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FREFACE

This report, Seismic Design Buidelines for Federal Buildings)
(referred to as the Seismic Buidelines), was prepared by the
interagency Comnitiee on Seismic Safety in Construction as one

part of the NMational Earthgquake Harzards Reduction Frogram, the
Fresident 's plan to implement the Earthguake Hazards Reduction

Act of 1977 (Fublic Law 985-124). They are intended for consideration
Cand use, as appropriate, by Federal agencies for the planning,
design, and construction of buildings, both within and outside

the United States.

The Seigmic Guidelines are intended primarily for use in designing
new buildings., They are not intended for the design of special
structures such as dams, piers, drydocks, and nuclear facilities.
Structures designed in accord with these Seismic Guidelines are
axpected to provide the minimoun level of life safebty that is
considered reasonable. A moderate earthguake would be expected
to produce only minor damage; a large sarthquaks might produce
serious damage but would be unlikely to cause the structure to
collapsa. Structures which must remain functional after an
warthguake may warrant a higher level of resistance, and a few
structures may warrant a lower level of resistance.

The Seiemic Guidelines were prepared as a coordinated adaptation
of appropriate portions of existing voluntary standards, model
building codes, Federal regulations, and research reports.
However , they are most closely related to the 1985 Uniform
Building Code (UBC), published by the International Conference of
Building fticials, Whittier, CA. Because several source
documents were used, considerable care was exercised to ensure
that the resulting guidelines were consistent throughout the
report. Effort was also made to ensure that the Seismic Guidelines
weare flexible enough to allow use without modification or to
allow inclusion of special agency reguirements,

Comments on this report are welcome and solicited. Since certaln
sections of these guidelines may have not been thoroughly tested
or usaed, they should be incorporated with enginesring judgement.
Faederal agencies using these criteria are reguested to document
their experience wsing them. Such information will be used in the
periodic review and update of the Guidelines.

Coamsnts should be forwarded tos

Secretariat

Interagency Committese on Seismic Safety in
Construction

FRoom B2&6G, Bullding 23

Mational Bureau of Standards

Gaithersburg. Maryland 20899
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OVERVIEW

This report, Beismic Design Buidelines for Federal Buildings
(also referred to as Beismic Buidelines), contains provisions for
the reduction of earthguake hazards in Federal buildings. The
Belesmic Buidelines are intended primarily for use in designing
new buildings. They are not intended for the design of special
structures such as dams, piers, drydocks, and nuclear facilities.
The report also contains a commentary on the provisions.

The Guidelines were prepared by a subcommittee of the Interagency
LCommitiee for Seismic Safety in Construction (ICSSC) aftter a

review of existing voluntary standards, model building codes, Federal
regulations, and research reports. The seismic regulations of

the Veterans Administration, Army, Mavy, Alr Force, General

Services Administration, and Department of Housing and Urban
Development were all considered in the development of these

guidel ines.

It is worth emphasizing that this report was originally prepared
in response to the reguirement in the Implementation Flan of the
Earthguake MHazards Reduction Act to develop a uniform set of
earthquake design guidelines suitable for uniform use by all
agencies. The ICSESC subcommittes charged with this responsibility
developed several criteria for preparing these guidelines,

{(L)they should be as close to current practice in both the public
and private sectors as possible and (M since several Federal
agency have extensive seismic programs underway, they should be
flexible enough to allow incorporation of special agency requirements.
The subcommittes determined that the Uniform Building Code (UBEC)
mat criteria (1) most closely. However, there are three model
codes referenced for use in the United States. Thus a determination
was made thal the guidelines should reference national standards
rather tham the UBL standards wsed in the UBL. It also became
apparant that there are seismic requirements spread throughout

the UBL and not just in the seismic design chapter. Thus it
became necessary Lo reorganize the material somewhat in order to
have all of the material requiread in one document. The report is
a self-contained set of seismic guidelines that references
national standards, closely resembles the UBC in requirements,

and allows inclusion of special agency reguirements.
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The +ollowing documsnts receilved spaclal attention
special retersenca:

NEHRF FRacommeanded Frovisions for the Development of
Seismic Regulations for New Buildings, Earthguake
Hazards Reduction Series 17 and 18, Federal Emergency
Manageméent Agency, Washington, DC, 1986.1

Recommended Dea,gn Loads for Buildings and other
Structures, ANEI A 598.1, American Natdional Standards
Institute, New Yorik, New York, 1982 ’

Reconmended Lateral Force Requirements and Commantary,
Structural Engineers Association of Lallfarntd, San Francisco,
Cajlifornia, 1978.=

o Uniform Building Code, International Conference of Building
Officials, Whittier, CA, 1%8%5. '

Since portions of esach document were used in this resport,
considerable care was exercised to ensuwre that the rasulting
guidelines were consistent throughout. Because the seismic
provisions of the UBC are the mast widely used and becauss they
served as the starting point for these guidelines, particular
care is taken to relate these provisions to those of the UBC.
Although there are differences with the UBC, owing to different
contexts, policies, and styles, the basic technical approach to

1 The original dratt of this report used the Applied
Technology Report, Tentative Frovisions for the
Development of Seismic Regulations for Buildings, NES
Sk 510, published by the National Bureau of Standards,
1978 as the rescowce document. That has undergone
considerable review and evaluation since publication

cand served as the bhasis of the NEHRP document. Tha
MEHRF document is referenced here since it is a more

recent publication and will be updated on approximately
a three vear cycle.

