Section 9.5.5, the modal response spec-
trum analysis procedure of Section 9.5.6,
or the linear response history analysis
procedure of Section 9.5.7, as permitted
under Section 9.5.2.5.1, with the loading
applied independently in any two orthogonal

directions and the most critical load effect
due to direction of application of seismic
forces on the structure may be assumed to
be satisfied if components and their founda-
tions are designed for the following combina-
tion of prescribed loads: 100% of the forces
for one direction plus 30% of the forces for
the perpendicular direction; the combination
requiring the maximum component strength
shall be used.

. The structure shall be analyzed using the

linear response history analysis procedure
of Section 9.5.7 or the nonlinear response
history analysis procedure of Section 9.5.8,
as permitted by Section 9.5.2.5.1, with
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orthogonal pairs of ground motion acceler-
ation histories applied simultaneously.

9.5.2.5.2.3 Seismic Design Categories D, E, and
F. Structures assigned to Seismic Design Cate-
gories D, E, and F shall, as a minimum, conform
to the requirements of Section 9.5.2.5.2.2 In addi-
tion, any column or wall that forms part of two or
more intersecting seismic force-resisting systems
and is subjected to axial load due to seismic forces
acting along either principal plan axis equaling or
exceeding 20% of the axial design strength of the
column or wall shall be designed for the most
critical load effect due to application of seismic
forces in any direction. Either of the procedures
of Section 9.5.2.5.2a or b shall be permitted to be
used to satisfy this requirement. Two-dimensional
analyses shall be permitted for structures with flex-
ible diaphragms.

9.5.2.6 Design and Detailing Requirements. The
design and detailing of the components of the seis-
mic force-resisting system shall comply with the
requirements of this Section. Foundation design shall
conform to the applicable requirements of Section 9.7.
The materials and the systems composed of those
materials shall conform to the requirements and
limitations of Sections 9.8 through 9.12 for the
applicable category.

9.5.2.6.1 Seismic Design Category A. The design
and detailing of structures assigned to Category A
shall comply with the requirements of this Section.

9.5.2.6.1.1 Load Path Connections. All parts of
the structure between separation joints shall be
interconnected to form a continuous path to the
seismic force-resisting system, and the connec-
tions shall be capable of transmitting the seismic
force (F,) induced by the parts being connected.
Any smaller portion of the structure shall be tied
to the remainder of the structure with elements
having a design strength capable of transmitting
a seismic force of 0.133 times the short period
design spectral response acceleration coefficient,
Sps, times the weight of the smaller portion or
5% of the portion’s weight, whichever is greater.
This connection force does not apply to the overall
design of the lateral-force-resisting system. Con-
nection design forces need not exceed the maxi-
mum forces that the structural system can deliver
to the connection.

A positive connection for resisting a horizontal
force acting parallel to the member shall be pro-
vided for each beam, girder, or truss to its support.

Minimum Design Loads for Buildings and Other Structures

The connection shall have a minimum strength of
5% of the dead plus live load reaction. One means
to provide the strength is to use connecting ele-
ments such as slabs.

9.5.2.6.1.2 Anchorage of Concrete or Masonry
Walls. Concrete and masonry walls shall be
anchored to the roof and all floors and members
that provide lateral support for the wall or which
are supported by the wall. The anchorage shall pro-
vide a direct connection between the walls and the
roof or floor construction. The connections shall be
capable of resisting the horizontal forces specified
in Section 9.5.2.6.1.1 but not less than a minimum
strength level, horizontal force of 280 1bs/ linear ft
(4.09 kN/m) of wall substituted for £ in the load
combinations of Section 2.3.2 or 2.4.1.

9.5.2.6.2 Seismic Design Category B. Structures
assigned to Seismic Design Category B shall con-
form to the requirements of Section 9.5.2.6.1 for
Seismic Design Category A and the requirements of
this Section.

9.5.2.6.2.1 P-Delta Effects. P-delta effects shall
be included where required by Section 9.5.5.7.2.

9.5.2.6.2.2 Openings. Where openings occur in
shear walls, diaphragms, or other plate-type ele-
ments, reinforcement at the edges of the openings
shall be designed to transfer the stresses into the
structure. The edge reinforcement shall extend into
the body of the wall or diaphragm a distance suffi-
cient to develop the force in the reinforcement. The
extension must be sufficient in length to allow dis-
sipation or transfer of the force without exceeding
the shear and tension capacity of the diaphragm or
the wall.

9.5.2.6.2.3 Direction of Seismic Load. The direc-
tion of application of seismic forces used in design
shall be that which will produce the most criti-
cal load effect in each component. This require-
ment will be deemed satisfied if the design seismic
forces are applied separately and independently in
each of two orthogonal directions.

9.5.2.6.2.4 Discontinuities in Vertical System.
Structures with a discontinuity in lateral capac-
ity, vertical irregularity Type 5 as defined in
Table 9.5.2.3.3, shall not be more than 2 stories
or 30 ft (9 m) in height where the “weak™ story
has a calculated strength of less than 65% of the
story above.
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Exception: The limit does not apply where
the “weak” story is capable of resisting a total
seismic force equal to €2, times the design force
prescribed in Section 9.5.3.

9.5.2.6.2.5 Nonredundant Systems. The design
of a structure shall consider the potentially adverse
effect that the failure of a single member, connec-
tion, or component of the seismic force-resisting
system will have on the stability of the structure;
see Section 1.4.

9.5.2.6.2.6 Collector Elements. Collector ele-
ments shall be provided that are capable of
transferring the seismic forces originating in other
portions of the structure to the element providing
the resistance to those forces.

9.5.2.6.2.7 Diaphragms. The deflection in the
plane of the diaphragm, as determined by engi-
neering analysis, shall not exceed the permissible
deflection of the attached elements. Permissible
deflection shall be that deflection which will per-
mit the attached element to maintain its structural
integrity under the individual loading and continue
to support the prescribed loads.

Floor and roof diaphragms shall be designed to
resist ¥, where F), is the larger of:

1. The portion of the design seismic force at
the level of the diaphragm that depends on
the diaphragm for transmission to the ver-
tical elements of the seismic force-resisting
system, or

2. F, =02Spslw, +V,, (Eq.9.5.2.6.2.7)

where

F, = the seismic force induced by
the parts
I = occupancy importance factor
(Table 9.1.4)

Sps = the short period site design spectral
response acceleration coefficient,
Section 9.4.1

w, = the weight of the diaphragm and
other elements of the structure
attached to it

V,x = the portion of the seismic shear
force at the level of the diaphragm,
required to be transferred to the
components of the vertical seismic
force-resisting system
because of the offsets or changes in
stiffness of the vertical components
above or below the diaphragm

Diaphragms shall be designed for both the shear
and bending stresses resulting from these forces.
Diaphragms shall have ties or struts to distribute
the wall anchorage forces into the diaphragm.
Diaphragm connections shall be positive, mechan-
ical, or welded type connections.

At diaphragm discontinuities, such as open-
ings and re-entrant corners, the design shall
ensure that the dissipation or transfer of edge
(chord) forces combined with other forces in the
diaphragm is within shear and tension capacity of
the diaphragm.

9.5.2.6.2.8 Anchorage of Concrete or Masonry
Walls. Exterior and interior bearing walls and their
anchorage shall be designed for a force normal
to the suiface equal to 40% of the short period
design spectral response acceleration, Spg, times
the occupancy importance factor, /, multiplied by
the weight of wall (W) associated with the anchor,
with a minimum force of 10% of the weight of the
wall. Interconnection of wall elements and con-
nections to supporting framing systems shall have
sufficient ductility, rotational capacity, or sufficient
strength to resist shrinkage, thermal changes, and
differential foundation settlement when combined
with seismic forces. The connections shall also sat-
isfy Section 9.5.2.6.1.2.

The anchorage of concrete or masonry walls to
supporting construction shall provide a direct con-
nection capable of resisting the greater of the force
0.4 SpsI W, as given above or 400 Spgl Ibs/linear
ft (5.84 Sps!I kN/m) of wall or the force specified
in Section 9.5.2.6.1.2. Walls shall be designed to
resist bending between anchors where the anchor
spacing exceeds 4 ft (1219 mm).

9.5.2.6.2.9 Inverted Pendulum-Type Structures.
Supporting columns or piers of inverted pendulum-
type structures shall be designed for the bending
moment calculated at the base determined using
the procedures given in Section 9.5.3 and varying
uniformly to a moment at the top equal to one-half
the calculated bending moment at the base.

9.5.2.6.2.10 Anchorage of Nonstructural Sys-
tems. When required by Section 9.6, all portions
or components of the structure shall be anchored
for the seismic force, F),, prescribed therein.

9.5.2.6.2.11 Elements Supporting Discontinu-
ous Walis or Frames. Columns, beams, trusses,
or slabs supporting discontinuous walls or frames
of structures having plan irregularity Type 4 of
Table 9.5.2.3.2 or vertical irregularity Type 4 of
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Table 9.5.2.3.3 shall have the design strength to
resist the maximum axial force that can develop
in accordance with the special seismic loads of
Section 9.5.2.7.1.

9.5.2.6.3 Seismic Design Category C. Structures
assigned to Category C shall conform to the require-
ments of Section 9.5.2.6.2 for Category B and to the
requirements of this Section.

9.5.2.6.3.1 Collector Elements. Collector ele-
ments shall be provided that are capable of trans-
ferring the seismic forces originating in other
portions of the structure to the element provid-
ing the resistance to those forces. Collector ele-
ments, splices, and their connections to resisting
elements shall resist the special seismic loads of
Section 9.5.2.7.1.

Exception: In structures or portions thereof
braced entirely by light-frame shear walls,
collector elements, splices, and connections to
resisting elements need only be designed to resist
forces in accordance with Section 9.5.2.6.4 4.

The quantity QoE in Eq. 9.5.2.7.1-1 need not
exceed the maximum force that can be transferred
to the collector by the diaphragm and other ele-
ments of the lateral force-resisting system.

9.5.2.6.3.2 Anchorage of Concrete or Masonry
Walls. Concrete or masonry walls shall be
anchored to all floors, roofs, and members that
provide out-of-plane lateral support for the wall
or that are supported by the wall. The anchorage
shall provide a positive direct connection between
the wall and floor, roof, or supporting member
capable of resisting horizontal forces specified in
this Section for structures with flexible diaphragms
or with Section 9.6.1.3 (using a, of 1.0 and R,
of 2.5) for structures with diaphragms that are
not flexible.

Anchorage of walls to flexible diaphragms shall
have the strength to develop the out-of-plane force
given by Eq. 9.5.2.6.3.2:

F,=08SpsIW, (Eq. 9.5.2.6.3.2)

F, = the design force in the individual anchors
Sps = the design spectral response acceleration
at short periods per Section 9.4.1.2.5
I = the occupancy importance factor per
Section 9.1.4

Minimum Design Loads for Buildings and Other Structures

W, = the weight of the wall tributary to
the anchor

Diaphragms shall be provided with continuous
ties or struts between diaphragm chords to dis-
tribute these anchorage forces into the diaphragms.
Added chords may be used to form subdiaphragms
to transmit the anchorage forces to the main con-
tinuous cross ties. The maximum length-to-width
ratio of the structural subdiaphragm shall be 2% to
1. Connections and anchorages capable of resist-
ing the prescribed forces shall be provided between
the diaphragm and the attached components. Con-
nections shall extend into the diaphragm a suffi-
cient distance to develop the force transferred into
the diaphragm.

The strength design forces for steel elements of
the wall anchorage system, other than anchor bolts
and reinforcing steel, shall be 1.4 times the forces
otherwise required by this Section.

In wood diaphragms, the continuous ties shall
be in addition to the diaphragm sheathing. Anchor-
age 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 tension. The diaphragm sheathing shall 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 as to
effectively transfer forces to the reinforcing steel.

When elements of the wall anchorage system
are loaded eccentrically or are not perpendicular
to the wall, the system shall be designed to
resist all components of the forces induced by the
eccentricity.

When pilasters are present in the wall, the
anchorage force at the pilasters shall be calculated
considering the additional load transferred from
the wall panels to the pilasters. However, the
minimum anchorage force at a floor or roof shall
not be reduced.

9.5.2.6.4 Seismic Design Category D. Structures
assigned to Category D shall conform to the require-
ments of Section 9.5.2.6.3 for Category C and to the
requirements of this Section.

9.5.2.6.4.1 Collector Elements. In addition to
the requirements of Section 9.5.2.6.3.1, collector
elements, splices, and their connections to resisting
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elements shall resist the forces determined in
accordance with Section 9.5.2.6.4.4.

9.5.2.6.4.2 Plan or Vertical Irregularities. When
the ratio of the strength provided in any story to
the strength required is less than two-thirds of
that ratio for the story immediately above, the
potentially adverse effect shall be analyzed and
the strengths shall be adjusted to compensate for
this effect.

For structures having a plan structural irreg-
vlarity of Type 1, 2, 3, or 4 in Table 9.5.2.3.2
or a vertical structural irregularity of Type 4 in
Table 9.5.2.3.3, the design forces determined from
Section 9.5.5.2 shall be increased 25% for con-
nections of diaphragms to vertical elements and
to collectors and for connections of collectors to
the vertical elements. Collectors and their connec-
tions also shall be designed for these increased
forces unless they are designed for the special seis-
mic loads of Section 9.5.2.7.1, in accordance with
Section 9.5.2.6.3.1.

9.5.2.6.4.3 Vertical Seismic Forces. The vertical
component of earthquake ground motion shall be
considered in the design of horizontal cantilever
and horizontal prestressed components. The load
combinations used in evaluating such components
shall include E as defined by Eqgs. 9.5.2.7-1 and
9.5.2.7-2. Horizontal cantilever structural compo-
nents shall be designed for a minimum net upward
force of 0.2 times the dead load in addition to the
applicable load combinations of Section 9.5.2.7.

9.5.2.6.4.4 Diaphragms. The deflection in the
plane of the diaphragm shall not exceed the
permissible deflection of the attached elements.
Permissible deflection shall be that deflection that
will permit the attached elements to maintain
structural integrity under the individual loading
and continue to support the prescribed loads. Floor
and roof diaphragms shall be designed to resist
design seismic forces determined in accordance
with Eq. 9.5.2.6.4.4 as follows:

>
i=x

——Wpx (Eq. 9.5.2.6.4.4)

n
2w
i=x

F px =

where

Fp, = the diaphragm design force
F; = the design force applied to Level ;
w; = the weight tributary to Level i
wpy = the weight tributary to the diaphragm at
Level x

The force determined from Eq. 9.5.2.6.4.4 need
not exceed 0.4S8ps/w,, but shall not be less than
0.28psfw,,. When the diaphragm is 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 changes in relative lateral stiffness in the
vertical elements, these forces shall be added to
those determined from Eq. 9.5.2.6.4.4.

9.5.2.6.5 Seismic Design Categories E and F. Struc-
tures assigned to Seismic Design Categories E and F
shall conform to the requirements of Section 9.5.2.6.4
for Seismic Design Category D and to the require-
ments of this Section.

9.5.2.6.5.1 Plan or Vertical Irregularities.
Structures having plan irregularity Type 1b of
Table 9.5.2.3.1 or vertical irregularities Type 1b or
5 of Table 9.5.2.3.3 shall not be permitted.

9.5.2.7 Combination of Loead Effects. The effects on
the structure and its components due to seismic forces
shall be combined with the effects of other loads in
accordance with the combinations of load effects given
in Section 2. For use with those combinations, the
earthquake-induced force effect shall include vertical and
horizontal effects as given by Eq. 9.5.2.7-1 or 9.5.2.7-2,
as applicable. The vertical seismic effect term 0.25pgD
need not be included where Sps is equal to or less
than 0.125 in Egs. 9.5.2.7-1, 9.5.2.7-2, 9.5.2.7.1-1, and
9.5.2.7.1-2. The vertical seismic effect term 0.25psD
need not be included in Eq. 9.5.2.7-2 when considering
foundation overturning.

for load combination 5 in Section 2.3.2 or load combi-
nation 5 in Section 2.4.1:

E=pQr+02SpsD (Eq. 9.5.2.7-1)

for load combination 7 in Section 2.3.2 or load combi-
nation 8 in 2.4.1:

E=pQr—02SpsD (Eq. 9.5.2.7-2)

where

E = the effect of horizontal and vertical
earthquake-induced forces
Sps = the design spectral response acceleration at
short periods obtained from Section 9.4.1.2.5
D = the effect of dead load, D
QO = the effect of horizontal seismic
(earthquake-induced) forces
p = the reliability factor
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9.5.2.7.1 Special Seismic Load. Where specifically
indicated in this Standard, the special seismic load
of Eq. 9.5.2.7.1-1 shall be used to compute E for
use in load combination 5 in Section 2.3.2 or load
combination 3 in 2.4.1 and the special seismic load
of Eq. 9.5.2.7.1-2 shall be used to compute E in load
combination 7 in Section 2.3.2 or load combination 5
in Section 2.4.1:

E = Q()QE + OQSDS‘D
E=Q,0p —02SpsD

(Eq. 9.5.2.7.1-1)
(Eq. 9.5.2.7.1-2)

The value of the quantity Q,Qf in Egs. 9.5.2.7.1-
1 and 9.5.2.7.1-2 need not be taken greater than the
capacity of other elements of the structure to transfer
force to the component under consideration.

Where allowable stress design methodologies are
used with the special load of this Section applied in
load combinations 3 or 5 of Section 2.4.1, allowable
stresses are permitted to be determined using an
allowable stress increase of 1.2. This increase shall
not be combined with increases in allowable stresses
or load combination reductions otherwise permitted
by this standard or the material reference standard
except that combination with the duration of load
increases permitted in Ref. 9-12.1 is permitted.

9.5.2.8 Deflection, Drift Limits, and Building Separa-
tion. The design story drift (A) as determined in
Section 9.5.5.7 or 9.5.6.6, shall not exceed the allowable
story drift (A,) as obtained from Table 9.5.2.8 for
any story. For structures with significant torsional
deflections, the maximum drift shall include torsional
effects. All portions of the structure shall be designed

and constructed to act as an integral unit in resisting
seismic forces unless separated structurally by a
distance sufficient to avoid damaging contact under total
deflection (8,) as determined in Section 9.5.5.7.1

9.5.3 Index Force Analysis Procedure for Seismic
Design of Buildings. See Section 9.5.2.5.1 for limitations
on the use of this procedure. An index force analysis shall
consist of the application of static lateral index forces to a
linear mathematical model of the structure, independently
in each of two orthogonal directions. The lateral index
forces shall be as given by Eq. 9.5.3-1 and shall be applied
simultaneously at each floor level. For purposes of analysis,
the structure shall be considered to be fixed at the base:

Fy =0.01w, (Eq. 9.5.3-1)

where

F, = the design lateral force applied at story x

w, = the portion of the total gravity load of the structure,
W, located or assigned to Level x

W = the effective seismic weight of the structure,
including the total dead load and other loads

listed below:

1. In areas used for storage, a minimum of 25% of
the floor live load (fioor live load in public
garages and open parking structures need not
be included.)

2. Where an allowance for partition load is
included in the floor load design, the actual
partition weight or a minimum weight of 10 psf
(0.48 kN/m?) of floor area, whichever is greater.

3. Total operating weight of permanent equipment.

4. 20% of flat roof snow load where flat roof snow
load exceeds 30 psf (1.44 kN/m?).

TABLE9.5.2.8
ALLOWABLE STORY DRIFT, A,

Seismic Use Group

Structure i 1] il
Structures, other than masonry shear wall or masonry wall 0.025h,,° 0.020h;, 0.015h,
frame structures, four stories or less with interior walls,
partitions, ceilings and exterior wall systems that have been
designed to accommodate the story drifts.
Masonry cantilever shear wall structures® 0.010A, 0.010A, 0.010h,,
Other masonry shear wall structures 0.007h;, 0.007h;, 0.007h,,
Masonry wall frame structures 0.013h,, 0.013A,, 0.010h;,
All other structures 0.020h;, 0.015h;, 0.010h,,

* hyy is the story height below Level x.

Y There shall be no drift Hmit for single-story structures with interior walls, partitions, ceilings, and exterior wall systems that have been designed to
accommodate the story drifts. The structure separation requirement of Section 9.5.2.8 is not waived.
¢ Structures in which the basic structural system consists of masonry shear walls designed as vertical elements cantilevered from their base or foundation
support which are so constructed that moment transfer between shear walls (coupling) is negligible.

Minimum Design Loads for Buildings and Other Structures
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9.5.4 Simplified Analysis Procedure for Seismic Design
of Buildings. See Section 9.5.2.5.1 for limitations on the
use of this procedure. For purposes of this analysis proce-
dure, a building is considered to be fixed at the base.

9.5.4.1 Seismic Base Shear. The seismic base shear, V,
in a given direction shall be determined in accordance
with the following formula:

1.28ps
V= DS

Eq. 9.5.4.1
7 w (Eq. 9 )

where

Sps = the design elastic response acceleration at
short period as determined in accordance
with Section 9.4.1.2.5

R = the response modification factor from
Table 9.5.2.2

W = the effective seismic weight of the structure
as defined in Section 9.5.3

9.5.4.2 Vertical Distribution. The forces at each level
shall be calculated using the following formula:

_ 1.28ps

F; R

(Eq. 9.5.4.2)

where

w, = the portion of the effective seismic weight of
the structure, W, at level x

9.5.4.3 Horizontal Distribution. Diaphragms construc-
ted of wood structural panels or untopped steel decking
are permitted to be considered as flexible.

9.5.4.4 Design Drift. For the purposes of Section
9.5.2.8, the design story drift, A, shall be taken as 1% of
the story height unless a more exact analysis is provided.

9.5.5 Equivalent Lateral Force Procedure.

9.5.5.1 General. Section 9.5.5 provides required mini-
mum standards for the equivalent lateral force procedure
of seismic analysis of structures. An equivalent lateral
force analysis shall consist of the application of equiva-
lent static lateral forces to a linear mathematical model
of the structure. The directions of application of lateral
forces shall be as indicated in Section 9.5.2.5.2. The lat-
eral forces applied in each direction shall be the total
seismic base shear given by Section 9.5.5.2 and shall be
distributed vertically in accordance with the provisions
of Section 9.5.5.3. For purposes of analysis, the structure
is considered to be fixed at the base. See Section 9.5.2.5
for limitations on the use of this procedure.
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9.5.5.2 Seismic Base Shear. The seismic base shear
(V) in a given direction shall be determined in
accordance with the following equation:

V=CW (Eq. 9.5.5.2-1)

where

C; = the seismic response coefficient determined in
accordance with Section 9.5.5.2.1

W = the total dead load and applicable portions of
other loads as indicated in Section 9.5.3

9.5.5.2.1 Calculation of Seismic Response Coeffi-
cient. When the fundamental period of the structure
is computed, the seismic design coefficient (Cy)
shall be determined in accordance with the
following equation:

Sps
C, = - Eqg. 9.5.5.2.1-1
=R (Eq )

where

Sps = the design spectral response acceleration in
the short period range as determined from
Section 9.4.1.2.5

R = the response modification factor in
Table 9.5.2.2

I = the occupancy importance factor determined
in accordance with Section 9.1.4

A soil-structure interaction reduction shall not
be used unless Section 9.5.9 or another generally
accepted procedure approved by the authority having
jurisdiction is used.

Alternatively, the seismic response coefficient,
(Cy), need not be greater than the following equation:

__Soi
"TT(R/D

(Eq. 9.5.5.2.1-2)

but shall not be taken less than
C, =0.0448ps1 (Eq. 9.5.5.2.1-3)

nor for buildings and structures in Seismic Design
Categories E and F

058,

g — Eq. 9.5.5.2.1-4
. R/I (Eq )

where I and R are as defined above and

Spi = the design spectral response acceleration at a
period of 1.0 sec, in units of g-sec, as
determined from Section 9.4.1.2.5

T = the fundamental period of the structure (sec)
determined in Section 9.5.5.3
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S1 = the mapped maximum considered earthquake
spectral response acceleration determined in
accordance with Section 9.4.1

A soil-structure interaction reduction is permitted
when determined using Section 9.5.9.

For regular structures 5 stories or less in height
and having a period, T, of 0.5 sec or less, the
seismic response coefficient, C; shall be permitted
to be calculated using values of 1.5 g and 0.6 g,
respectively, for the mapped maximum considered
earthquake spectral response accelerations Sg and Sj.

9.5.5.3 Period Determination. The fundamental period
of the structure (7') in the direction under considera-
tion shall be established using the structural properties
and deformational characteristics of the resisting ele-
ments in a properly substantiated analysis. The fun-
damental period (7") shall not exceed the product of
the coefficient for upper limit on calculated period (C,)
from Table 9.5.5.3 and the approximate fundamental
period (7,) determined from Eq. 9.5.5.3-1. As an alter-
native to performing an analysis to determine the fun-
damental period (7), it shall be permitted to use the
approximate building period, (7,), calculated in accor-
dance with Section 9.5.5.3.2, directly.

9.5.5.3.1 Upper Limit on Calculated Period. The
fundamental building period (7)) determined in a
properly substantiated analysis shall not exceed the
product of the coefficient for upper limit on calculated
period (C,) from Table 9.5.5.3.1 and the approximate
fundamental period (T,) determined in accordance
with Section 9.5.5.3.2.

9.5.5.3.2 Approximate Fundamental Period. The
approximate fundamental period (7},), in seconds,

TABLE 9.5.5.3.1
COEFFICIENT FOR UPPER LIMIT ON
CALCULATED PERIOD

Design Spectral Response
Acceleration at 1 Second, Sp4 Coefficient Cy
> 04 1.4
0.3 1.4
0.2 1.5
0.15 1.6
0.1 1.7
< 0.05 1.7

shall be determined from the following equation:

T, = Ch,* (Eq. 9.5.5.3.2-1)
where /1, is the height in ft above the base to the
highest level of the structure and the coefficients C,
and x are determined from Table 9.5.5.3.2.

Alternatively, it shall be permitted to determine
the approximate fundamental period (7,), in seconds,
from the following equation for structures not exceed-
ing 12 stories in height in which the lateral-force-
resisting system consists entirely of concrete or steel
moment resisting frames and the story height is at
least 10 ft (3 m):

T, =0.1N (Eq. 9.5.5.3.2-1a)

where N = number of stories

The approximate fundamicizal period, T,, in sec-
onds for masonry or concrete shear wall struc-
tures shall be permitted to be determined from

TABLE 9.5.5.3.2
VALUES OF APPROXIMATE PERIOD PARAMETERS C; AND x
Structure Type Cy X
Moment resisting frame systems of steel in which the frames 0.028(0.068)" 0.8
resist 100% 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
Moment resisting frame systems of reinforced concrete in 0.016(0.044) 0.9
which the frames resist 100% of the required seismic force and
are not enclosed or adjoined by more rigid components that
will prevent the frame from deflecting when subjected to
seismic forces
Eccentrically braced steel frames 0.03(0.07)* 0.75
All other structural systems 0.02(0.055) 0.75

* —metric equivalents are shown in parentheses

Minimum Design Loads for Buildings and Other Structures
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Eq. 9.5.5.3.2-2 as follows: kN) shall be determined from the following equation:

00019

I, = —“E“_’hn (Eq. 9.5.5.3.2-2) V, = Z F; (Eq. 9.5.5.5)
where h, is as defined above and C,, is calculated

where F; = the portion of the seismic base shear (V)
from Eq. 9.5.5.3.2-3 as follows:

(kip or kN) induced at Level i.

n
W= @ (ﬁﬂ )2 A; 9.5.5.5.1 Direct Shear. The seismic design story
Ap P h; h \? shear (V) (kip or kN) shall be distributed to the var-
14083 (a) ious vertical elements of the seismic force-resisting
system in the story under consideration based on the
(Eq. 9.5.5.3.2-3) relative lateral stiffness of the vertical resisting ele-
where ments and the diaphragm.

Ap = the base area of the structure ft?
A; = the area of shear wall “i” in ft?
D, = the length of shear wall “i” in ft
n = the number of shear walls in the building
effective in resisting lateral forces in the
direction under consideration

9.5.5.5.2 Torsion. Where diaphragms are not flexi-
ble, the design shall include the torsional moment
(M,) (kip or kN) resulting from the location of
the structure masses plus the accidental torsional
moments (M,,) (kip or kN) caused by assumed dis-
placement of the mass each way from its actual
location by a distance equal to 5% of the dimen-

9.5.5.4 Vertical Distribution of Seismic Forces. The sion of the structure perpendicular to the direction
lateral seismic force (Fy) (kip or kN) induced at any of the applied forces. Where earthquake forces are
level shall be determined from the following equations: applied concurrently in two orthogonal directions, the
required 5% displacement of the center of mass need
Fo=CnV (Eq. 9.5.5.4-1) not be applied in both of the orthogonal directions at
the same time, but shall be applied in the direction

and Bk that produces the greater effect.
Cpr = nw_*x__ (Eq. 9.5.5.4-2) Structures of Seismic Design Categories C, D,
Z wih E, and F, where Type 1 torsional irregularity exists
p H as defined in Table 9.5.2.3.2, shall have the effects

accounted for by multiplying M,, at each level by a
where torsional amplification factor (A,) determined from

N ) o the following equation:
C,, = vertical distribution factor

V = total design lateral force or shear at S \°
the base of the structure, (kip or kN) Ay = (] ) 5“)
w; and w, = the portion of the total gravity load of e
the structure (W) located or assigned where
to Level i or x
h; and h, = the height (ft or m) from the base to
Level i or x
k = an exponent related to the structure
period as follows:
for structures having a period of
0.5secorless, k=1
for structures having a period of
2.5 sec or more, k =2
for structures having a period between
0.5 and 2.5 seconds, & shall be 2 or
shall be determined by linear
interpolation between 1 and 2

(Eq. 9.5.5.5.2)

Smar = the maximum displacement at Level x (in.
or mm)

8uyg = the average of the displacements at the
extreme points of the structure at Level x
(in. or mm)

Exception: The torsional and accidental torsional
moment need not be amplified for structures of
light-frame construction.

The torsional amplification factor (A,) is not

required to exceed 3.0. The more severe loading for
each element shall be considered for design.

9.5.5.5 Horizontal Shear Distribution and Torsion. 9.5.5.6 Overturning. The structure shall be designed
The seismic design story shear in any story (V) (kip or to resist overturning effects caused by the seismic
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forces determined in Section 9.5.4.4. At any story, the
increment of overturning moment in the story under
consideration shall be distributed to the various vertical
elements of the lateral force-resisting system in the same
proportion as the 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 Fi(h —h) (Eq. 9.5.5.6)

where

F; = the portion of the seismic base
shear (V) induced at Level i
h; and h, = the height (in ft or m) from the base to
Level i or x

The foundations of structures, except inverted
pendulum-type structures, shail be permitted to be
designed for 75% of the foundation overturning design
moment (M) (kip-ft or kN-m) at the foundation—soil
interface determined using the equation for the
overturning moment at Level x (M,) (kip-ft or kN-m).

9.5.5.7 Drift Determination and P-Delta Effects.
Story 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 shall be based on the application of the design
seismic forces to a mathematical model of the physical
structure. The model shall include the stiffness and
strength of all elements that are significant to the
distribution of forces and deformations in the structure
and shall represent the spatial distribution of the mass
and stiffness of the structure. In 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 steel moment resisting frame systems, the
contribution of panel zone deformations to overall
story drift shall be inciuded.

9.5.5.7.1 Story Drift Determination. The design
story drift (A) shall be computed as the difference
of the deflections at the top and bottom of the story
under consideration. Where allowable stress design
is used, A shall be computed using code-specified
earthquake forces without reduction.

Exception: For structures of Seismic Design Cat-
egories C, D, E, and F having plan irregularity
Types la or 1b of Table 9.5.2.3.2, the design story
drift, D, shall be computed as the largest difference

Minimum Design Loads for Buildings and Other Structures

of the deflections along any of the edges of the
structure at the top and bottom of the story under
consideration.

The deflections of Level x at the center of the
mass (6,) (in. or mm) shall be determined in accor-
dance with the following equation:

Ccla\'e

8y = 5 (Eq. 9.5.5.7.1)

where

C; = the deflection amplification factor in
Table 9.5.2.2
8, = the deflections determined by an
elastic analysis
I = the importance factor determined in
accordance with Section 9.1.4

The elastic analysis of the seismic force-resisting
system shall be made using the prescribed seismic
design forces of Section 9.5.5.4. For the purpose of
this Section, the value of the base shear, V, used
in Eq. 9.5.5.2-1 need not be limited by the value
obtained from Eq. 9.5.5.2.1-3.

For determining compliance with the story drift
limitation of Section 9.5.2.8, the deflections at the
center of mass of Level x (§,) (in. or mm) shall be
calculated as required in this Section. For the purposes
of this drift analysis only, the upper-bound limitation
specified in Section 9.5.5.3 on the computed funda-
mental period, T, in seconds, of the building does not
apply for computing forces and displacements.

Where applicable, the design story drift (A) (in.
or mm) shall be increased by the incremental factor
relating to the P-delta effects as determined in
Section 9.5.5.7.2.

When calculating drift, the redundancy coefficient,
p, is not used.

9.5.5.7.2 P-Delta Effects. P-delta 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 sta-
bility coefficient (9) as determined by the following
equation is equal to or less than 0.10:

P A

0= ———
V,xhs,rcd

(Eq. 9.5.5.7.2-1)

where

P, = the total vertical design load at and above
Level x. (kip or kN); when computing P, no
individual load factor need exceed 1.0

A = the design story drift as defined in
Section 9.5.3.7.1 occurring simultaneously
with V,, (in. or mm)
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V. = the seismic shear force acting between
Levels x and x — 1, (kip or kIN)
hg, = the story height below Level x, (in. or mm)
C4 = the deflection amplification factor in
Table 9.5.2.2
The stability coefficient (6) shall not exceed 6,
determined as follows:

0.5

d

I

<0.25 (Eq. 9.5.5.7.2-2)

Omax =

where f is the ratio of shear demand to shear capacity
for the story between Level x and x — 1. This ratio
may be conservatively taken as 1.0.

When the stability coefficient (¢) is greater than
0.10 but less than or equal to 6,,, the incremental
factor related to P-delta effects (a,) shall be deter-
mined by rational analysis. To obtain the story drift
for including the P-delta effect, the design story drift
determined in Section 9.5.5.7.1 shall be multiplied by
1.0/(1 — 6).

When 6 is greater than 8,,., the structure is
potentially unstable and shall be redesigned.

When the P-delta effect is included in an auto-
mated analysis, Eq. 9.5.5.7.2-2 must still be satisfied,
however, the value of & computed from Eq. 9.5.5.7.2-
1 using the results of the P-delta analysis may be
divided by (1 + ) before checking Eq. 9.5.5.7.2-2.

9.5.6 Modal Analysis Procedure.

9.5.6.1 General. Section 9.5.6 provides required stan-
dards for the modal analysis procedure of seismic analy-
sis of structures. See Section 9.5.2.5 for requirements for
use of this procedure. The symbols used in this method
of analysis have the same meaning as those for sim-
ilar terms used in Section 9.5.3, with the subscript m
denoting quantities in the m™ mode.

9.5.6.2 Modeling. A mathematical model of the struc-
ture shall be constructed that represents the spatial dis-
tribution of mass and stiffness throughout the structure.

For regular structures with independent orthogo-
nal seismic force-resisting systems, independent two-
dimensional models are permitted to be constructed to
represent each system. For irregular structures or struc-
tures without independent orthogonal systems, a three-
dimensional model incorporating a minimum of three
dynamic degrees of freedom consisting of translation
in two orthogonal plan directions and torsional rotation
about the vertical axis shall be included at each level
of the structure. Where the diaphragms are not rigid
compared to the vertical elements of the lateral force-
resisting system, the model should include representa-
tion of the diaphragm’s flexibility and such additional
dynamic degrees of freedom as are required to account
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for the participation of the diaphragm in the structure’s
dynamic response. In addition, the model shall comply
with the following:

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

2. For steel moment frame systems, the contribution
of panel zone deformations to overall story drift
shall be included.

9.5.6.3 Modes. An analysis shall be conducted to deter-
mine the natural modes of vibration for the structure,
including the period of each mode, the modal shape vec-
tor @, the modal participation factor, and modal mass.
The analysis shall include a sufficient number of modes
to obtain a combined modal mass participation of at
least 90% of the actual mass in each of two orthogo-
nal directions.