“The WUniform Building Code is bhased on this report

which is also referred to as the SEADD Reguirements in
this document., The report, published in 1973 was
extremely valuable in interpreting some portions of the
intent of the UBLC. The SEADC Requir=ments have recently
uwndergone a major revision which has been propossd as a
code change to the UBC. Since the revision is so0
different from the current UBC and since the proposal
has not vet been incorporated in the UBC, it has not
been used in these guidelines.
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the analysis of seiemic loads and the design of buildings to
resist such loadsg is the same. The Commentary of this report
containsg a discussion of the differences between these Buidelines
and the UBC. Wheare other souwrcss are ussed, they are identified.

As with the voluntary standards and codes upon which these
guidelines are based, the requirements

"are intended to provide criteria to fulfill life

safety concepts. It is smphasized that the recommended
design levels are not directly comparable to recorded

or estimated peak ground accelerations from earthquakes.
They are however, related to the effective peak -
accelerations to be expected in seismic events. More
5pec1+1cally with regard to earthguakes, structures
designed in conformance with the provisions and

principles set forth therein should, in general, be

able to:

1. Resist minor esarthquakes without damagej

2. Resist moderate parthquakes without structural
damage, but with some nonstructural damages;
e Resist major earthquakes, of the intensity of

severity of the strongest experienced in
California, without collapse, but with some
structural as well as nonstructural damage.

In most structures it is expected that structural

. damage, even in a major earthguake, could be limited to
repairable damage. This, however, depends upon a
number of factors, including the type of cmnstructlmn
selected for the structure."™

= Racommendad Lateral Farce Requirements and
Commentary, Structural Enginesers Association
of California, 1978.
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Ine of the obisctives of the commentary is to explain the
cdifferences betwaen the provisions of these guidelines and thoss
of thelr sources. Pecauss the seismic provisions of the URC are
the most widely used and because they searved as the starting
poirt +or these guidelines, particular care is taken to relate
these provisions to those of the URC. Although therse are many
differences with ths UBD, owing to different contexts, policies,
and stvyles, the basic technical approach to the analysis of

szismic loads and the design of buildings to resist such loads is
the same.

The commentary also addresses specific issues to assist the user

ot the guidelines, but it is not a complete commentary on -
seismic-resistant design. Both the SEAOC and NEHRF provisions -

are accompanied by extensive commentaries that are recommended
reading for users of these guidelines. In addition, the Ormy,

Mavy, and Air Force manual Seismic Design for Buildings referred

to as the Tri-Services Manuwal) containsg guidelines for procedures
and details that facilitate implementation of provisions for seismic
resistance of buildings.
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SI Conversion Unite

The following list of conversion factors for the most frequently used quantities
in building design and construction may be used.

QUANTITY INTERNATIONAL {S1) UNIT U.S. GUSTOMARY UNIT APFROXIMATE CONVERSION
LENGTH meter (m) foot (ft 1m = 3,2808 ft
w1 imeter {mm) inch {1n 1w = 0.0394 in
AREA square meter (m') - square yard (yd* s = 1,1960 yd®
:gunre ¥ont ftt 1w = 10,764 ft'
square millimeter {mm?) square inch (in* 1t * 1.55 x 10°% ¢n*
VOLUME cubic meter (m*) cubic yard (yd® In = 1,3080 yd®
cubic foot (ft? 1 » = 35.315 ft?
cubi¢c millimeter (mm®) cubic inch (in? 1 = $1,024 x 10"¢in?
CAPACITY Yiter {L) gallon {gal}) 1L = 0.2642 ga)
williliter (L) fluid ounce (f1 oz) 1m = 0.0338 11 oz
VELOCITY, SPEED meter per second (w/s) foot per second (ft/s or f.p.s. 1 w/s = 3.2808 ft/s
HlmEr per hour {kmvh) wile per hour (mile/h or m.p.h. 1 xm/h = 0.6214 mile/h
ACCELERATION meter per second sguared (w's*)  foot per second squared (ft/s®) 1 m/st = 3,2808 ft/s!
MASS metric ton (t) (1000 ky) * short ton [2000 1b) 1t = 1,1023 ton
kilogram (kg) pound {'Ib; 1 kg = 2.2046 1b
gram (g) ounce {ox 1¢ = 0,053 oz
DENSITY metric ton per cublc meter (t/m') ton par cubic yard {ton/yd’ 1t/ = 0.8428 ton/yd?
kilogram per cubic meter (keln'; pound per cubic foot (\blft!) 1 kg/m* = 0,0624 1b/ft*
FORCE kitonewton (kN) ton-forca (tonf) 1 kN * 0.1124 tonf
kip 11000 Ybf) 1 kN = 00,2248 kip
newton (N} pound-force {1bf) 1] = 0.2248 1bf
" MOMENT OF FORCE,  kilonewton meter (kN+m} ton-force foot (tonf»ft) 1 Nem = 00,3588 tonfeft
TORGUE newton meter (N-m) pound-force inch {ibfsin) 1 N*m = 8,8508 1bf+in
PRESSURE , STRESS  megapascal {MPa) ton-force per squars inch ’tonfltn' 1 "W = 0,0725 tonf/in®
ton-force per square foot (tonf/ft'} 1 Wa = 10,443 tonf/ft*
kilopascal {kPs) pound-forca per square inch {lbflin } 1 kPa = 0.1450 1bf/int
pound-force per square foot (Ibf/ft!) 1 kPa = 20,885 1bf/ft*
WORK, ENERGY, megajoule im} kilowatthour {(kWh) W = 0,2778 kih
HEAT  kilojoule (ko British thermal unit {Btu) 1 kd = 0.9478 Bty
Joule (3) foot pound-force (fte1bf) 19 = 0,7376 fte1bf
POVER, MEAT FLOW  kilowatt (kM) horsepower (hp) 1k = 1.3410 hp
watt (W) British thermal unit per hour (Btu/h} 1M s 3,4121 Btu/h
foot pound-force per second {ft+1bf/s) 1 ¥ = 0,7376 ft-1bf/s
17/

QEFFICY HEAT watt per square meter kelvin Btu per square foot hour degree wtek = 01761 Btu/ftish+*F
*mgﬂﬁ iﬁ-vdue] lﬂ?ﬁ-li I~ i“??-"ﬂi Fahrenheit (Btu/ft®ehe°F)

THERMAL CONDUC- witt per r kelvin {(W/m*K} Btu per square foot degree Fahrenheit 1 W/meK = D_5778 Btu/ft+*F
] -value) = {Wm"0)) (Btu/ft*-°F)

NOTES: (1) The above converaion factors are shown to thres or four places of decimals.
(2) Unprefixed SI units are underlined. (The kilogram, although prefixed, is an 51 base unic.)

REFERENCES: NBS Guidelines for the Use of the Metric System, LC1056, Revised August 1377;

The Metric System of Measurement, Faderal Ragister Notice of October 26, 1977, LC 1078, Revissd November 1§77,

NBS Special Publication 330, “The International Systesm of Units (SI)," 1977 Rditiom;

NB5 Technical Rote 938, "Recommended Practice for the Use of Matric (8I) Units in Building Design and
Construction,” Revised edition Juna 1877;

ASTM Standard E621-78, “Stsndard Practice for the Use of Metric (SI) Units in Building Design and
Construction,” (basad on NBS TN 938), Maruh 1978;

ANSI 2210.1-1976, "American National Btandard for Metric Practice.”

ASTM E380-79%, "Standard for Merric Practice.”

IEEE Std. 268-1979, “Standard for Metric Practice.”



SEISMIC DESIGN BUIDELINES FOR
FEDERAL BUILDINGS

ABSTRACT

This document has been prepared as a coordinated adaptation of
existing voluntary standards, model building codes, Federal
regulations, and ressarch reports for use by Federal agencies.

The technical content 16 similar to the seismic requirements of
the 1985 Uniform Building Code (UBC). However, there are instances
of substantive difference from the UBC. Ssaveral important
provisions have been incorporated from other sources considered

in this adaptation. For sxtample, the seismic zon2 map is the one
in current use in ANST ASB. 1-1982 Minimum Design Loads for
Buildings and Other Structures. A number of provisions have been
added to these guidelines that are based on the cuwrent practices
and policies of various Federal agencies. Furthermore, in the
apirit of improvement, this document is organized considerably
differently from the UBC and many provisions are phrased differently.
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SEIBMIC DESIGN GUIDELINES FOR FEDERAL BUILDINGS
- FROVISBIONG ~

l. REGULATION
1.1 SCOFE

These guidelines are for use in the planning, design, and
construction of new buildings and their appurtenances and in the
alteration, repair, or change of use of existing buildings. The
guidelines are intended to provide appropriately varvying degreess

of safety of buildings against the effects of seismic ground shaking.

1.2 DEFINITIONS

The following definitions apply to the terms used in this
document .

APPROVED, as to materials and types of construction, refers to
approval by the designated authority as the result of investigation
and tests conducted by him, or by reason of accepted principles

or tests by national authorities, technical or scientific
organizations.

BASE OF STRUGTURE is the level at which the earthguake motions
are assumed to be imparted to the structure or the level at which
the structure as a dynamic vibrator is supported. This level
does not necessarily coincide with the ground level.

BEARING WALL is any wall meeting gither of the following classif—
ications:

(1) aAny metal or wopnd stud wall which supports more than
100 pounds per lineal foot of superimposed load.

(2}  Any masonry or concrete wall which supports more than
200 pounds per lineal foot of superimposed load, or any
such wall supporting its own weight for more than one
story.

BOX SYSTEM is a system in which a significant fraction of the
gravity load is supported on bearing walls. Also see Sections
F.1.2 and 3Z.1.3.

BRACED FRAME is a truss system or its equivalent which is
providecd to resist lateral seismic ftorces in the frame system and



in which the members are subjected primarily to axial stresses by
the seismic forces.

BUILDING iz any structure used or intended for suppukting or
sheltering any human use or oCccupancy. '

DEAD LOAD is the vartical load due to the wsight of all permanent
structural and nonstructural components of a building, such as
walls, floors, roofs, and fixed service equipment.

DESIGNATED AUTHORITY i=s the official representative of the
government who is charged with the administration and enforcement
af these guidelines, or his duly authorized representative.

DIAFPHRAGHM is a horizontal, or nearly horizontal, component or
system, including bracing systems, that is designed to transmit
lateral seismic forces to the vertical elements of the seismic
force-resisting system.

DUAL 5YSTEM is a system in which essentially all the total
gravity load is supported on framing without the use of bearing
walls and in which the designated seismic force-rezisting system
in the direction wunder consideratiocon is composed of a combination
f reinforced concrete or structural steel ductile
moment-resisting space frames with shear walls or braced frames.
Nlsn see Sections 3.1.2 and 3.1.3.

PBUCTILE MOMENT-RESISTING SFACE FRAME is a moment—-ressisting space
frame with special ductility provisions to permit repeated
inelastic straining.

DUCTILE MOMENT-RESISTING SPACE FRAME SYSTEM is a system in which
essentially all the gravity load is supported on framing without
the use of bearing walls and in which the designated seismic
rorce-resisting system in the dirsction under considerstion is
coamposed entirely of reinforced concrete or structural steel
ducrtile moment-resisting space frames (unbraced frames). Also
z=ee Sections 3.1.2 and Z.1.3.