9.5.6.4 Periods. The required periods, mode shapes,
and participation factors of the structure in the direction
under consideration shall be calculated by established
methods of structural analysis for the fixed-base con-
dition using the masses and elastic stiffnesses of the
seismic force-resisting system.

9.5.6.5 Modal Base Shear. The portion of the base
shear contributed by the m" mode (V,,) shall be deter-
mined from the following equations:

Vin = Csp Wy,

n 2
(Z wid)im)

i=l

Wy = ~=b —~ (Eq. 9.5.6.5-2)

n

— 2
E wi(pim
=]

(Eq. 9.5.6.5-1)

where

C;,» = the modal seismic design coefficient

determined below

the effective modal gravity load

the portion of the total gravity load of the

structure at Level i

¢im = the displacement amplitude at the i level of
the structure when vibrating in its m™ mode

va
Wi

The modal seismic design coefficient (Cy,,) shall be
determined in accordance with the following equation:

LS‘(HII
Com = —— Eq. 9.5.6.5-3
=R (Eq )
where
Sum = the design spectral response acceleration at

period 7, determined from either the general
design response spectrum of Section 9.4.1.2.6
or a site-specific response spectrum per
Section 9.4.1.3
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R = the response modification factor determined
from Table 9.5.2.2
I = the occupancy importance factor determined
in accordance with Section 9.1.4
T, = the modal period of vibration (in seconds) of
the m™ mode of the structure

Exception: When the general design response spec-
trum of Section 9.4.1.2.6 is used for structures where
any modal period of vibration (7},) exceeds 4.0 sec,
the modal seismic design coefficient (Cy,,) for that
mode shall be determined by the following equation:

48
Csm - P

(R/1)T2

m

(Eq. 9.5.6.5-4)

The reduction due to soil-structure interaction as
determined in Section 9.5.5.3 is permitted to be used.

9.5.6.6 Modal Forces, Deflections, and Drifts. The
modal force (Fy,,) at each level shall be determined by
the following equations:

Fuon = Coxm Vi (Eq- 9.5.6.6-1)
and
Coam = #@L (Eq- 9.5.6.6-2)
Z wi¢im
=1
where

C,un = the vertical distribution factor in the
m™ mode
Vi = the total design lateral force or shear
at the base in the m™ mode
w; and w, = the portion of the total gravity load of
the structure (W) located or assigned
to Level i or x
¢rm = the displacement amplitude at the x*
level of the structure when vibrating
in its m™ mode
¢im = the displacement amplitude at the i
level of the structure when vibrating
in its m™ mode

h

The modal deflection at each level (§,,,) shall be
determined by the following equations:

C( 8\'6"1
Sim = 11* (Eq. 9.5.6.6-3)

and

(Eq. 9.5.6.6-4)

5 :( 8 )(T,%Fxm>
xem 472 W,
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where

C; = the deflection amplification factor determined
from Table 9.5.2.2
8w = the deflection of Level x in the m™ mode at
the center of the mass at Level x determined
by an elastic analysis
g = the acceleration due to gravity (ft*/sec)
I = the occupancy importance factor determined
in accordance with Section 9.1.4
T, = the modal period of vibration, in seconds, of
the m"™ mode of the structure
F.n = the portion of the seismic base shear in the
m™ mode, induced at Level x, and
w, = the portion of the total gravity load of the
structure (W) located or assigned to Level x

The modal drift in a story (A,,) shall be computed
as the difference of the deflections (6,,,) at the top and
bottom of the story under consideration.

9.5.6.7 Modal Story Shears and Moments. The story
shears, story overturning moments, and the shear forces
and overturning moments in vertical elements of the
structural system at each level due to the seismic
forces determined from the appropriate equation in
Section 9.5.6.6 shall be computed for each mode by
linear static methods.

9.5.6.8 Design Values. The design value for the modal
base shear (V;), each of the story shear, moment and
drift quantities, and the deflection at each level shall be
determined by combining their modal values as obtained
from Sections 9.5.6.6 and 9.5.6.7. The combination shall
be carried out by taking the square root of the sum of
the squares of each of the modal values or where closely
spaced periods in the translational and torsional modes
result in significant cross-correlation of the modes,
the complete quadratic combination (CQC) method, in
accordance with ASCE-4, shall be used.

A base shear (V) shall be calculated using the equiv-
alent lateral force procedure in Section 9.5.5. For the
purpose of this calculation, a fundamental period of the
structure (7°), in seconds, shall not exceed the coefficient
for upper limit on the caiculated period (C,) times the
approximate fundamental period of the structure (7).
Where the design value for the modal base shear (V;)
is less than 85% of the calculated base shear (V) using
the equivalent lateral force procedure, the design story
shears, moments, drifts, and floor deflections shall be
muitiplied by the following modification factor:

0.85— (Eq. 9.5.6.8)
Vi
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where

V' = the equivalent lateral force procedure base
shear, calculated in accordance with this
section and Section 9.5.5, and

V, = the modal base shear, calculated in accordance
with this section

9.5.6.9 Horizontal Shear Distribution. The distribu-
tion of horizontal shear shall be in accordance with the
requirements of Section 9.5.5.5 except that amplification
of torsion per Section 9.5.5.5.2 is not required for that
portion of the torsion, Ay, included in the dynamic anal-
ysis model.

9.5.6.10 Foundation Overturning. The foundation
overturning moment at the foundation-soil interface may
be reduced by 10%.

9.5.6.11 P-Delta Effects. The P-delta effects shall be
determined in accordance with Section 9.5.5.7. The story
drifts and base shear used to determine the story shears
shall be determined in accordance with Section 9.5.5.7.1.

9.5.7 Linear Response History Analysis Procedure. A
linear response history analysis shall consist of an analysis
of a linear mathematical model of the strucrure to determine
its response, through methods of numerical integration, to
suites of ground motion acceleration histories compatible
with the design response spectrum for the site. The analysis
shall be performed in accordance with the provisions
of this Section. For purposes of analysis, the structure
shall be permitted to be considered to be fixed at the
base, or alternatively, it shall be permitted to use realistic
assumptions with regard to the stiffness of foundations. See
Section 9.5.2.1 for limitations on the use of this procedure.

9.5.7.1 Modeling. Mathematical models shall conform
to the requirements of Section 9.5.6.1.

9.5.7.2 Ground Motion. A suite of not less than three
appropriate ground motions shall be used in the analysis.
Ground motion shall conform to the requirements of
this Section.

9.5.7.2.1 Two-Dimensional Analysis. When two-
dimensional analyses are performed, each ground
motion shall consist of a horizontal acceleration his-
tory, selected from an actual recorded event. Appro-
priate acceleration histories shall be obtained from
records of events having magnitudes, fault distance,
and source mechanisms that are consistent with those
that control the maximum considered earthquake.
Where the required number of appropriate recorded
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ground motion records are not available, appropri-
ate simulated ground motion records shall be used
to make up the total number required. The ground
motions shall be scaled such that the average value
of the 5% damped response spectra for the suite
of motions is not less than the design response
spectrum for the site, determined in accordance with
Section 9.4.1.3 for periods ranging from 0.27 to
1.5T sec where T is the natural period of the structure
in the fundamental mode for the direction of response
being analyzed.

9.5.7.2.2 Three-Dimensional Analysis. When three-
dimensional analyses are performed, ground motions
shall consist of pairs of appropriate horizontal ground
motion acceleration components that shall be selected
and scaled from individual recorded events. Appro-
priate ground motions shall be selected from events
having magnitudes, fault distance, and source mech-
anisms that are consistent with those that control the
maximum considered earthquake. Where the required
number of recorded ground motion pairs are not avail-
able, appropriate simulated ground motion pairs shall
be used to make up the total number required. For
each pair of horizontal ground motion components,
the square root of the sum of the squares (SRSS) of
the 5% damped response spectrum of the scaled hor-
izontal components shall be constructed. Each pair
of motions shall be scaled such that the average
value of the SRSS spectra from all horizontal compo-
nent pairs is not less than 1.3 times the 5% damped
design response spectrum determined in accordance
with Section 9.4.1.3 for periods ranging from 0.27
to 1.5T seconds, where T is the natural period of the
fundamental mode of the struciure.

9.5.7.3 Response Parameters. For each ground motion
analyzed, the individual response parameters shall be
scaled by the quantity //R, where [ is the occu-
pancy importance factor determined in accordance with
Section 1.4 and R is the Response Modification Coef-
ficient selected in accordance with Section 9.5.2.2. The
maximum value of the base shear, V;, member forces,
Qr;, and interstory drifts, d; at each story, scaled as
indicated above shall be determined. When the maxi-
mum scaled base shear predicted by the analysis, V;, is
less than given by Eq. 9.5.5.1.2-3, or in Seismic Design
Categories E and F, Eq. 9.5.5.1.2-4, the scaled member
forces, Q.;, shall be additionally scaled by the factor:

v

— Eq. 9.5.7.3
v (Eq )

where V is the minimum base shear determined in
accordance with Eq. 9.5.5.2.1-3 or for structures in
Seismic Design Category E or F, Eq. 9.5.5.2.1-4.

ASCE 7-02



If at least seven ground motions are analyzed, the
design member forces, Oz, used in the load combina-
tions of Section 9.5.2.7, and the design interstory drift,
D, used in the evaluation of drift in accordance with
Section 5.2.8 shall be permitted to be taken respectively
as the average of the scaled Qg; and D; values deter-
mined from the analyses and scaled as indicated above. If
less than seven ground motions are analyzed, the design
member forces, Qg, and the design interstory drift, D,
shall be taken as the maximum value of the scaled Qp;
and D; values determined from the analyses.

Where these provisions require the consideration of
the special load combinations of Section 9.5.2.7, the
value of QoQp need not be taken larger than the
maximum of the unscaled value, Qp;, obtained from
the suite of analyses.

9.5.8 Nonlinear Response History Analysis. A nonlinear
response history analysis shall consist of an analysis of a
mathematical model of the structure that directly accounts
for the nonlinear hysteretic behavior of the structure’s
components to determine its response through methods of
numerical integration to suites of ground motion accelera-
tion histories compatible with the design response spectrum
for the site. The analysis shall be performed in accordance
with this Section. See Section 9.5.2.1 for limitations on the
use of this procedure.

9.5.8.1 Modeling. A mathematical model of the struc-
ture shall be constructed that represents the spatial distri-
bution of mass throughout the structure. The hysteretic
behavior of elements shall be modeled consistent with
suitable laboratory test data and shall account for all sig-
nificant yielding, strength degradation, stiffness degrada-
tion, and hysteretic pinching indicated by such test data.
Strength of elements shall be based on expected val-
ues considering material overstrength, strain hardening,
and also hysteretic strength degradation. Linear proper-
ties, consistent with the provisions of Section 9.5.6.1,
shall be permitted to be used for those elements demon-
strated by the analysis to remain within their linear range
of response. The structure shall be assumed to have a
fixed base, or alternatively, it shall be permitted to use
realistic assumptions with regard to the stiffness and
load-carrying characteristics of the foundations consis-
tent with site-specific soils data and rational principles
of engineering mechanics.

For regular structures with independent orthogo-
nal seismic force-resisting systems, independent two-
dimensional models shall be permitted to be constructed
to represent each system. For structures having plan
irregularities Types 1a, 1b, 4 or 5 of Table 9.5.2.3.2,
or structures without independent orthogonal systems,
a three-dimensional model incorporating a minimum of
three dynamic degrees of freedom consisting of trans-
lation in two orthogonal plan directions and torsional
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rotation about the vertical axis at each level of the struc-
ture shall be used. Where the diaphragms are not rigid
compared to the vertical elements of the lateral-force-
resisting system, the model should include representa-
tion of the diaphragm’s flexibility and such additional
dynamic degrees of freedom as are required to account
for the participation of the diaphragm in the structure’s
dynamic response.

9.5.8.2 Ground Motion and Other Loading. Ground
motion shall conform to the provisions of Section 9.5.7.2.
The structure shall be analyzed for the effects of these
ground motions simultaneously with the effects of dead
load in combination with not less than 25% of the required
live loads.

9.5.8.3 Response Parameters. For each ground motion
analyzed, individual response parameters consisting of
the maximum value of the individual member forces,
Or;, member inelastic deformations, D; and interstory
drifts, D; at each story shall be determined.

If at least seven ground motions are analyzed, the
design values of member forces, QO g, member inelastic
deformations, D and interstory drift, D shall be permit-
ted to be taken respectively as the average of the scaled
QFi, gi, and D; values determined from the analyses. If
less than seven ground motions are analyzed, the design
member forces, Qf, design member inelastic deforma-
tions, g and the design interstory drift, D, shall be taken
as the maximum value of the scaled Qg;, g;, and D;
values determined from the analyses.

9.5.8.3.1 Member Strength. The adequacy of mem-
bers to resist the combination of load effects of
Section 9.5.2.7 need not be evaluated.

Exception: Where this Standard requires the
consideration of the special seismic loads of
Section 9.5.2.7.1. In such evaluations, the max-
imum value of Qp; obtained from the suite of
analyses shall be taken in place of the quantity

QQF.

9.5.8.3.2 Member Deformation. The adequacy of
individual members and their connections to with-
stand the estimated design deformation values, g;, as
predicted by the analyses shall be evaluated based
on laboratory test data for similar components. The
effects of gravity and other loads on member deforma-
tion capacity shall be considered in these evaluations.
Member deformation shall not exceed two-thirds of
a value that results in loss of ability to carry grav-
ity loads or that results in deterioration of member
strength to less than the 67% of the peak value.
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9.5.8.3.3 Interstory Drift. The design interstory drift
obtained from the analyses shall not exceed 125% of
the drift limit specified in Section 9.5.2.8.

9.5.8.4 Design Review. A design review of the seismic
force-resisting system and the structural analysis shall
be performed by an independent team of registered
design professionals in the appropriate disciplines and
others experienced in seismic analysis methods and the
theory and application of nonlinear seismic analysis
and structural behavior under extreme cyclic loads. The
design review shall include, but not be limited to,
the following:

1. Review of any site-specific seismic criteria
employed in the analysis including the develop-
ment of site-specific spectra and ground motion
time histories

2. Review of acceptance criteria used to demonstrate
the adequacy of structural elements and systems
to withstand the calculated force and deformation
demands, together with that laboratory and other
data used to substantiate these criteria.

3. Review of the preliminary design including the
selection of structural system and the configuration
of structural elements.

4. Review of the final design of the entire structural
system and all supporting analyses.

9.5.9 Seil-Structure Interaction.

9.5.9.1 General. If the option to incorporate the effects
of soil-structure interaction is exercised, the require-
ments of this Section shall be used in the determination
of the design earthquake forces and the corresponding
displacements of the structure. The use of these provi-
sions will decrease the design values of the base shear,
lateral forces, and overturning moments but may increase
the computed values of the lateral displacements and the
secondary forces associated with the P-delta effects.

The provisions for use with the equivalent lateral
force procedure are given in Section 9.5.9.2. and those
for use with the modal analysis procedure are given in
Section 9.5.9.3.

9.5.9.2 Equivalent Lateral Force Procedure. The fol-
lowing requirements are supplementary to those pre-
sented in Section 9.5.5.

9.5.9.2.1 Base Shear. To account for the effects of
soil-structure interaction, the base shear (V) deter-
mined from shall be reduced to:

V=V-AV (Eg. 9.5.9.2.1-1)
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The reduction (A V) shall be computed as follows and
shall not exceed 0.3V

5 05 0.4 o

(Eq. 9.5.9.2.1-2)

where

C, = the seismic design coefficient computed from
Egs. 9.5.5.2.1-1 and 9.5.5.2.1-2 using the
fundamental natural period of the fixed-base
structure (7" or 7,) as specified in
Section 9.5.3.3

C; = the value of C; computed from
Egs. 9.5.5.2.1-1 and 9.5.5.2.1-2 using the
fundamental natural period of the flexibly
supported structure (7°) defined in
Section 9.5.5.2.1.1

B = the fraction of critical damping for the
structure-foundation system determined in
Section 9.5.5.2.1.2, and

W = the effective gravity load of the structure,
which shall be taken as 0.7W, except that for
structures where the gravity load is
concentrated at a single level, it shall be taken
equal to W

9.5.9.2.1.1 Effective Building Period. The effec-
tive period (7') shall be determined as follows:

For |1+ X 1+K"—H2
B K, Kq

(Eq. 9.5.9.2.1.1-1)

where

T = the fundamental period of the
structure as determined in
Section 9.5.5.3

k = the stiffness of the structure when
fixed at the base, defined by the
following:

— w
k=dn’| —
gT

(Eq. 9.5.9.2.1.1-2)

h = the effective height of the structure which
shall be taken as 0.7 times the total
height (h,,) except that for structure where
the gravity load is effectively concentrated
at a single level, it shall be taken
as the height to that level
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K, = the lateral stiffness of the foundation
defined as the 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
analyzed

Ky = the rocking stiffness of the foundation
defined as the 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 analyzed, and

g = the acceleration of gravity

The foundation stiffnesses (K, and Kjy) shall
be computed by established principles of foun-
dation mechanics using soil properties that are
compatible with the soil strain levels associated
with the design earthquake motion. The aver-
age shear modulus (G) for the soils beneath
the foundation at large strain levels and the
associated shear wave velocity (vy) needed in
these computations shall be determined from
Table 9.5.9.2.1.1a where

vs, = the average shear wave velocity for the
soils beneath the foundation at small strain
levels (1073% or less)

G, = yvfo /g = the average shear modulus for
the soils beneath the foundation at small
strain levels

y = the average unit weight of the soils

Alternatively, for structures supported on mat
foundations that rest at or near the ground surface
or are embedded in such a way that the side wall
contact with the soil are not considered to remain
effective during the design ground motion, the
effective period of the structure is permitted to be
determined from:

— -2

~ 25arah 1.12r, 0"
T=T |1+ (1+ r‘il)
; viT- oglt;

m

(Egq. 9.5.9.2.1.1-3)

TABLE 9.5.9.2.1.1a
VALUES OF G/Go AND vs/veo

TABLE 9.5.8.2.1.1b
VALUES OF oy

rm/vsT ay

<0.05 1.0
0.15 0.85
0.35 0.7
0.5 0.6

where

o = the relative weight density of the structure
and the soil defined by

W
o= —— (Eq. 9.5.9.2.1.1-4)
Yy Aoh
r, and r,, = characteristic foundation lengths
defined by
A() g
Fy = P (Eq. 9.5.9.2.1.1-5)
and _
4 4]0
P = — (Eq. 9.5.9.2.1.1-6)
T
where

A, = the area of the load-carrying foundation

1, = the static moment of inertia of the
load-carrying foundation about a horizontal
centroidal axis normal to the direction in
which the structure is analyzed

«y = dynamic foundation stiffness modifier
for rocking as determined from
Table 9.5.9.2.1.1b

where

rm = characteristic foundation length as deter-
mined by Eq. 9.5.9.2.1.1-6

vy = shear wave velocity

T = fundamental period as determined in
Section 9.5.5.3

9.5.9.2.1.2 Effective Damping. The -effective
damping factor for the structure-foundation system
B shall be computed as follows:

0.05

Spectral Response Acceleration, Spq B =, + _7~*7]*—)1> (Eq. 9.5.9.2.1.2-1)
( .
<0.10 <0.15 <0.20 >0.30 )
Value of G/G, 0.81 0.64 0.49 0.42 where
Value of v, /v, 0.9 0.8 07 0.65 B, = the foundation damping factor as specified

in Figure 6.5.9.2.1.2
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FIGURE 9.5.9.2.1.2
FOUNDATION DAMPING FACTOR

The values of B, corresponding to A, = 0.15
in Figure 9.5.9.2.1.2 shall be determined by aver-
aging the results obtained from the solid lines and
the dashed lines.

The quantity r in Figure 9.5.9.2.1.2 is a charac-
teristic foundation length that shall be determined
as follows:

For h/L, < 0.5,

F=r, = (Eq. 9.5.9.2.1.2-2)
b
For h/L, > 1,
[41,
F=ry, = N 2 (Eq. 9.5.9.2.1.2'3)
b s

where

L, = the overall length of the side of the foun-
dation in the direction being analyzed

A, = the area of the load-carrying foundation,
and

[, = the static moment of inertia of the
load-carrying foundation about a horizontal
centroidal axis normal to the direction in
which the structure is analyzed

For intermediate values of /1/L,, the value of r
shall be determined by linear interpolation.

Exception: For structures supported on point
bearing piles and in all other cases where the
foundation soil consists of a soft stratum of rea-
sonably uniform properties underlain by a much

stiffer, rock-like deposit with an abrupt increase
in stiffness, the factor 8, in Eq. 9.5.9.2.1.2-1
shall be replaced by 8, if 4D;/v,T < 1 where
Dy is the total depth of the stratum. g, shall be
determined as follows:

) 4D, \?
g = ( vj) 8,

The value of f computed from Eq. 9.5.9.2.1.2-
1, both with or without the adjustment
represented by Eq. 9.5.9.2.1.2-4, shall in no
case be taken as less than 8 = 0.05 or greater
than g = 0.20.

(Eq. 9.5.9.2.1.2-4)

9.5.9.2.2 Vertical Distribution of Seismic Forces.
The distribution over the height of the structure of the
reduced total seismic force (V) shall be considered to
be the same as for the structure without interaction.

9.5.9.2.3 Other Effects. The modified story shears,
overturning moments, and torsional effects about a
vertical axis shall be determined as for structures
without interaction using the reduced lateral forces.

The modified deflections (8,) shall be determined
as follows:

(Eq. 9.5.9.2.3-1)

where

M, = the overturning moment at the base
determined in accordance with Section 9.5.3.6
using the unmodified seismic forces and not
including the reduction permitted in the design
of the foundation

x = the height above the base to the level under
consideration
8, = the deflections of the fixed-base structure as
determined in Section 9.5.3.7.1 using the
unmodified seismic forces

The modified story drifts and P-delta effects shall
be evaluated in accordance with the provisions of
Section 9.5.3.7 using the modified story shears and
deflections determined in this Section.

=
B
I

9.5.9.3 Modal Analysis Procedure. The following pro-
visions are supplementary to those presented in
Section 9.5.6.

9.5.9.3.1 Modal Base Shears. To account for the
effects of soil-structure interaction, the base shear cor-
responding to the fundamental mode of vibration (V)
shall be reduced to:

Vi =V, — AV, (Eq. 9.5.9.3.1-1)
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The reduction (AV;) shall be computed in accor-
dance with Eq. 9.5.9.2.1-2 with W taken as equal
to the gravity load W, defined by Eq. 9.5.6.5-2, C,
computed from Eq. 9.5.6.5-3 using the fundamen-
tal period of the fixed-base structure (77), and C;
computed from Eq. 9.5.6.5-3 using the fundamental
period of the elastically supported structure (7).

The period 7; shall be determined from
Eq. 9.59.2.1.1-1, or from~ Eq. 9.59.2.1.1-3 when
applicable, taking 7 = T7;, evaluating k from
Eq. 9.5.9.2.1.1-2 with W = W/, and computing i
as follows:

n

> wignh

Foi=l

n
Z Wigi1
i=1

The above designated values of W, k4, T, and
7 also shall be used to evaluate the factor
a from Eq.95921.1-4 and factor B, from
Figure 9.5.9.2.1.2. No reduction shall be made in the
shear components contributed by the higher modes
of vibration. The reduced base shear (V) shall in no
case be taken less than 0.7V).

(Eq. 9.5.9.3.1-2)

9.5.9.3.2 Other Modal Effects. The modified modal
seismic forces, story shears, and overturning moments
shall be determined as for structures without
interaction using the modified base shear (V) instead
of Vi. The modified modal deflections (8) shall be
determined as follows:

x Vi [ Mol
by = — -+ 5, Eq. 9.5.9.3.2-1
7Y, [ Ky o ljl (Eq )
and }
Sxm = Oxm (Eq. 9.5.9.3.2-2)
form=2,3,...
where

M, = the overturning base moment for the
fundamental mode of the fixed-base
structure, as determined in Section 9.5.6.7
using the unmodified modal base shear V)

8., = the modal deflections at Level x of the
fixed-base structure as determined in
Section 9.5.6.6 using the unmodified modal
shears, V,,

The modified modal drift in a story (Ap) shall be
computed as the difference of the deflections (8,,,) at
the top and bottom of the story under consideration.

9.5.9.3.3 Design Values. The design values of the
modified shears, moments, deflections, and story
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drifts shall 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, it shall be permitted to
reduce the overturning moment at the foundation-soil
interface determined in this manner by 10% as for
structures without interaction.

The effects of torsion about a vertical axis
shall be evaluated in accordance with the provi-
sions of Section 9.5.6.5 and the P-delta effects shall
be evaluated in accordance with the provisions of
Section 9.5.6.7.2 using the story shears and drifts
determined in Section 9.5.9.3.2.

SECTION 9.6
ARCHITECTURAL, MECHANICAL, AND
ELECTRICAL COMPONENTS AND SYSTEMS

9.6.1 General. Section 9.6 establishes minimum design
criteria for architectural, mechanical, electrical, and non-
structural systems, components, and elements permanently
attached to structures including supporting structures and
attachments (hereinafter referred to as “components”). The
design criteria establish minimum equivalent static force
levels and relative displacement demands for the design of
components and their attachments to the structure, recog-
nizing ground motion and structural amplification, compo-
nent toughness and weight, and performance expectations.
Seismic Design Categories for structures are defined in
Section 9.4.2. For the purposes of this Section, components
shall be considered to have the same Seismic Design Cat-
egory as that of the structure that they occupy or to which
they are attached unless otherwise noted.

This Section also establishes minimum seismic design
force requirements for nonbuilding structures that are sup-
ported by other structures where the weight of the nonbuild-
ing structure is less than 25% of the combined weight of
the nonbuilding structure and the supporting structure. Seis-
mic design requirements for nonbuilding structures that are
supported by other structures where the weight of the non-
building structure is 25% or more of the combined weight
of the nonbuilding structure and supporting structure are
prescribed in Section 9.14. Seismic design requirements
for nonbuilding structures that are supported at grade are
prescribed in Section 9.14; however, the minimum seismic
design forces for nonbuilding structures that are supported
by another structure shall be determined in accordance
with the requirements of Section 9.6.1.3 with R, equal to
the value of R specified in Section 9.14 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 lateral forces for the sup-
ported nonbuilding structure and all nonforce requirements
specified in Section 9.14 shall apply to supported nonbuild-
ing structures.
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In addition, all components are assigned a component
importance factor (/,) in this chapter. The default value
for I, is 1.00 for typical components in normal service.
Higher values for /, are assigned for components, which
contain hazardous substances, must have a higher level of
assurance of function, or otherwise require additional atten-
tion because of their life safety characteristics. Component
importance factors are prescribed in Section 9.6.1.5.

All architectural, mechanical, electrical, and other non-
structural components in structures shall be designed and
constructed to resist the equivalent static forces and dis-
placements determined in accordance with this Section. The
design and evaluation of support structures and architectural
components and equipment shall consider their flexibility
as well as their strength.

Exception: The following components are exempt from
the requirements of this Section:

1. All components in Seismic Design Category A.

2. Architectural components in Seismic Design Cat-
egory B other than parapets supported by bearing
walls or shear walls provided that the importance
factor (I,) is equal to 1.0.

3. Mechanical and electrical components in Seismic
Design Category B.

4. Mechanical and electrical components in structures
assigned to Seismic Design Category C provided
that the importance factor (/) is equal to 1.0.

5. Mechanical and electrical components in Seismic
Design Categories D, E, and F where 1, = 1.0
and flexible connections between the components
and associated ductwork, piping, and conduit are
provided and that are mounted at 4 ft (1.22 m) or
less above a floor level and weigh 400 1b (1780 N)
or less.

6. Mechanical and electrical components in Seismic
Design Categories D, E, and F weighing 20 1b
(95 N) or less where 7, = 1.0 and flexible con-
nections between the components and associated
ductwork, piping, and conduit are provided, or
for distribution systems, weighing 5 Ib/ft (7 N/m)
or less.

- The functional and physical interrelationship of com-
ponents and their effect on each other shall be designed
so that the failure of an essential or nonessential architec-
tural, mechanical, or electrical component shall not cause
the failure of a nearby essential architectural, mechanical,
or electrical component.

9.6.1.1 Reference Standards.

9.6.1.1.1 Consensus Standards. The following ref-
erences are consensus standards and are to be consid-
ered part of these provisions to the extent referred to
in this chapter:
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Reference 9.6-1

Reference 9.6-2

Reference 9.6-3

Reference 9.6-4

Reference 9.6-5

Reference 9.6-6

Reference 9.6-7

Reference 9.6-8

Reference 9.6-9

Reference 9.6-10

Reference 9.6-11

Reference 9.6-12

Reference 9.6-13

American Society of Mechanical
Engineers (ASME), ASME Al7.1,
Safety Code For Elevators and
Escalators, 1996.

American Society of Mechanical
Engineers (ASME), Boiler And
Pressure Vessel Code, including
addendums through 1997.
American Society For Testing
and Materials (ASTM), ASTM
C635, Standard Specification for
the Manufacture, Performance,
and Testing of Metal Suspension
Systems For Acoustical Tile And
Lay-in Panel Ceilings, 1997.
American Society For Testing And
Materials (ASTM), ASTM C636,
Standard Practice for Installation
of Metal Ceiling Suspension Sys-
tems for Acoustical Tile And Lay-
in Panels, 1996.

American National Standards
Institute/American  Society of
Mechanical Engineers, ASME
B31.1-98, Power Piping.
American Society of Mechanical
Engineers, ASME B31.3-96, Pro-
cess Piping.

American Society of Mechani-
cal Engineers, ASME B31.4-92,
Liquid Transportation Systems for
Hydrocarbons, Liquid Petroleum
Gas, Anhydrous Ammonia, and
Alcohols.

American Society of Mechani-
cal Engineers, ASME B31.5-92,
Refrigeration Piping.

American Society of Mechani-
cal Engineers, ASME B31.9-96,
Building Services Piping.
American Society of Mechani-
cal Engineers, ASME B31.11-89
(Reaffirmed 1998), Slurry Trans-
portation Piping Systems.
American Society of Mechani-
cal Engineers, ASME B31.8-95,
Gas Transmission and Distribu-
tion Piping Systems.

Institute of Electrical and Elec-
tronic Engineers (IEEE), Standard
344, Recommended Practice for
Seismic Qualification of Class 1E
Equipment for Nuclear Power
Generating Stations, 1987.
National Fire Protection Associa-
tion (NFPA), NFPA-13, Standard
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for the Installation of Sprinkler
Systems, 1999.

9.6.1.1.2 Accepted Standards. The following refer-
ences are standards developed within the industry and
represent acceptable procedures for design and con-

struction:

Reference 9.6-14

Reference 9.6-15

Reference 9.6-16

Reference 9.6-17

Reference 9.6-18

Reference 9.6-19

Reference 9.6-20

Reference 9.6-21

American Society of Heating,
Ventilating, and Air Condi-
tioning (ASHRAE), *“Seismic
Restraint Design,” 1999,
Manufacturer’s Standardization
Society of the Valve and Fit-
ting Industry (MSS). SP-58,
“Pipehangers and Supports —
Materials, Design, and Manufac-
ture,” 1988.

Ceilings and Interior Systems
Construction Association
(CISCA), “Recommendations for
Direct-Hung Acoustical Tile and
Lay-in Panel Ceilings,” Seismic
Zones 0-2, 1991.

Ceilings and Interior Systems
Construction Association
(CISCA), “Recommendations for
Direct-Hung Acoustical Tile and
Lay-in Panel Ceilings,” Seismic
Zones 3-4,1991.

Sheet Metal and Air Condition-
ing Contractors National Asso-
ciation (SMACNA), HVAC Duct
Construction Standards, Metal
and Flexible, 1995.

Sheet Metal and Air Condition-
ing Contractors National Asso-
ciation (SMACNA), Rectangu-
lar Industrial Duct Construction
Standards, 1980.

Sheet Metal and Air Con-
ditioning Contractors National
Association (SMACNA), Seis-
mic Restraint Manual Guidelines

for Mechanical Systems, 1991,

including Appendix B, 1998.
American Architectural Manu-
facturers Association (AAMA),
“Recommended Dynamic Test
Method for Determining the
Seismic Drift Causing Glass
Fallout from a Wall System,”
Publication No. AAMA 501.6-
2001.
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9.6.1.2 Component Force Transfer. Components shall
be attached such that the component forces are trans-
ferred to the structure. Component seismic attachments
shall be bolted, welded, or otherwise positively fastened
without consideration of frictional resistance produced
by the effects of gravity. A continuous load path of
sufficient strength and stiffness between the component
and the supporting structure shall be provided. Local
elements of the supporting structure shall be designed
and constructed for the component forces where they
control the design of the elements or their connec-
tions. The component forces shall be those determined
in Section 9.6.1.3, except that modifications to F), and
R, due to anchorage conditions need not be considered.
The design documents shall include sufficient informa-
tion relating to the attachments to verify compliance with
the requirements of this chapter.

9.6.1.3 Seismic Forces. Seismic forces (#,) shall be
determined in accordance with Eq. 9.6.1.3-1:
O.4Cl)S[)3WV Z .
F,=—2r"=2 P {1422 Eq. 9.6.1.3-1
W (1+27)  (Bq )

F, is not required to be taken as greater than

F, =1.68psI,W, (Eq. 9.6.1.3-2)

and F, shall not be taken as less than

F/) = OSSDS'[,, Wp (Eq. 9.6.1.3-3)

F, = seismic design force centered at the
component’s center of gravity and distributed
relative to component’s mass distribution

Sps = spectral acceleration, short period, as
determined from Section 9.4.1.2.5

a, = component amplification factor that varies
from 1.00 to 2.50 (select appropriate value
from Table 9.6.2.2 or 9.6.3.2)

I, = component importance factor that varies
from 1.00 to 1.50 (see Section 9.6.1.5)
component operating weight
R, = component response modification factor that
varies from 1.50 to 5.00 (select appropriate
value from Tables 9.6.2.2 or 9.6.3.2)
height in structure of point of attachment of
component with respect to the base. For
items at or below the base, z shall be taken
as 0. The value of 7/ 4 need not exceed 1.0
h = average roof height of structure with respect

to the base

=
I

~
H

The force (F,) shall be applied independently longi-
tudinally, and laterally in combination with service loads

159



associated with the component. Combine horizontal and
vertical load effects as indicated in Section 9.5.2.7 sub-
stituting F', for the term Q. The reliability/redundancy
factor, p, is permitted to be taken equal to 1.

When positive and negative wind loads exceed F), for
nonbearing exterior wall, these wind loads shall govern
the design. Similarly, when the building code horizontal
loads exceed F, for interior partitions, these building
code loads shall govern the design.

In lieu of the forces determined in accordance with
Eq. 9.6.1.3-1, accelerations at any level may be deter-
mined by the modal analysis procedures of Section 9.5.6
with R = 1.0. Seismic forces shall be in accordance with
Eq. 9.6.1.3-4:

. a,—a,,W,,
P
R,/1,

A, (Eq. 9.6.1.3-4)

Where a; is the acceleration at level i obtained from
the modal analysis and where A, is the torsional
amplification factor determined by Eq. 9.5.5.5.2. Upper
and lower limits of F, determined by Eq. 9.6.1.3-2 and
-3 shall apply.

9.6.1.4 Seismic Relative Displacements. Seismic rela-
tive displacements (D)) shall be determined in accor-
dance with the following equations:

For two connection points on the same Structure A
or the same structural system, one at a height 4, and the
other at a height h,, D, shall be determined as

D, =38,4—6ya (Eq. 9.6.1.4-1)
Alternatively, D, shall be permitted to be determined
using modal procedures described in Section 9.5.6.8,
using the difference in story deflections calculated for
each mode and then combined using appropriate modal
combination procedures. D, is not required to be taken
as greater than
D, = (hy = h)Aga/ hyx (Eq. 9.6.1.4-2)
For two connection points on separate Structures A or
B or separate structural systems, one at a height #, and
the other at a height h,, D, shall be determined as

Dy, = [5x4l + 13,5l (Egq. 9.6.1.4-3)

D, is not required to be taken as greater than

Dp = hx Aa/\/h.vx + hyAaB/hsx
(Eq. 9.6.1.4-4)
where

D), = relative seismic displacement that the
component must be designed to accommodate
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8,4 = deflection at building Level x of Structure A,
determined by an elastic analysis as defined
in Section 9.5.5.7.1

dy4 = deflection at building Level y of Structure A,
determined by an elastic analysis as defined
in Section 9.5.5.7.1

8yp = deflection at building Level y of Structure B,
determined by an elastic analysis as defined
in Section 9.5.5.7.1 ‘

h, = height of Level x to which upper connection
point is attached
hy, = height of Level y to which lower connection
point is attached
A, = allowable story drift for Structure A as
defined in Table 9.5.2.8
A,p = allowable story drift for Structure B as
defined in Table 9.5.2.8

hsx = story height used in the definition of the
allowable drift A, in Table 9.5.2.8, note that
Ay/ hg, = the drift index

The effects of seismic relative displacements shall be
considered in combination with displacements caused by
other loads as appropriate.

9.6.1.5 Component Importance Factor. The compo-
nent importance factor (/) shall be selected as follows:

I, = 1.5 life safety component required to function
after an earthquake (e.g., fire protection
sprinkler system)

[, = 1.5 component that contains hazardous content

I, = 1.5 storage racks in structures open to the
public (e.g., warehouse retails stores)

I, = 1.0 all other components

In addition, for structures in Seismic Use Group III:

I, = 1.5 all components needed for continued
operation of the facility or whose failure could
impair the continued operation of the facility

9.6.1.6 Component Anchorage. Components shall be
anchored in accordance with the following provisions.

9.6.1.6.1 The force in the connected part shall be
determined based on the prescribed forces for the
component specified in Section 9.6.1.3. Where com-
ponent anchorage is provided by shallow expansion
anchors, shallow chemical anchors, or shallow (low
deformability) cast-in-place anchors, a value of R, =
1.5 shall be used in Section 9.6.1.3 to determine the
forces in the connected part.

9.6.1.6.2 Anchors embedded in concrete or masonry
shall be proportioned to carry the least of the fol-
lowing:

ASCE 7-02



a. The design strength of the connected part,

b. 1.3 times the force in the connected part due to
the prescribed forces, or

c. The maximum force that can be transferred
to the connected part by the component struc-
tural system.

9.6.1.6.3 Determination of forces in anchors shall
take into account the expected conditions of installa-
tion including eccentricities and prying effects.

9.6.1.6.4 Determination of force distribution of mul-
tiple anchors at one location shall take into account
the stiffness of the connected system and its ability
to redistribute loads to other anchors in the group
beyond yield.

9.6.1.6.5 Powder driven fasteners shall not be used
for tension load applications in Seismic Design Cate-
gories D, E, and F unless approved for such loading.

9.6.1.6.6 The design strength of anchors in concrete
shall be determined in accordance with the provisions
of Section 9.9.

9.6.1.7 Construction Documents. Construction docu-
ments shall be prepared to comply with the requirements
of this Standard, as indicated in Table 9.6.1.7.

9.6.2 Architectural Component Design.

9.6.2.1 General. Architectural systems, components, or
elements (hereinafter referred to as “components™) listed
in Table 9.6.2.2 and their attachments shall meet the
requirements of Sections 9.6.2.2 through 9.6.2.9.

9.6.2.2 Architectural Component Forces and Dis-
placements. Architectural components shall meet the
force requirements of Section 9.6.1.3 and Table 9.6.2.2.

Components supported by chains or otherwise sus-
pended from the structural system above are not required
to meet the lateral seismic force requirements and seis-
mic relative displacement requirements of this Section
provided that they cannot be damaged to become a haz-
ard 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 shall be three
times their operating load.

9.6.2.3 Architectural Component Deformation. Ar-
chitectural components that could pose a life safety
hazard shall be designed for the seismic relative dis-
placement requirements of Section 9.6.1.4. Architectural
components shall be designed for vertical deflection due
to joint rotation of cantilever structural members.

TABLE 9.6.1.7
CONSTRUCTION DOCUMENTS
Section Reference Required
Seismic Design

Component Description Quality Assurance Design Categories
Exterior wall panels, including anchorage A9.3.39 No. 1 9.62.4 D,E, F
Suspended ceiling system, including anchorage A.9.3.3.9 No. 2 9.6.2.6 D,E, F
Access floors, including anchorage A93.3.9 No. 2 9.6.2.7 D, EF
Steel storage racks, including anchorage A.9.3.3.9 No. 2 9.6.2.9 D,E. F
Glass in glazed curtain walls, glazed storefronts, and A.9.3.3.9 No. 3 9.6.2.10 D,.E F
interior glazed partitions, including anchorage
HVAC ductwork containing hazardous materials, A.9.3.3.10 No. 4 9.6.3.10 C,D,E
including anchorage
Piping systems and mechanical units containing A9.33.10No. 3 9.6.3.11 C,D,EF
flammable, combustible, or highly toxic materials 9.6.3.12

9.6.3.13

Anchorage of electrical equipment for emergency or A.9.3.3.10 No. 1 9.6.3.14 C,D,E F
standby power systems
Anchorage of all other electrical equipment A.9.3.3.10 No. 2 9.6.3.14 E F
Project-specific requirements for mechanical and A9345 9.6.3 C,D,E, F
electrical components and their anchorage

Minimum Design Loads for Buildings and Other Structures
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TABLE 9.6.2.2

ARCHITECTURAL COMPONENT COEFFICIENTS

Architectural Component or Element ap? Rp®
Interior Nonstructural Walls and Partitions

Plain (unreinforced) masonry walls 1 1.5

All other walls and partitions 1 2.5
Cantilever Elements (Unbraced or Braced to Structural Frame Below Its Center of Mass)

Parapets and cantilever interior nonstructural walls 2.5 25

Chimneys and stacks when laterally braced or supported by the structural frame 2.5 2.5
Cantilever Elements (Braced to Structural Frame Above Its Center of Mass)

Parapets 1.0 2.5

Chimneys and stacks 1.0 25

Exterior nonstructural walls 1.0° 2.5
Exterior Nonstructural Wall Elements and Connections

Wall element 1 2.5

Body of wall panel connections 1 25

Fasteners of the connecting system 1.25 1
Veneer

Limited deformability elements and attachments 1 2.5

Low deformability elements and attachments 1 2.5
Penthouses (Except when Framed by an Extension of the Building Frame) 2.5 3.5
Ceilings

All 1 2.5
Cabinets

Storage cabinets and laboratory equipment 1 2.5
Access Floors

Special access floors (designed in accordance with Section 9.6.2.7.2) 1 2.5

All other 1 1.5
Appendages and Ornamentations 2.5 2.5
Signs and Billboards 2.5 2.5
Other Rigid Components

High deformability elements and attachments 1 3.5

Limited deformability elements and attachments 1 2.5

Low deformability materials and attachments 1 1.5
Other Flexible Components 2.5 35

High deformability elements and attachments 2.5 2.5

Limited deformability elements and attachments 2.5 1.5

Low deformability materials and attachments

* A lower value for a, shall not be used unless justified by detailed dynamic analysis. The value for @, shall not be less than 1.00.
The value of ap =1 is for equipment generally regarded as rigid and rigidly attached. The value of @, = 2.5 is for equipment
generally regarded as flexible or flexibly attached. See Section 9.2.1 for definitions of rigid and flexible.

® Where flexible diaphragms provide lateral support for walls and partitions, the design forces for anchorage to the diaphragm

shall be as specified in Section 9.5.2.6.

9.6.2.4 Exterior Nonstructural Wall Elements and
Connections.
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9.6.2.4.1 General. Exterior nonstructural wall panels
or elements that are attached to or enclose the
structure shall be designed to resist the forces in
accordance with Eq. 9.6.1.3-1 or 9.6.1.3-2, and shall

accommodate movements of the structure resulting
from response to the design basis ground motion,
D, or temperature changes. Such elements shall be
supported by means of positive and direct structural
supports or by mechanical connections and fasteners.
The support system shall be designed in accordance
with the following:
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a. Connections and panel joints shall allow for
the story drift caused by relative seismic dis-
placements (D) determined in Section 9.6.1.4,
or 1/2 in. (13 mm), whichever is greatest.

b. Connections to permit movement in the plane
of the panel for story drift shall be sliding
connections using slotted or oversize holes,
connections that permit movement by bending
of steel, or other connections that provide
equivalent sliding or ductile capacity.

¢. The connecting member itself shall have suffi-
cient ductility and rotation capacity to preclude
fracture of the concrete or brittle failures at or
near welds.

d. All fasteners in the connecting system such
as bolts, inserts, welds, and dowels and the
body of the connectors shall be designed for
the force (£),) determined by Eq. 9.6.1.3-2 with
values of R, and a, taken from Table 9.6.2.2
applied at the center of mass of the panel.

e. Anchorage using flat straps embedded in con-
crete or masonry shall be attached to or hooked
around reinforcing steel or otherwise terminated
so as to effectively transfer forces to the rein-
forcing steel or to assure that pullout of anchor-
age is not the initial failure mechanism.

9.6.2.4.2 Glass. Glass in glazed curtain walls and
storefronts shall be designed and installed in accor-
dance with Section 9.6.2.10.

The seismic 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.

9.6.2.6.2 Industry Standard Construction. Unless
designed in accordance with Section 9.6.2.6.3, sus-
pended ceilings shall be designed and constructed in
accordance with this Section.

9.6.2.6.2.1 Seismic Design Category C. Sus-
pended ceilings in Seismic Design Category C
shall be designed and installed in accordance with
the CISCA recommendations for seismic Zones 0-
2, (Ref. 9.6-16), except that seismic forces shall
be determined in accordance with Sections 9.6.1.3
and 9.6.2.6.1.

Sprinkler heads and other penetrations in Seis-
mic Design Category C shall have a minimum of
1/4 in. (6 mm) clearance on all sides.

9.6.2.6.2.2 Seismic Design Categories D, E, and
F. Suspended ceilings in Seismic Design Cate-
gories D, E, and F shall be designed and installed
in accordance with the CISCA recommendations
for seismic Zones 3—4 (Ref. 9.6-17) and the addi-
tional requirements listed in this subsection.

a. A heavy duty 7T-bar grid system shall
be used.

b. The width of the perimeter supporting

9.6.2.5 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
Section 9.6.2.2 shall not exceed the deflection capability
of the component or system.

closure angle shall be not less than 2.0 in.
(50 mm). In each orthogonal horizontal
direction, one end of the ceiling grid shall
be attached to the closure angle. The other
end in each horizontal direction shall have
a 3/4 in. (19 mm) clearance from the wall
and shall rest upon and be free to slide on a
closure angle.

9.6.2.6 Suspended Ceilings. Suspended ceilings shall
be designed to meet the seismic force requirements
of Section 9.6.2.6.1. In addition, suspended ceilings
shall meet the requirements of either industry standard
construction as modified in Section 9.6.2.6.2 or integral
construction as specified in Section 9.6.2.6.3.

c. For ceiling areas exceeding 1000 ft?
(92.9 m?), horizontal restraint of the ceil-
ing to the structural system shall be pro-
vided. The tributary areas of the horizontal
restraints shall be approximately equal.

9.6.2.6.1 Seismic Forces. Suspended ceilings shall

be designed to meet the force requirements of

Section 9.6.1.3.

The weight of the ceiling, W,, shall include the
ceiling grid and panels; light fixtures if attached to,
clipped to, or laterally supported by the ceiling grid;
and other components which are laterally supported
by the ceiling. W, shall be taken as not less than
4 Ibs/ft? (19 N/m?).

Exception: Rigid braces are permitted to
be used instead of diagonal splay wires.
Braces and attachments to the structural
system above shall be adequate to limit
relative lateral deflections at point of
attachment of ceiling grid to less than
1/4 in. (6 mm) for the loads prescribed in
Section 9.6.1.3.
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d. For ceiling areas exceeding 2500 ft*
(232 m?), a seismic separation joint or
full height partition that breaks the ceil-
ing up into areas not exceeding 2500 ft?
shall be provided unless structural analyses
are performed of the ceiling bracing sys-
tem for the prescribed seismic forces which
demonstrate ceiling system penetrations and
closure angles provide sufficient clearance
to accommodate the additional movement.
Each area shall be provided with closure
angles in accordance with Item b and hor-
izontal restraints or bracing in accordance
with Item c.

e. Except where rigid braces are used to limit
lateral deflections, sprinkler heads and other
penetrations shall have a 2 in. (50 mm) over-
size ring, sleeve, or adapter through the ceil-
ing tile to allow for free movement of at least
1 in. (25 mm) in all horizontal directions.
Alternatively, a swing joint that can accom-
modate 1 in. (25 mm) of ceiling movement
in all horizontal directions are permitted
to be provided at the top of the sprinkler
head extension.

f. Changes in ceiling plan elevation shall be
provided with positive bracing.

g. Cable trays and electrical conduits shall be
supported independently of the ceiling.

h. Suspended ceilings shall be subject to the
special inspection requirements of Section A.
9.3.3.9 of this Standard.

9.6.2.6.3 Integral Ceiling/Sprinkler Construction.
As an alternative to providing large clearances around
sprinkler system penetrations through ceiling systems,
the sprinkler system and ceiling grid are permitted to
be designed and tied together as an integral unit. Such
a design shall consider the mass and flexibility of all
elements involved, including: ceiling system, sprin-
kler system, light fixtures, and mechanical (HVAC)
appurtenances. The design shall be performed by a
registered design professional.

9.6.2.7 Access Floors.
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9.6.2.7.1 General. Access floors shall be designed to
meet the force provisions of Section 9.6.1.3 and the
additional provisions of this Section. The weight of
the access floor, W), shall include the weight of the
floor system, 100% of the weight of all equipment
fastened to the floor, and 25% of the weight of
all equipment supported by, but not fastened to the
floor. The seismic force, F,, shall be transmitted

from the top surface of the access floor to the
supporting structure.

Overturning effects of equipment fastened to the
access floor panels also shall be considered. The
ability of “slip on” heads for pedestals shall be
evaluated for suitability to transfer overturning effects
of equipment.

When checking individual pedestals for overturn-
ing effects, the maximum concurrent axial load shall
not exceed the portion of W), assigned to the pedestal
under consideration.

9.6.2.7.2 Special Access Floors. Access floors shall
be considered to be “special access floors” if they are
designed to comply with the following considerations:

1. Connections transmitting seismic loads con-
sist of mechanical fasteners, concrete anchors,
welding, or bearing. Design load capacities
comply with recognized design codes and/or
certified test results.

2. Seismic loads are not transmitted by fric-
tion, produced solely by the effects of grav-
ity, powder-actuated fasteners (shot pins),
or adhesives.

3. The design analysis of the bracing system
includes the destabilizing effects of individual
members buckling in compression.

4. Bracing and pedestals are of structural or
mechanical shape produced to ASTM specifi-
cations that specify minimum mechanical prop-
erties. Electrical tubing shall not be used.

5. Floor stringers that are designed to carry axial
seismic loads and that are mechanically fas-
tened to the supporting pedestals are used.

9.6.2.8 Partitions.

9.6.2.8.1 General. Partitions that are tied to the
ceiling and all partitions greater than 6 ft (1.8 m)
in height shall be laterally braced to the building
structure. Such bracing shall be independent of any
ceiling splay bracing. Bracing shall be spaced to
limit horizontal deflection at the partition head to
be compatible with ceiling deflection requirements as
determined in Section 9.6.2.6 for suspended ceilings
and Section 9.6.2.2 for other systems.

9.6.2.8.2 Glass. Glass in glazed partitions shall
be designed and installed in accordance with
Section 9.6.2.10.

9.6.2.9 Steel Storage Racks. Steel storage racks sup-
ported at the base of the structure shall be designed
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to meet the force requirements of Section 9.14. Steel
storage racks supported above the base of the struc-
ture shall be designed to meet the force requirements
of Sections 9.6.1 and 9.6.2.

9.6.2.10 Glass in Glazed Curtain Walls, Glazed
Storefronts, and Glazed Partitions.

9.6.2.10.1 General. Glass in glazed curtain walls,
glazed storefronts, and glazed partitions shall meet the
relative displacement requirement of Eq. 9.6.2.10.1-1:

Afations = 1.25D 1

(Eq. 9.6.2.10.1-1)

or 0.5 in. (13 mm), whichever is greater where

Apione = the relative seismic displacement (drift)
causing glass fallout from the curtain
wall, storefront wall, or partition
(Section 9.6.2.10.2)

D, = the relative seismic displacement that the
component must be designed to
accommodate (Eq. 9.6.1.4-1). D, shall be
applied over the height of the glass
component under consideration

I = the occupancy importance factor
(Table 9.1.4)

Exceptions:

I. Glass with sufficient clearances from its
frame such that physical contact between the
glass and frame will not occur at the design
drift, as demonstrated by Eq. 9.6.2.10.1-2,
shall be exempted from the provisions of
Eq. 9.6.2.10.1-1:

Dejegr = 1.25 Dp

(Eq. 9.62.10.1-2)

where
hye
D jear = 2c (1 + e 2)
b,,cl
h, = the height of the rectangular glass

b, = the width of the rectangular glass
¢y = the clearance (gap) between the
vertical glass edges and the frame,
and
¢p = the clearance (gap) between the
horizontal glass edges and the
frame
2. Fully tempered monolithic glass in Seis-
mic Use Groups I and II located no more
than 10 ft (3 m) above a walking surface
shall be exempted from the provisions of
Eq. 9.6.2.10.1-1.
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3. Annealed or heat-strengthened laminated
glass in single thickness with interlayer no
less than 0.030 in. (0.76 mm) that is cap-
tured mechanically in a wall system glaz-
ing pocket, and whose perimeter is secured
to the frame by a wet glazed gunable
curing elastomeric sealant perimeter bead
of 1/2 in. (13 mm) minimum glass contact
width, or other approved anchorage system
shall be exempted from the provisions of
Eq. 9.6.2.10.1-1.

9.6.2.10.2 Seismic Drift Limits for Glass Compo-
nents. Az, the drift causing glass fallout from
the curtain wall, storefront, or partition shall be
determined in accordance with Ref. 9.6-21, or by
engineering analysis.

9.6.3 Mechanical and Electrical Component Design.

9.6.3.1 General. Attachments and equipment supports
for the mechanical and electrical systems, compo-
nents, or elements (hereinafter referred to as “compo-
nents”) shall meet the requirements of Sections 9.6.3.2
through 9.6.3.16.

9.6.3.2 Mechanical and Electrical Component Forces
and Displacements. Mechanical and electrical compo-
nents shall meet the force and seismic relative dis-
placement requirements of Sections 9.6.1.3,9.6.1.4, and
Table 9.6.3.2.

Components supported by chains or otherwise sus-
pended from the structural system above are not required
to meet the lateral seismic force requirements and seis-
mic relative displacement requirements of this Section
provided they are designed to prevent damage to them-
selves or causing damage to any other component when
subject to seismic motion. Such supports shall have duc-
tile or articulating connections to the structure at the
point of attachment. The gravity design load for these
items shall be three times their operating load.

9.6.3.3 Mechanical and Electrical Component
Period. The fundamental period of the mechanical and
electrical component (and its attachment to the build-
ing), T,, shall be determined by the following equation
provided that the component and attachment can be rea-
sonably represented analytically by a simple spring and
mass single degree of freedom system:

W,

T, =2n
J2 K,g

(Eq. 9.6.3.3)
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TABLE 9.6.3.2
MECHANICAL AND ELECTRICAL COMPONENTS SEISMIC

COEFFICIENTS
Mechanical and Electrical
Component or Element? ap? Rp
General Mechanical Equipment
Boilers and furnaces 1.0 2.5
Pressure vessels on skirts and free-standing 2.5 2.5
stacks 2.5 2.5
Cantilevered chimneys 2.5 2.5
Other 1.0 2.5
Manufacturing and Process Machinery
General 1.0 2.5
Conveyors (non-personnel) 2.5 2.5
Piping Systems
High deformability elements and attachments 1.0 3.5
Limited deformability elements and attachments 1.0 2.5
Low deformability elements and attachments 1.0 1.5
HVAC Systems
Vibration isolated 2.5 2.5
Nonvibration isolated 1.0 2.5
Mounted in-line with ductwork 1.0 2.5
Other 1.0 2.5
Elevator Components 1.0 2.5
Escalator Components 1.0 2.5
Trussed Towers (free-standing or guyed) 2.5 2.5
General Electrical
Distribution systems (bus ducts, conduit, cable tray) 2.5 5.0
Equipment 1.0 2.5
Lighting Fixtures 1.0 1.5

* A lower value for a, shall not be used unless justified by detailed dynamic analyses. The
value for a, shall not be less than 1.00. The value of @), = 1 is for equipment generally
regarded as rigid or rigidly attached. The value of a, = 2.5 is for equipment generally
regarded as flexible or flexibly attached. See Section 9.2.2 for definitions of rigid and flexible.
® Components mounted on vibration isolation systems shall have a bumper restraint or
snubber in each horizontal direction. The design force shall be taken as 2F), if the maximum
clearance (air gap) between the equipment support frame and restraint is greater than 1/4 in.
It the maximum clearance is specified on the construction documents to be not greater than

1/4 in., the design force may be taken as F).

where

-3
|

= component fundamental period

W, = component operating weight

gravitational acceleration

= stiffness of 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 consistent units must be used.

>
< oo
Il
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Otherwise, determine the fundamental period of the
component in seconds (7},) from experimental test data
or by a properly substantiated analysis.

9.6.3.4 Mechanical and Electrical Component Att-
achments. The stiffness of mechanical and electrical
component attachments shall be designed such that
the load path for the component performs its
intended function.
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9.6.3.5 Component Supports. Mechanical and electri-
cal component supports and the means by which they
are attached to the component shall be designed for the
forces determined in Section 9.6.1.3 and in conformance
with Sections 9.8 through 9.12, as appropriate, for the
materials comprising the means of attachment. Such sup-
ports include structural members, braces, frames, skirts,
legs, saddles, pedestals, cables, guys, stays, snubbers,
and tethers, as well as element forged or cast as a part
of the mechanical or electrical component. If standard or
proprietary supports are used, they shall be designed by
either load rating (i.e., testing) or for the calculated seis-
mic forces. In addition, the stiffness of the support, when
appropriate, shall be designed such that the seismic load
path for the component performs its intended function.
Component supports shall be designed to accommo-
date the seismic relative displacements between points of
support determined in accordance with Section 9.6.1.4.
In addition, the means by which supports are attached
to the component, except when integral (i.e., cast or
forged), shall be designed to accommodate both the
forces and displacements determined in accordance with
Sections 9.6.1.3 and 9.6.1.4. If the value of I, =15
for the component, the local region of the support
attachment point to the component shall be evaluated for
the effect of the load transfer on the component wall.

9.6.3.6 Component Certification. Architectural, mech-
anical, and electrical components shall comply with the
force requirements of Section 9.6. Components desig-
nated with an [, greater than 1.0 in Seismic Design
Category C, D, E, and F shall meet additional require-
ments of Section A.9.3.4.5 and in particular, mechanical
and electrical equipment which must remain operable
following the design earthquake shall demonstrate oper-
ability by shake table testing or experience data.

The manufacturer’s certificate of compliance indicat-
ing compliance with this Section shall be submitted to
the authority having jurisdiction when required by the
contract documents or when required by the regula-
tory agency.

9.6.3.7 Utility and Service Lines at Structure Inter-
faces. At the interface of adjacent structures or portions
of the same structure that may move independently,
utility lines shall be provided with adequate flexibility
to accommodate the anticipated differential movement
between the portions that move independently. Differ-
ential displacement calculations shall be determined in
accordance with Section 9.6.1.4.

9.6.3.8 Site-Specific Considerations. The possible in-
terruption of utility service shall be considered in relation
to designated seismic systems in Seismic Use Group I
as defined in Section 9.1.3.4. Specific attention shall be
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given to the vulnerability of underground utilities and
utility interfaces between the structure and the ground
where Site Class E or F soil is present, and where the
seismic coefficient Spg at the underground utility or at
the base of the structure is equal to or greater than 0.33.

9.6.3.9 Storage Tanks Mounted in Structures. Sto-
rage tanks, including their attachments and supports,
shall be designed to meet the force requirements of
Section 9.14.

9.6.3.10 HVAC Ductwork. Attachments and supports
for HVAC ductwork systems shall be designed to meet
the force and displacement provisions of Sections 9.6.1.3
and 9.6.1.4 and the additional provisions of this Section.
In addition to their attachments and supports, ductwork
systems designated as having an /, = 1.5 themselves
shall be designed to meet the force and displacement
provisions of Sections 9.6.1.3 and 9.6.1.4 and the addi-
tional provisions of this Section. Where HVAC ductwork
runs between structures that could displace relative to
one another and for seismically isolated structures where
the HVAC ductwork crosses the seismic isolation inter-
face, the HVAC ductwork shall be designed to accom-
modate the seismic relative displacements specified in
Section 9.6.1.4.

Seismic restraints are not required for HVAC ducts
with [, = 1.0 if either of the following conditions
are met:

a. HVAC ducts are suspended from hangers 12 in.
(305 mm) or less in length from the top of the duct
to the supporting structure. The hangers shall be
detailed to avoid significant bending of the hangers
and their attachments,

or

b. HVAC ducts have a cross-sectional area of less
than 6 ft* (0.557 m?).

HVAC duct systems fabricated and installed in accor-
dance with standards approved by the authority having
jurisdiction shall be deemed to meet the lateral bracing
requirements of this Section.

Equipment items installed in-line with the duct system
(e.g., fans, heat exchangers, and humidifiers) weighing
more than 75 Ib (344 N) shall be supported and later-
ally braced independent of the duct system and shall
meet the force requirements of Section 9.6.1.3. Appur-
tenances such as dampers, louvers, and diffusers shall be
positively attached with mechanical fasteners. Unbraced
piping attached to in-line equipment shall be provided
with adequate flexibility to accommodate differential dis-
placements.
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9.6.3.11 Piping Systems. Attachments and supports for
piping systems shall be designed to meet the force
and displacement provisions of Sections 9.6.1.3 and
9.6.1.4 and the additional provisions of this Section. In
addition to their attachments and supports, piping sys-
tems designated as having [, = 1.5 themselves shall be
designed to meet the force and displacement provisions
of Sections 9.6.1.3 and 9.6.1.4 and the additional provi-
sions of this Section. Where piping systems are attached
to structures that could displace relative to one another
and for seismically isolated structures where the piping
system crosses the seismic isolation interface, the piping
system shall be designed to accommodate the seismic
relative displacements specified in Section 9.6.1.4.

Seismic effects that shall be considered 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 mechanical and
electrical equipment shall also be considered.

9.6.3.11.1 Pressure Piping Systems. Pressure piping
systems designed and constructed in accordance with
ASME B31, Code for Pressure Piping (Ref. 9.6-3)
shall be deemed to meet the force, displacement, and
other provisions of this Section. In lieu of specific
force and displacement provisions provided in the
ASME B31, the force and displacement provisions
of Sections 9.6.1.3 and 9.6.1.4 shall be used.

9.6.3.11.2 Fire Protection Sprinkler Systems. Fire
protection sprinkler systems designed and constructed
in accordance with NFPA 13, Standard for the Instal-
lation of Sprinkler Systems (Ref. 9.6-12) shall be
deemed to meet the other requirements of this Section,
except the force and displacement requirements of
Sections 9.6.1.3 and 9.6.1.4 shall be satisfied.

9.6.3.11.3 Other Piping Systems. Piping designated
as having an /, = 1.5 but not designed and con-
structed in accordance with ASME B31 (Ref. 9.6-3)
or NFPA 13 (Ref. 9.6-12) shall meet the following:

a. The design strength for seismic loads in com-
bination with other service loads and appro-
priate environmental effects shall not exceed
the following:

1. For piping systems constructed with ductile
materials (e.g., steel, aluminum, or copper),
90% of the piping material yield strength.

2. For threaded connections with ductile
materials, 70% of the piping material yield
strength.

3. For piping constructed with nonductile
materials (e.g., plastic, cast iron, or
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ceramics), 25% of the piping material
minimum specified tensile strength.

4. For threaded connections in piping con-
structed with non-ductile materials, 20% of
the piping material minimum specified ten-
sile strength.

b. Provisions shall be made to mitigate seismic
impact for piping components constructed of
nonductile materials or in cases where mate-
rial ductility is reduced (e.g., low temperature
applications).

¢. Piping shall be investigated to ensure that the
piping has adequate flexibility between sup-
port attachment points to the structure, ground,
other mechanical and electrical equipment, or
other piping.

d. Piping shall be investigated to ensure that the
interaction effects between it and other piping
or constructions are acceptable.

9.6.3.11.4 Supports and Attachments for Other
Piping. Attachments and supports for piping not
designed and constructed in accordance with ASME
B31 [Ref. 9.6-3] or NFPA 13 [Ref. 9.6-12] shall meet
the following provisions:

a. Attachments and supports transferring seismic
loads shall be constructed of materials suitable
for the application and designed and constructed
in accordance with a nationally recognized
structural code such as, when constructed of
steel, the AISC Manual of Steel Construction
(Ref. 9.8-1 or 9.8-2) or MSS SP-58, Pipe Hang-
ers and Supports—Materials, Design, and Man-
ufacture (Ref. 9.6-15).

b. Attachments embedded in concrete shall be
suitable for cyclic loads.

¢. Rod hangers shall not be used as seismic sup-
ports unless the length of the hanger from the
supporting structure is 12 in. (305 mm) or less.
Rod hangers shall not be constructed in a man-
ner that subjects the rod to bending moments.
d. Seismic supports are not required for:
1. Ductile piping in Seismic Design Cate-
gory D, E, or F designated as having an
I, = 1.5 and a nominal pipe size of 1 in.
(25 mm) or less when provisions are made
to protect the piping from impact or to avoid
the impact of larger piping or other mechan-
ical equipment.

2. Ductile piping in Seismic Design Cate-
gory C designated as having an I, =1.5
and a nominal pipe size of 2 in. (50 mm)
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or less when provisions are made to pro-
tect the piping from impact or to avoid the
impact of larger piping or other mechani-
cal equipment.

3. Ductile piping in Seismic Design Cate-
gory D, E, or F designated as having an
I, =10 and a nominal pipe size of 3 in.
(75 mm) or less.

4. Ductile piping in Seismic Design Cate-
gory A, B, or C designated as having an
I, =1.0 and a nominal pipe size of 6 in.
(150 mm) or less.

e. Seismic supports shall be constructed so that
support engagement is maintained.

9.6.3.12 Boilers and Pressure Vessels. Attachments
and supports for boilers and pressure vessels shall be
designed to meet the force and displacement provisions
of Sections 9.6.1.3 and 9.6.1.4 and the additional pro-
visions of this Section. In addition to their attachments
and supports, boilers and pressure vessels designated as
having an I, = 1.5 themselves shall be designed to meet
the force and displacement provisions of Sections 9.6.1.3
and 9.6.1.4.

The seismic design of a boiler or pressure vessel shall
include analysis of the following: the dynamic effects
of the boiler or pressure vessel, its contents, and its
supports; sloshing of liquid contents; loads from attached
components such as piping; and the interaction between
the boiler or pressure vessel and its support.

9.6.3.12.1 ASME Boilers and Pressure Vessels.
Boilers or pressure vessels designed in accordance
with the ASME Boiler and Pressure Vessel Code
(Ref. 9.6-4) shall be deemed to meet the force, dis-
placement, and other requirements of this Section. In
lieu of the specific force and displacement provisions
provided in the ASME code, the force and displace-
ment provisions of Sections 9.6.1.3 and 9.6.1.4 shall
be used.

9.6.3.12.2 Other Boilers and Pressure Vessels.
Boilers and pressure vessels designated as having an
I, = 1.5 but not constructed in accordance with the
provisions of the ASME code (Ref. 9.6-4) shall meet
the following provisions:

a. The design strength for seismic loads in com-
bination with other service loads and appro-
priate environmental effects shall not exceed
the following:

1. For boilers and pressure vessels constructed
with ductile materials (e.g., steel, aluminum,
or copper), 90% of the material minimum
specified yield strength.
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2. For threaded connections in boilers or pres-
sure vessels or their supports constructed
with ductile materials, 70% of the material
minimum specified yield strength.

3. For boilers and pressure vessels constructed
with nonductile materials (e.g., plastic, cast
iron, or ceramics), 25% of the material
minimum specified tensile strength.

4. For threaded connections in boilers or pres-
sure vessels or their supports constructed
with nonductile materials, 20% of the mate-
rial minimum specified tensile strength.

b. Provisions shall be made to mitigate seismic
impact for boiler and pressure vessel compo-
nents constructed of nonductile materials or in
cases where material ductility is reduced (e.g.,
low temperature applications).

c. Boilers and pressure vessels shall be inves-
tigated to ensure that the interaction effects
between them and other constructions are
acceptable.

9.6.3.12.3 Supports and Attachments for Other
Boilers and Pressure Vessels. Attachments and sup-
ports for boilers and pressure vessels shall meet the
following provisions:

a. Attachments and supports transferring seismic
loads shall be constructed of materials suit-
able for the application and designed and
constructed in accordance with nationally rec-
ognized structural code such as, when con-
structed of steel, the AISC Manual of Steel
Construction (Ref. 9.8-1 or 9.8-2).

b. Attachments embedded in concrete shall be
suitable for cyclic loads.

c. Seismic supports shall be constructed so that
support engagement is maintained.

9.6.3.13 Mechanical Equipment, Attachments, and
Supports. Attachments and supports for mechanical
equipment not covered in Sections 9.6.3.8 through
9.6.3.12 or 9.6.3.16 shall be designed to meet the force
and displacement provisions of Sections 9.6.1.3 and
9.6.1.4 and the additional provisions of this Section. In
addition to their attachments and supports, such mechan-
ical equipment designated as having an [, = 1.5, itself,
shall be designated to meet the force and displacement
provisions of Sections 9.6.1.3 and 9.6.1.4 and the addi-
tional provisions of this Section.

The seismic design of mechanical equipment, attach-
ments, and their supports shall include analysis of the
following: the dynamic effects of the equipment, its con-
tents, and, when appropriate, its supports. The interaction
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between the equipment and the supporting structures,
including other mechanical and electrical equipment,
shall also be considered.

9.6.3.13.1 Mechanical Equipment. Mechanical eq-
uipment designated as having an /, = 1.5 shall meet
the following provisions.

a. The design strength for seismic loads in com-
bination with other service loads and appro-
priate environmental effects shall not exceed
the following:

1. For mechanical equipment constructed with
ductile materials (e.g., steel, aluminum, or
copper), 90% of the equipment material
minimum specified yield strength.

2. For threaded connections in equipment con-
structed with ductile materials, 70% of the
material minimum specified yield strength.

3. For mechanical equipment constructed with
nonductile materials (e.g., plastic, cast iron,
or ceramics), 25% of the equipment material
minimum tensile strength.

4. For threaded connections in equipment con-
structed with nonductile materials, 20%
of the material minimum specified yield
strength.

b. Provisions shall be made to mitigate seismic
impact for equipment components constructed
of nonductile materials or in cases where mate-
rial ductility is reduced (e.g., low temperature
applications).

c. The possibility for loadings imposed on the
equipment by attached utility or service lines
due to differential motions of points of support
from separate structures shall be evaluated.