ESSENTIAL FACILITIES are those buildings or their appurtenances
which must be safe and usable for emergency pwposes after a
major sarthquake in order to preserve the health and

mafety of the general public. AHlso see Section 1.4.2 and Table
1.2. Buch Ffacilities'shall include but not be limited to:

(1Y Hospitals and other medical facilitiss having surgery
or amergency treatment areas

-~
7
-

Fire and police stations
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Govarnoment disaster operstion and communication centears
deemed Lo be vital in emergencies

{4 Fower stations and other utilities reqguired as
emargency facilities

EXTERIOR WALL is any wall or slement of a wall, or any member or
aroupg of members, which defines the exterior boundaries or courts
of & building and which has a slope of &0 dagrees or greater with

the horizontal planes.

gistance from the base to uppermost level

HEIGHT iz :the werti 1
£ gz otherwise indicated.

1
in the structure un

HIGH RISE FACILITIES are thoss buildings where the primacy
oCoupancy 1is for assambly use for more than 200 persons, or whers
the oocupants’ mobility is restricted or impaired, or where the
contents of the building are hazardous,. Also ses Gection 1.4.32
and Tahls 4.

e

LIVE LOAD is the load superimposed by the use and occupancy of
the bueilding not including the wind load, sarthguake load, or

dead load.

MOMENT-RESISTING SFPACE FRAME for lateral forces is an unbraced
vartical load-carrving sgpace frame in which members are

restra.ned at the joints and arranged so that they are subjected
primarily to flexursl stresses.

FARAPET WALL i=s that part of any wall entirely above the roof
linea.

SEISMIC FORCE-RESISTING SYSTEM is that part of the structural
system assigned to resist seismic forces.

SHEAR WALL is5 a wall designed to resist lateral forces parallel
to the wall.

SPACE FRAME iz 2 three-dimensional structursl system without
bearing walls, composed of interconnected members laterally
supported so as to function as a complste self—contained unit
wWwith or without the aid of a3 horizontzl diaphragms or
Flopr—nracing systess.

MOMENT-RESISTING SFACE FRAME for laterzsl +forces is an un-—
braced vertical laosd-carryving space frame in which nembers
ars restrained at the jcints and arrancad so that they are
b jected primarily to flexural stresses. (This definition
i= repsated here for clariby.)




DUCTILE MOMENT—-RESISTING SPACE FRAME is a
moment-rezisting epace frame with special ductility
provizions to permit repeated inelastic straining.
(This definition i3 repeated here for clarity.?

STRUCTURE is that which is built or constructed, an edifice or
building of any kind, o any piece of work artificially built up
o compnsed of parts joined together in some definite manner.

1.3 NOTATION

The Following notations are used in these guidelines.

[

It

Fs yFn-’Fa

Mumerical cogfficient for the vibratory response of a
structure to seismic motions, as specified in Section
4.2.1.

Valuve of C used in calculating a lower limit {for the
hase¢ shear, as specified in Sechtion 4.3.3.

Value of C for the m*" specific mode of vibration, as
specified in Section 4.3%.2.

+ Mumerical coefficient for the vibratory response of a

H

part of a structure to seismic motions, as spectied
in Section 4.75.

The dimension of the structure, in feet, in a
directiaon perallel to the applied forces.

Lateral seismic force applied to level 1, N, OF X,
respectively.

Lateral seismic forces on a part of the structwrs and
in the direction under consideration.

That portion of V considered concentrated at the top
of the structure ip addition to F., as specified in
Section 4.2.4.

Lateral seismic force applied to level x when
considering the me™ mode of vibration.

Distribute:s portion of total lateral force at level i
for use in determining the period of vibration, T, in
Equation 4.3.
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Level i1

Level n

Level

Mn m

N

=11

Tem

cceleration due to gravity

Height in feet above the base to level i, n, or X,
respectively.

Mumerical coefficient for occupancy hazard, as
specified in Sesction 1.4.2 and Table 1.4.

Mumerical cosfficient for structural system respunse

to seismic motions, as specified in Sections F.1.2
and 3.1.73.

Level of the structure referred to by the subscript
i; 1 = 1 designates the first level above the base.

That level which is uppermost in the main portion of
the structure.

That level which is under design considerationy x = 1
designates the first level above the bhase.

Overturning moment at level % when considering the
mt*" mode of vibration.

The total number of stories above the base to
leval n. '

Numerical coefficient for site—-structure resonance in
response to seismic motions, as specified in Section

. T
4 A e e

Fundamental elastic psriod of vibration of the
building or structure in seconds in the direction

under consideration.

Value of T used in calculating a lower limit for the
base shsar.

Feriod of vibration for the o™ mode, in seconds.
Characteristic site period.

The totzl lateral seismic force or shear at the base.

The valus of
vibration.
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Ve = The total lateral seismic force or shear at the bhase
determined by means of modal analysis.

Viem = The total lateral seismic force at level x when
considering the m*" mode of vibration.

W = The total dead load including the partition loading
where applicable; see Section 4.2.1.

W = The portion of W effective for the m*" mode of
vibration.
W g Wi = That portion of W which is located at or is assigned
to level i or x, respectively.
W, = The weight of a portion of a structure or
nonstructural component.
Z = Numerical coefficient for the seismic hazard zone, as
specified in Section 4.2.1 and determined by Figures
1.1 and 1.2. For locations in Zone No. 1, Z = 3Z/16.
For locations in Zone No. 2, Z = 3/8. For locations
in Zone No. 3, Z = 3/4. For locations in Zone No. 4,
Z = 1.
S4 = Deflection at level i relative to the base, due to
applied lateral seismic forces, i used in determining
the period of vibration, T.
Bims Bum = The displacement amplitude at level i, or x, of the

building for the fixked-based condition when vibrating
in its n*" mode.

1.4 “HAZARD CLASSIFICATIONS
1.4.1 Selemic BGround Bhaking Hazard

The zone representing the level of seismic ground shaking hazard
shall be established for each building site according to the maps
shown in Figure 1.1. For locations not included in Figure 1.1,
the zone shall be established from approved documents or from a
site evaluation as indicated in the following paragraph.