9.6.3.13.2 Attachments and Supports for Mechan-
ical Equipment. Attachments and supports for
mechanical equipment shall meet the following pro-
visions:

a. Attachments and supports transferring seismic
loads shall be constructed of materials suitable
for the application and designed and constructed
in accordance with a nationally recognized
structural code such as, when constructed of
steel, AISC, Manual of Steel Construction
(Ref. 9.8-1 or 9.8-2).

b. Friction clips shall not be used for anchor-
age attachment.

c. Expansion anchors shall not be used for mecha-
nical equipment rated over 10 hp (7.45 kW).

Exception: Undercut expansion anchors.

d. Drilled and grouted-in-place anchors for tensile
load applications shall use either expansive
cement or expansive epoxy grout.

e. Supports shall be specifically evaluated if weak-
axis bending of light-gauge support steel is
relied on for the seismic load path.

f. Components mounted on vibration isolation
systems shall have a bumper restraint or snub-
ber in each horizontal direction. The design
force shall be taken as 2 F,. The intent is to pre-
vent excessive movement and to avoid fracture
of support springs and any nonductile compo-
nents of the isolators.

g. Seismic supports shall be constructed so that
support engagement is maintained.

9.6.3.14 Electrical Equipment, Attachments, and
Supports. Attachments and supports for electrical
equipment shall be designed to meet the force and
displacement provisions of Sections 9.6.1.3 and 9.6.1.4
and the additional provisions of this Section. In
addition to their attachments and supports, electrical
equipment designated as having /, = 1.5, itself, shall be
designed to meet the force and displacement provisions
of Sections 9.6.1.3 and 9.6.1.4 and the additional
provisions of this Section.

The seismic design of other electrical equipment shall
include analysis of the following: the dynamic effects
of the equipment, its contents, and when appropriate,
its supports. The interaction between the equipment and
the supporting structures, including other mechanical and
electrical equipment, shall also be considered. Where
conduit, cable trays, or similar electrical distribution
components are attached to structures that could displace
relative to one another and for seismically isolated
structures where the conduit or cable trays cross the
seismic isolation interface, the conduit or cable trays
shall be designed to accommodate the seismic relative
displacement specified in Section 9.6.1.4.

9.6.3.14.1 Electrical Equipment. Electrical equip-
ment designated as having an /, = 1.5 shall meet the
following provisions:

a. The design strength for seismic loads in com-
bination with other service loads and appro-
priate environmental effects shall not exceed
the following:

1. For electrical equipment constructed with
ductile material (e.g., steel, aluminum, or
copper), 90% of the equipment material
minimum specified yield strength.
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2. For threaded connections in equipment con-
structed with ductile materials, 70% of the
material minimum specified yield strength.

3. For electrical equipment constructed with
nonductile materials (e.g., plastic, cast iron,
or ceramics), 25% of the equipment material
minimum tensile strength.

4. For threaded connections in equipment con-
structed with nonductile materials, 20%
of the material minimum specified yield
strength.

. Provisions shall be made to mitigate seismic
impact for equipment components constructed
of nonductile materials or in cases where mate-
rial ductility is reduced (e.g., low-temperature
applications).

. The possibility for loadings imposed on the
equipment by attached utility or service lines
due to differential motion of points of support
from separate structures shall be evaluated.

. Batteries on racks shall have wraparound
restraints to ensure that the batteries will not
fall off the rack. Spacers shall be used between
restraints and cells to prevent damage to cases.
Racks shall be evaluated for sufficient lateral
and longitudinal load capacity.

. Internal coils of dry type transformers shall be
positively attached to their supporting substruc-
ture within the transformer enclosure.

. Slide out components in electrical control pan-
els shall have a latching mechanism to hold
contents in place.

. Structural design of electrical cabinets shall be
in conformance with standards of the industry
that are acceptable to the authority having juris-
diction. Large cutouts in the lower shear panel
shall be specifically evaluated if an evaluation
is not provided by the manufacturer.

. The attachment of additional items weighing
more than 100 Ib (440 N) shall be specifically
evaluated if not provided by the manufacturer.

b. Friction clips shall not be used for anchor-
age attachment.

. Oversized washers shall be used at bolted
connections through the base sheet metal if the
base is not reinforced with stiffeners.

o

d. Supports shall be specifically evaluated if weak-
axis bending of light-gauge support steel is
relied on for the seismic load path.

[¢]

. The supports for linear electrical equipment
such as cable trays, conduit, and bus ducts shall
be designed to meet the force and displacement
provisions of Sections 9.6.1.3 and 9.6.1.4 only
if any of the following situations apply:

Supports are cantilevered up from the floor,
Supports include bracing to limit deflection,
Supports are constructed as rigid welded frames,

Attachments into concrete utilize nonexpanding
insets, shot pins, or cast iron embedments, or

Attachments utilize spot welds, plug welds,
or minimum size welds as defined by AISC
(Ref. 9.8-1 or 9.8-2)

f. Components mounted on vibration isolation
systems shall have a bumper restraint or snub-
ber in each horizontal direction, and verti-
cal restraints shall be provided where required
to resist overturning. Isolator housings and
restraints shall not be constructed of cast
iron or other materials with limited ductility.
(See additional design force requirements in
Table 9.6.3.2.) A viscoelastic pad or similar
material of appropriate thickness shall be used
between the bumper and equipment item to
limit the impact load.

9.6.3.15 Alternative Seismic Qualification Methods.
As an alternative to the analysis methods implicit in the
design methodology described above, equipment testing
is an acceptable method to determine seismic capacity.
Thus, adaptation of a nationally recognized standard for
qualification by testing that is acceptable to the authority
having jurisdiction is an acceptable alternative, so long
as the equipment seismic capacity equals or exceeds the
demand expressed in Sections 9.6.1.3 and 9.6.1.4.

9.6.3.14.2 Attachments and Supports for Electri-

cal Equipment. Attachments and supports for elec- 9.6.3.16 Elevator Design Requirements.
trical equipment shall meet the following provisions:

9.6.3.16.1 Reference Document. Elevators shall

a. Attachments and supports transferring seismic meet the force and displacement provisions of
loads shall be constructed of materials suitable Section 9.6.3.2 unless exempted by either Section
for the application and designed and constructed 9.1.2:1 or Section 9.6.1. Elevators designed in accor-
in accordance with a nationally recognized dance with the seismic provisions of the ASME Safety
structural code such as, when constructed of Code for Elevators and Escalators (Ref. 9.6-1) shall
steel, AISC, Manual of Steel Construction be deemed to meet the seismic force requirements of
(Ref. 9.8-1 or 9.8-2). this Section, except as modified below.
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9.6.3.16.2 Elevators and Hoistway Structural Sys-
tem. Elevators and hoistway structural systems shall
be designed to meet the force and displacement
provisions of Sections 9.6.1.3 and 9.6.1.4.

9.6.3.16.3 Elevator Machinery and Controller
Supports and Attachments. Elevator machinery and
controller supports and attachments shall be designed
to meet with the force and displacement provisions of
Sections 9.6.1.3 and 9.6.1.4.

9.6.3.16.4 Seismic Conirols. Seismic switches shall
be provided for all elevators addressed by Section
9.6.3.16.1 including those meeting the requirements
of the ASME reference, provided they operate with a
speed of 150 ft/min (46 m/min) or greater.

Seismic switches shall provide an electrical signal
indicating that structural motions are of such a
magnitude that the operation of elevators may be
impaired. Upon activation of the seismic switch,
elevator operations shall conform to provisions in
the ASME Safety Code for Elevators and Escalators
(Ref. 9.6-1) except as noted below. The seismic
switch shall be located at or above the highest floor
serviced by the elevators. The seismic switch shall
have two horizontal perpendicular axes of sensitivity.
Its trigger level shall be set to 30% of the acceleration
of gravity.

In facilities where the loss of the use of an elevator
is a life safety issue, the elevator shall only be used
after the seismic switch has triggered provided that:

1. The elevator shall operate no faster than the
service speed,

2. Before the elevator is occupied, it is operated
from top to bottom and back to top to verify
that it is operable, and

S]

3. The individual putting the elevator back in
service shall ride the elevator from top to
bottom and back to top to verify acceptable
performance.

9.6.3.16.5 Retainer Plates. Retainer plates are
required at the top and bottom of the car and
counterweight.

SECTION 9.7
FOUNDATION DESIGN REQUIREMENTS

9.7.1 General. This Section includes only those founda-
tion requirements that are specifically related to seismic-
resistant construction. It assumes compliance with other
basic requirements, which include, but are not limited to,
the extent of the foundation investigation, fills present or
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to be placed in the area of the structure, slope stability,
subsurface drainage, settlement control, and pile, require-
ments. Except as specifically noted, the term “pile” as used
in Sections 9.7.4.4 and 9.7.5.4 includes foundation piers,
caissons, and piles, and the term “pile cap” includes the ele-
ments to which piles are connected, including grade beams
and mats.

9.7.2 Seismic Design Category A. There are no special
requirements for the foundations of structures assigned to
Category A.

9.7.3 Seismic Design Category B. The determination of
the site coefficient, Section 9.4.1.2.4, shall be documented
and the resisting capacities of the foundations, subjected to
the prescribed seismic forces of Sections 9.1 through 9.9,
shall meet the following requirements.

9.7.3.1 Structural Components. The design strength
of foundation components subjected to seismic forces
alone or in combination with other prescribed loads
and their detailing requirements shall conform to the
requirements of Sections 9.8 through 9.12. The strength
of foundation components shall not be less than that
required for forces acting without seismic forces.

9.7.3.2 Soil Capacities. The capacity of the foundation
soil in bearing, or the capacity of the soil interface
between pile or pier and the soil, shall be sufficient to
support the structure with all prescribed loads, without
seismic forces, taking due account of the settiement that
the structure can withstand. For the load combination,
including earthquake as specified in Section 9.5.2.7,
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.

9.7.4 Seismic Design Category C. Foundations for struc-
tures assigned to Category C shall conform to all of the
requirements for Categories A and B and to the additional
requirements of this Section.

9.7.4.1 Investigation. When required by the authority
having jurisdiction, a written geotechnical or geologic
report shall be submitted. This report shall include,
in addition to the requirements of Section 9.7.1 and
the evaluations required in Section 9.7.3, the results
of an investigation to evaluate the following potential
earthquake hazards:

1. Slope instability
2. Liquefaction
3. Lateral spreading

4. Surface rupture
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The investigation shall contain recommendations for
appropriate foundation designs or other measures to
mitigate the effects of the above hazards.

9.7.4.2 Pole-Type Structures. When construction emp-
loying posts or poles as columns embedded in earth or
embedded in concrete footings in the earth is used to
resist lateral loads, the depth of embedment required
for posts or poles to resist seismic forces shall be
determined by means of the design criteria established
in the foundation investigation report.

9.7.4.3 Foundation Ties. Individual pile caps, drilled
piers, or caissons shall be interconnected by ties. All ties
shall have a design strength in tension or compression
greater than a force equal to 10% of Spg times the
larger pile cap or column factored dead plus factored live
load unless it is demonstrated that equivalent restraint
will be provided by reinforced concrete beams within
slabs on grade or reinforced concrete slabs on grade
or confinement by competent rock, hard cohesive soils,
very dense granular soils, or other approved means.

9.7.4.4 Special Pile Requirements. Concrete piles,
concrete-filled steel pipe piles, drilled piers, or
caissons require minimum bending, shear, tension, and
elastic strain capacities. Refer to Section A.9.7.4.4 for
supplementary provisions.

9.7.5 Foundation Requirements for Seismic Design Cat-
egories D, E, and F. Foundations for structures assigned
to Seismic Design Categories D, E, and F shall conform
to all of the requirements for Seismic Design Category
C construction and to the additional requirements of this
Section. Design and construction of concrete foundation
components shall conform to the requirements of Ref. 9.9-
1, Section 21.8, except as modified by the requirements of
this Section.

Exception: Detached 1- and 2-family dwellings of light-
frame construction not exceeding 2 stories in height
above grade need only comply with the requirements
for Sections 9.7.4 and 9.7.5.3.

9.7.5.1 Investigation. The owner shall submit to the
authority having jurisdiction a written report that includes
an evaluation of the items in Section 9.7.4.1 and the detes-
mination of lateral pressures on basement and retaining
walls due to earthquake motions.

9.7.5.2 Foundation Ties. Individual spread footings
founded on soil defined in Section 9.4.1.2.1 as Site
Class E or F shall be interconnected by ties. Ties shall
conform to Section 9.7.4.3.
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9.7.5.3 Liquefaction Potential and Soil Strength
Loss. The geotechnical report required by Section
9.7.5.1 shall assess potential consequences of lique-
faction and soil strength loss, including estimation of
differential settlement, lateral movement or reduction
in foundation soil-bearing capacity, and shall discuss
mitigation measures. Such measures shall be given
consideration in the design of the structure and can
include, but are not limited to, ground stabilization,
selection of appropriate foundation type and depths,
selection of appropriate structural systems to accommo-
date anticipated displacements, or any combination of
these measures. The potential for liquefaction shall be
evaluated for site peak ground accelerations, magnitudes,
and source characteristics consistent with the design
earthquake ground motions defined in Section 9.4.1.3 4.
Where deemed appropriate by the authority having juris-
diction, a site-specific geotechnical report is not required
when prior evaluations of nearby sites with similar soil
conditions provide sufficient direction relative to the pro-
posed construction.

The potential for liquefaction and soil strength loss
shall be evaluated for site peak ground accelerations,
magnitudes, and source characteristics consistent with
the design earthquake ground motions. Peak ground
acceleration may be determined based on a site-specific
study taking into account soil amplification effects or, in
the absence of such a study, peak ground accelerations
shall be assumed equal to Sg/2.5.

9.7.5.4 Special Pile and Grade Beam Requirements.
Piling shall be designed and constructed to withstand
maximum imposed curvatures from earthquake ground
motions and structure response. Curvatures shall include
free-field soil strains (without the structure) modified for
soil-pile-structure interaction coupled with pile defor-
mations induced by lateral pile resistance to struc-
ture seismic forces. Concrete piles in Site Class E or
F shall be designed and detailed in accordance with
Sections 21.4.4.1, 21.4.4.2, and 21.4.4.3 of Ref. 9.9-1
within seven pile diameters of the pile cap and the inter-
faces of soft to medium stiff clay or liquefiable strata.
Refer to Section A.9.7.5 for supplementary provisions in
addition to those given in Section A.9.7.4.4. Batter piles
and their connections shall be capable of resisting forces
and moments from the special seismic load combinations
of Section 9.5.2.7.1. For precast, prestressed concrete
piles, detailing provisions as given in Section A.9.7.5.4.4
shall apply.

Section 21.8.3.3 of Ref. 9.9-1 need not apply when
grade beams have the required strength to resist the
forces from the special seismic loads of Section 9.5.2.7.1.
Section 21.8.4.4(a) of Ref. 9.9-1 need not apply to con-
crete piles. Section 21.8.4.4(b) of ACI 318 need not apply
to precast, prestressed concrete piles.
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Design of anchorage of piles into the pile cap shall
consider the combined effect of axial forces due to uplift
and bending moments due to fixity to the pile cap. For
piles required to resist uplift forces or provide rotational
restraint, anchorage into the pile cap shall be capable of
developing the following:

1. In the case of uplift, the lesser of the nominal
tensile strength of the longitudinal reinforcement
in a concrete pile, or the nominal tensile strength of
a steel pile, or 1.3 times the pile pullout resistance,
or the axial tension force resulting from the special
seismic loads of Section 9.5.2.7.1.

2. In the case of rotational restraint, the lesser of the
axial and shear forces and moments resulting from
the special seismic loads of Section 9.5.2.7.1 or
development of the full axial, bending, and shear
nominal strength of the pile.

Splices of pile segments shall develop the nominal
strength of the pile section, but the splice need not
develop the nominal strength of the pile in tension, shear,
and bending when it has been designed to resist axial and
shear forces and moments from the special seismic loads
of Section 9.5.2.7.1.

Pile moments, shears, and lateral deflections used for
design shall be established considering the interaction
of the shaft and soil. Where the ratio of the depth of
embedment of the pile-to-the-pile diameter or width is
less than or equal to 6, the pile may be assumed to be
flexurally rigid with respect to the soil.

Pile group effects from soil on lateral pile nominal
strength shall be included where pile center-to-center
spacing in the direction of lateral force is less than eight
pile diameters or widths. Pile group effects on vertical
nominal strength shall be included where pile center-to-
center spacing is less than three pile diameters or widths.

SECTION 9.8
STEEL

9.8.1 Reference Documents, The design, construction,
and quality of steel components that resist seismic forces
shall conform to the requirements of the references listed in
this Section except that modifications are necessary to make
the references compatible with the provisions of this doc-
ument. Appendix A.9.8 provides supplementary provisions
for this compatibility.

Reference 9.8-1 American Institute of Steel Construc-
tion (AISC), Load and Resistance Factor
Design Specification for Structural Steel
Buildings (LRFD), 1999.

American Institute of Steel Construc-
tion, Allowable Stress Design and Plastic

Reference 9.8-2
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Design Specification for Structural Steel
Buildings (ASD), June 1, 1989.
American Institute of Steel Construction,
Seismic Provisions for Structural Steel
Buildings, Part I, 1997, including Sup-
plement 2, November 10, 2000.
American Iron and Steel Institute
(AISI), Specification for the Design of
Cold-Formed Steel Structural Members,
1996, including Supplement No. 1, July
30, 1999.

ASCE, Specification for the Design of
Cold-Formed Stainless Steel Structural
Members, ASCE 8-90, 1990.

Steel Joist Institute, Standard Specifica-
tion, Load Tables and Weight Tables for
Steel Joists and Joist Girders, 1994.
ASCE, Structural Applications for Steel
Cables for Buildings, ASCE 19-95, 1995.

Reference 9.8-3

Reference 9.8-4

Reference 9.8-5

Reference 9.8-6

Reference 9.8-7

SECTION 9.9
STRUCTURAL CONCRETE

9.9.1 Reference Documents. The quality and testing of
materials and the design and construction of structural con-
crete components that resist seismic forces shall conform
to the requirements of the references listed in this Section
except that modifications are necessary to make the ref-
erence compatible with the provisions of this document.
Appendix A.9.9 provides the supplementary provisions for
this compatibility. The load combinations of Section 2.4.1
are not applicable for design of reinforced concrete to resist
earthquake loads.
Reference 9.9-1 American Concrete Institute, Building
Code Requirements for Structural Con-
crete, ACI 318-02.

SECTION 9.10
COMPOSITE STRUCTURES

9.10.1 Reference Documents. The design, construction,
and quality of composite steel and concrete components
that resist seismic forces shall conform to the relevant
requirements of the following references except as modified
by the provisions of this chapter.

Reference 9.10-1  American Institute of Steel Construc-
tion (AISC), Load and Resistance Fac-
tor Design Specification for Structural
Steel Buildings (LRFD), 1999.
American Concete Institute (ACI),
Building Code Requirements for Struc-
tural ~ Concrete, 1999,  excluding

Reference 9.10-2
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Appendix A, (Alternate Design Method)
and Chapter 22 (Structural Plain Con-
crete) and making Appendix C (Alterna-
tive Load and Strength Reduction Fac-
tors) mandatory.

American Institute of Steel Construc-
tion (AISC), Seismic Provisions for
Structural Steel Buildings, Including
Supplement No. 1 (February 15, 1999,
July 1997, Parts I and 1II.

American Tron and Steel Institute
(AISI), Specification for the Design of
Cold-Formed Steel Structural Members,
1996, including Supplement 2000,
excluding ASD provisions.

Reference 9.10-3

Reference 9.10-4

9.10.1.1 When using ACI [2], Appendix A and Chap-
ter 22 are excluded and Appendix C is mandatory.

SECTION 9.11
MASONRY

9.11.1 Reference Documents. The design, construction,
and quality assurance of masonry components that resist
seismic forces shall conform to the requirements of the
reference listed in this Section except that modifications
are necessary to make the reference compatible with the
provisions of this document. Appendix A.9.11 provides the
supplementary provisions for this compatibility.

Reference 9.11-1 American Concrete Institute, Building
Code Requirements for Masonry Struc-
tures, ACl 530-99/ASCE 5-99/TMS
402-99, 1999 and Specifications for
Masonry Structures, ACI 530.1-99/

ASCE 6-99/TMS 602-99, 1999.

SECTION 9.12
wOoGOoD

9.12.1 Reference Documents. The quality, testing, design,
and construction of members and their fastenings in
wood systems that resist seismic forces shall conform
to the requirements of the reference documents listed in
this Section.

9.12.1.1 Consensus Standards.

Reference 9.12-1 National Design Specification for
Wood Construction, including sup-

plements, ANSI/AF&PA NDS-2001

(2001).
Reference 9.12-2 National Institute of Standards and
Technology, American Softwood

Lumber Standard, Voluntary Product
Standard PS 20-99, (1999).
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Reference 9.12-3  Softwood  Plywood—Construction
and Industrial PS 7-95 (1995).
ANSI, Wood Particle Board, ANSI
A208.1, (1993).

Performance Standard for Wood
Based Structural Use Panels PS 2-92
(1992).

American National Standard for
Wood Products—Structural  Glued
Laminated Timber,” ANSIAITC
A190.1-1992.

Wood Poles — Specifications and
Dimensions ANSI 05.1 (1992).
Standard Specification for Estab-
lishing and Monitoring Structural
Capacities of Prefabricated Wood I-
Joists, ASTM D 5055-95A (1995).
Load and Resistance Factor Design
(LRFD), Standard for Engineered
Wood Construction, including sup-
plements, ASCE 16-95 (1995).

Reference 9.12-4

Reference 9.12-5

Reference 9.12-6

Reference 9.12-7

Reference 9.12-8

Reference 9.12-9

9.12.1.2 Other References.

Reference 9.12-10 International Code Council, (ICC)
2000 International Residential Code
with the 2002 Supplement, 2000.

SECTION 9.13
PROVISIONS FOR SEISMICALLY ISOLATED
STRUCTURES

9.13.1 General. Every seismically isolated structure and
every portion thereof shall be designed and constructed in
accordance with the requirements of this Section and the
applicable requirements of Section 9.1.

The lateral force-resisting 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.

9.13.2 Criteria Selection.

9.13.2.1 Basis for Design. The procedures and limita-
tions for the design of seismically isolated structures
shall be determined considering zoning, site characteris-
tics, vertical acceleration, cracked section properties of
concrete and masonry members, Seismic Use Group,
configuration, structural system, and height in accor-
dance with Section 9.5.2 except as noted below.

9.13.2.2 Stability of the Isolation System. The stabil-
ity of the vertical load-carrying elements of the isolation
system shall be verified by analysis and test, as required,
for lateral seismic displacement equal to the total maxi-
mum displacement.
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9.13.2.3 Seismic Use Group. All portions of the struc-
ture, including the structure above the isolation system,
shall be assigned a Seismic Use Group in accordance
with the requirements of Section 9.1.3. The Occupancy
Importance Factor shall be taken as 1.0 for a seismically
isolated structure, regardless of its Seismic Use Group
categorization.

9.13.2.4 Configuration Requirements. Each structure
shall be designated as being regular or irregular on
the basis of the structural configuration above the
isolation system.

9.13.2.5 Selection of Lateral Response Procedure.

9.13.2.5.1 General. Seismically isolated structures
except those defined in Section 9.13.2.5.2 shall be
designed using the dynamic lateral response proce-
dure of Section 9.13.4.

9.13.2.5.2 Equivalent Lateral Force Procedure.
The equivalent lateral response procedure of Section
9.13.3 is permitted to be used for design of a seismi-
cally isolated structure provided that:

1. The structure is located at a site with S; less
than or equal to 0.60 g.

2. The structure is located on a Class A, B, C, or
D site.

3. The structure above the isolation interface is
less than or equal to 4 stories or 65 ft (19.8 m)
in height.

4. The effective period of the isolated structure
at maximum displacemént, Tu, is less than or
equal to 3.0 sec.

5. The effective period of the isolated structure
at the design displacement, Tp, is greater than
three times the elastic, fixed-base period of
the structure above the isolation system as
determined by Eq. 9.5.3.3-1 or 9.5.3.3-2.

6. The structure above the isolation system is of
regular configuration.

7. The isolation system meets all of the follow-
ing criteria:

a. The effective stiffness of the isolation system
at the design displacement is greater than
one-third of the effective stiffness at 20% of
the design displacement.

b. The isolation system is capable of pro-
ducing a restoring force as specified in
Section 9.13.6.2.4.

c. The isolation system has force-deflection

properties that are independent of the rate
of loading.
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d. The isolation system has force-deflection
properties that are independent of vertical
load and bilateral load.

e. The isolation system does not limit maxi-
mum considered earthquake displacement to
less than Sy;;/Sp; times the total design dis-
placement.

9.13.2.5.3 Dynamic Analysis. The dynamic lateral
response procedure of Section 9.13.4 shall be used as
specified below.

9.13.2.5.3.1 Response-Spectrum Analysis. Res-
ponse-spectrum analysis shall not be used for
design of a seismically isolated structure unless:

1. The structure is located on a Class A, B, C,
or D Site

2. The isolation system meets the criteria of
Item 7 of Section 9.13.2.5.2.

9.13.2.5.3.2 Time-History Analysis. Time-history
analysis shall be permitted for design of any seis-
mically isolated structure and shall be used for
design of all seismically isolated structures not
meeting the criteria of Section 9.13.2.5.3.1.

9.13.2.5.3.3 Site-Specific Design Spectra. Site-
specific ground-motion spectra of the design earth-
quake and the maximum considered earthquake
developed in accordance with Section 9.13.4.4.1
shall be used for design and analysis of all seismi-
cally isolated structures if any one of the following
conditions apply:

1. The structure is located on a Class F Site

2. The structure is located at a site with
Sy greater than 0.60 g, as determined in
Section 9.4.1.

9.13.3 Equivalent Lateral Force Procedure.

9.13.3.1 General. Except as provided in Section 9.13.4,
every seismically isolated structure or portion thereof
shall be designed and constructed to resist minimum
earthquake displacements and forces as specified by this
Section and the applicable requirements of Section 9.5.3.

9.13.3.2 Deformation Characteristics of the Isolation
System. Minimum lateral earthquake design displace-
ments and forces on seismically isolated structures shall
be based on the deformation characteristics of the isola-
tion system.
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The deformation characteristics of the isolation sys-

tem shall explicitly include the effects of the wind-
restraint system if such a system is used to meet the
design requirements of this document.

The deformation characteristics of the isolation sys-

tem shall be based on properly substantiated tests per-
formed in accordance with Section 9.13.9.

9.13.3.3 Minimum Lateral Displacements.

9.13.3.3.1 Design Displacement. The isolation sys-
tem shall be designed and constructed to withstand
minimum lateral earthquake displacements, Dp, that
act in the direction of each of the main horizontal axes
of the structure in accordance with the following:

_ &S;mTp

Dp = Eq. 9.13.3.3.1
D= 1rB, (Eq )

where

g = acceleration of gravity. The units of the
acceleration of gravity, g, are in./sec’
(mm/sec?) if the units of the design
displacement, D, are in. (mm)

Sp1 = design 5% damped spectral acceleration at
I-sec period, in units of g-sec, as determined
in Section 9.4.1.1

Tp = effective period of seismically isolated
structure in seconds (sec), at the design
displacement in the direction under
consideration, as prescribed by Eq. 9.13.3.3.2

Bp = numerical coefficient related to the effective
damping of the isolation system at the design
displacement, Dp, as set forth in
Table 9.13.3.3.1

TABLE 9.13.3.3.1
DAMPING COEFFICIENT, B,

Effective Damping,
(Percentggeogfﬂg‘itical)avb Bp or By, Factor

<2% 0.8

5% 1.0

10% 1.2

20% 1.5

30% 1.7

40% 1.9

>50% 2.0

4 The damping coefficient shall be based on the effective
damping of the isolation system determined in accor-
dance with the requirements of Section 9.13.9.5.2.

® The damping coefficient shall be based on linear
interpolation for effective damping values other than
those given.
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9.13.3.3.2 Effective Period at Design Displacement.
The effective period of the isolated structure at design
displacement, Tp, shall be determined using the
deformational characteristics of the isolation system
in accordance with the following equation:

w

TD =27
kDmin 8

(Eq. 9.13.3.3.2)

where

W = total seismic dead load weight of the
structure above the isolation interface as
defined in Section 9.5.3 (kip or kN)

kpmin = minimum effective stiffness in
kips/in.(kN/mm) of the isolation system at
the design displacement in the horizontal
direction under consideration as prescribed
by Eq. 9.13.9.5.1-2

g = acceleration due to gravity

9.13.3.3.3 Maximum Lateral Displacement. The
maximum displacement of the isolation system, Dy,
in the most critical direction of horizontal response
shall be calculated in accordance with the formula:

_ &SmiTu

Dy = : Eq. 9.13.3.3.3
M A71B,, (Eq )

where

g = acceleration of gravity

Sy1 = maximum considered 5% damped spectral
acceleration at 1-sec period, in units of
g-sec, as determined in Section 9.4.1.2

Ty = effective period, in seconds (sec), of
seismic-isolated structure at the maximum
displacement in the direction under
consideration as prescribed by Eq. 9.13.3.3.4

By = numerical coefficient related to the effective
damping of the isolation system at the
maximum displacement, D,,, as set forth in
Table 9.13.3.3.1

9.13.3.3.4 Effective Period at Maximum Displace-
ment. The effective period of the isolated structure
at maximum displacement, Ty, shall be determined
using the deformational characteristics of the isolation
system in accordance with the equation:

w

k/’llmm g

Ty =2m (Eq. 9.13.3.3.4)

where

W = total seismic dead load weight of the
structure above the isolation interface as
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defined in Sections 9.5.3.2 and 9.5.5.3
(kip or kN)

kapmin = minimum effective stiffness, in kips/in.
(kN/mm), of the isolation system at the
maximum displacement in the horizontal
direction under consideration as prescribed
by Eq. 9.13.9.5.1-4

g = acceleration of gravity

9.13.3.3.5 Total Lateral Displacement. The total
design displacement, Drp, and the total maximum
displacement, Dy, of elements of the isolation sys-
tem shall include additional displacement due to
actual and accidental torsion calculated from the spa-
tial distribution of the lateral stiffness of the isolation
system and the most disadvantageous location of mass
eccentricity.

The total design displacement, Drp, and the total
maximum displacement, D7y, of elements of an
isolation system with uniform spatial distribution of
lateral stiffness shall not be taken as less than that
prescribed by the following equations:

Drp = Dp [1 +y (Eq. 9.13.3.3.5-1)

12¢
b +d?

} (Eq. 9.13.3.3.5-2)

12e

Dry = Dy [1 TV s
Exception: The total design displacement, Drp,
and the total maximum displacement, Dr,s, are
permitted to be taken as less than the value
prescribed by Eqs. 9.13.3.3.5-1 and 9.13.3.3.5-2,
respectively, but not less than 1.1 times Dp and
Dy, respectively, provided the isolation system is
shown by calculation to be configured to resist
torsion accordingly.

where

Dp = design displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.1

Dy; = maximum displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.3

y = the distance, in ft (mm), between the centers
of rigidity of the isolation system and the
element of interest measured perpendicular to
the direction of seismic loading under
consideration

e = the actual eccentricity, in ft (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 ft (mm), taken as
5% of the longest plan dimension of the
structure perpendicular to the direction of
force under consideration

b = the shortest plan dimension of the structure,
in ft (mm), measured perpendicular to d

d = the longest plan dimension of the structure,
in ft (mm)

9.13.3.4 Minimum Lateral Forces.

9.13.3.4.1 Isolation System and Structural Ele-
ments at or Below the Isolation System.

The isolation system, the foundation, and all struc-
tural elements below the isolation system shall be
designed and constructed to withstand a minimum
lateral seismic force, Vj, using all of the appropriate
provisions for a nonisolated structure where

Vo = kpmax Dp (Eq. 9.13.34.1)

where

V), = the minimum lateral seismic design force
or shear on elements of the isolation
system or elements below the isolation
system as prescribed by Eq. 9.13.3.4.1

kpmax = maximum effective stiffness, in kips/in.
(kN/mm), of the isolation system at the
design displacement in the horizontal
direction under consideration

Dp = design displacement, in in. (mm), at the

center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.1

V,, shall not be taken as less than the maximum force
in the isolation system at any displacement up to and
including the design displacement.

9.13.3.4.2 Structural Elements Above the Isolation
System. The structure above the isolation system shall
be designed and constructed to withstand a minimum
shear force, V,, using all of the appropriate provisions
for a nonisolated structure where

k ﬂl(l,XD
V, = D—R—’l (Eq. 9.1334.2)
1

where

kpmax = maximum effective stiffness, in kips/in.
(KN/mm), of the isolation system at the
design displacement in the horizontal
direction under consideration
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Dp = design displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.1

Ry = numerical coefficient related to the type of
lateral force-resisting system above the
isolation system

The R; factor shall be based on the type of lateral-
force-resisting system used for the structure above
the isolation system and shall be three-eighths of the
R value given in Table 9.5.2.2 with an upper-bound
value not to exceed 2.0 and a lower bound value not
to be less than 1.0.

9.13.3.4.3 Limits on V,. The value of V, shall not
be taken as less than the following:

1. The lateral seismic force required by Sec-
tion 9.5.3 for a fixed-base structure of the same
weight, W, and a period equal to the isolated
period, Tp,

2. The base shear corresponding to the factored
design wind load.

3. The lateral seismic force required to fully acti-
vate the isolation system (e.g., the yield level
of a softening system, the ultimate capacity of
a sacrificial wind-restraint system, or the break-
away friction level of a sliding system) factored
by L.5.

9.13.3.5 Vertical Distribution of Force. The total force
shall be distributed over the height of the structure above
the isolation interface in accordance with the follow-
ing equation:

_ Vswyh,

— n
E w;h;
i=1

X

(Eq. 9.13.3.5)

where

V, = total lateral seismic design force or shear on
elements above the isolation system as
prescribed by Eq. 9.13.3.4.2

W, = portion of W that is located at or assigned to
Level i, n, or x, respectively

h, = height above the base Level i, n, or x,
respectively

w; = portion of W that is located at or assigned to
Level i, n, or x, respectively

h; = height above the base Level i, n, or x,
respectively

At each level designated as x, the force, F\, shall be
applied over the area of the structure in accordance with
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the mass distribution at the level. Stresses in each struc-
tural element shall be calculated as the effect of force,
F., applied at the appropriate levels above the base.

9.13.3.6 Drift Limits. The maximum interstory drift of
the structure above the isolation system shall not exceed
0.015Ah;,. The drift shall be calculated by Eq. 9.5.3.7.1
with the C, factor of the isolated structure equal to the
R; factor defined in Section 9.13.3.4.2.

9.13.4 Dynamic Lateral Response Procedure.

9.13.4.1 General. As required by Section 9.13.2, every
seismically isolated structure or portion thereof shall be
designed and constructed to resist earthquake displace-
ments and forces as specified in this Section and the
applicable requirements of Section 9.5.4.

9.13.4.2 TIsolation System and Structural Elements
Below the Isolation System. The total design displace-
ment of the isolation system shall not be taken as less
than 90% of Drp as specified by Section 9.13.3.3.5.

The total maximum displacement of the isolation
system shall not be taken as less than 80% of Dry as
prescribed by Section 9.13.3.3.5.

The design lateral shear force on the isolation system
and structural elements below the isolation system shall
not be taken as less than 90% of V), as prescribed by
Eq. 9.13.3.4.1.

The limits on displacements specified by this Section
shall be evaluated using values of Dyp and Dry
determined in accordance with Section 9.13.3.5 except
that Dp is permitted to be used in lieu of Dp and Dy
is permitted to be used in lien of Dy, where

D
Dpy=——==0 (Eq. 9.13.4.2-1)
V14 (T/Tp)?
, Dy
Dy = (Eq. 9.13.4.2-2)

V1+A(T/Ty)?

where

Dp = design displacement, in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.1

Dy = maximum displacement in in. (mm), at the
center of rigidity of the isolation system in
the direction under consideration as
prescribed by Eq. 9.13.3.3.3

T = elastic, fixed-base period of the structure
above the isolation system as determined by
Section 9.5.3.3

Tp = effective period of seismically isolated

structure in sec, at the design displacement
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in the direction under consideration as
prescribed by Eq. 9.13.3.3.2

Ty = effective period, in sec, of the seismically
isolated structure, at the maximum
displacement in the direction under
consideration as prescribed by Eq. 9.13.3.3.4

9.13.4.3 Structural Elements Above the Isolation
System. The design lateral shear force on the structure
above the isolation system, if regular in configuration,
shall not be taken as less than 80% of Vi, or less than
the limits specified by Section 9.13.3.4.3.

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%, but shall not be less than 60% of V,, when time-
history analysis is used for design of the structure.

The design lateral shear force on the structure above the
isolation system, if irregular in configuration, shall not
be taken as less than Vi, or less than the limits specified
by Section 9.13.3.4.3.

Exception: The design lateral shear force on the
structure above the isolation system, if irregular
in configuration, is permitted to be taken as less
than 100%, but shall not be less than 80% of Vi,
when time-history analysis is used for design of
the structure.

9,13.4.4 Ground Motion.

9.13.4.4.1 Design Spectra. Properly substantiated
site-specific spectra are required for design of all
structures located on Site Class E or F or located at
a site with S| greater than 0.60 g. Structures that do
not require site-specific spectra and for which site-
specific spectra have not been calculated shall be
designed using the response spectrum shape given in
Figure 9.4.1.2.6.

A design spectrum shall be constructed for the
design earthquake. This design spectrum shall not
be taken as less than the design earthquake response
spectrum given in Figure 9.4.1.2.6.

Exception: If a site-specific spectrum is calculated
for the design earthquake, the design spectrum is
permitted to be taken as less than 100% but shall
not be less than 80% of the design earthquake
response spectrum given in Figure 9.4.1.2.6.

A design spectrum shall be constructed for the
maximum considered earthquake. This design spec-
trum shall not be taken as less than 1.5 times
the design earthquake response spectrum given in
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Figure 9.4.1.2.6. This design spectrum shall be used
to determine the total maximum displacement and
overturning forces for design and testing of the isola-
tion system.

Exception: If a site-specific spectrum is calcu-
lated for the maximum considered earthquake, the
design spectrum is permitted to be taken as less
than 100% but shall not be less than 80% of
1.5 times the design earthquake response spectrum
given in Figure 9.4.1.2.6.

9.13.4.4.2 Time Histories. Pairs of horizontal
ground-motion time-history components shall be
selected and scaled from not less than three recorded
events. For each pair of horizontal ground-motion
components, the square root sum of the squares
(SRSS) of the 5% damped spectrum of the scaled,
horizontal components shall be constructed. The
motions shall be scaled such that the average value
of the SRSS spectra does not fall below 1.3 times the
5% damped spectrum of the design earthquake (or
maximum considered earthquake) by more than 10%
for periods from 0.5T7 seconds to 1.25T), seconds
where Tp and Ty, are determined in accordance with
Sections 9.13.3.3.2 and 9.13.3.3 4, respectively.

9.13.4.5 Mathematical Model.

9.13.4.5.1 General. The mathematical models of
the isolated structure including the isolation sys-
tem, the lateral-force-resisting system, and other
structural elements shall conform to Section 9.5.4.2
and to the requirements of Sections 9.13.4.5.2 and
9.13.4.5.3, below.

9.13.4.5.2 Isolation System. The isolation system
shall be modeled using deformational characteristics
developed and verified by test in accordance with
the requirements of Section 9.13.3.2. The isolation
system shall be modeled with sufficient detail to:

1. Account for the spatial distribution of isola-
tor units.

2. Calculate translation, in both horizontal direc-
tions, and torsion of the structure above the
isolation interface considering the most disad-
vantageous location of mass eccentricity.

3. Assess overturning/uplift forces on individual
isolator units.

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.
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9.13.4.5.3 Isolated Building.

9.13.4.5.3.1 Displacement. The maximum dis-
placement of each floor and the total design dis-
placement and total maximum displacement across
the isolation system shall be calculated using a
model of the isolated structure that incorporates the
torce-deflection characteristics of nonlinear ele-
ments of the isolation system and the lateral-force-
resisting system.

Isolation systems with nonlinear elements
include, but are not limited to, systems that do not
meet the criteria of Item 7 of Section 9.13.2.5.2.

Lateral-force-resisting systems with nonlinear
elements include, but are not limited to, irregular
structural systems designed for a lateral force less
than V and regular structural systems designed for
a lateral force less than 80% of V.

9.13.4.5.3.2 Forces and Displacements in Key
Elements. Design forces and displacements in key
elements of the lateral-force-resisting system shall
not be calculated using a linear elastic model of
the isolated structure unless:

1. Pseudo-elastic properties assumed for non-
linear isolation system components are based
on the maximum effective stiffness of the
isolation system.

2. All key elements of the lateral-force-resisting
system are linear.

9.13.4.6 Description of Analysis Procedures.

9.13.4.6.1 General. Response-spectrum and time-
history analyses shall be performed in accordance
with Section 9.5.3 and the requirements of this
section.

9.13.4.6.2 Input Earthquake. The design earth-
quake shall 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.

9.13.4.6.3 Response-Spectrum Analysis. Response-
spectrum analysis shall be performed using a damping
value equal to the effective damping of the isolation
system or 30% of critical, whichever is less.
Response-spectrum analysis used to determine the
total design displacement and the total maximum
displacement shall include simultaneous excitation of
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the model by 100% of the most critical direction of
ground motion and 30% of the ground motion on the
orthogonal axis. The maximum displacement of the
isolation system shall be calculated as the vectorial
sum of the two orthogonal displacements.

The design shear at any story shall not be less
than the story shear obtained using Eq. 9.13.3.5 and
a value of V; taken as that equal to the base shear
obtained from the response-spectrum analysis in the
direction of interest.

9.13.4.6.4 Time-History Analysis. Time-history ana-
lysis shall be performed with at least three appro-
priate pairs of horizontal time-history components as
defined in Section 9.13.4.4.2.

Each pair of time histories shall be applied simulta-
neously to the model considering the most disadvan-
tageous location of mass eccentricity. The maximum
displacement of the isolation system shall be calcu-
lated from the vectorial sum of the two orthogonal
components at each time step.

The parameter of interest shall be calculated for
each time-history analysis. If three time-history anal-
yses are performed, the maximum response of the
parameter of interest shall be used for design. If seven
or more time-history analyses are performed, the aver-
age value of the response parameter of interest shall
be used for design.

9.13.4.7 Design Lateral Force.

9.13.4.7.1 Isolation System and Structural Ele-
ments at or Below the Isolation System. The iso-
lation system, foundation, and all structural elements
below the isolation system shall be designed using
all of the appropriate provisions for a nonisolated
structure and the forces obtained from the dynamic
analysis without reduction.

9.13.4.7.2 Structural Elements Above the Isolation
System. Structural elements above the isolation sys-
tem shall be designed using the appropriate provisions
for a nonisolated structure and the forces obtained
from the dynamic analysis reduced by a factor of R;.
The R; factor shall be based on the type of lateral-
force-resisting system used for the structure above the
isolation system.

9.13.4.7.3 Scaling of Results. When the factored lat-
eral shear force on structural elements, determined
using either response-spectrum or time-history anal-
ysis, is less than the minimum level prescribed by
Sections 9.13.4.2 and 9.13.4.3, all response parame-
ters, including member forces and moments, shall be
adjusted upward proportionally.
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9.13.4.7.4 Drift Limits. Maximum interstory drift
corresponding to the design lateral force including
displacement due to vertical deformation of the iso-
lation system shall not exceed the following limits:

1. The maximum interstory drift of the structure
above the isolation system calculated by
response-spectrum analysis shall not exceed
0.01545,.

2. The maximum interstory drift of the struc-
ture above the isolation system calculated
by time-history analysis based on the force-
deflection characteristics of nonlinear elements
of the lateral-force-resisting system shall not
exceed 0.020h;,.

Drift shall be calculated using Eq. 9.5.3.7.1 with
the C, factor of the isolated structure equal to the R,
factor defined in Section 9.13.3.4.2.

The secondary effects of the maximum considered
earthquake lateral displacement A of the structure
above the isolation system combined with gravity
forces shall be investigated if the interstory drift ratio
exceeds 0.010/R;.

9.13.5 Lateral Load on Elements of Structures and
Nenstructural Components Supported by Buildings.

9.13.5.1 General. Parts or portions of an isolated
structure, permanent nonstructural components and the
attachments to them, and the attachments for permanent
equipment supported by a structure shall be designed
to resist seismic forces and displacements as prescribed
by this section and the applicable requirements of
Section 9.6.

9.13.5.2 Forces and Displacements.

9.13.5.2.1 Components at or Above the Isclation
Interface. Elements of seismically isolated structures
and nonstructural components, or portions thereof,
that are at or above the isolation interface shall be
designed to resist a total lateral seismic force equal
to the maximum dynamic response of the element or
component under consideration.

Exception: Elements of seismically isolated struc-
tures and nonstructural components or portions
designed to resist total lateral seismic force as
prescribed in Sections 9.5.2.6 and 9.6.1.3 as appro-
priate.

9.13.5.2.2 Components Crossing the Isolation
Interface. Elements of seismically isolated structures
and nonstructural components, or portions thereof,
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that cross the isolation interface shall be designed to
withstand the total maximum displacement.

9.13.5.2.3 Components Below the Isolation Inter-
face. Elements of seismically isolated structure and
nonstructural components, or portions thereof, that
are below the isolation interface shall be designed
and constructed in accordance with the requirements
of Section 9.5.2.

9.13.6 Detailed System Requirements.

9.13.6.1 General. The isolation system and the struc-
tural system shall comply with the material requirements
of Sections 9.8 through 9.12. In addition, the isolation
system shall comply with the detailed system require-
ments of this section and the structural system shall
comply with the detailed system requirements of this
section and the applicable portions of Section 9.5.2.

9.13.6.2 Isolation System.

9.13.6.2.1 Environmental Conditions. In addition to
the requirements for vertical and lateral loads induced
by wind and earthquake, the isolation system shall
provide for other environmental conditions including
aging effects, creep, fatigue, operating temperature,
and exposure to moisture or damaging substances.

9.13.6.2.2 Wind Forces. Isolated structures shall
resist design wind loads at all levels above the iso-
lation interface. At the isolation interface, a wind-
restraint system shall be provided to limit lateral dis-
placement in the isolation system to a value equal to
that required between floors of the structure above the
isolation interface.

9.13.6.2.3 Fire Resistance. Fire resistance for the
isolation system shall meet that required for the struc-
ture columns, walls, or other such gravity-bearing
elements in the same area of the structure.

9.13.6.2.4 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% of the total design displacement.

Exception: The isolation system need not be con-
figured to produce a restoring force, as required
above, provided the isolation system is capa-
ble of remaining stable under full vertical load
and accommodating a total maximum displace-
ment equal to the greater of either 3.0 times
the total design displacement or 368, in. (or
915583;; mm).
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9.13.6.2.5 Displacement Restraint. The isolation
system shall not be configured to include a displace-
ment restraint that limits lateral displacement due
to the maximum considered earthquake to less than
Sui/Spi times the total design displacement unless
the seismically isolated structure is designed in accor-
dance with the following criteria when more stringent
than the requirements of Section 9.13.2:

1. Maximum considered earthquake response is
calculated in accordance with the dynamic anal-
ysis requirements of Section 9.13.4 explicitly
considering the nonlinear characteristics of the
isolation system and the structure above the iso-
lation system.

2. The ultimate capacity of the isolation sys-
tem and structural elements below the isola-
tion system shall exceed the strength and dis-
placement demands of the maximum consid-
ered earthquake.

3. The structure above the isolation system is
checked for stability and ductility demand of
the maximum considered earthquake.

4. The displacement restraint does not become
effective at a displacement less than 0.75 times
the total design displacement unless it is demon-
strated by analysis that earlier engagement does
not result in unsatisfactory performance.

9.13.6.2.6 Vertical-Load Stability. Each element of
the isolation system shall be designed to be stable
under the design vertical load at a horizontal dis-
placement equal to the total maximum displacement.
The design vertical load shall be computed using load
combination 5 of Section 2.3.2 for the maximum ver-
tical load and load combination 7 of Section 2.3.2
for the minimum vertical load. The seismic load E
is given by Eqgs. 9.5.2.7-1 and 9.5.2.7-2 where Spg
in these equations is replaced by Sys. The vertical
load due to earthquake, Qp, shall be based on peak
response due to the maximum considered earthquake.

9.13.6.2.7 Overturning. The factor of safety against
global structural overturning at the isolation interface
shall not be less than 1.0 for required load combi-
nations. All gravity and seismic loading conditions
shall be investigated. Seismic forces for overturning
calculations shall be based on the maximum consid-
ered earthquake and W shall be used for the vertical
restoring force.

Local uplift of individual elements shall not be
allowed unless the resulting deflections do not cause

9.13.6.2.8 Inspection and Replacement.

1. Access for inspection and replacement of all
components of the isolation system shall be
provided.

2. A registered design professional shall complete
a final 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 seismi-
cally isolated structure. Such inspections 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
installed are able to accommodate the stipulated
displacements.

3. Seismically isolated structures shall have a peri-
odic monitoring, inspection, and maintenance
program for the isolation system established by
the registered design professional responsible
for the design of the system.

4. Remodeling, repair, or retrofitting at the isola-
tion system interface, including that of compo-
nents that cross the isolation interface, shall be
performed under the direction of a registered
design professional.

9.13.6.2.9 Quality Control. A quality control testing
program for isolator units shall be established by the
engineer responsible for the structural design.

9.13.6.3 Structural System.

9.13.6.3.1 Horizontal Distribution of Force. A hor-
izontal diaphragm or other structural elements shall
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.

9.13.6.3.2 Building Separations. Minimum separa-
tions between the isolated structure and surrounding
retaining walls or other fixed obstructions shall not
be less than the total maximum displacement.

9.13.6.3.3 Nonbuilding Structures. These shall be
designed and constructed in accordance with the
requirements of Section 9.14 using design displace-
ments and forces calculated in accordance with
Section 9.13.3 or 9.13.4.

overstress or instability of the isolator units or other ~ 9.13.7 Foundations. Foundations shall be designed and
structure elements. constructed in accordance with the requirements of
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Section 4 using design forces calculated in accordance with
Section 9.13.3 or 9.13.4, as appropriate.

9.13.8 Design and Construction Review.

9.13.8.1 General. A design review of the isolation
system and related test programs shall be performed
by an independent engineering team including persons
licensed in the appropriate disciplines and experienced in
seismic analysis methods and the theory and application
of seismic isolation.

9.13.8.2 Isolation System. Isolation system design
review shall include, but not be limited to, the following:

1. Review of site-specific seismic criteria includ-
ing the development of site-specific spectra and
ground-motion time-histories and all other design
criteria developed specifically for the project.

2. Review of the preliminary design - including the
determination of the total design displacement of
the isolation system design displacement and the
lateral force design level.

3. Overview and observation of prototype testing
(Section 9.13.9).

4. Review of the final design of the entire structural
system and all supporting analyses.

S. Review of the isolation system quality control
testing program (Section 9.13.6.2.9).

9.13.9 Required Tests of the Isolation System.

9.13.9.1 General. The deformation characteristics and
damping values of the isolation system used in the design
and analysis of seismically isolated structures shall be
based on tests of a selected sample of the components
prior to construction as described in this Section.

The isolation system components to be tested shall
include the wind-restraint system if such a system is
used in the design.

The tests specified in this section are for establishing
and validating the design properties of the isolation
system and shall not be considered as satisfying the
manufacturing quality control tests of Section 9.13.6.2.9.

9.13.9.2 Prototype Tests.

9.13.9.2.1 General. Prototype tests shall be per-
formed separately on two full-size specimens (or sets
of specimens, as appropriate) of each predominant
type and size of isolator unit of the isolation system.
The test specimens shall include the wind-restraint
system as well as individual isolator units if such
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systems are used in the design. Specimens tested shall
not be used for construction unless permitted by the
registered design professional and authority having
jurisdiction.

9.13.9.2.2 Record. For each cycle of tests, the force-
deflection and hysteretic behavior of the test specimen
shall be recorded.

9.13.9.2.3 Sequence and Cycles. The following
sequence of tests shall be performed for the prescribed
number of cycles at a vertical load equal to the aver-
age dead load plus one-half the effects due to live
load on all isolator units of a common type and size:

1. Twenty fully reversed cycles of loading at
a lateral force corresponding to the wind
design force.

2. Three fully reversed cycles of loading at each
of the following increments of the total design
displacement—0.25Dp, 0.5Dp, 1.0Dp, and
1.0Dy; where Dp and Dy, are as determined in
Sections 9.13.3.3.1 and 9.13.3.3.3, respectively,
or Section 9.13.4 as appropriate.

3. Three fully reversed cycles of loading at the
total maximum displacement, 1.0D7,,.

4. 308p1/SpsBp, but not less than 10, fully
reversed cycles of loading at 1.0 times the total
design displacement, 1.0D7p.

If an isolator unit is also a vertical-load—carrying
element, then Item 2 of the sequence of cyclic tests
specified above shall be performed for two additional
vertical load cases specified in Section 9.13.6.2.6.
The load increment due to earthquake overturning,
QE, shall be equal to or greater than the peak
earthquake vertical force response corresponding to
the test displacement being evaluated. In these tests,
the combined vertical load shall be taken as the
typical or average downward force on all isolator
units of a common type and size.

9.13.9.2.4 Units Dependent on Loading Rates. If
the force-deflection properties of the isolator units are
dependent on the rate of loading, each set of tests
specified in Section 9.13.9.2.3 shall be performed
dynamically at a frequency, f, equal to the inverse
of the effective period, Tp.

If reduced-scale prototype specimens are used to
quantify rate-dependent properties of isolators, the
reduced-scale prototype specimens shall be of the
same type and material and be manufactured with the
same processes and quality as full-scale prototypes
and shall be tested at a frequency that represents full-
scale prototype loading rates.
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The force-deflection properties of an isolator unit
shall be considered to be dependent on the rate of
loading if there is greater than a plus or minus 15%
difference in the effective stiffness and the effective
damping at the design displacement when tested at
a frequency equal to the inverse of the effective
period of the isolated structure and when tested at any
frequency in the range of 0.1 to 2.0 times the inverse
of the effective period of the isolated structure.

9.13.9.2.5 Units Dependent on Bilateral Load. If
the force-deflection properties of the isolator units
are dependent on bilateral load, the tests specified in
Sections 9.13.9.2.3 and 9.13.9.2 4 shall be augmented
to include bilateral load at the following increments
of the total design displacement: 0.25 and 1.0, 0.50
and 1.0, 0.75 and 1.0, and 1.0 and 1.0.

If reduced-scale prototype specimens are used
to quantify bilateral-load—dependent properties, the
reduced-scale specimens shall be of the same type and
material and manufactured with the same processes
and quality as full-scale prototypes.

The force-deflection properties of an isolator unit
shall be considered to be dependent on bilateral
load if the bilateral and unilateral force-deflection
properties have greater than a 15% difference in
effective stiffness at the design displacement.

9.13.9.2.6 Maximum and Minimum Vertical Load.
Isolator units that carry vertical load shall be statically
tested for maximum and minimum downward vertical
load at the total maximum displacement. In these
tests, the combined vertical loads shall be taken as
specified in Section 9.13.6.2.6 on any one isolator
of a common type and size. The dead load, D, and
live load, L, are specified in Section 9.5.2.7. The
seismic load E is given by Eqs. 9.5.2.7-1 and 9.5.2.7-
2 where Sps in these equations is replaced by Suys
and the vertical load, Qpg, is based on the peak
earthquake vertical force response corresponding to
the maximum considered earthquake.

9.13.9.2.7 Sacrificial Wind-Restraint Systems. If a
sacrificial wind-restraint system is to be utilized, the
ultimate capacity shall be established by test.

9.13.9.2.8 Testing Similar Units. The prototype tests
are not required if an isolator unit is of similar size
and of the same type and material as a prototype
isolator unit that has been previously tested using the
specified sequence of tests.

9.13.9.3 Determination of Force-Deflection Charac-
teristics. The force-deflection characteristics of the iso-
lation system shall be based on the cyclic load tests of
isolator prototypes specified in Section 9.13.9.2.
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The effective stiffness of an isolator unit, kg, shall
be calculated for each cycle of loading as follows:

|[Fr 4+ 1F7]
ko = ——— Eq. 9.13.9.3-1
T At A (H )

where FT and F~ are the positive and negative forces,
at AT and A, respectively.
As required, the effective damping, 8.y, of an isolator

unit shall be calculated for each cycle of loading by
the equation:

z Eloop
7 ke (AT +[AT])?

Beyr = (Eq. 9.13.9.3-2)

where the energy dissipated per cycle of loading, Ey,,
and the effective stiffness, k., shall be based on peak
test displacements of A™ and A™.

9.13.94 System Adequacy. The performance of the
test specimens shall be assessed as adequate if the
following conditions are satisfied:

1. For each increment of test displacement specified
in Item 2 of Section 9.13.9.2.3 and for each
vertical load case specified in Section 9.13.9.2.3,
there 1s no greater than a 15% difference between
the effective stiffness at each of the three cycles
of test and the average value of effective stiffness
for each test specimen.

o

. For each increment of test displacement specified
in Item 2 of Section 9.13.9.2.3 and for each
vertical load case specified in Section 9.13.9.2.3,
there is no greater than a 15% difference in the
average value 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.

3. For each specimen, there is no greater than a plus
or minus 20% change in the initial effective stiff-
ness of each test specimen over the 155p;/SpsBp,
but not less than 10, cycles of test specified in Item
3 of Section 9.13.9.2.3.

4. For each specimen, there is no greater than a 20%
decrease in the initial effective damping over for
the 158p;/SpsBp, but not less than 10, cycles of
test specified in Section 9.13.9.2.3.

5. All specimens of vertical load-carrying elements
of the isolation system remain stable up to the
total maximum displacement for static load as
prescribed in Section 9.13.9.2.6 and shall have a
positive incremental force-carrying capacity.

9.13.9.5 Design Properties of the Isolation System.

9.13.9.5.1 Maximum and Minimum Effective
Stiffness. At the design displacement, the maximum
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and minimum effectiveness stiffness of the isolated
system, kpmq. and kpmin, shall be based on the cyclic
tests of Item 2 of Section 9.13.9.2.3 and calculated
by the equations:

Z |FD+‘max + Z fFD~|ma).'
2Dp
(Eq. 9.13.9.5.1-1)

Z |Fl)+‘m,in + Z |FD_|mirz
2Dp

(Eq. 9.13.9.5.1-2)
At the maximum displacement, the maximum and
minimum effective stiffness of the isolation system,
kptmar and kuypin, shall be based on the cyclic tests
of Item 3 of Section 9.13.9.2.3 and calculated by
the equations:

kDmax -

k/)m[n -

D 1 lnas + Y | Faglmax

2Dy
(Eq. 9.13.9.5.1-3)

Z iFA—/Hmin + Z |F/ﬁlmin
2Dy

(Eq. 9.13.9.5.1-4)
The maximum effective stiffness of the isolation sys-
tem, kppmar (OF kamax ), shall be based on forces from
the cycle of prototype testing at a test displacement
equal to Dp (or Dy,) that produces the largest value
of effective stiffness. Minimum effective stiffness of
the isolation system, kp, (OF Kasmin ), shall be based
on forces from the cycle of prototype testing at a test
displacement equal to Dp (or D) that produces the
smallest value of effective stiffness.

For isolator units that are found by the tests
of Sections 9.13.9.3, 9.13.94, and 9.13.9.5 to have
force-deflection characteristics that vary with vertical
load, rate of loading, or bilateral load, respectively,
the values of kpyue and kapnae shall be increased and
the values of kp,,, and k.., shall be decreased, as
necessary, to bound the effects of measured variation
in effective stiffness.

kaa,\’ =

katmin =

9.13.9.5.2 Effective Damping. At the design dis-
placement, the effective damping of the isolation sys-
tem, Bp, shall be based on the cyclic tests of Item 2
of Section 9.13.9.3 and calculated by the equation:

>

- 2
2nanm.x’ D[)

Bo (Eq. 9.13.9.5.2-1)

In Eq. 9.13.9.5.2-1, the total energy dissipated per
cycle of design displacement response, 2 E p, shall be
taken as the sum of the energy dissipated per cycle in

all isolator units measured at a test displacement equal
to Dp. The total energy dissipated per cycle of design
displacement response, X Ep, shall be based on forces
and deflections from the cycle of prototype testing
at test displacement Dp that produces the smallest
values of effective damping.

At the maximum displacement, the effective damp-
ing of the isolation system, B, shall be based on the
cyclic tests of Item 2 of Section 9.13.9.3 and calcu-
lated by the equation:

E
ﬂM__&_

== (Eq. 9.13.9.5.2-2)
& Mmax M

In Eqg. 9.13.9.5.2-2, the total energy dissipated per
cycle of design displacement response, X Ey,, shall
be taken as the sum of the energy dissipated per cycle
in all isolator units measured at a test displacement
equal to Dy. The total energy dissipated per cycle
of maximum displacement response, X E, shall
be based on forces and deflections from the cycle
of prototype testing at test displacement D, that
produces the smallest value of effective damping.

SECTION 9.14
NONBUILDING STRUCTURES

9.14.1 General.

9.14.1.1 Nonbuilding Structures. Includes all self-
supporting structures that carry gravity loads and that
may be required to resist the effects of earthquake,
with the exception of: buildings, vehicular and rail-
road bridges, nuclear power generation plants, off-
shore platforms, dams, and other structures excluded
in Section 9.1.2.1. Nonbuilding structures supported by
the earth or supported by other structures shall be
designed and detailed to resist the minimum lateral
forces specified in this section. Design shall conform to
the applicable provisions of other sections as modified
by this section.

9.14.1.2 Design. The design of nonbuilding structures
shall provide sufficient stiffness, strength, and ductility
consistent with the requirements specified herein for
buildings to resist the effects of seismic ground motions
as represented by these design forces:

a. Applicable strength and other design criteria shall
be obtained from other portions of Section 9 or its
referenced codes and standards.

b. When applicable strength and other design cri-
teria are not contained in or referenced by
Section 9, such criteria shall be obtained from
approved national standards. Where approved
national standards define acceptance criteria in
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terms of allowable stresses as opposed to strength,
the design seismic forces shall be obtained from
this Section and used in combination with other
loads as specified in Section 2.4 of this Standard
and used directly with allowable stresses speci-
fied in the national standards. Detailing shall be in
accordance with the approved national standards.

9.14.2 Reference Standards.

9.14.2.1 Consensus Standards. The following refer-
ences are consensus standards and are to be consid-
ered part of the requirements of Section 9 to the extent
referred to in Section 9.14:

Reference 9.14-1

Reference 9.14-2

Reference 9.14-3

Reference 9.14-4

Reference 9.14-5

Reference 9.14-6

Reference 9.14-7

Reference 9.14-8

Reference 9.14-9

Reference 9.14-10

ACI. (1995). “Standard Practice for
the Design and Construction of
Cast-In-Place Reinforced Concrete
Chimneys.” ACI 307.

ACI. (1997). “Standard Practice for
the Design and Construction of
Concrete Silos and Stacking Tubes
for Storing Granular Materials.”
ACI 313.

ACIL (2001). “Standard Practice
for the Seismic Design of Liquid-
Containing Concrete Structures.”
ACI 350.3/350.3R.

ACI. (1998). “Guide to the Anal-
ysis, Design, and Construction of
Concrete-Pedestal Water Towers.”
ACI 371R.

ANSI. “Safety Requirements for
the Storage and Handling of Anhy-
drous Ammonia.” ANSI K61.1.
American Petroleum Institute (APT).
(December 1998). “Design and
Construction of Large, Welded,
Low Pressure Storage Tanks.” AP/
620, 9th Edition, Addendum 3.
APIL. (March 2000). “Welded Steel
Tanks For Oil Storage.” API 650,
10th Edition, Addendum 1.

APIL.  (December 1999). “Tank
Inspection, Repair, Alteration, and
Reconstruction.” ANSI/API 653,
2nd Edition, Addendum 4.

APL. (May 1995). “Design and
Construction of Liquefied Petro-
leum Gas Installation.” ANSI/API
2510, 7th Edition.

APIL.  (February 1995). “Bolted
Tanks for Storage of Production
Liquids.” Specification 12B, 14th
Edition.
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Reference 9.14-11

Reference 9.14-12

Reference 9.14-13
Reference 9.14-14

Reference 9.14-15

Reference 9.14-16

Reference 9.14-17

Reference 9.14-18

Reference 9.14-19

Reference 9.14-20

Reference 9.14-21

Reference 9.14-22

Reference 9.13-30

9.14.2.2 Accepted
ences are standards
represent acceptable
tion:

Reference 9.14-23

Reference 9.14-24

ASME. (2000). “Boiler and Pres-

sure  Vessel Code.” Including
Addenda through 2000.

ASME. (1992). “Steel Stacks.”
ASME STS-1.

ASME. (1995). “Gas Transmission
and Distribution Piping Systems.”
ASME B31.8.

ASME. (1999). “Welded Alumi-
num-Alloy Storage Tanks.” ASME
B96.1.

American Water Works Associa-
tion (AWWA). (1997). “Welded
Steel Tanks for Water Storage.”
ANSI/AWWA D100.

AWWA. (1997). “Factory-Coated
Bolted Steel Tanks for Water Stor-
age.” ANSI/AWWA DJ103.

AWWA_ (1995). “Wire- and Strand-
Wound Circular for Prestressed
Concrete  Water Tanks.” ANSl/
AWWA DI110.

AWWA. (1995). “Circular Prest-
ressed Concrete Tanks with Cir-
cumferential  Tendons.” ANSI/
AWWA DI15.

National Fire Protection Associa-
tion (NFPA). (2000). “Flammable
and Combustible Liquids Code.”
ANSI/NFPA 30.

NFPA. (2001). “Storage and Han-
dling of Liquefied Petroleum Gas.”
ANSI/NFPA 58.

NFPA. (2001). “Storage and Han-
dling of Liquefied Petroleum Gases
at Utility Gas Plants.” ANSl/
NFPA 59.

NFPA. (2001). “Production, Stor-
age, and Handling of Liquefied Nat-
ural Gas (LNG).” ANSI/NFPA 59A.
NFPA. (2001). “Standard for Bulk
Oxygen Systems at Consumer
Sites.” ANSI/NFPA 50.

Standards. The following refer-
developed within the industry and
procedures for design and construc-

ASTM. (1992). “Standard Practice
for the Design and Manufacture of
Amusement Rides and Devices.”
ASTM F1159.

ASTM. (1998). “Standard Guide
for Design and Construction of
Brick Liners for Industrial Chim-
neys.” ASTM C1298
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Reference 9.14-25 Rack  Manufacturers  Institute
(RMI). (1997). “Specification for
the Design, Testing, and Utilization
of Industrial Steel Storage Racks.”
U.S. Department of Transportation
(DOT). “Pipeline Safety Regula-
tions.” Title 49CFR Part 193.

U.S. Naval Facilities Command
(NAVFAC). “The Seismic Design
of Waterfront Retaining Struc-
tures.” NAVFAC R-939.

U.S. Naval Facilities Engineering
Command. “Piers and Wharves.”
NAVFAC DM-25.1

US. Army Corps of Engineers
(USACE). (1992). “Seismic Design
for Buildings.” Army TM 5-809-10/
NAVFAC P-355/ Air Force AFM 88-
3, Chapter 13.

Compressed  Gas  Association
(GGA). (1999). “Guide for Flat-
Bottomed LOX/LIN/LAR Storage
Tank Systems.” 1st Edition.

Reference 9.14-26

Reference 9.14-27

Reference 9.14-28

Reference 9.14-29

Reference 9.14-31

9.14.3 Industry Design Standards and Recommended
Practice. Table 9.14.3 is a cross-reference of consensus
standards/accepted standards and the applicable nonbuild-
ing structures.

9.14.4 Nonbuilding Structures Supported by Other
Structures. If a nonbuilding structure is supported above
the base by another structure and the weight of the non-
building structure is less than 25% of the combined weight
of the nonbuilding structure and the supporting struc-
ture, the design seismic forces of the supported nonbuild-
ing structure shall be determined in accordance with the
requirements of Section 9.6.1.3.

If the weight of a nonbuilding structure is 25% or
more of the combined weight of the nonbuilding structure
and the supporting structure, the design seismic forces
of the nonbuilding structure shall be determined based
on the combined nonbuilding structure and supporting
structural system. For supported nonbuilding structures
that have nonrigid component dynamic characteristics, the
combined system R factor shall be a maximum of 3. For
supported nonbuilding structures that have rigid component
dynamic characteristics (as defined in Section 9.14.5.2),
the combined system R factor shall 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
systems analysis.

9.14.4.1 Architectural, Mechanical, and Electrical
Components. Architectural, mechanical, and electri-
cal components supported by nonbuilding structures
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shall be designed in accordance with Section 9.6 of
this Standard.

9.14.5 Structural Design Requirements.

9.14.5.1 Design Basis. Nonbuilding structures having
specific seismic design criteria established in approved
standards shall be designed using the standards as
amended herein. In addition, nonbuilding structures shall
be designed in compliance with Sections 9.14.6 and
9.14.7 to resist minimum seismic lateral forces that are
not less than the requirements of Section 9.5.5.2 with
the following additions and exceptions:

1. The response modification coefficient, R, shall be
the lesser of the values given in Table 9.14.5.1.1
or the values in Table 9.5.2.2.

2. For nonbuilding systems that have an R value pro-
vided in Table 9.14.5.1.1, the minimum specified
value in Eq. 9.5.5.2.1-3 shall be replaced by:

C, =0.148p51 (Eq. 9.14.5.1-1)

and the minimum value specified in Eq. 9.5.5.2.1-4 shall
be replaced by:

0.851
c, =212

Eq. 9.14.5.1-2
R (Eq )

3. The overstrength factor, €2y, shall be taken from
the same table as the R factor.

4. The importance factor, I, shall be as given in
Table 9.14.5.1.2.

5. The height limitations shall be as given in
Table 9.14.5.1.1 or the values in Table 9.5.2.2
where not specified in Table 9.14.5.1.1.

6. The vertical distribution of the lateral seismic
forces in nonbuilding structures covered by this
section shall be determined:

a. Using the requirements of Section 9.5.5.4, or
b. Using the procedures of Section 9.5.6, or

c. In accordance with an approved standard appli-
cable to the specific nonbuilding structure.

7. For nonbuilding structural systems containing lig-
uids, gases, and granular solids supported at the
base as defined in Section 9.14.7.3.1, the mini-
mum seismic design force shall not be less than
that required by the approved standard for the spe-
cific system.

8. Irregular structures per Section 9.5.2.3 at sites
where the Spg is greater than or equal to 0.50
and that cannot be modeled as a single mass shall
use the procedures of Section 9.5.6.

ASCE 7-02



TABLE 9.14.3
STANDARDS, INDUSTRY STANDARDS, AND REFERENCES

Application

Reference

Steel Storage Racks

RMI [25]

Piers and Wharves

NAVFAC R-939 [27], NAVFAC DM-25.1 [28]

Welded Steel Tanks for Water Storage

ACI 371R [4], ANSVAWWA D100 [15], Army TM
5-809-10/ NAVFAC P-355/ Air Force AFM 88-3
Chapter 13 [29]

Welded Steel and Aluminum Tanks for Petroleum
and Petrochemical Storage

API 620, 9th Edition, Addendum 3 [6], API 650, 10th
Edition, Addendum 1 {7], ANSI/API 653, 2nd Edition,
Addendum 4 [8], ASME B96.1 [14], Army TM
5-809-10/ NAVFAC P-355/ Air Force AFM 88-3
Chapter 13 [29]

Bolted Steel Tanks for Water Storage

ANSI/AWWA D103 [16], Army TM 5-809-10/
NAVFAC P-355/ Air Force AFM 88-3 Chapter 13 [29]

Bolted Steel Tanks for Petroleum and
Petrochemical Storage

API Specification 12B, 14th Edition [10], Army TM
5-809-10/ NAVFAC P-355/ Air Force AFM 88-3
Chapter 13 [29]

Concrete Tanks for Water Storage

ACI 350.3/350.3R [3], ANS/AWWA D110 [17],
ANSI/AWWA D115 [18], Army TM 5-809-10/
NAVFAC P-355/ Air Force AFM 88-3 Chapter 13 [29]

Pressure Vessels

ASME [11]

Refrigerated Liquids Storage:

Liquid Oxygen, Nitrogen, and Argon

ANSI/NFPA 50 [30], GGA [31]

Liquefied Natural Gas (LNG)

ANSI/NFPA 59A [22], DOT Title 49CFR Part 193 [26]

LPG (Propane, Butane, etc.)