For those building sites that have had a design ground acceleration
established by means of an approved site evaluation (refer to
Section 2.2.1), the zone shall be determined according to Table

1.1 for use in these guidelines where a rone is required.



1.4.2 Occupancy Hazard

The occupancy of the building shall be classified and the
occupancy importance factor I shall be established for each
building according to Table 1.2, unless otherwise specified by
the designated auvthority. '

1.5 ALTERNATIVE PROVISIONS

Alternate materials, methods of construction, structural
concaeptis, and analytical procedures to those prescribed in this
standard may be used subject to the approval of the designated
autharity. Substantiating evidence demonstrating that the
propused alternate, for the purpose intended, will be at least
equal in strength, durability, ssizmic resistance, validity, and
safety shall be submitted.



TABLE 1.1 — ZONE FOR SITES WITH AFPPROVED SITE EVALUATION

Design ground acceleration, a Zonez
a % 0.05g i)
0.C8g £ a 4 $.10g 1
5.106 % = ¢.20g 2
0.20g 4 a 0. 40g =
3.40g 1 a | 4q

TABLE 1.2 - VALUES FOR OCCUFRANCY IMPORTANCE FACTOR

Type of Occupancy I
Essential Facilitites. Esssntial fatilities are ' 1.5
those buildings or their appurtenances which must
be safe and usable for emergency purposes after a
major =zarthguake in order to preserve the health and
safety of the general public. Such facilities
shall incliude but not be limited to:

1. Hospitals and other medical facilities having
SUurgery or emergency treatment areas

2]

. Fire and police stations

L

- Governmeant disaster operation and communica-—
tion centers deemed to be vital in emergencies

4. Power stations and other utilitiss required as
emergency facilities
High Risk Facility. Any building where the primary 1.28
occupancy is for assembly use for more than 300
persons, or where the occupants’ mobility is
restricted or impairsd, or where the contents of
the building are hazardous

All Other. 1.0




[

. {@/

il
)

Illlﬂlll

L
P 7 h/ ]

FIGURE 1.1 SEISMIC ZONE MAP
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FIGURE 1.2 SEISMIC ZONE MAP
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2. GENERAL REQUIREMENTS
2.1 GENERAL PERFORMANCE REQUIREMENT

ryv buailding and the appurienances and parts thereof shall be
igned and constructed to resist the forces produced by seismic
round shaking as provided in these guoidelines except as may be
;icified by the designatsd authority. Buildings located in zone
ara czemnct from the reguirenents in these guidelines.

n YIi

'
1=

symooom

2.2 SITE FPLANNING FOR NEW BUILDINGS
2.2.1 EGite Evaluation Study
& site sevaluation study shall be conducted for all hospitals in
zpnas 2 or 4 and other buildings specified by the designated
authority. The study shall establish the design ground motion
for the site and shall evaluate the likelihood and effect of the
following phenomesnas

(1) surface rupture doae to active fault displacement

{2y liquetaction

{%} landcolide or slope stability failure

(4) =subsidsnce !
2

2.2 6Site Limitations

This section applies only to those huildings for which a site
gvaluation study igs required. Essential Facilitiss shall not be
sited such that swface rupture due to fault displacemsnt would
pass through the building. For sites that have a potential for
liguefaction, landslide, or subsidence, the building, foundation,
and/or subsoil shall be engineered to mitigate the hazard or the
=ffogts of the ohenonena.

2.3 DESIGN OF NEW BUILDINGS
2.3.1 Application of the Frovisions

The structural portion of the building shall be designed to
zatisfy the reguirments of Bhapter Sy BTRUCTURAL DESIGN
CRITERIA. For all buildings in Zon
an Importance Factor 1 greater fhdn 3 in Zone 2, the
monstructural portion of the building =hall be designed to
zatiafy +h= rﬁquiremEﬁts of Chapter 7. MONETRUCTURAL DESIGN
REQUIREMENTS.

Z or 4 and buildings with

{‘\n

l‘{l [

ﬂm e
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2:.3.2 Documentation

Drawings, specifications, basis of design, calculations, reports,
certitications, and other substantiation necessary to verify
campliance with the design provisions shall be submitted to the
designated authority.

2.4 CONSTRUCTION

The construction quality of all buildings in Zones 3 or 4 and
buildings with an Importance Factor I greater than 1.0 in Zone 2

shall be assured by satisftying the requirements of Chapter 8,
CONSTRUCTION QUALITY CONTROL.

2.% EXISTING BUILDINGS
2.9.1 Alterations and Repairs

When specified by the designated authority any Federal building
for which the cost of renovations or repairs, exclusive of
seismic strengthening, exceeds 50 percent of the replacement cost
af the improved building, it must be corrected to resist the
appropriate level of sarthguake forces.

Minor structural alterations may be made in existing buildings
and other structures, but the resistance to lateral seismic
forces shall be not less than that before such alterations were

made, unless the building as altered meets the requirements of
these gquidelines.

2.9.2 Changes of Use or Location

Changes of use that increase the occupancy importance factdr I,
or of location that increase the seismic hazard zone shall be

permitted only if the building is made to satisfy the requirements
of this standard.



3. STRUCTURAL DEGIGN CRITERIA
3.1 GEISHMIC FORCE-RESISTING SYSTEMS

Z.1.1 Integrity

seismic force-resisting system shall include a continuous

xd path,. or paths, to transfer all seismic forces to the final
int of resistance. Connections and elements shall be provided
transfer the seismic forcas from other parts of the building
the E:mec fcrce—r2515t1ng system, using the forces specitisd
Section 4.5 and Section 7.1, where applicable.

-
n
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Fa.1.2 Bystem Response Clascitication
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ih building shall be assigned to one of the following

ori=s based on the type of elements used to support gravity
argd on the type and ductility of slements designated to be

sizmic force-resisting svstem:

1] LE}

ad
=

rk =
1]

DUCTILE MOMENT-RESISTING SPACE FRAME SYSTEM (K = 0.67)

A system in which esszsentially all the gravity load is
supportad on framing without the use of bearing walls and in
which the designated seismic force-—resisting system in the
direction under consideration is composed entirely of
reinforced concrete or structural steel ductile
moment-resisting space frames {unbraced frames).

DUAL SYSTEM (K = 0.80)

f system in which sssentially all the total gravity load is
supported on framing without the use of bearing walls and in
which the designated seismic force-resisting system in the
direction under consideration is composzad of 3 combination
of reinforced concrete o stroctural steel ductile
moment-resisting space frames with shesr walls oF braced
frames.

BOX SYSTEM (K = 1.33)

in which a significant fraction of the gravity load
ted on bearing walls.

BUILDING FRAME SYSTEM (K = 1.0)

&y other strouctural svystem.



Rigid slements that are not designated as part of the ssismic
force-resisting system may be incorporated into buildings
provided that their seffect on the action of the seismic
force~resisting system is considered and provided for in the
DEsign. In particular, moment-resisting space frames and ductile
moment-resisting space frames may be enclossed by or adjoined by
other rigid slements if it can be shown that the action or
failurs of the other rigid elements will not impair the vertical
and lateral load resisting ability of the space frame.

Structural steel ductile moment-resisting space frames shall
satizfy the ductility provisions of Section 6.2, and reinforced
concrete ductile moment-resisting space frames shall satisfy the
ductiliity provisions of Dection &6.3.

3.1.3 Strength

Members and connections shall resist the effect of combined
gravity and seismic forces. The resistance shiall be determined
accmrding to Chapter S, DESIEN AND CONSTRUCTION STANDARDS FOR
STRUCTURAL MATERIALS. In computing the effect of seismic force
in comsination with vertical lpoads, gravity load stresses induced
in membsrs by dead load plus design live load and snow load,
except roof live lpad, shall be considered. Consideration shall

H =@ given to minimun gravity locads acting in combination with
o ftorces. )

In agditicon, the following special requirements apply to the
ductile moment-resisting space frame system and the dual system:

DUCTILE MOMENT-RESISTING SFACE FRAME SYSTEM (K = 0.67)

The ductile moment-resisting space frames shall have the
capacity to resist the total reguired lateral seismic foroce
by themselves,

DUAL SYSTEMS (K = 0.80)

{x) The frames and shear walls or braced frames shall
tresist the total lateral force in accordance with their
relative rigidities considering the interaction of the
shear walls and frames.

{by The shear walls or braced frames acting independently

of the ductile moment-resisting portions of the space
frame shall resist the total reguired seismic forces.

14



{c) The ductile moment-resisting space frame shall have the
capacity to resist not less than 25 percent of the
total reguired lateral seismic force.

F.1.4 Stiffness and Building Separations

Lateral deflections or drift of sach story relative to its
adjacent storiss dus to seismic forces as determined in Section
4.4.7 shall not exceed 0.015 times the story height, unless it
can be demonstrated that greater drift can be tolerated.
Diaphragm deformations shall be considered in the design of the
supparted walls. ‘

i

11 portions of structures shall be designed and constructed to
ct as an intezgral unit in resisting horizontzl forces unless
gparated structurally to avoid contact under deflection from
sismic action. '

n

=
F.1.5 Overturning Stability

Every building shall be designed to resist the overturning
effects caused by the seismic forces specified in this standard.

Z.1.6 Height

1 bumiidings in zones 2 or 4 and buildings with an importance
tor I greater than 1.0 in zone 2 that are more than 162 fest
in height shall have ductile moment-resisting space frames

= of resisting not less than 25 percent of the required

=1

i
tforoes for the structure as a whole.

[l T S ST ]
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3.2 OTHER STRUCTURAL ELEMENTS

i

2.1 Strength and Anchorage

« LI

teuctural slements and their anchorages shall resist the seismic
orces induced by their gwn mass and by connected =2lements, as
determined in Section 4.46.1. Resiztance shall be determined in
accardance with chapter 5, DESIGHN AND COMETRUCTION STANDARDE FOR
STRUCTURAL MATERIALS.

7

F.2.2 Compatibility

For all huildings in Zonss 3 or 4 ang buildings with an
importance factor I greater than 1.0 in Zone 2, all framing
zlements not reguired by design o be part of the seismic
fooce-resisting system shaell be investigated ancg shown to be

123
Ly



adequate for vertical lpad-carrying capacity and induced moment
due to the force eftects of the distortions calculated according
to Section 4.4.7-. The rigidity of othsr slements shall be
considered in accordance with Section 4.4.1.

3.3 FOUNDATIONS

F.3.1 Sopil and Foundation Capacity

in the dotermination of the foundation design criteria,
recognition shall be given to the dynamic nature of the forces,
the expected ground motions, and the design basis for strength

and ductility of the structure.
3.3.2 Structural Ductility

For all buildings in Zones 3 or 4 and buildings with an
Importance Factor 1 greater than 1.0 in Zone 2 that have a dual
system or a ducltile moment-resisting spesce frame system, the
special ductility requirements for structural steel or reinforced
concrete specified in Sections &.2 and 6.3 shall apply to all
structural elements below the base which are reguired to transmit
forces to the foundation resulting from the application of the
design lateral seismic forces to the building. '

14



4. STRUCTURAL ANALYSIS PROCEDURES

Stresses shall be calculated as the effect of a force applied
horizontally at each floor and roof level above the base. The
force shall be assumsd to come from any horizontal directiong
buiidings shall be analyzed for the force on each principal axis.