ANSI/API 2510, 7th Edition [9], ANSI/NFPA 30 [19],
ANSI/NFPA 58 [20], ANSI/NFPA 59 [21]

Ammonia

ANSI K61.1 [5]

Concrete Silos and Stacking Tubes

ACI 313 [2]

Impoundment Dikes and Walls:

Hazardous Materials

ANSI K61.1 [5]

Flammable Materials

ANSI/NFPA 30 [19]

Liquefied Natural Gas

ANSI/NFPA 59A [22], DOT Title 49CFR Part 193 [26]

Gas Transmission and Distribution Piping Systems

ASME B31.8 [13]

Cast-in-Place Concrete Stacks and Chimneys

ACI 307 [1]

Steel Stacks and Chimneys

ASME STS-1 [12]

Guyed Steel Stacks and Chimneys

ASME STS-1 [12]

Brick Masonry Liners for Stacks and Chimneys

ASTM C1298 [24]

Amusement Structures

ASTM F1159 [23]

Minimum Design Loads for Buildings and Other Structures
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TABLE 9.14.5.1.1
SEISMIC COEFFICIENTS FOR NONBUILDING STRUCTURES

Structural System
and Height
Limits (f)P

Seismic Design Category

Nonbuilding Structure Type R Qo Cyg A&B (o] D E&F
Nonbuilding frame systems: See Table 9.5.2.2
Concentric braced frames of steel NL NL NL NL
Special concentric braced frames of steel NL NL NL NL
Moment-resisting frame systems: See Table 9.5.2.2
Special moment frames of steel NL NL NL NL
Ordinary moment frames of steel NL NL 50 50
Special 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
Steel storage racks 4 2 33 NL | NL | NL | NL
Elevated tanks, vessels, bins, or hoppers™:
On braced legs 3 2 21 NL | NL | NL | NL
On unbraced legs 3 2 23 NL NL | NL NL
Irregular braced legs single pedestal or skirt-supported 2 2 2 NL NL NL NL
Welded steel 2 2 2 NL NL NL NL
Concrete 2 2 2 NL NL NL NL
Horizontal, saddle supported welded steel vessels 3 2 2’5 NL NL NL NL
Tanks or vessels supported on structural towers similar to 3 2 2 NL NL NL NL
buildings
Flat bottom, ground supported tanks, or vessels:
Anchored (welded or bolted steel) 3 2% NL NL NL NL
Unanchored (welded or bolted steel) 2% 2 2 NL NL NL NL
Reinforced or prestressed concrete:
Tanks with reinforced nonsliding base 2 2 2 NL NL NL NL
Tanks with anchored flexible base 3 2 2 NL NL NL NL
Tanks with unanchored and unconstrained flexible base: l% 1% l% NL NL NL NL
Other material: 1% 1 % 1 % NL NL NL NL
Cast-in-place concrete silos, stacks, and chimneys having walls 3 1% 3 NL NL NL NL
continuous to the foundation
All other reinforced masonry structures not similar to buildings 3 2 2% NL NL 50 50
All other nonreinforced masonry structures not similar to 1% 2 l% NL 50 50 50
buildings
All other steel and reinforced concrete distributed mass 3 2 2% NL NL NL NL
cantilever structures not covered herein including stacks,
chimneys, silos, and skirt-supported vertical vessels that are
not similar to buildings

(continued)

190 ASCE 7-02



TABLE 9.14.5.1.1 — continued
SEISMIC COEFFICIENTS FOR NONBUILDING STRUCTURES

Structural System
and Height
Limits (ft)®
Seismic Design Category
Nonbuilding Structure Type R Q0 Cy A&B Cc D E&F
Trussed towers (freestanding or guyed), guyed stacks and 3 2 2% NL NL NL NL
chimneys
Cooling towers:
Concrete or steel 31 12 3 NL NL | NL NL
Wood frame 33 3 3| NL | NL | 50 50
Telecommunication towers
Truss: Steel 3 1% 3 NL NL NL NL
Pole: Steel 15 14 13 NL | NL | NL | NL
Wood 13 11 13 NL NL | NL NL
Concrete 13 13 13 NL | NL | NL | NL
Frame: Steel 3 1 % 1 % NL NL NL NL
Wood 13 13 I3 | NL | NL | NL | NL
Concrete 2 11 13 NL | NL | NL | NL
Amusement structures and monuments 2 2 2 NL NL NL NL
Inverted pendulum-type structures (except elevated tanks, 2 2 2 NL NL NL NL
vessels, bins, and hoppers)
Signs and billboards 3% 1% 3 NL NL NL NL
All other self-supporting structures, tanks, or vessels not 15 2 23 NL 50 50 50
covered above or by approved standards that are similar to
buildings

@ Support towers similar to building-type structures, including those with irregularities (see Section 9.5.2.3 of this Standard for definition of irregular

structures) shall comply with the requirements of Section 9.5.2.6.
b Height shall be measured from the base.

¢ See exception to Section 9.14.6.1.

NL = No limit.

NP = Not permitted.

9. Where an approved national standard provides
a basis for the earthquake-resistant design of a
particular type of nonbuilding structure covered
by Section 9.14, such a standard shall not be used
unless the following limitations are met:

a. The seismic ground acceleration, and seismic
coefficient, shall be in conformance with the
requirements of Sections 9.4.1 and 9.4.1.2.5,
respectively.

b. The values for total lateral force and total
base overturning moment used in design shall
not be less than 80% of the base shear value
and overturning moment, each adjusted for
the effects of soil-structure interaction that is
obtained using this Standard.

Minimum Design Loads for Buildings and Other Structures

10. The base shear is permitted to be reduced in
accordance with Section 9.5.9.2.1 to account for
the effects of soil-structure interaction. In no
case shall the reduced base shear, V, be less
than 0.7 V.

9.14.5.1.1 Seismic Factors.

9.14.5.1.2 Importance Factors and Seismic Use
Group Classifications. The importance factor (I) and
seismic use group for nonbuilding structures are
based on the relative hazard of the contents and the
function. The value of I shall be the largest value
determined by the approved standards or the largest
value as selected from Table 9.14.5.1.2 or as specified
elsewhere in Section 9.14.
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TABLE 9.14.5.1.2
IMPORTANCE FACTOR (I} AND SEISMIC USE
GROUP CLASSIFICATION FOR
NONBUILDING STRUCTURES

Importance Factor I1=1.0 =125 1=1.5

Seismic Use Group | ] |1}

Hazard H-1 H-II H-11

Function F-1 E-II F-1I

H-1. The nonbuilding structures that are not assigned to H-H or
H-IIL.

H-II. The nonbuilding structures containing hazardous materials
and classified as a Category III structure in Table 1-1.

H-III. The nonbuilding structures containing extremely hazardous
materials and classified as a Category IV structure in
Table 1-1.

F-I.  Nonbuilding structures not classified as F-II or F-IIL

F-II. Nonbuilding structures classified as Category III structures
in Table 1-1.

FE-TII. The nonbuilding structures classified as Category IV struc-
tures (essential facilities) in Table 1-1.

9.14.5.2 Rigid Nonbuilding Structures. Nonbuilding
structures that have a fundamental period, T, less than
0.06 s, including their anchorages, shall be designed for
the lateral force obtained from the following:

V =0.30SpsW1I (Eq. 9.14.5.2)

where

V = the total design lateral seismic base shear
force applied to a nonbuilding structure
Sps = the site design response acceleration as
determined from Section 9.4.1.2.5
W = nonbuilding structure operating weight
I = the importance factor as determined from
Table 9.14.5.1.2

The force shall be distributed with height in accordance
with Section 9.5.54.

9.14.5.3 Loads. The weight W for nonbuilding struc-
tures shall include all dead load as defined for structures
in Section 9.5.5.2. For purposes of calculating design
seismic forces in nonbuilding structures, W also shall
include all normal operating contents for items such as
tanks, vessels, bins, hoppers, and the contents of piping.
W shall include snow and ice loads when these loads
constitute 25% or more of W or when required by the
building official based on local environmental character-
istics.

9.14.5.4 Fundamental Period. The fundamental period
of the nonbuilding structure shall be determined by
methods as prescribed in Section 9.5.5.3 or by other
rational methods.
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9.14.5.5 Drift Limitations. The drift limitations of
Section 9.5.2.8 need not apply to nonbuilding structures
if a rational analysis indicates they can be exceeded with-
out adversely affecting structural stability or attached or
interconnected components and elements such as walk-
ways and piping. P-delta effects shall be considered
when critical to the function or stability of the structure.

9.14.5.6 Materials Requirements. The requirements
regarding specific materials in Sections A.9.8, A.9.9, and
A.9.11 shall be applicable unless specifically exempted
in Section 9.14.

9.14.5.7 Defiection Limits and Structure Separation.
Deflection limits and structure separation shall be deter-
mined in accordance with this Standard unless specifi-
cally amended in Section 9.14.

9.14.5.8 Site-Specific Response Spectra. Where requi-
red by an approved standard or the authority having
jurisdiction, specific types of nonbuilding structures
shall be designed for site-specific criteria that accounts
for local seismicity and geology, expected recurrence
intervals and magnitudes of events from known seismic
hazards (reference section 9.4.1.3 of this Standard). If
a longer recurrence interval is defined in the approved
standard for the nonbuilding structure such as LNG tanks
[Ref. 9.14-22], the recurrence interval required in the
approved standard shall be used.

9.14.6 Nonbuilding Structures Similar to Buildings.

9.14.6.1 General. Nonbuilding structures that have
structural systems that are designed and constructed in a
manner similar to buildings and have a dynamic response
similar to building structures shall be designed similar to
building structures and in compliance with this Standard
with exceptions as contained in this section.

This general category of nonbuilding structures shall
be designed in accordance with Sections 9.5 and 9.14.5.

The lateral force design procedure for nonbuild-
ing structures with structural systems similar to build-
ing structures (those with structural systems listed in
Table 9.5.2.2) shall be selected in accordance with the
force and detailing requirements of Section 9.5.2.1. The
height limitations shall be as given in Table 9.14.1.1
or the values in Table 9.5.2.2 where not specified in
Table 9.14.5.1.1.

Exception: Intermediate moment frames of rein-
forced concrete shall not be used at sites where the

seismic coefficient Spgs is greater than or equal to
0.50 unless
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1. The nonbuilding structure is less than 50 ft
(15.2 m) in height and

2. R =3.0is used for design.

The combination of load effects, E, shall be determined
in accordance with Section 9.5.2.7.

9.14.6.2 Pipe Racks.

9.14.6.2.1 Design Basis. In addition to the provisions
of 9.14.6.1, pipe racks supported at the base of
the structure shall be designed to meet the force
requirements of Sections 9.5.5 or 9.5.6.

Displacements of the pipe rack and potential for
interaction effects (pounding of the piping system)
shall be considered using the amplified deflections
obtained from the following formula:

C( 8X€
8y = ’f (Eq. 9.14.6.2.1)

where

C, = deflection amplification factor in
Table 9.14.5.1.1
3y, = deflections determined using the prescribed
seismic design forces of this Standard
I = importance factor determined from
Table 9.14.5.1.2

Exception: The importance factor, /, shall be
determined from Table 9.14.5.1.2 for the calcula-
tion of §,,.

See Section 9.6.3.11 for the design of piping
systems and their attachments. Friction resulting from
gravity loads shall not be considered to provide
resistance to seismic forces.

of Cg used shall not be less than the value for F,
determined in accordance with Section 9.6.2.4.1c
of this Standard, where R, is taken as equal to R
from Ref. 9.14-25 and a,, is taken as equal to 2.5.

9.14.6.3.1 General Requirements. Steel storage
racks shall satisfy the force requirements of this
section.

Exception: Steel storage racks supported at the
base are permitted to be designed as structures
with an R of 4, provided that the requirements of
Section 9.5 are met. Higher values of R are per-
mitted to be used when the detailing requirements
of reference documents of Section 9.8 as modified
in Section A9.8 are met. The importance factor /
shall be taken equal to the 7, values in accordance
with Section 9.6.1.5.

9.14.6.3.2 Operating Weight. Steel storage racks
shall be designed for each of the following conditions
of operating weight, W or W,,.

a. Weight of the rack plus every storage level
loaded to 67% of its rated load capacity.

b. Weight of the rack plus the highest storage level
only loaded to 100% of its rated load capacity.

The design shall consider the actual height of the
center of mass of each storage load component.

9.14.6.3.3 Vertical Distribution of Seismic Forces.
For all steel storage racks, the vertical distribution of
seismic forces shall be as specified in Section 9.5.5.4
and in accordance with the following:

a. The base shear, V, of the typical structure shall
be the base shear of the steel storage rack when

9.14.6.3 Steel Storage Racks. In addition to the provi-
sions of 9.14.6.1, steel storage racks shall be designed
in accordance with the provisions of Sections 9.14.6.3.1 b. The base of the structure shall be the floor
through 9.14.6.3.4. Alternatively, steel storage racks supporting the steel storage rack. Each steel
shall be permitted to be designed in accordance with the storage level of the rack shall be treated as a
method defined in Section 2.7 “Earthquake Forces” of level of the structure with heights #; and h,
Ref. 9.14-25, where the following changes are included: measured from the base of the structure.

loaded in accordance with Section 9.14.6.3.2.

c. The factor k may be taken as 1.0.
1. The values of C, and C, used shall equal Spg/2.5

and Sp|, respectively, where Spg and Sp;, are
determined in accordance with Section 9.4.1.2.5 of
this Standard.

d. The factor [ shall be in accordance with
Section 9.6.1.5.

9.14.6.3.4 Seismic Displacements. Steel storage rack

2. The value of 1, used shall be determined in
accordance with Section 9.6.1.5 of this Standard.

3. For storage racks located at or below grade, the
value of Cg used shall not be less than 0.14 Sps.
For storage racks located above grade, the value

Minimum Design Loads for Buildings and Other Structures

installations shall accommodate the seismic displace-
ment of the storage racks and their contents relative
to all adjacent or attached components and elements.
The assumed total relative displacement for storage
racks shall be not less than 5% of the height above
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the base unless a smaller value is justified by test data
or analysis in accordance with Section 9.1.2.5.

9.14.6.4 Electrical Power Generating Facilities.

9.14.6.4.1 General. Electrical power generating facil-
ities are power plants that generate electricity by
steam turbines, combustion turbines, diesel genera-
tors, or similar turbo machinery.

9.14.6.4.2 Design Basis. In addition to the provisions
of 9.14.6.1, electrical power generating facilities shall
be designed using this Standard and the appropriate
factors contained in Section 9.14.5.

9,14.6.5 Structural Towers for Tanks and Vessels.

9.14.6.5.1 General. In addition to the provisions of
9.14.6.1, structural towers which support tanks and
vessels shall be designed to meet the provisions
of Section 9.14.4 In addition, the following special
considerations shall be included:

a. The distribution of the lateral base shear from
the tank or vessel onto the supporting structure
shall consider the relative stiffness of the tank
and resisting structural elements.

b. The distribution of the vertical reactions from
the tank or vessel onto the supporting structure
shall consider the relative stiffness of the tank
and resisting structural elements. When the tank
or vessel is supported on grillage beams, the
calculated vertical reaction due to weight and
overturning shall be increased at least 20% to
account for nonuniform support. The grillage
beam and vessel attachment shall be designed
for this increased design value.

c. Seismic displacements of the tank and ves-
sel shall consider the deformation of the sup-
port structure when determining P-delta effects
or evaluating required clearances to prevent
pounding of the tank on the structure.

9.14.6.6 Piers and Wharves.

9.14.6.6.1 General. Piers and wharves are structures
located in waterfront areas that project into a body of
water or parallel the shoreline.

9.14.6.6.2 Design Basis. In addition to the provisions
of 9.14.6.1, piers and wharves shall be designed to
comply with this Standard and approved standards.
Seismic forces on elements below the water level
shall include the inertial force of the mass of the
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displaced water. The additional seismic mass equal
to the mass of the displaced water shall be included
as a lumped mass on the submerged element, and
shall be added to the calculated seismic forces of the
pier or wharf structure. Seismic dynamic forces from
the soil shall be determined by the registered design
professional.

The design shall account for the effects of lique-
faction on piers and wharves as required.

9.14.7 Nonbuilding Structures Not Similar to
Buildings.

9.14.7.1 General. Nonbuilding structures that have
structural systems that are designed and constructed in
a manner such that the dynamic response is not similar
to buildings shall be designed in compliance with this
Standard with exceptions as contained in this section.

This general category of nonbuilding structures shall
be designed in accordance with this Standard and the
specific applicable approved standards. Loads and load
distributions shall not be less than those determined in
this Standard.

The combination of load effects, £, shall be deter-
mined in accordance with Section 9.5.2.7.

Exception: The redundancy/reliability factor, p, per
Section. 9.5.2.4 shall be taken as 1.

9.14.7.2 Earth-Retaining Structures.

9.14.7.2.1 General. This section applies to all earth-
retaining walls. The applied seismic forces shall be
determined in accordance with Section 9.7.5.1 with a
geotechnical analysis prepared by a registered design
professional.

The seismic use group shall be determined by
the proximity of the retaining wall to buildings and
other structures. If failure of the retaining wall would
affect an adjacent structure, the Seismic Use Group
shall not be less than that of the adjacent structure,
as determined in Section 9.1.3. Earth-retaining walls
are permitted to be designed for seismic loads as
either yielding or nonyielding walls. Cantilevered
reinforced concrete retaining walls shall be assumed
to be yielding walls and shall be designed as simple
flexural wall elements.

9.14.7.3 Tanks and Vessels.

9.14.7.3.1 General. This section applies to all tanks,
vessels, bins and silos, and similar containers storing
liquids, gases, and granular solids supported at the
base (hereafter referred to generically as tanks and
vessels). Tanks and vessels covered herein include
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reinforced concrete, prestressed concrete, steel, alu-
minum, and fiber-reinforced plastic materials. Tanks
supported on elevated levels in buildings shall be
designed in accordance with Section 9.6.3.9.

9.14.7.3.2 Design Basis. Tanks and vessels storing
liquids, gases, and granular solids shall be designed in
accordance with this Standard and shall be designed
to meet the requirements of the applicable approved
standards shown in Table 9.14.3 and Section 9 of this
Standard as defined in this section. Resistance to seis-
mic forces shall be determined from a substantiated
analysis based on the approved standards shown in
Table 9.14.3.

a. Damping for the convective (sloshing) force
component shall be taken as 0.5%.

b. Impulsive and convective components shall be
combined by the direct sum or the square root
of the sum of the squares (SRSS) method
when the modal periods are separated. If sig-
nificant modal coupling may occur, the com-
plete quadratic combination (CQC) method
shall be used.

c. Vertical earthquake forces shall be considered
in accordance with the appropriate approved
national standard. If the approved national
standard permits the user the option of includ-
ing or excluding the vertical earthquake force,
to comply with this Standard, it shall be
included. For tanks and vessels not covered
by an approved national standard, the vertical
earthquake force shall be defined as 67% of the
equivalent lateral force.

9.14.7.3.3 Strength and Ductility. Structural com-
ponents and members that are part of the lat-
eral support system shall be designed to provide
the following:

a. Connections and attachments for anchorage and
other lateral force-resisting components shall be
designed to develop the strength of the anchor
(e.g., minimum published yield strength, Fy in
direct tension, plastic bending moment), or €2,
times the calculated element design force.

b. Penetrations, manholes, and openings in shell
components shall be designed to maintain the
strength and stability of the shell to carry tensile
and compressive membrane shell forces.

c. Support towers for tanks and vessels with
irregular bracing, unbraced panels, asymmet-
ric bracing, or concentrated masses shall be
designed using the provisions of Section 9.5.2.3

Minimum Design Loads for Buildings and Other Structures

for irregular structures. Support towers using
chevron or eccentric braced framing shall com-
ply with the requirements of Section 9.5. Sup-
port towers using tension only bracing shall
be designed such that the full cross-section
of the tension element can yield during over-
load conditions.

d. In support towers for tanks and vessels, com-
pression struts that resist the reaction forces
from tension braces shall be designed to resist
the lesser of the yield load of the brace (A, Fy),
or 2, times the calculated tension load in
the brace.

e. The vessel stiffness relative to the support
system (foundation, support tower, skirt, etc.)
shall be considered in determining forces in
the vessel, the resisting components, and the
connections.

f. For concrete liquid-containing structures, sys-
tem ductility and energy dissipation under
unfactored loads shall not be allowed to be
achieved by inelastic deformations to such
a degree as to jeopardize the serviceabil-
ity of the structure. Stiffness degradation and
energy dissipation shall be allowed to be
obtained either through limited microcracking
or by means of lateral force-resistance mecha-
nisms that dissipate energy without damaging
the structure.

9.14.7.3.4 Flexibility of Piping Attachments. Pip-
ing systems connected to tanks and vessels shall
consider the potential movement of the connection
points during earthquakes and provide sufficient flex-
ibility to avoid release of the product by failure of
the piping system. Forces and deformations imparted
by piping systems or other attachments shall not
exceed the design limitations at points of attach-
ment to the tank or vessel shell. Mechanical devices
which add flexibility such as bellows, expansion
joints, and other flexible apparatus may be used when
they are designed for seismic loads and displace-
ments.

Unless otherwise calculated, the minimum dis-
placements in Table 9.14.7.3.4 shall be assumed.
For attachment points located above the support
or foundation elevation, the displacements in Table
9.14.7.3.4 shall be increased to account for drift of
the tank or vessel relative to the base of support.

When the elastic deformations are calculated, the
minimum design displacements for piping attach-
ments shall be the calculated displacements at the
point of attachment increased by the amplification
factor Cj.
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TABLE 9.14.7.34
MINIMUM DISPLACEMENTS FOR PIPING ATTACHMENTS

Displacements

Anchored Tanks or Vessels (in.)
Vertical displacement relative to support or foundation 2
Horizontal (radial and tangential) relative to support or foundation 0.5

Unanchored Tanks or Vessels (at grade)

Vertical 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 12
approved standard
For tanks and vessels with a diameter <40 ft, horizontal (radial and tangential) 8
relative to support or foundation

The values given in Table 9.14.7.3.4 do not include
the influence of relative movements of the foundation
and piping anchorage points due to foundation move-
ments (e.g., settlement, seismic displacements). The
effects of the foundation movements shall be included
in the piping system design including the determina-
tion of the mechanical loading on the tank or vessel
and the total displacement capacity of the mechanical
devices intended to add flexibility.

9.14.7.3.5 Anchorage. Tanks and vessels at grade
shall be permitted to be designed without anchor-
age when they meet the requirements for unan-
chored tanks in approved standards. Tanks and ves-
sels supported above grade on structural towers or
building structures shall be anchored to the support-
ing structure.

The following special detailing requirements shall
apply to steel tank anchor bolts in seismic regions
where Sps > 0.5, or where the structure is classified
as Seismic Use Group III.

a. Hooked anchor bolts (L- or J-shaped embedded
bolts) or other anchorage systems based solely
on bond or mechanical friction shall not be used
when Sps > 0.33. Postinstalled anchors may be
used provided that testing validates their ability
to develop yield load in the anchor under cyclic
loads in cracked concrete.

b. When anchorage is required, the anchor embed-
ment into the foundation shall be designed to
develop the minimum specified yield strength
of the anchor.

9.14.7.3.6 Ground-Supported Storage Tanks for
Liquids.

9.14.7.3.6.1 General. Ground-supported, flat bot-
tom tanks storing liquids shall be designed to resist

the seismic forces calculated using one of the fol-
lowing procedures:

a. The base shear and overturning moment
calculated as if tank and the entire contents
are a rigid mass system per Section 9.14.5.2
of this Standard, or

b. Tanks or vessels storing liquids in Seis-
mic Use Group IlI, or with a diameter
greater than 20 ft shall be designed to con-
sider the hydrodynamic pressures of the lig-
uid in determining the equivalent lateral
forces and lateral force distribution per the
approved standards listed in Table 9.14.3
and the requirements of Section 9.14.7.3 of
this Standard.

c. The force and displacement provisions of
Section 9.14.5 of this Standard.

The design of tanks storing liquids shall con-
sider the impulsive and convective (sloshing)
effects and their consequences on the tank, founda-
tion, and attached elements. The impulsive compo-
nent corresponds to the high-frequency amplified
response to the lateral ground motion of the tank
roof, shell, and portion of the contents that moves
in unison with the shell. The convective compo-
nent corresponds to the low-frequency amplified
response of the contents in the fundamental slosh-
ing mode. Damping for the convective component
shall be 0.5% for the sloshing liquid unless oth-
erwise defined by the approved national standard.
The following definitions shall apply:

T, = natural period of the first (convective)
mode of sloshing

T; = fundamental period of the tank structure
and impulsive component of the content
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Vi = base shear due to impulsive component
from weight of tank and contents

V. = base shear due to the convective compo-
nent of the effective sloshing mass

The seismic base shear is the combination of
the impulsive and convective components:

V=V +V, (Eq. 9.14.7.3.6.1-1)

where
Vv = 5—][;& (Eq. 9.14.7.3.6.1-2)
V, = S“‘;W“ (Eq. 9.14.7.3.6.1-3)

S4i = the spectral acceleration as a multiplier of
gravity including the site impulsive components at
period 7; and 5% damping

For T; < T
Sai = Sps (Eq. 9.14.7.3.6.1-4)
For T; > T,
Sai = %D—] (Eq. 9.14.7.3.6.1-5)
Notes:

a. When an approved national standard is used
in which the spectral acceleration for the tank
shell, and the impulsive component of the
liquid is independent of 7;, then S,; = Sps.

b. Eq. 9.14.7.3.6.1-5 shall not be less than
0.14 Sps R and in addition in Seismic
Design Categories E and F shall not be taken
less than 0.8 §j.

S.c = the spectral acceleration of the slosh-
ing liquid based on the sloshing period 7. and
0.5% damping

For T, < 4.0 sec

(Eq. 9.14.7.3.6.1-6)

For T, > 4.0 sec

Spe = 2501 (Eq. 9.14.7.3.6.1-7)
T2
where
T.=2 D
=2
‘ 3.68H
3.68¢ tanh (—
D

(Eq. 9.14.7.3.6.1-8)
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and
where

D = the tank diameter in ft (or meters), H =
liquid height in ft (or meters), and
g = acceleration due to gravity in
consistent units

W; = impulsive weight (impulsive component of
liquid, roof and equipment, shell, bottom,
and internal components)

W, = the portion of the liquid weight sloshing

The general design response spectra for ground-
supported liquid storage tanks is shown in
Figure 9.14.7.3.6-1.

9.14.7.3.6.1.1 Distribution of Hydrodynamic
and Inertia Forces. Unless otherwise required
by the appropriate approved standard in Table
9.14.3, the method given in Ref. 9.14-3 may
be used to determine the vertical and horizon-
tal distribution of the hydrodynamic and inertia
forces on the walls of circular and rectangu-
lar tanks.

9.14.7.3.6.1.2 Freeboard. Sloshing of the lig-
uid within the tank or vessel shall be considered
in determining the freeboard required above the
top capacity liquid level. A minimum freeboard
(85) shall be provided per Table 9.14.7.3.6.1.2.
The height of the sloshing wave is permitted to
be calculated as: ‘

8; =0.5DIS,, (Eq. 9.14.7.3.6.1.2)

9.14.7.3.6.1.3 Equipment and Attached Pip-
ing. Equipment, piping and walkways or other

Sou

Spectral Response Acceleration, Sz (g)

T, 1, 10 4.0
Period, T (sec)
FIGURE 9.14.7.3.6-1

DESIGN RESPONSE SPECTRA FOR GROUND-SUPPORTED
LIQUID STORAGE TANKS
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TABLE 9.14.7.3.6.1.2
MINIMUM REQUIRED FREEBOARD

Seismic Use Group
Value of Spg | i n
Sps < 0.167 g a a 8¢
0.167 g < Sps <033 g a a 85¢
0.33 g < Sps <050 g a 0.76," 5"
Sps >0.50 g a 0.78,° 8,°

4 No minimum freeboard is required.
b A freeboard equal to 0.7 8 is required unless one of the following
alternatives is provided:

1. Secondary containment is provided to control the product spill.

2. The roof and supporting structure are designed to contain the

sloshing liquid.

¢ Freeboard equal to the calculated wave height, §;, is required unless one
of the following alternatives is provided:

1. Secondary containment is provided to control the product spill.

2. The roof and supporting structure are designed to contain the
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sloshing liquid.

appurtenances attached to the structure shall
be designed to accommodate the displacements
imposed by seismic forces. For piping attach-
ments, see Section 9.14.7.3.4.

9.14.7.3.6.1.4 Internal Components. The at-
tachments of internal 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), shall be
designed for the lateral loads due to the sloshing
liquid in addition to the inertial forces by a
substantiated analysis method.

9.14.7.3.6.1.5 Sliding Resistance. The transfer
of the total lateral shear force between the tank
or vessel and the subgrade shall be considered:

a. For unanchored flat bottom steel tanks,
the overall horizontal seismic shear force
is permitted to be resisted by friction
between the tank bottom and the foun-
dation or subgrade. Unanchored storage
tanks shall be designed such that sliding
will not occur when the tank is full of
stored product. The maximum calculated
seismic base shear, V, shall not exceed:

V < Wtan 30° (Eq. 9.14.7.3.6.1.5)

W shall be determined using the effec-
tive weight of the tank, roof, and con-
tents after reduction for coincident verti-
cal earthquake. Lower values of the fric-
tion factor shall be used if the design of
the tank bottom to supporting foundation
does not justify the friction value above
(e.g., leak detection membrane beneath
the bottom with a lower friction factor,
smooth bottoms, etc.). Alternatively, the
friction factor shall be permitted to be
determined by testing in accordance with
Section 9.1.2.5.

b. No additional lateral anchorage is required
for anchored steel tanks designed in accor-
dance with approved standards.

c. The lateral shear transfer behavior for
special tank configurations (e.g., shovel
bottoms, highly crowned tank bottoms,
tanks on grillage) can be unique and are
beyond the scope of these provisions.

9.14.7.3.6.1.6 Local Shear Transfer. Local
transfer of the shear from the roof to the wall
and the wall of the tank into the base shall be
considered. For cylindrical tanks and vessels,
the peak local tangential shear per unit length
shall be calculated by:

2V

(Eq. 9.14.7.3.6.1.6)
D

Vmax =

a. Tangential shear in flat bottom steel tanks
shall be transferred through the welded
connection to the steel bottom. This
transfer mechanism is deemed acceptable
for steel tanks designed in accordance
with the approved standards where Spg <
1.0 g.

b. For concrete tanks with a sliding base
where the lateral shear is resisted by
friction between the tank wall and the
base, the friction coefficient value used for
design shall not exceed tan 30 degrees.

c. Fixed-base or hinged-base concrete tanks,
transfer the horizontal seismic base shear
shared by membrane (tangential) shear
and radial shear into the foundation. For
anchored flexible-base concrete tanks, the
majority of the base shear is resisted
by membrane (tangential) shear through
the anchoring system with only insignif-
icant vertical bending in the wall. The
connection between the wall and floor
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shall be designed to resist the maximum
tangential shear.

9.14.7.3.6.1.7 Pressure Stability. For steel
tanks, the internal pressure from the stored
product stiffens thin cylindrical shell structural
elements subjected to membrane compression
forces. This stiffening effect may be considered
in resisting seismically induced compressive
forces if permitted by the approved standard or
the authority having jurisdiction.

9.14.7.3.6.1.8 Shell Support. Steel tanks rest-
ing on concrete ring walls or slabs shall have
a uniformly supported annulus under the shell.
Uniform support shall be provided by one of
the following methods:

a. Shimming and grouting the annulus.
b. Using fiberboard or other suitable padding.

c. Using butt-welded bottom or annular plates
resting directly on the foundation.

d. Using closely spaced shims (without struc-
tural grout) provided that the localized
bearing loads are considered in the tank
wall and foundation to prevent local crip-
pling and spalling.

Anchored tanks shall be shimmed and grouted.
Local buckling of the steel shell for the peak
compressive force due to operating loads and
seismic overturning shall be considered.

9.14.7.3.6.1.9 Repair, Alteration, or Recon-
struction. Repairs, modifications, or reconstruc-
tion (i.e., cut down and re-erect) of a tank
or vessel shall conform to industry standard
practice and this Standard. For welded steel
tanks storing liquids, see Ref. 9.14-8 and the
approved national standard in Table 9.14.3.
Tanks that are relocated shall be re-evaluated
for the seismic loads for the new site and the
requirements of new construction in accordance
with the appropriate approved national standard
and this Standard.

9.14.7.3.7 Water and Water Treatment Tanks and
Vessels.

9.14.7.3.7.1 Welded Steel. Welded steel water
storage tanks and vessels shall be designed in accor-
dance with the seismic requirements of Ref. 9.14-
15 except that the design input forces shall be mod-
ified as follows:
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The equations for base shear and overturning
moment are defined by the following equations for
allowable stress design procedures:

For T, < T, < 4.0 sec

Spsl

Vi = — 22"
AT T 14R)

I:(WS + W+ W+ W)

T,

4

(Eq. 9.14.7.3.7.1-1)
_ SpsI
T (14R)

,:(Wva + WrHr + WIXI)

T
+ 1.57—,‘W2X2}

(Eq. 9.14.7.3.7.1-2)
For T, > 4.0 sec

Sps!
= DS N WA W W, W
ACT (148 [( s+ W, + W+ W)
T,
+6T—C2W2j]
(Eq. 9.14.7.3.7.1-3)
_ Sos! (W, X + W, H, + W, X,)
—(14R) s ridy 141
T;
+6T_CZW2X2]

(Eq. 9.14.7.3.7.1-4)

a. Substitute the above equations for Eqgs. 13-4
and 13-8 of Ref. 9.14-15 where Sps and
Ts are defined in Section 9.4.1.2.5 and R is
defined in Table 9.14.5.1.1.

b. The hydrodynamic seismic hoop tensile
stress is defined in Egs. 13-20 through 13-25
in Ref. 9.14-15. When using theseZ equations,
substitute Eq. 9.14.7.3.7.1-5 for R—’ directly

. , 114
into the equations.

Spsi

_UDs. Eq. 9.14.7.3.7.1-5
25(14R) (Eq. 9.1 )

c. Sloshing height shall be calculated per
Section 9.14.7.3.7.1.2 instead of Eq. 13-26
of Ref. 9.14-15.

9.14.7.3.7.2 Bolted Steel. Bolted steel water stor-
age structures shall be designed in accordance with
the seismic requirements of Ref. 9.14-16 except
that the design input forces shall be modified in
the same manner shown in Section 9.14.7.3.7.1 of
this Standard.
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9.14.7.3.7.3 Reinforced and Prestressed Con-
crete, Reinforced and prestressed concrete tanks
shall be designed in accordance with the seismic
requirements of Ref. 9.14-3 except that the design
input forces for allowable stress design procedures
shall be modified as follows:

a. For T} < T,, and T, > Ty, substitute the
term S,//1.4R, where S, is defined in
Section 9.4.1.2.6, Subsections 1, 2, or 3, for
the terms in the appropriate equations as
shown below:

ZI1C
For

shear and overturning
1
moment equations of Ref. 9.14-17

ZI1C,

w
moment equations of Ref. 9.14-18

ZISC;

For

shear and overturning

For in the base shear and

i
overturning moment equations of

Ref. 9.14-3

Spsl

b. For T, < T; < T, substitute the term
Z1C, ZI1SC;
and
Rl R,‘

for terms

ZIC
For all values of T¢ (or T,), -

R,
ZIC, ZISC,
and are replaced by
Ry R.
65 6Spsl
LI st o

—0 Or
2 2 §
T T

(5

o

where

S, Spi, Sps, Ty, and T, are defined in
Section 9.4.1.2.6 of this Standard.