4.1 RERUIRED METHOD FOR SEISMIC-RESISTING SYSTEMS

The seismic loads for all buildings shall be analyred according
to Sect on 4.2, as & minimuam, sxcept for the following buildings,
which all be analyzed according to Section 4.2F as a minimum:

(1Y buildings specified by the designated avthority
(2} hospitals 1n Zones 3 gor 4 that have shapes or framing
Csystems irregular in a vertical sense

(3} buildings over 4 stories in Zone 4 that have shapes or
framing systems irregular in a vertical sense.

For buildings with irregular shapes or framing systems in a
horizontal sense, special attention should be given to the
distribution of forces; the designated authority may require the
use of a more sophisticated analvsis for such buildings.

The designated authority may reguire or approve the use of a
soil-structuwre interaction analvysis that will modify the seismic
farces and displacements determined in this chapter. The seismic
load affects shall be analyzed according to Section 4.4,

4.2 ELASTIC STATIC LOAD ANALYSIS
4,2.1 Base Shear

The total lateral seismic force assumed to act at the base of the
structure shall be determined as follows for sach main anis:

Vo= ZIKCEW ' {Eg. 4.1)
where the terms are as follows:

Z — Ghall be determined trom Table 4.1 for buildings that
do not have an approved site evaluation. For buildings
that have a design ground acceleration established
according to an approvad site evaluation stody, 7 = 2.5
times the design ground acceleration (see Section
2.2.1) expressed as a fraction of the accelesration of
gravity.



I - fAs specified in Section 1.4.32
€~ 8hall be determined by Equation 4.2 as

1

C T atesn hans sanre bbbe bt Shine dhbhe (Eq: 4- Q)
15 /T

The value of C need not exceed .12, The value of T is
specified in Section 4.2.2.

8 —~ Shall be determined in accordance with Section 4.2.3,
eept that the product €8 need not exceed Q.14.

. -  Ghall be determined from Table 4.2 for buildings. For
other structures and appurtenances associated with
bhuildings K shall be determined from Table 4.3.

For elevated tanks, the minimum value of EC shall be
0.12 and the maximum value of ELS8 need not exceed

0,30, Elevated tanks which are supported by buildings
o are not supported on four or more cross—-braced legs
as described above shall bhe designed in accordance with
Baction 4.9, using Lg = 0.3,

W — Shall be equal to the total dead load. For storage and
warahouss occupancies, 23 percent of the floor live
laad shall be included in W. Where the design snow
load is 20 pst or less, no part need be included in the
value of W. Where the snow load is greater than 30
pat, the snow load shall be included; however, the snow
load may be reduced by wup to 789 percent, where the snow
load duration warrants and the designated authority
approves the reduction.

4.2.2 Pariod of Vibration

The period T shall be established using the structural properties
and deformational characteristics of the resisting elements in a
properly substantiated analysis, which could make use of an
equation such as:

2] |5
T o= 20/0) wada®) (g f:84) (Eqe4.5)
i=1 i=1

where the values of +; represent any lateral force distributed
approimately in accordance with the principles of Section 4.2.4

ig



or any other rational distribution. The elastic deflections, i,
shall be calculated using the applied lateral forces, f.. The
value of T so determined shall not exceed the value calculated by

the appropriate choice Equation 4.3 or 4.4 below by more than 20
percent .

In the absence of a determination as indicated above, the value
of T for buildings may be determined as:

Q. O8hn

T 5 e (Eq. 4.3
/D

or in buildings in which the lateral force—-resisting system
consists of ductile moment-resisting space frames capable of
resisting 100 percent of the required lateral forces and such
system is not enclosed by or adioined by more rigid lements
tending to prevent the frame from resisting lateral forces:

T = O.10N (Eg.4.4)
where N is the total number of storigs above the base.

4.2.2% GBite Coefticient

The value of 8 shall be determined by one of the following two
methods.

Method A

The value of 5 shall be determined by the following eguations,
but shall not be less than 1.0:

For T/Ta 4 1,0

S = 1.0 + (T/Tw? — 0.9 (T/Tw)= (Eg.4.8&)

For T/Te » than 1.0

G = 1.8 + Ouh (T/Te)l — O (T/Te)= (Eg. 4.7)

The period T in Egquations 4.4 and 4.7 shall be as determined in
Section 4.2.2 but T shall not be less than 0.3 second.
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The range of values of Ta may be established from properly
substantiated geotechnical data, except that Tes shall not be
taken as less than 4.5 second nor more than 2.5 seconds. Ta
shall be that valus within the range of site periods, as
daetermined above, that is neasrsst to T.

When Te iz not properly established, the value of § shall be 1.95.

Where T has besn established by a properly substantiated
analvsis and sxceeds 2.5 seconds, the value of 5 may he
datsrmined by assuming a valuse of 2.3 seconds for Ta.

¥ site conditions on building response shall bhe
ased on soill profile types defined as follows:

(123 Eoil Profile Type 1 iz & profile with:

(a} rock of any characte r;atic, aither shale-like ar
crystalline in naturs.  Such mata ial may be
characterized by a shear wave velocity greater than
2,500 fest per sescondy; orF,

(b} stiff soil conditions where the soil depth is less
than 200 fest and the scil types overlyving rock are
s=table depcsits of sands, gravels, or stiff clavs.

{2} Eoil Profile Type 2 is a profile with deep cohesionless
ar stiff clay conditions, including sites where the
5011 depth exceeds Z00 fest and the soil tyvpes
overlying rock are stabls deposits of sands, gravels,
or stiff clays.