9.14.7.3.8 Petrochemical and Industrial Tanks and
Vessels Storing Liquids.

9.14.7.3.8.1 Welded Steel. Welded steel petro-
chemical and industrial tanks and vessels storing
liquids shall be designed in accordance with the
seismic requirements of Ref. 9.14-6 and Ref. 9.14-
7 except that the design input forces for allow-
able stress design procedures shall be modified
as follows:

a. When using the equations in Section E.3
of Ref. 9.14-7, substitute into the equation
for overturning moment M (where Sps and
T, are defined in Section 9.4.1.2.5 of this
Standard). Thus,

In the range 7, < 7, < 4.0 sec,

M = SpsI10.24(W, X, + W, H, + W, Xy)

+ 0.80C, T, W, X>]

(Eg. 9.14.7.3.8.1-1)

0.75§8
where C, = — and S = 1.0

C

In the range T,, > 4.0 sec, and

M = SpsI[0.24(W, X, + W, H, + W, X))

+0.71C, T, W)h X5 ]

(Eq. 9.14.7.3.8.1-2)
3.3758
T2

C

where C; = and S = 1.0

9.14.7.3.8.2 Bolted Steel. Bolted steel tanks used
for storage of production liquids. Ref. 9.14-10 cov-
ers the material, design, and erection requirements
for vertical, cylindrical, aboveground bolted tanks
in nominal capacities of 100 to 10,000 barrels for
production service. Unless required by the building
official having jurisdiction, these temporary struc-
tures need not be designed for seismic loads. If
design for seismic load is required, the loads may
be adjusted for the temporary nature of the antici-
pated service life.

9.14.7.3.8.3 Reinforced and Prestressed Con-
crete. Reinforced concrete tanks for the storage
of petrochemical and industrial liquids shall be
designed in accordance with the force requirements
of Section 14.7.3.7.3.

9.14.7.3.9 Ground-Supported Storage Tanks for
Granular Materials.

9.14.7.3.9.1 General. The intergranular behavior
of the material shall be considered in determin-
ing effective mass and load paths, including the
following behaviors:

a. Increased lateral pressure (and the resulting
hoop stress) due to loss of the intergranu-
lar friction of the material during the seis-
mic shaking.

b. Increased hoop stresses generated from tem-
perature changes in the shell after the mate-
rial has been compacted.

c. Intergranular friction, which can transfer
seismic shear directly to the foundation.

9.14.7.3.9.2 Lateral Force Determination. The
lateral forces for tanks and vessels storing granular
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materials at grade shall be determined by the
requirements and accelerations for short period
structures (i.e., Sps).

9.14.7.3.9.3 Force Distribution to Shell and
Foundation.

9.14.7.3.9.3.1 Increased Lateral Pressure. The
increase in lateral pressure on the tank wall shall
be added to the static design lateral pressure
but shall not be used in the determination of
pressure stability effects on the axial buckling
strength of the tank shell.

9.14.7.3.9.3.2 Effective Mass. A portion of a
stored granular mass will act with the shell (the
effective mass). The effective mass is related to
the physical characteristics of the product, the
height-to-diameter (H/D) ratio of the tank, and
the intensity of the seismic event. The effective
mass shall be used to determine the shear and
overturning loads resisted by the tank.

9.14.7.3.9.3.3 Effective Density. The effective
density factor (that part of the total stored mass
of product which is accelerated by the seismic
event) shall be determined in accordance with
Ref. 9.14-2.

9.14.7.3.9.3.4 Lateral Sliding. For granular
storage tanks that 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 slid-
ing is required. For tanks without steel bottoms
(i.e., the material rests directly on the foun-
dation), shear anchorage shall be provided to
prevent sliding.

9.14.7.3.9.3.5 Combined Anchorage Systems.
If separate anchorage systems are used to pre-
vent overturning and sliding, the relative stiff-
ness of the systems shall be considered in deter-
mining the load distribution.

9.14.7.3.9.4 Welded Steel Structures. Welded
steel granular storage structures shall be designed
in accordance with Section 9 of this Standard.
Component allowable stresses and materials shall
be per Ref. 9.14-15, except the allowable circum-
ferential membrane stresses and material require-
ments in Ref. 9.14-7 shall apply.

9.14.7.3.9.5 Bolted Steel Structures. Bolted steel
granular storage structures shall be designed in
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accordance with Section 9. Component allowable
stresses and materials shall be per Ref. 9.14-16.

9.14.7.3.9.6 Reinforced Concrete Structures.
Reinforced concrete structures for the storage of
granular materials shall be designed in accordance
with the force requirements of Section 9 and the
requirements of Ref. 9.14-2.

9.14.7.3.9.7 Prestressed Concrete Structures.
Prestressed concrete structures for the storage of
granular materials shall be designed in accordance
with the force provisions of Section 9 of this
Standard and the requirements of Ref. 9.14-2.

9.14.7.3.10 Elevated Tanks and Vessels for Liquids
and Granular Materials.

9.14.7.3.10.1 General. This section applies to
tanks, vessels, bins, and hoppers that are elevated
above grade where the supporting tower is an inte-
gral part of the structure, or where the primary
function of the tower is to support the tank or ves-
sel. Tanks and vessels that are supported within
buildings, or are incidental to the primary function
of the tower, are considered mechanical equip-
ment and shall be designed in accordance with
Section 9.6 of this Standard.

Elevated tanks shall be designed for the force
and displacement requirements of the applicable
approved standard, or Section 9.14.5.

9.14.7.3.10.2 Effective Mass. The design of the
supporting tower or pedestal, anchorage, and foun-
dation for seismic overturning shall assume the
material stored is a rigid mass acting at the vol-
umetric center of gravity. The effects of fluid-
structure interaction may be considered in deter-
mining the forces, effective period, and mass cen-
troids of the system if the following requirements
are met:

a. The sloshing period, T, is greater than 3T
where 7 = natural period of the tank with
confined liquid (rigid mass) and support-
ing structure.

b. The sloshing mechanism (i.e., the percentage
of convective mass and centroid) is deter-
mined for the specific configuration of the
container by detailed fluid-structure interac-
tion analysis or testing.

Soil-structure interaction may be included
in determining 7 providing the provisions of

Section 9.5.9 are met.
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9.14.7.3.10.3 P-Delta Effects. The lateral drift of
the elevated tank shall be considered as follows:

a. The design drift, the elastic lateral displace-
ment of the stored mass center of grav-
ity shall be increased by the factor, C,; for
evaluating the additional load in the sup-
port structure.

b. The base of the tank shall be assumed to be
fixed rotationally and laterally.

c. Deflections due to bending, axial tension,
or compression shall be considered. For
pedestal tanks with a height-to-diameter
ratio less than 5, shear deformations of the
pedestal shall be considered.

d. The dead load effects of roof-mounted equip-
ment or platforms shall be included in
the analysis.

e. If constructed within the plumbness toler-
ances specified by the approved standard,
initial tilt need not be considered in the P-
delta analysis.

9.14.7.3.10.4 Transfer of Lateral Forces into
Support Tower. For post-supported tanks and
vessels which are cross-braced:

a. The bracing shall be installed in such a
manner as to provide uniform resistance to
the lateral load (e.g., pretensioning or tuning
to attain equal sag).

b. The additional load in the brace due to
the eccentricity between the post to tank
attachment and the line of action of the
bracing shall be included.

c. Eccentricity of compression strut line of
action (elements that resist the tensile pull
from the bracing rods in the lateral-force-
resisting systems) with their attachment
points shall be considered.

d. The connection of the post or leg with
the foundation shall be designed to resist
both the vertical and lateral resultant from
the yield load in the bracing assuming the
direction of the lateral load is oriented to
produce the maximum lateral shear at the
post to foundation interface. Where multiple
rods are connected to the same location, the
anchorage shall be designed to resist the
concurrent tensile loads in the braces.

9.14.7.3.10.5 Evaluation of Structures Sensitive
to Buckling Failure. Shell structures that sup-
port substantial loads may exhibit a primary mode

of failure from localized or general buckling of
the support pedestal or skirt during seismic loads.
Such structures may include single-pedestal water
towers, skirt-supported process vessels, and sim-
ilar single-member towers. Where the structural
assessment concludes that buckling of the support
is the governing primary mode of failure, structures
and components in Seismic Use Group III shall be
designed to resist the seismic forces as follows:

a. The seismic response coefficient for this
evaluation shall be per Section 9.5.3.2.1 of
this Standard with I/R set equal to 1.0.
Soil-structure and fluid-structure interaction
may be utilized in determining the structural
response. Vertical or orthogonal combina-
tions need not be considered.

b. The resistance of the structure or component
shall be defined as the critical buckling
resistance of the element; i.e., a factor of
safety set equal to 1.0

c. The anchorage and foundation shall be
designed to resist the load determined in (a).
The foundation shall be proportioned to pro-
vide a stability ratio of at least 1.2 for
the overturning moment. The maximum toe
pressure under the foundation shall not
exceed the lesser of the ultimate bearing
capacity or 3 times the allowable bearing
capacity. All structural components and ele-
ments of the foundation shall be designed to
resist the combined loads with a load factor
of 1.0 on all loads including dead load, live
load, and earthquake load. Anchors shall be
permitted to yield.

9.14.7.3.10.6 Welded Steel Water Storage Struc-
tures. Welded steel elevated water storage struc-
tures shall be designed and detailed in accordance
with the seismic requirements of Ref. 9.14-15 and
this Standard except that the design input forces
for allowable stress design procedures shall be
modified by substituting the following terms for
ZI1C/Ry into Egs. 13-1 and 13-3 of Ref. 9.14-15
and set the value for § = 1.0.
For T < T's, substitute the term

Spsl
14R

(Eq. 9.14.7.3.10.6-1)

For Ts < T < 4.0 second, substitute the term

Spil

_oD1L Eq. 9.14.7.3.10.6-2
T(L4R) (Eq )

ASCE 7-02



For T > 4.0 second, substitute the term

Soid Eq. 9.14.7.3.10.6-3
T2(1.4R) (Eq. 9.14.7.3.10.6-3)
9.14.7.3.10.6.1 Analysis Procedures. The
equivalent lateral force procedure shall be per-
mitted. A more rigorous analysis shall also be
permitted. Analysis of single-pedestal structures
shall be based on a fixed-base, single degree-of-
freedom model. All mass, including the liquid,
shall be considered rigid unless the sloshing
mechanism (i.e:, the percentage of convective
mass and centroid) is determined for the spe-
cific configuration of the container by detailed
fluid-structure interaction analysis or testing.
The inclusion of soil-structure interaction shall
be permitted.

9.14.7.3.10.6.2 Structure Period. The funda-
mental period of vibration of the structure
shall be established using the structural prop-
erties and deformational characteristics of the
resisting elements in a substantiated analy-
sis. The period used to calculate the seismic
response coefficient shall not exceed 4.0 secs.
See Ref. 9.14-15 for guidance on computing the
fundamental period of cross-braced structures.

9.14.7.3.10.7 Concrete Pedestal (Composite)
Tanks. Concrete pedestal (composite) elevated
water storage structures shall be designed in
accordance with the requirements of Ref. 9.14-4
except that the design input forces shall be
modified as follows:

In Eq. 4-8a of Ref. 9.14-4,

For Ts < T < 4.0 sec, replace the term 1.2Cy/
RT?7 with

Spil

Eq. 9.14.7.3.10.7-1
TR (Eq )

For T > 4.0 sec, replace the term 1.2Cy /RT?/3

ith
e 4Sp,1

TR

(Eq. 9.14.7.3.10.7-2)

In Eq. 4-8b of Ref. 9.14-4, replace the term
2.5C,/R with

Spst
R

(Eq. 9.14.7.3.10.7-3)

In Eq. 49 of Ref. 9.14-4, replace the term
0.5C, with ’

0.28ps (Eq. 9.14.7.3.10.7-4)
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9.14.7.3.10.7.1 Analysis Procedures. The
equivalent lateral force procedure shall be per-
mitted for all concrete pedestal tanks and shall
be based on a fixed-base, single degree-of-
freedom model. All mass, including the liquid,
shall be considered rigid unless the sloshing
mechanism (i.e., the percentage of convective
mass and centroid) is determined for the specific
configuration of the container by detailed fluid-
structure interaction analysis or testing. Soil-
structure interaction may be included. A more
rigorous analysis shall be permitted.

9.14.7.3.10.7.2 Structure Period. The funda-
mental period of vibration of the structure shall
be established using the uncracked structural
properties and deformational characteristics of
the resisting elements in a properly substanti-
ated analysis. The period used to calculate the
seismic response coefficient shall not exceed
2.5 sec.

9.14.7.3.11 Boilers and Pressure Vessels.

9.14.7.3.11.1 General. Attachments to the pres-
sure boundary, supports, and lateral-force-resisting
anchorage systems for boilers and pressure vessels
shall be designed to meet the force and displace-
ment requirements of Sections 9.5.5 and 9.5.6 and
the additional requirements of this section. Boilers
and pressure vessels categorized as Seismic Use
Group I or III shall be designed to meet the force
and displacement requirements of Sections 9.5.5
and 9.5.6.

9.14.7.3.11.2 ASME Boilers and Pressure Ves-
sels. Boilers or pressure vessels designed and
constructed in accordance with Ref. 9.14-11 shall
be deemed to meet the requirements of this section
provided that the displacement requirements of
Sections 9.5.5 and 9.5.6 are used with appropriate
scaling of the force and displacement requirements
to the working stress design basis.

9.14.7.3.11.3 Attachments of Internal Equip-
ment and Refractory. Attachments to the pres-
sure boundary for internal and external ancillary
components (refractory, cyclones, trays, etc.) shall
be designed to resist the seismic forces speci-
fied in this Standard to safeguard against rupture
of the pressure boundary. Alternatively, the ele-
ment attached may be designed to fail prior to
damaging the pressure boundary provided that the
consequences of the failure do not place the pres-
sure boundary in jeopardy. For boilers or vessels
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containing liquids, the effect of sloshing on the
internal equipment shall be considered if the equip-
ment can damage the integrity of the pressure
boundary.

9.14.7.3.11.4 Coupling of Vessel and Support
Structure. Where the mass of the operating vessel
or vessels supported is greater than 25% of the total
mass of the combined structure, the structure and
vessel designs shall consider the effects of dynamic
coupling between each other. Coupling with adja-
cent, connected structures such as multiple towers
shall be considered if the structures are intercon-
nected with elements that will transfer loads from
one structure to the other.

9.14.7.3.11.5 Effective Mass. Fluid-structure inte-
raction (sloshing) shall be considered in determin-
ing the effective mass of the stored material pro-
viding sufficient liquid surface exists for sloshing
to occur and the T, is greater than 37. Changes to
or variations in material density with pressure and
temperature shall be considered.

9.14.7.3.11.6 Other Boilers and Pressure Ves-
sels. Boilers and pressure vessels designated Seis-
mic Use Group III but not designed and con-
structed in accordance with the requirements of
Ref. 9.14-11 shall meet the following require-
ments:

The seismic loads in combination with other
service loads and appropriate environmental effects
shall not exceed the material strength shown in
Table 9.14.7.3.11.6.

Consideration shall be made to mitigate seismic
impact loads for boiler or vessel components con-
structed of nonductile materials or vessels operated

TABLE 9.14.7.3.11.6
MAXIMUM MATERIAL STRENGTH

Max Material
Minimum Max Material Strength
Ratio Strength Threaded
Material Fy/Fy | Vessel Material | Material®
Ductile (e.g., steel, 1.33b 90%4 70%
aluminum, copper)
Semiductile 1.2¢ 70%¢ 50%°¢
Nonductile (e.g., cast NA 25%° 20%°
iron, ceramics,
fiberglass)

4 Threaded connection to vessel or support system.

® Minimum 20% elongation per the ASTM material specification.
¢ Minimum 15% elongation per the ASTM material specification.
4 Based on material minimum specified yield strength.

¢ Based on material minimum specified tensile strength.
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in such a way that material ductility is reduced
(e.g., low-temperature applications).

9.14.7.3.11.7 Supports and Attachments for
Boilers and Pressure Vessels. Attachments to
the pressure boundary and support for boilers
and pressure vessels shall meet the following
requirements:

a. Attachments and supports transferring seis-
mic loads shall be constructed of ductile
materials suitable for the intended applica-
tion and environmental conditions.

b. Seismic anchorages embedded in concrete
shall be ductile and detailed for cyclic loads.

¢. Seismic supports and attachments to struc-
tures shall be designed and constructed so
that the support or attachment remains duc-
tile throughout the range of reversing seismic
lateral loads and displacements.

d. Vessel attachments shall consider the poten-
tial effect on the vessel and the support for
uneven vertical reactions based on variations
in relative stiffness of the support members,
dissimilar details, nonuniform shimming, or
irregular supports. Uneven distribution of
lateral forces shall consider the relative dis-
tribution of the resisting elements, the behav-
tor of the connection details, and vessel shear
distribution.

The requirements of Sections 9.14.5 and
9.14.7.3.10.5 shall also be applicable to this
section.

9.14.7.3.12 Liquid and Gas Spheres.

9.14.7.3.12.1 General. Attachments to the pres-
sure or liquid boundary, supports, and lateral-
force-resisting anchorage systems for liquid and
gas spheres shall be designed to meet the force
and displacement requirements of Sections 9.5.5
and 9.5.6 and the additional requirements of
this section. Spheres categorized as Seismic Use
Group III or III shall themselves be designed to
meet the force and displacement requirements of
Sections 9.5.5 and 9.5.6.

9.14.7.3.12.2 ASME Spheres. Spheres designed
and constructed in accordance with Section VIII
of Ref. 9.14-11 shall be deemed to meet the
requirements of this section providing the displace-
ment requirements of Sections 9.5.5 and 9.5.6 are
used with appropriate scaling of the force and
displacement requirements to the working stress
design basis.
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9.14.7.3.12.3 Attachments of Internal Equip-
ment and Refractory. Attachments to the pressure
or liquid boundary for internal and external ancil-
lary components (refractory, cyclones, trays, and
so on) shall be designed to resist the seismic forces
specified in this Standard to safeguard against rup-
ture 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 fail-
ure do not place the pressure boundary in jeopardy.
For spheres containing liquids, the effect of slosh-
ing on the internal equipment shall be considered if
the equipment can damage the pressure boundary.

9.14.7.3.12.4 Effective Mass. Fluid-structure
interaction (sloshing) shall be considered in deter-
mining the effective mass of the stored material
providing sufficient liquid surface exists for slosh-
ing to occur and the T, is greater than 37. Changes
to or variations in fluid density shall be considered.

9.14.7.3.12.5 Post and Rod Supported. For post-
supported spheres that are cross-braced:

a. The requirements of Section 9.14.7.3.10.4
shall also be applicable to this section.

b. The stiffening effect of (reduction in lat-
eral drift) from pre-tensioning of the bracing
shall be considered in determining the natu-
ral period.

c. The slenderness and local buckling of the
posts shall be considered.

d. Local buckling of the sphere shell at the post
attachment shall be considered.

e. For spheres storing liquids, bracing con-
nections shall be designed and constructed
to develop the minimum published yield
strength of the brace. For spheres storing
gas vapors only, bracing connection shall be
designed for €2, times the maximum design
load in the brace. Lateral bracing connections
directly attached to the pressure or liquid
boundary are prohibited.

9.14.7.3.12.6 Skirt Supported. For skirt-suppor-
ted spheres, the following requirements shall
apply:

a. The provisions of Section 9.14.7.3.10.5 shall
also apply.

b. The local buckling of the skirt under com-
pressive membrane forces due to axial load
and bending moments shall be considered.
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c. Penetration of the skirt support (manholes,
piping, and so on) shall be designed and
constructed to maintain the strength of the
skirt without penetrations.

9.14.7.3.13 Refrigerated Gas Liquid Storage Tanks
and Vessels.

9.14.7.3.13.1 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 tanks is
addressed in part by various approved standards as
listed in Table 9.14.3.

Exception: Low-pressure, welded steel storage
tanks for liquefied hydrocarbon gas (e.g., LPG,
butane, and so on) and refrigerated liquids
(e.g., ammonia) shall be designed in accordance
with the requirements of Section 9.14.7.3.8 and
Ref. 9.14-6.

9.14.7.3.14 Horizontal, Saddle-Supported Vessels
for Liquid or Vapor Storage.

9.14.7.3.14.1 General. Horizontal vessels sup-
ported on saddles (sometimes referred to as
blimps) shall be designed to meet the force
and displacement requirements of Sections 9.5.5
and 9.5.6.

9.14.7.3.14.2 Effective Mass. Changes to or vari-
ations in material density shall be considered. The
design of the supports, saddles, anchorage, and
foundation for seismic overturning shall assume
the material stored is a rigid mass acting at the
volumetric center of gravity.

9.14.7.3.14.3 Vessel Design. Unless a more rigor-
ous analysis is performed:

a. Horizontal vessels with a length-to-diameter
ratio of 6 or more may be assumed to be a
simply supported beam spanning between the
saddles for determining the natural period of
vibration and global bending moment.

b. Horizontal vessels with a length-to-diameter
ratio of less than 6, the effects of “deep beam
shear” shall be considered when determining
the fundamental period and stress distribu-
tion.

c. Local bending and buckling of the vessel
shell at the saddle supports due to seis-
mic load shall be considered. The stabilizing
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effects of internal pressure shall not be con-
sidered to increase the buckling resistance of
the vessel shell.

d. If the vessel is a combination of liquid
and gas storage, the vessel and supports
shall be designed both with and without gas
pressure acting (assume piping has ruptured
and pressure does not exist).

9.14.7.4 Stacks and Chimneys.

9.14.7.4.1 General, Stacks and chimneys are permit-
ted to be either lined or unlined, and shall be con-
structed from concrete, steel, or masonry.

9.14.7.4.2 Design Basis. Steel stacks, concrete stacks,
steel chimneys, concrete chimneys, and liners shall
be designed to resist seismic lateral forces deter-
mined from a substantiated analysis using approved
standards. Interaction of the stack or chimney with
the liners shall be considered. A minimum separation
shall be provided between the liner and chimney equal
to Cy times the calculated differential lateral drift.

9.14.7.5 Amusement Structures.

9.14.7.5.1 General. Amusement structures are per-
manently fixed structures constructed primarily for
the conveyance and entertainment of people.

9.14.7.5.2 Design Basis. Amusement structures shall
be designed to resist seismic lateral forces deter-
mined from a substantiated analysis using approved
standards.

9.14.7.6 Special Hydraulic Structures.

9.14.7.6.1 General. Special hydraulic structures are
structures that are contained inside liquid-containing
structures. These structures are exposed to liquids
on both wall surfaces at the same head elevation
under normal operating conditions. Special hydraulic
structures are subjected to out-of-plane forces only
during an earthquake when the structure is subjected
to differential hydrodynamic fluid forces. Examples of
special hydraulic structures include separation walls,
baffle walls, weirs, and other similar structures.

9.14.7.6.2 Design Basis. Special hydraulic structures
shall be designed for out-of-phase movement of the
fluid. Unbalanced forces from the motion of the liquid
must be applied simultaneously “in front of” and
“behind” these elements.

206

Structures subject to hydrodynamic pressures
induced by earthquakes shall be designed for rigid
body and sloshing liquid forces and their own inertia
force. The height of sloshing shall be determined and
compared to the freeboard height of the structure.

Interior elements, such as baffles or roof supports,
also shall be designed for the effects of unbalanced
forces and sloshing.

9.14.7.7 Secondary Containment Systems. Secondary
containment systems such as impoundment dikes and
walls shall meet the requirements of the applicable
standards for tanks and vessels and the authority having
jurisdiction.

Secondary containment systems shall be designed to
withstand the effects of the maximum considered earth-
quake ground motion when empty and two-thirds of the
maximum considered earthquake ground motion when
full including all hydrodynamic forces as determined
in accordance with the procedures of Section 9.4.1.
When determined by the risk assessment required by
Section 1.5.2 or by the authority having jurisdiction that
the site may be subject to aftershocks of the same mag-
nitude as the maximum considered ground motion, sec-
ondary containment systems shall be designed to with-
stand the effects of the maximum considered earthquake
ground motion when full including all hydrodynamic
forces as determined in accordance with the procedures
of Section 9.4.1.

9.14.7.7.2 Freeboard. Sloshing of the liquid within
the secondary containment area shall be considered
in determining the height of the impound. Where the
primary containment has not been designed with a
reduction in the structure category (i.e., no reduction
in importance factor I) as permitted by Section 1.5.2,
no freeboard provision is required. Where the primary
containment has been designed for a reduced structure
category (i.e., importance factor I reduced) as permit-
ted by Section 1.5.2, a minimum freeboard, §g, shall
be provided where

oy = 0.50D S8, (Eq. 9.14.7.7.2)
where S, is the spectral acceleration of the convec-
tive component and is determined according to the
procedures of Section 9.4.1 using 0.5% damping. For
circular impoundment dikes, D shall be taken as the
diameter of the impoundment dike. For rectangular
impoundment dikes, D shall be taken as the longer
plan dimension of the impoundment dike.

9.14.7.8 Telecommunication Towers. Self-supporting
and guyed telecommunication towers shall be designed
to resist seismic lateral forces determined from a sub-
stantiated analysis using approved standards.
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SECTION 10.0
ICE LOADS — ATMOSPHERIC ICING

SECTION 10.1
GENERAL

Atmospheric ice loads due to freezing rain, snow, and in-
cloud icing shall be considered in the design of ice-sensitive
structures. In areas where records or experience indicate
that snow or in-cloud icing produces larger loads than
freezing rain, site-specific studies shall be used. Structural
loads due to hoarfrost are not a design consideration. Roof
snow loads are covered in Section 7.

10.1.1 Site-Specific Studies. Mountainous terrain and gor-
ges shall be examined for unusual icing conditions. Site-
specific studies shall be used to determine the 50-year
mean recurrence interval ice thickness and concurrent wind
speed in:

1. Alaska.

2. areas where records or experience indicate that snow
or in-cloud icing produces larger loads than freez-
ing rain.

3. special icing regions shown in Figure 10-2.

4. mountainous terrain and gorges where examination
indicates unusual icing conditions exist.

Site-specific studies shall be subject to review and
approval by the authority having jurisdiction.

In lieu of using the mapped values, it shall be permitted
to determine the ice thickness and the concurrent wind
speed for a structure from local meteorological data based
on a 50-year mean recurrence interval provided that:

1. the quality of the data for wind and type and amount
of precipitation has been taken into account,

2. a robust ice accretion algorithm has been used to
estimate uniform ice thicknesses and concurrent wind
speeds from these data,

3. extreme-value statistical analysis procedures accept-
able to the authority having jurisdiction have been
employed in analyzing the ice thickness and concur-
rent wind speed data, and

4. the length of record and sampling error have been
taken into account.

10.1.2 Dynamic Loads. Dynamic loads, such as those
resulting from galloping, ice shedding, and aeolian vibra-
tions, that are caused or enhanced by an ice accretion on
a flexible structural member, component, or appurtenance
are not covered in this Section.
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10.1.3 Exclusions. Electric transmission systems, commu-
nications towers and masts, and other structures for which
national standards exist are excluded from the requirements
of this section. Applicable standards and guidelines include
Refs. 10-1, 10-2, and 10-3.

SECTION 10.2
DEFINITIONS

The following definitions apply only to the provisions of
Section 10.

COMPONENTS AND APPURTENANCES. Nonstruc-
tural elements that may be exposed to atmospheric icing.
Examples are ladders, handrails, antennas, waveguides,
radio frequency (RF) transmission lines, pipes, electrical
conduits, and cable trays.

FREEZING RAIN. Rain or drizzle that falls into a layer
of subfreezing air at the earth’s surface and freezes on
contact with the ground or an object to form glaze ice.

GLAZE. Clear high-density ice.

HOARFROST. An accumulation of ice crystals formed by
direct deposition of water vapor from the air onto an object.

ICE-SENSITIVE STRUCTURES. Structures for which
the effect of an atmospheric icing load governs the design of
part or all of the structure. This includes, but is not limited
to, lattice structures, guyed masts, overhead lines, light
suspension and cable-stayed bridges, aerial cable systems
(e.g., for ski lifts and logging operations), amusement rides,
open catwalks and platforms, flagpoles, and signs.

IN-CLOUD ICING. Occurs when supercooled cloud or
fog droplets carried by the wind freeze on impact with
objects. In-cloud icing usually forms rime but may also
form glaze.

RIME. White or opaque ice with entrapped air.

SNOW. Snow that adheres to objects by some combination
of capillary forces, freezing, and sintering.

SECTION 10.3
SYMBOLS AND NOTATION

A = surface area of one side of a flat plate or the
projected area of complex shapes
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A; = cross-sectional area of ice
D = diameter of a circular structure or member as
defined in Section 6, in ft (m)
D. = diameter of the cylinder circumscribing an object
f. = factor to account for the increase in ice thickness
with height
I; = importance factor and multiplier on ice thickness
based on the structure category as defined in
Section 1
I, = importance factor and multiplier on the concurrent
wind pressure based on the structure category as
defined in Section 1
K, = topographic factor as defined in Section 6
g, = velocity pressure evaluated at height z above
ground, in Ib/f (N/m?) as defined in Section 6
r = radius of the maximum cross-section of a dome or
radius of a sphere
t = nominal ice thickness due to freezing rain at a
height of 33 ft (10 m) from Figure 10-2, 10-3, or
10-4 in in. (mm)
ty = design ice thickness in in. (mm) from Eq. 10-5
V. = concurrent wind speed mph (m/s) from
Figures 10-2, 10-3, and 10-4
V; = volume of ice
z = height above ground in ft (m)
€ = solidity ratio as defined in Section 6

SECTION 10.4
ICE LOADS DUE TO FREEZING RAIN

10.4.1 Ice Weight. The ice load shall be determined using
the weight of glaze ice formed on all exposed surfaces of
structural members, guys, components, appurtenances, and
cable systems. On structural shapes, prismatic members,
and other similar shapes, the cross-sectional area of ice
shall be determined by:

A; =mtg(D, +tg) (Eq. 10-1)
D, is shown for a variety of cross-sectional shapes in
Figure 10-1.

On flat plates and large three-dimensional objects such
as domes and spheres, the volume of ice shall be deter-
mined by:

Vi =mt4As (Eq. 10-2)
For a flat plate A, shall be the area of one side of the plate,
for domes and spheres A, shall be determined by:

A, =mr? (Eq. 10-3)
It is acceptable to multiply V; by 0.8 for vertical plates and
0.6 for horizontal plates.

The ice density shall be not less than 56 pcf (900 kg/m?).
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10.4.2 Nominal Ice Thickness. Figures 10-2, 10-3, and
10-4 show the equivalent uniform radial thicknesses 7 of
ice due to freezing rain at a height of 33 ft (10 m) over
the contiguous United States for a 50-year mean recurrence
interval. Also shown are concurrent 3-second gust wind
speeds. Thicknesses for Alaska and Hawaii, and for ice
accretions due to other sources in all regions, shall be
obtained from local meteorological studies.

10.4.3 Height Factor. The height factor f, used to
increase the radial thickness of ice for height above ground
z shall be determined by:

= (2" fo 900 ft (Eq. 10-4
z< - 10-
. (33) for 0ft< t (Eq )

f. =14 for z > 900 ft

In SI

7
£

f.= (]0
f. =14 for

0.10
) for Om<z<275m

z>275m

10.4.4 Importance Factors. Importance factors to be
applied to the radial ice thickness and wind pressure accord-
ing to the structure classifications (as defined in Table 1-1)
are listed in Table 10-1. The importance factor multiplier
I; must be on the ice thickness, not the ice weight because
the ice weight is not a linear function of thickness.

10.4.5 Topographic Factor. Both the ice thickness and
concurrent wind speed for structures on hills, ridges, and
escarpments are higher than those on level terrain because
of wind speed-up effects. The topographic factor for the
concurrent wind pressure is K, and the topographic factor
for ice thickness is (K,;)*3°, where K., is obtained from
Eq. 6-1.

10.4.6 Design Ice Thickness for Freezing Rain. The
design ice thickness f, shall be calculated from Eq. 10-5.

te = 2.0t f. (K" (Eq. 10-5)

SECTION 10.5
WIND ON ICE-COVERED STRUCTURES

Ice accreted on structural members, components, and appuz-
tenances increases the projected area of the structure
exposed to wind. The projected area shall be increased
by adding #; to all free edges of the projected area. Wind
loads on this increased projected area shall be used in the
design of ice-sensitive structures. Figures 10-2, 10-3, and
10-4 include 3-second gust wind speeds at 33 ft (10 m)
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above grade that are concurrent with the ice loads due
to freezing rain. Wind loads shall be calculated in accor-
dance with Section 6 as modified by Sections 10.5.1 to
10.5.4 below.

10.5.1 Wind on Ice-Covered Chimneys, Tanks, and
Similar Structures. Force coefficients for structures with
square, hexagonal, and octagonal cross-sections shall be
as given in Table 6-19. Force coefficients for structures
with round cross-sections shall be as given in Table 6-19
for round cross-sections with D./q, <2.5 for all ice
thicknesses, wind speeds, and structure diameters.

10.5.2 Wind on Ice-Covered Solid Freestanding Walls
and Solid Signs. Force coefficients shall be as given in
Table 6-10 based on the dimensions of the wall or sign
including ice.

10.5.3 Wind on Ice-Covered Open Signs and Lattice
Frameworks. The solidity ratio € shall be based on the
projected area including ice. The force coefficient for
the projected area of flat members shall be as given in
Table 6-21. The force coefficient for rounded members and
for the additional projected area due to ice on both flat
and rounded members shall be as given in Table 6-21 for
rounded members with D,/q. < 2.5 for all ice thicknesses,
wind speeds and member diameters.

10.5.4 Wind on Ice-Covered Trussed Towers. The solid-
ity ratio € shall be based on the projected area including ice.
The force coefficients shall be as given in Table 6-22. It is
acceptable to reduce the force coefficients for the additional
projected area due to ice on both round and flat members
by the factor for rounded members in Note 3 of Table 6-22.

SECTION 10.6
PARTIAL LOADING

The effects of a partial ice load shall be considered when
this condition is critical for the type of structure under
consideration. It is permitted to consider this to be a
static load.
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SECTION 10.7
DESIGN PROCEDURE

1. The nominal ice thickness, ¢, and the concurrent
wind speed, V,, for the site shall be determined from
Figures 10-2, 10-3, 10-4, or a site-specific study.

2. The topographic factor for the site, K., shall be
determined in accordance with Section 10.4.5.

3. The importance factor, [;, shall be determined in
accordance with Section 10.4.4.

4. The height factor, f,, shall be determined in accor-
dance with Section 10.4.3 for each design segment
of the structure.

5. The design ice thickness, ¢4, shall be determined in
accordance with Section 10.4.6, Eq. 10-5.

6. The weight of ice shall be calculated for the design
ice thickness, #; in accordance with Section 10.4.1.

7. The velocity pressure g, for wind speed V, shall be
determined in accordance with Section 6.5.10 using
I, for the importance factor I.

8. The wind force coefficients shall be determined in
accordance with Section 10.5.

9. The gust effect factor shall be determined in accor-
dance with Section 6.5.8.

10. The design wind force shall be determined in
accordance with Section 6.5.13.

11. The iced structure shall be analyzed for the load
combinations in either Section 2.3 or Section 2.4.

SECTION 10.8
REFERENCES

Ref. 10-1 ANSI. (2002). “National Electrical Safety Code.”
(NESC). ANSI C2.

Ref. 10-2 ASCE. (1991). “Guidelines for Electrical Trans-
mission Line Structural Loading.” ASCE 74.

Ref. 10-3 ANSI/EIA/TIA. (1996). “Structural Standards
for Steel Antenna Towers and Antenna Support-
ing Structures.” EIA/TIA-222.
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FIGURE 10-1
CHARACTERISTIC DIMENSION “D¢” FOR CALCULATING THE ICE AREA FOR A VARIETY OF CROSS-SECTIONAL SHAPES
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See Fig. 104

lce Load Zones
- — — — Wind Speed Zones

Notes

1. In the Appalachian Mountains, indicated by the gray fill,
ice loads may vary significantly over short distances.

2. ice loads on structures in exposed locations at elevations
higher than the surrounding terrain and in valleys and
gorges may be higher than the mapped loads.

FIGURE 10-2a

50-YR MEAN RECURRENCE INTERVAL UNIFORM ICE THICKNESSES DUE TO FREEZING RAIN WITH CONCURRENT 3-s GUST WIND
SPEEDS: CONTIGUOUS 48 STATES
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FIGURE 10-2b — continued
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FIGURE 10-3
50-YR MEAN RECURRENCE INTERVAL UNIFORM ICE
THICKNESSES DUE TO FREEZING RAIN WITH CONCURRENT
3-s GUST WIND SPEEDS: LAKE SUPERIOR
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Notes:

ot

. lce thickness is shown in inches.
2. Uniess otherwise specified use 0.50 inch ice thicknesses.

3. Freezing rain is unlikely to occur in the shaded mountainous ]
regions above 5,000 feet.

4. Apply a concurrent 3-sec gust of 50 mph to the
appropriate ice thicknesses.

FIGURE 10-4
50-YR MEAN RECURRENCE INTERVAL UNIFORM ICE THICKNESSES DUE TO FREEZING RAIN WITH CONCURRENT 3-s GUST WIND
SPEEDS: PACIFIC NORTHWEST
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TABLE 10-1
IMPORTANCE FACTOR /; AND /,,

Iw
I; (Multiplier on
Structure (Multiplier on Ice Concurrent Wind
Category Thickness) Pressure)

I 0.80 1.0
11 1.00 1.0
I 1.25 1.0
1A% 1.25 1.0
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APPENDIX A.9
SUPPLEMENTAL PROVISIONS

SECTION A.9.1
PURPOSE

These provisions are not directly related to computation
of earthquake loads, but they are deemed essential for
satisfactory performance in an earthquake when designing
with the loads determined from Section 9, due to the
substantial cyclic inelastic strain capacity assumed to exist
by the load procedures in Section 9. These supplemental
provisions form an integral part of Section 9.

SECTION A.0.3
QUALITY ASSURANCE

This section provides minimum requirements for quality
assurance for seismic force-resisting systems and other des-
ignated seismic systems. These requirements supplement
the testing and inspection requirements contained in the
reference standards given in Sections 9.6 through 9.12.

A9.3.1 Scope. As a minimum, the quality assurance pro-
visions apply to the following:

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

2. Other designated seismic systems in structures as-
signed to Seismic Design Categories D, E, and F that
are required in Table 9.6.1.7.

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

a. The structure is constructed of light wood framing
or light-gauge cold-formed steel framing, Sps does
not exceed 0.50 g, the height of the structure does
not exceed 35 ft above grade, and the structure
meets the requirements in Items ¢ and d below,

or

b. The structure is constructed using a reinforced
masonry structural system or reinforced concrete
structural system, Spg does not exceed 0.50 g, the
height of the structure does not exceed 25 ft above
grade, and the structure meets the requirements in
Items ¢ and d below. -

Minimum Design Loads for Buiidings and Other Structures

c. The structure is classified as Seismic Use Group 1.

d. The structure does not have any of the following
plan irregularities as defined in Table 9.5.2.3.2
or any of the following vertical irregularities as
defined in Table 9.5.2.3.3:

1. Torsional irregularity

Extreme torsional irregularity
Nonparallel systems

Stiffness irregularity/soft story
Stiffness irregularity/extreme soft story

SNV SR

Discontinuity in capacity/weak story

The following standards are referenced in the provisions
for inspection and testing:

Ref. 9.1.6-1 ANSI. (1998). “Structural Welding Code-
Steel.” ANSI/AWS D1.1-98.

Ref. 9.1.6-2  ASTM. (1990). “Specification for Straight
Beam Ultrasound Examination of Steel
Plates.” ASTM A435-90.

Ref. 9.1.6-3 ASTM. (1991). “Specification for Straight

Beam Ultrasound Examination for Rolled
Steel Shapes.” ASTM A898-91.

A.9.3.2 Quality Assurance Plan. A quality assurance
plan shall be submitted to the authority having jurisdiction.

A.9.3.2.1 Details of Quality Assurance Plan. The
quality assurance plan shall specify the designated seis-
mic systems or seismic force-resisting system in accor-
dance with Section A.9.3 that are subject to quality
assurance. The registered design professional in respon-
sible charge of the design of a seismic force-resisting
system and a designated seismic system shall be respon-
sible for the portion of the quality assurance plan appli-
cable to that system. The special inspections and special
tests needed to establish that the construction is in con-
formance with these provisions shall be included in the
portion of the quality assurance plan applicable to the
designated seismic system. The quality assurance plan
shall include:

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

b. The special inspections and testing to be provided
as required by these provisions and the reference
standards in Section 9.
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c¢. The type and frequency of testing.
d. The type and frequency of special inspections.

e. The frequency and distribution of testing and
special inspection reports.
f. The structural observations to be performed.

g. The frequency and distribution of structural obser-
vation reports.

A.9.3.2.2 Contractor Responsibility. Each contractor
responsible for the construction of a seismic force-
resisting system, designated seismic system, or compo-
nent listed in the quality assurance plan shall submit
a written contractor’s statement of responsibility to the
regulatory 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 re-
quirements contained in the quality assurance plan.

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

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

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

A.9.3.3 Special Inspection. The building owner shall
employ a special inspector(s) to observe the construction
of all designated seismic systems in accordance with the
quality assurance plan for the following construction work:

A.9.3.3.1 Foundations. Continuous special inspection
is required during driving of piles and placement of
concrete in piers or piles. Periodic special inspection
is required during construction of drilled piles, piers,
and caisson work, the placement of concrete in shallow
foundations, and the placement of reinforcing steel.

A.9.3.3.2 Reinforcing Steel.

A.9.3.3.2.1 Periodic special inspection during and on
completion of the placement of reinforcing steel in
intermediate and special moment frames of concrete
and concrete shear walls.

A9.3.3.2.2 Continuous special inspection during
the welding of reinforcing steel resisting flexural
and axial forces in intermediate and special moment
frames of concrete, in boundary members of concrete
shear walls, and welding of shear reinforcement.
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A.9.3.3.3 Structural Concrete. Periodic special in-
spection during and on completion of the placement of
concrete in intermediate and special moment frames, and
in boundary members of concrete shear walls.

A.9.3.3.4 Prestressed Concrete. Periodic special in-
spection during the placement and after the completion
of placement of prestressing steel and continuous special
inspection is required during all stressing and grouting
operations and during the placement of concrete.

A9.3.3.5 Structural Masonry.

A8.3.3.5.1 Periodic special inspection during the
preparation of mortar, the laying of masonry units,
and placement of reinforcement; and prior to place-
ment of grout.

A.9.3.3.5.2 Continuous special inspection during
welding of reinforcement, grouting, consolidation and
reconsolidation, and placement of bent-bar anchors as
required by Section A.9.11.

A.9.3.3.6 Structural Steel.

A.9.3.3.6.1 Continuous special inspection is required
for all structural welding.

Exception: Periodic special inspection for single-
pass fillet or resistance welds and welds loaded
to less than 50% of their design strength shall
be the minimum requirement, provided the qual-
ifications 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 comple-
tion of welding.

A.9.3.3.6.2 Periodic special inspection is required in
accordance with Ref. 9.8-1 or 9.8-2 for installation
and tightening of fully tensioned high-strength bolts
in slip-critical connections and in connections subject
to direct tension. Bolts in connections identified as not
being slip-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.

A.9.3.3.7 Structural Wood.

A.9.3.3.7.1 Continuous special inspection during all
field gluing operations of elements of the seismic
force-resisting system.
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A9.3.3.7.2 Periodic special inspection is required
for nailing, bolting, anchoring, and other fastening of
components within the seismic force-resisting system
including drag struts, braces, and hold-downs.

A.9.3.3.7.3 Periodic special inspections for nailing
and other fastening of wood sheathing used for wood
shear walls, shear panels, and diaphragms where the
required fastener spacing is 4 in. or less, and which
are included in the seismic force-resisting system.

A.9.3.3.8 Cold-Formed Steel Framing.

A.9.3.3.8.1 Periodic special inspection is required
during all welding operations of elements of the
seismic force-resisting system.

A.9.3.3.8.2 Periodic special inspection is required
for screw attachment, bolting, anchoring, and other
fastening of components within the seismic force-

1. Periodic special inspection during the anchorage
of electrical equipment for emergency or standby
power systems in Seismic Design Categories C, D,
E, and F.

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

3. Periodic special inspection during the installation
for flammable, combustible, or highty toxic piping
systems and their associated mechanical units in
Seismic Design Categories C, D, E, and F.

4. Periodic special inspection during the installation
of HVAC ductwork that will contain hazardous
materials in Seismic Design Categories C, D, E,
and F.

5. Periodic special inspection during the installation
of vibration isolation systems when the construc-
tion documents indicate a maximum clearance (air
gap) between the equipment support frame and
restraint less than or equal to 1/4 in.

resisting system including struts, braces, and hold-

downs. A.9.3.3.11 Seismic Isolation System. Periodic special

inspection is required during the fabrication and instal-
lation of isolator units and energy-dissipation devices if
used as part of the seismic isolation system.

A.9.3.3.9 Architectural Components. Special inspec-
tion for architectural components shall be as follows:

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

A.9.3.4 Testing. The special inspector(s) shall be respon-
sible for verifying that the special test requirements are
performed by an approved testing agency for the types of
work in designated seismic systems listed below.

Exceptions:
A.9.3.4.1 Reinforcing and Prestressing Steel. Special

testing of reinforcing and prestressing steel shall be
as follows:

a. Architectural components less than 30 ft (9 m)
above grade or walking surface.

b. Cladding and veneer weighing 5 Ib/ft> (239 N/
m?) or less.

c. Interior nonbearing walls weighing 15 lbs/ft?
(718 N/m?) or less.

2. Periodic special inspection during the anchor-
age of access floors, suspended ceilings, and
storage racks 8 ft (2.5 m) or greater in height
in Seismic Design Categories D, E, and F.

3. Periodic special inspection during erection of
glass 30 ft (9 m) or more above an adjacent
grade or walking surface in glazed curtain
walls, glazed storefronts, and interior glazed
partitions in Seismic Design Categories D, E,
and F.

A9.3.4.1.1 Examine certified mill test reports for
each shipment of reinforcing steel used to resist
flexural and axial forces in reinforced concrete inter-
mediate and special moment frames and boundary
members of reinforced concrete shear walls or rein-
forced masonry shear walls and determine confor-
mance with construction documents.

A9.3.4.1.2 Where ASTM A615 reinforcing steel
is used to resist earthquake-induced flexural and
axial forces in special moment frames and in wall
boundary elements of shear walls in structures of
Seismic Design Categories D, E, and F, verity that the
requirements of Section 21.2.5.1 of Ref. 9.9-1 have
been satisfied.

A.9.3.3.10 Mechanical and Electrical Components.
Special inspection for mechanical and electrical compo-
nents shall be as follows:

A.9.3.4.1.3 Where ASTM AGLS reinforcing steel is
to be welded, verify that chemical tests have been

Minimum Design Loads for Buildings and Other Structures 219



performed to determine weldability in accordance
with Section 3.5.2 of Ref. 9.9-1.

A.9.3.4.2 Structural Concrete. Samples of structural
concrete shall be obtained at the project site and tested
in accordance with the requirements of Ref. 9.9-1.

A.9.3.4.3 Structural Masenry. Quality assurance test-
ing of structural masonry shall be in accordance with the
requirements of Ref. 9.11-1.

A.9.3.4.4 Structural Steel. The testing needed to estab-
lish 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. 9.8-3 and the following
requirements:

A.9.3.4.4.1 Base Metal Testing. Base metal thicker
than 1.5 in. (38 mm), when subject to through-
thickness weld shrinkage strains, shall be ultrason-
ically tested for discontinuities behind and adjacent
to such welds after joint completion. Any material
discontinuities shall be accepted or rejected on the
basis of ASTM A435, Specification for Straight Beam
Ultrasound Examination of Steel Plates, or ASTM
A898, Specification for Straight Beam Ultrasound
Examination for Rolled Steel Shapes (Level 1 Cri-
teria), and criteria as established by the registered
design professional(s) in responsible charge and the
construction documents.

A.9.3.4.5 Mechanical and Electrical Equipment. As
required to ensure compliance with the seismic design
provisions herein, the registered design professional in
responsible charge shall clearly state the applicable
requirements on the construction documents. Each man-
ufacturer of these designated seismic system components
shall test or analyze the component and its mounting
system or anchorage as required and shall submit a cer-
tificate of compliance for review and acceptance by the
registered design professional in responsible charge of
the design of the designated seismic system and for
approval by the authority having jurisdiction. The basis
of certification shall be by actual test on a shaking
table, by three-dimensional shock tests, by an analyti-
cal method using dynamic characteristics and forces, by
the use of experience data (i.e., historical data demon-
strating 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 its anchorages and
label conform with the certificate of compliance.

A.9.3.4.6 Seismic-Isolated Structures. For required
system tests, see Section 9.13.9
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A.9.3.5 Structural Observations. Structural 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. The structure is included in Seismic Use Group I or
Seismic Use Group IlI, or

2. The height of the structure is greater than 75 ft above
the base, or

3. The structure is in Seismic Design Category E or
F and Seismic Use Group I and is greater than two
stories in height.

Observed deficiencies shall be reported in writing to the
owner and the authority having jurisdiction.

A.9.3.6 Reporting and Compliance Procedures. Each
special inspector shall furnish to the authority having
jurisdiction, the registered design professional in respon-
sible charge, the owner, the persons preparing the qual-
ity assurance plan, and the contractor copies of regular
weekly progress reports of his observations, noting therein
any uncorrected deficiencies and corrections of previously
reported deficiencies. All deficiencies shall be brought to
the immediate attention of the contractor for correction.
At completion of construction, each special inspector shall
submit a final report to the authority having jurisdiction cer-
tifying that all inspected work was completed substantially
in accordance with approved construction documents. Work
not in compliance shall be described in the final report. At
completion of construction, the building contractor shall
submit a final report to the authority having jurisdiction
certifying that all construction work incorporated into the
seismic force-resisting system and other designated seis-
mic systems was constructed substantially in accordance
with the approved construction documents and applicable
workmanship requirements. Work not in compliance shall
be described in the final report. The contractor shall correct
all deficiencies as required.

SECTION A.S.7
SUPPLEMENTARY FOUNDATION
REQUIREMENTS

A.9.7.4.4 Special Pile Requirements for Category C. All
concrete piles and concrete-filled pipe piles shall be con-
nected 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. 9.9-1 as modified by Section
A9.9 of this Standard or by the use of field-placed dow-
els anchored in the concrete pile. For deformed bars, the
development length is the full development length for com-
pression or tension, in the case of uplift, without reduction
in length for excess area.

Hoops, spirals, and ties shall be terminated with seismic
hooks as defined in Section 21.1 of Ref. 9.9-1.
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Where required for resistance to uplift forces, anchorage
of steel pipe (round HSS sections), concrete-filled steel pipe
or H piles to the pile cap shall be made by means other than
concrete bond to the bare steel section.

Exception: Anchorage of concrete-filled steel pipe piles
is permitted to be accomplished using deformed bars
developed into the concrete portion of the pile.

Where a minimum length for reinforcement or the extent
of closely spaced confinement reinforcement is specified at
the top of the pile, provisions shall be made so that those
specified lengths or extents are maintained after pile cutoff.

A.9.7.4.4.1 Uncased Concrete Piles. Reinforcement
shall be provided where required by analysis. As a
minimum, longitudinal reinforcement ratio of 0.0025
shall be provided for uncased cast-in-place concrete
drilled or augered piles, piers, or caissons in the top
one-third of the pile length or a minimum length of
10 ft (3 m) below the ground. There shall be a min-
imum of four longitudinal bars with closed ties (or
equivalent spirals) of a minimum of a 3/8 in. (9 mm)
diameter provided at 16 longitudinal-bar-diameter
maximum spacing. Transverse confinement reinforc-
ing with a maximum spacing of 6 in. (152 mm) or
8 longitudinal-bar-diameters, whichever is less, shall
be provided in the pile within three pile diameters of
the bottom of the pile cap.

A9.7.4.4.2 Metal-Cased Concrete Piles. Reinforce-
ment requirements are the same as for uncased con-
crete piles.

Exception: Spiral welded metal casing of a thick-
ness not less than No. 14 gauge can be considered
as providing concrete confinement equivalent to
the closed ties or equivalent spirals required in an
uncased concrete pile, provided that the metal cas-
ing is adequately protected against possible dele-
terious action due to soil constituents, changing
water levels, or other factors indicated by boring
records of site conditions.

A9.7.4.4.3 Concrete-Filled Pipe. Minimum rein-
forcement 0.01 times the cross-sectional area of the
pile concrete shall be provided in the top of the pile
with a length equal to two times the required cap
embedment anchorage into the pile cap.

A.9.7.4.4.4 Precast Nonprestressed Concrete Piles.
A minimum longitudinal steel reinforcement ratio
of 0.01 shall be provided for precast nonprestressed
concrete piles. The longitudinal reinforcing shall be
confined with closed ties or equivalent spirals of a
minimum 3/8 in. (10 mm) diameter. Transverse con-
finement reinforcing shall be provided at a maximum
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spacing of eight times the diameter of the smallest
longitudinal bar, but not to exceed 6 in. (152 mm),
within three pile diameters of the bottom of the
pile cap. Outside of the confinement region, closed
ties or equivalent spirals shall be provided at a 16
longitudinal-bar-diameter maximum spacing, but not
greater than § in. (200 mm). Reinforcement shall be
full length.

A.9.7.4.4.5 Precast Prestressed Piles. For the upper
20 ft (6 m) of precast prestressed piles, the minimum
volumetric ratio of spiral reinforcement shall not
be less than 0.007 or the amount required by the
following formula:

0.12f. , «
Ps = f f( (Eq. A.9.7u4.4.5-1)
yvh

where

ps = volumetric ratio (vol. spiral/vol. core)

fC = specified compressive strength of concrete,
psi (MPa)

fyn = specified yield strength of spiral
reinforcement, which shall not be taken
greater than 85,000 psi (586 MPa)

A minimum of one-half of the volumetric ratio
of spiral reinforcement required by Eq. A.9.7.4.4.5-1
shall be provided for the remaining length of the pile.

A.9.7.5 Special Pile Requirements for Categories D, E,
and F.

A.9.7.5.4.1 Uncased Concrete Piles. A minimum
longitudinal reinforcement ratio of 0.005 shall be pro-
vided for uncased cast-in-place drilled or augered
concrete piles, piers, or caissons in the top one-half
of the pile length, or a minimum length of 10 ft
(3m) below ground, or throughout the flexural length
of the pile, whichever length is greatest. The flexu-
ral length shall be taken as the length of pile to a
point where the concrete section cracking moment
multiplied by the resistance factor 0.4 exceeds the
required factored moment at that point. There shall
be a minimum of four longitudinal bars with trans-
verse confinement reinforcement in the pile in accor-
dance with Sections 21.4.4.1, 21.4.4.2, and 21.4.4.3
of Ref. 9.9-1. Such transverse confinement reinforce-
ment shall extend the full length of the pile in Site
Classes E or F, a minimum of seven times the least
pile dimension above and below the interfaces of soft
to medium stiff clay or liquefiable strata, and three
times the least pile dimension below the bottom of
the pile cap in Site Classes other than E or F.

In other than Site Classes E or F, it shall be
permitted to use a transverse spiral reinforcement
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ratio of not less than one-half of that required
in Section 21.4.4.1(a) of Ref. 9.9-1 throughout the
remainder of the pile length. Tie spacing through-
out the remainder of the pile length shall not exceed
12 longitudinal-bar-diameters, one-half the diame-
ter of the section, or 12 in. (305 mm). Ties shall
be a minimum of No.3 bars for up to 20-in.-
diameter (500 mm) piles and No. 4 bars for piles of
larger diameter.

A9.7.5.4.2 Metal-Cased Concrete Piles. Reinforce-
ment requirements are the same as for uncased con-
crete piles.

Exception: Spiral welded metal-casing of a thick-
ness not less than No. 14 gauge can be considered
as providing concrete confinement equivalent to
the closed ties or equivalent spirals required in an
uncased concrete pile, provided that the metal cas-
ing is adequately protected against possible dele-
terious action due to soil constituents, changing
water levels, or other factors indicated by boring
records of site conditions.

A.9.7.5.4.3 Precast Concrete Piles. Transverse con-
finement reinforcement consisting of closed ties or
equivalent spirals shall be provided in accordance
with Sections 21.4.4.1, 21.4.4.2, and 21443 of
Ref. 9.9-1 for the full length of the pile.

Exception: In other than Site Classes E or F,
the specified transverse confinement reinforcement
shall be provided within three pile diameters below
the bottom of the pile cap, but it shall be permitted
to use a transverse reinforcing ratio of not less than
one-half of that required in Section 21.4.4.1(a)
of Ref. 9.9-1 throughout the remainder of the
pile length.

A.9.7.5.4.4 Precast Prestressed Piles. In addition to
the requirements for Seismic Design Category C, the
following requirements shall be met:

1. Requirements of Ref. 9.9-1, Chapter 21, need
not apply.

2. Where the total pile length in the soil is
35 ft (10,668 mm) or less, the lateral transverse
reinforcement in the ductile region shall occur
through the length of the pile. Where the pile
length exceeds 35 ft (10,668 mm), the ductile
pile region shall be taken as the greater of 35 ft
(10,668 mm) or the distance from the underside
of the pile cap to the point of zero curvature plus
three times the least pile dimension.

3. In the ductile region, the center-to-center spac-
ing of the spirals or hoop reinforcement shall

not exceed one-fifth of the least pile dimension,
six times the diameter of the longitudinal strand,
or 8 in. (203 mm), whichever is smaller.

. Spiral reinforcement shall be spliced by lap-

ping one full turn by welding or by the use
of a mechanical connector. Where spiral rein-
forcement is lap spliced, the ends of the spiral
shall terminate in a seismic hook in accor-
dance with Ref. 9.9-1, except that the bend shall
be not less than 135 degrees. Welded splices
and mechanical connectors shall comply with
Section 12.14.3 of Ref. 9.9-1.

. Where the transverse reinforcement consists of

circular spirals, the volumetric ratio of spiral
transverse reinforcement in the ductile region
shall comply with:

T A,
05 :o.zsf(f— [—‘— - 1.0}

f)=17 Ach
1.4P
x[0.5+- - :|
ché’

but not less than

05 _onnte {o.s+

yh

1.4P]
fiAg

and not to exceed p, = 0.021

= volumetric ratio (vol. spiral/vol. core)
f! < 6000 psi (41.4 MPa)
= yield strength of spiral reinforcement

<85 ksi (586 MPa)

A, = pile cross-sectional area, in.> (mm?)
A = core area defined by spiral outside

diameter, in.? (mm?)

P = axial load on pile resulting from the
load combination 1.2D + 0.5L + 1.0E,
pounds (kN)

This required amount of spiral reinforcement is
permitted to be obtained by providing an inner
and outer spiral.

. When transverse reinforcement consists of rect-

angular hoops and cross ties, the total cross-
sectional area of lateral transverse reinforcement
in the ductile region with spacings, and perpen-
dicular to dimension, /., shall conform to:
o)
Ay, = O.3sht.—]_‘L [fi — 1.0]
yh ch

1.4P
X [0.5 + ]

fiAy
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but not less than

£ 1.4P
Agn = 0.12she =< | 0.5 + —
f\‘h -chg

where

s = spacing of transverse reinforcement
measured along length of pile, in (mm)
h. = cross-sectional dimension of pile core
measured center-to-center of hoop
reinforcement, in (mm)
fyn < 70 ksi (483 MPa)

The hoops and cross ties shall be equivalent
to deformed bars not less than No. 3 in size.
Rectangular hoop ends shall terminate at a
corner with seismic hooks.

Outside of the length of the pile requiring trans-
verse reinforcement, the spiral or hoop reinforcement
with a volumetric ratio not less than one-half of
that required for transverse confinement reinforce-
ment shall be provided.

A.9.7.54.5 Steel Piles. The connection between the
pile cap and steel piles or unfilled steel pipe piles
shall be designed for a tensile force equal to 10% of
the pile compression capacity.

Exceptions: Connection tensile capacity need not
exceed the strength required to resist the special
seismic loads of Section 9.5.2.7.1. Connections
need not be provided where the foundation or
supported structure does not rely on the tensile
capacity of the piles for stability under the design
seismic forces.

SECTION A9.8
SUPPLEMENTARY PROVISIONS FOR STEEL

A.9.8.1 General. The design, construction, and quality of
steel components that resist seismic forces shall conform
to the requirements of the references listed in Section 9.8
except as modified by the requirements of this section.

A.9.8.2 Seismic Requirements for Steel Structures.
Steel structures and structural elements therein that resist
seismic forces shall be designed in accordance with the
requirements of Sections A.9.8.3 and A.9.84 for the
appropriate Seismic Design Category.

A.9.8.3 Seismic Design Categories A, B, and C. Steel
structures assigned to Seismic Design Categories A, B, and
C shall be of any construction permitted by the references in
Section A.9.8.1.1. An R factor as set forth in Table 9.5.2.2
shall be permitted when the structure is designed and
detailed in accordance with the requirements of Ref. 9.8-3
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for structural steel buildings as modified by this chapter
and Section A.9.8.7 for light-framed walls. Systems not
detailed in accordance with Ref. 9.8-3 shall use the R factor
designated for “Systems not detailed for seismic.”

A.9.8.4 Seismic Design Categories D, E, and F. Steel
structures assigned to Seismic Design Categories D, E,
and F shall be designed and detailed in accordance with
Ref. 9.8-3 Part I or Part III or Section A.9.8.6 for light-
framed cold-formed steel wall systems.

A.9.8.5 Cold-Formed Steel Seismic Requirements. The
design of cold-formed carbon or low-alloy steel to resist
seismic loads shall be in accordance with the provisions
of Ref. 9.8-4, and the design of cold-formed stainless
steel structural members to resist seismic loads shall be
in accordance with the provisions of Ref. 9.8-5, except
as modified by this section. The references to section
and paragraph numbers are to those of the particular
specification modified.

A.9.8.5.1 Revise Section A5.1.3 of Ref. 9.8-4 by
deleting the reference to earthquake or seismic loads
in the sentence permitting the 0.75 factor. Seismic load
combinations shall be as determined by ASCE 7.

A.9.8.6 Light-Framed Wall Requirements. Cold-formed
steel stud wall systems designed in accordance with
Ref. 9.8-4 or 9.8-5 shall, when required by the provisions of
Sections A.9.8.3 or A.9.8.4, also comply with the require-
ments of this section.

A.9.8.6.1 Boundary Members. All boundary mem-
bers, chords, and collectors shall be designed to trans-
mit the axial force induced by the specified loads of
Section 9.

A.9.8.6.2 Connections. Connections of diagonal brac-
ing members, top chord splices, boundary members, and
collectors shall have a design strength equal to or greater
than the nominal tensile strength of the members being
connected or €2, times the design seismic forces. The
pullout resistance of screws shall not be used to resist
seismic forces.

A.9.8.6.3 Braced Bay Members. Instud systems where
the lateral forces are resisted by braced frames, the
vertical and diagonal members of braced bays shall be
anchored such that the bottom tracks are not required to
resist tensile forces by bending of the track or track web.
Both flanges of studs in a bracing bay shall be braced to
prevent lateral torsional buckling. In braced shear walls,
the vertical boundary members shall be anchored so the
bottom track is not required to resist uplift forces by
bending of the track web.
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A.9.8.6.4 Diagonal Braces. Provision shall be made
for pre-tensioning or other methods of installation of
tension-only bracing to prevent loose diagonal straps.

A.9.8.6.5 Shear Walls. Nominal shear values for wall
sheathing materials are given in Table A.9.8.6.5. Design
shear values shall be determined by multiplying the
nominal values therein by a factor of 0.55. In structures
over | story in height, the assemblies in Table A.9.8.6.5
shall not be used to resist horizontal loads contributed
by forces imposed by masonry or concrete construction.

Panel thicknesses shown in Table A.9.8.6.5 shall be
considered to be minimums. No panels less than 2-in.
wide shall be used. Plywood or oriented strand board
structural panels shall be of a type that is manufactured
using exterior glue. Framing members, blocking, or
strapping shall be provided at the edges of all sheets.
Fasteners along the edges in shear panels shall be placed
not less than 3/8 in. (9.5 mm) in from panel edges.
Screws shall be of sufficient length to ensure penetration
into the steel stud by at least two full diameter threads.

The height-to-length ratio of wall systems listed in
Table A.9.8.6.5 shall not exceed 2:1.

Perimeter members at openings shall be provided and
shall be detailed to distribute the shearing stresses. Wood
sheathing shall not be used to splice these members.

Wall studs and track shall have a minimum uncoated
base thickness of not less than 0.033 in. (0.84 mm) and
shall not have an uncoated base metal thickness greater
than 0.048 in. (1.22 mm). Panel end studs and their
uplift anchorage shall have the design strength to resist
the forces determined by the seismic loads determined
by Egs. 9.5.2.7.1-1 and 9.5.2.7.1-2.

A.9.8.7 Seismic Requirements for Steel Deck Dia-
phragms. Steel deck diaphragms shall be made from mate-
rials conforming to the requirements of Ref. 9.8-4 or 9.8-5.
Nominal strengths shall be determined in accordance with
approved analytical procedures or with test procedures pre-
pared by a registered design professional experienced in
testing of cold-formed steel assemblies and approved by
the authority having jurisdiction. Design strengths shall be
determined by multiplying the nominal strength by a resis-
tance factor, ¢ equal to 0.60 for mechanically connected
diaphragms and equal to 0.50 for welded diaphragms. The
steel deck installation for the building, including fasteners,
shall comply with the test assembly arrangement. Quality
standards established for the nominal strength test shall be
the minimum standards required for the steel deck installa-
tion, including fasteners.

A.9.8.8 Steel Cables. The design strength of steel cables
shall be determined by the provisions of Ref. 9.8-7 except
as modified by this section. Ref. 9.8-7, Section 5d, shall be
modified by substituting 1.5(7;) when T} is the net tension
in cable due to dead load, prestress, live load, and seismic
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load. A load factor of 1.1 shall be applied to the prestress
force to be added to the load combination of Section 3.1.2
of Ref. 9.5-7.

SECTION A.8.9
SUPPLEMENTAL PROVISIONS FOR
CONCRETE

A.9.9.1 Modifications to Ref. 9.9-1 (ACI 318-02). The
text of Ref. 9.9-1 (ACI 318-02) shall be modified as
indicated in Sections A.9.9.1.1 through A.9.9.1.6. Italic type
is used for text within Sections A.9.9.1.1 through A.9.9.1.6
to indicate provisions which differ from Ref. 9.9-1 (ACI
318-02).

A9.9.1.1 ACI 318, Section 21.0. Add the following
notations to Section 21.0:

h = overall dimension of member in the direction of
action considered

A9.9.1.2 ACI 318, Section 21.1. Add the following
definition to Section 21.1.

Wall Pier. A wall segment with a horizontal length-
to-thickness ratio of at least 2.5, but not exceeding 0,
whose clear height is at least two times its horizontal
length

A9.9.1.3 ACI 318, Section 21.2.5. Modify Section
21.2.5 by renumbering as Section 21.2.5.1 and adding
new Sections 21.2.5.2, 21.2.5.3, and 21.2.5.4 to read
as follows:

21.2.5 Reinforcement in Members Resisting
Earthquake-Induced Forces.

21.2.5.1 Except as permitted in Sections 21.2.5.2 and
21.2.5.3, reinforcement resisting earthquake-induced flex-
ural and axial forces in frame members and in wall bound-
ary elements shall comply with ASTM A706. ASTM
A615 Grades 40 and 60 reinforcement shall be permitted
in these members if (a) the actual yield strength based on
mill tests does not exceed the specified yield strength by
more than 18,000 psi (retests shall not exceed this value
by more than an additional 3000 psi), and (b) the ratio
of the actual ultimate tensile strength to the actual tensile
yield strength is not less than 1.25.

21.2.5.2 Prestressing tendons shall be permitted in flex-
ural members of frames provided the average prestress,
Spe> calculated for an area equal to the member’s
shortest cross-sectional dimension multiplied by the per-
pendicular dimension shall be the lesser of 700 psi
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(4.83 MPa) or f!/6 at locations of nonlinear action
where prestressing tendons are used in members of
frames.

21.2.5.3 Unless the seismic force-resisting frame is qual-
ified for use through structural testing as required by
the ACI Provisional Standard ACI T1.1-01, Acceptance
Criteria for Moment Frames Based on Structural Test-
ing, for members in which prestressing tendons are used
together with mild reinforcement to resist earthquake-
induced forces, prestressing tendons shall not provide
more than one-quarter of the strength for either posi-
tive or negative moments at the nonlinear action location
and shall be anchored at the exterior face of the joint
or beyond.

21.2.5.4 Anchorages for tendons shall be demonstrated
to perform satisfactorily for seismic loadings. Anchorage
assemblies shall withstand, without failure, a minimum of
50 cycles of loading ranging between 40% and 85% of
the minimum specified tensile strength of the prestress-
ing steel.

A9.9.1.4 ACI 318, Section 21.7. Modify Sec-
tion 21.7 by adding a new Section 21.7.10 to read
as follows:

21.7.10 Wall Piers and Wall Segments.

21.7.10.1 Wall piers not designed as a part of a spe-
cial moment-resisting frame shall have transverse rein-
Jforcement designed to satisfy the requirements in Sec-
tion 21.7.10.2.

Exceptions:

1. Wall piers that satisfy Section 21.11.

2. Wall piers along a wall line within a story
where other shear wall segments provide lateral
support to the wall piers, and such segments
have a total stiffness of at least six times the
sum of the stiffnesses of all the wall piers.

21.7.10.2 Transverse reinforcement shall be designed to
resist the shear forces determined from Sections 21.4.5.1
and 21.3.4.2. Where the axial compressive force, includ-
ing earthquake effects, is less than A, f//20, trans-
verse reinforcement in wall piers is permitted to have
standard hooks at each end in lieu of hoops. Spac-
ing of transverse reinforcement shall not exceed 6 in.
(152 mm). Transverse reinforcement shall be extended
beyond the pier clear height for at least the development
length of the largest longitudinal reinforcement in the
wall pier.
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21.7.10.3 Wall segments with a horizontal length-to-
thickness ratio less than 2 1/2, shall be designed as
columns.

A9.9.1.5 ACI 318, Section 21.10. Modify Section
21.10.1.1 to read as follows:

21.8.1 Foundations resisting earthquake-induced forces
or transferring earthquake-induced forces between struc-
ture and ground shall comply with requirements of
Section 21.10 and other applicable code provisions unless
modified by Section 9.7 of ASCE 7-02.

A9.9.1.6 ACI 318, Section 21.11. Modify Section
21.11.2.2 to read as follows:

21.11.2.2 Members with factored gravity axial forces
exceeding (Agf(/./l()) shall satisfy Sections 21.4.3.1,
21.4.4.1 (¢), 21.44.3, and 21.4.5. The maximum lon-
gitudinal spacing of ties shall be s, for the full column
height. The spacing s, shall not be more than