P
ted
S

Soil Profile Type 3 is & profile with soft to
madiun—stiff clays and sands, characterized by Z0Q feet
o more of soft to medium—stiff clays with or without
intervening lavers of sand or other cohesionlass

el i
In Iocations where the soil properctiss are npot koown in
sutficiant detall to datarmine the soal pru¥1la tyvpe DF where the
profile doss not fi1t any of the three )
+
-

voe 501l Frofi Type 3
shall e used. The coefficien & Eféects of site
conditions on building response 1s given in Table 4.4,



4.2.4 Vertical Distribution of Forces
(A4) Structures having irregular shapes or framing systems

The oistribution of the seismic lateral {forces in structures
which have highly irregulsr shapes, large differences in lateral
raesistance or stiffneszs bestween adjacent stories, or other

unuscal structuwral featuwres, shall be determined considering the
dynamic chasracteristics of the structure.

Zuildings having ssibacks wherein the plan dimension of the tower
in 2asch dirsction i3 at least 75 percent of the corresponding
plar dimension of the lower part may be considered as uniform
puildings without setbacks for the purpose of this section,
proviged other irregularities do not exist.

(B) Structure having regular shapes or framing systems
The total lsteral force V shall be distributed over the height of

the structuwe as follows:

V = Fe + ZF‘i {Fg.4.8)

The concentrated force at the top shall be determined as:
Fe = 0.07TV (Eg. 4.9

Fe neasd not excesd C.25V and may be considered as zero where T is
0.7 second or less. The remaining portion of the total base

hear v s=hall be distributed over the height of the structure,
cl ing level n, as followss

l

S (Eg. 4.10}

4,% ELASTIC DYNAMIC LOAD ANALYSIS

Tha lateral seismic foroes hall be deterained in accordance with
this section using &l modes of vibration with a period greater
than ©.04 second, but in no case isss than the first three modes
in either principal direction.



4.%.1 Mode Ghapes and Feriods

The mode shape, Baimy, and the modal period, T, shall be determined
for each mode in accordance with the principles of mechanics.

4,%.2 Modal Base Shear
The total lateral seismic force for a mode shall be determined as

follow

Vo = ZIKCLSHm tEg. 4.12)

. I, K and 5§ are as defined in Section 4.2

Cm =hiall be determined for sach mode as:
Cm = ————— {(Egg. 4.133

The value o0f L, nesd not exceed 0.1%2 and the product of C,58 nesd
not excesed G.14. Tm i3 the period of vibration for the m*" mode,
in seconds. Subject to the approval of the designated auvthority,

e

a site specific spectral shape may be used in lieus of Eg. 13,

Wem shall bz determined for each mode ace

Wy = o (Eq. 4.14)

The following guantities shall be determined for sach mode
according to the principles of mechanics:

i
ot

{1 Fum — the eguivalent lateral seismic force applied to
parh level

T
ot



{23 Bam — the lateral displacement at each lavel
{(Z: WVum — the latesral seismic shear force at each level
{4y Mewm — the overiwning moment at =ach level
{53 the story drift at each level
1 valuye for sach of the abnve guantitiesz and the total
shzar Ye shall not be less than that obtained as the square
the sum of the sguares of the guantity for each mode. Y.

+
i be compared with the guantity V, where

vV is determined from Eguation 4.1 by substituting C for C

el

C is determined from Fguation 4.2 by substituting for T

grmined as 1.4 times the value determined for T in
ion 4.3 or 4.4, as appropriate.

Where Y¢ is less than V, the design value for each guantity shall
be the product of the total value and the following factor, A:

8 = V/Ve (Eg. 4.1%5)
Ve nzaed not exceesd Q determined from Egquation 4.1.

vaiue of base shear shall not be less than 90 per cent of
computsd by Eguation 4.1.

4.4 ELASTIC LGAD EFFECT ANALYSIS
4.4,1 Shear

Total shear in any horizontal plane shall be distributed to the
various slemants of the geigmic force-resisting systam in
proportion to theilr rigidities considering the total rigidity of

L ¥

the horizontal bracing system or diaphragm.
4.4.2 Horizontal Torsion

At mach level designated as %, the force F,, shall be applied over
the arsa of the building in accordance with the mass distribution
on that level.

the horizontal torsicon due o an scocentricity betuween thes center
of mazss angd the center of rigidity. Megative torsional shears
lected. Hhere the vertical rosisting glements depend

=T



on diaphragm action for shear distribution at any level, the
shear—rezsisting elemaents shall be capable of resisting a
torsional moment assuned to be eguivalent to the story shear
acting with an eccentricity of not less than 5 percent of the
maximum building dimension at that level.

4.4.% Diaphragm Forces

Floor arnd roof diaphragms shall be desianed to resist the effects
ot Foarces deterained as follows:

i=y

Flom = ————=— W (Eg. 4.1&2
n
5w
i=1

where

Fe = the lateral force applied to level i

we = the portion of W at level i

Wme = the weight of the diaphragm and the elements

e

tributary thereto at level x; including 25 percent of
the floor live load in =ztorage and warshouss
DoCupancies.

The force Fo. determined from Egustion 4016 nepsd not exceed
O.30 (2w .

When the diaphragm is required to tranefer lateral forces from
the vertical resisting elements abovae the diaphragm to other
vartical resisting slemsnts below the diaphragm due to offsets in
the placemert of the elosments or to changes in stiffness in the
vertical slements, thesse forces shall be added to those
determined from Equakion 4.16.

Howewer, in no case shall lateral force on the disphragm be less
than Q.14 (ZTwg. .

4.4.4 Overturning

At any iewvel the incremental changes of the design overturning
moment in the story under consideration shall be distributed to
the various resistirg glements in the same proportion as the

distributicon of shears in the resisting system.
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where other wvertical members are provided which are capable of
partiaily resisting the overtuwning moments, a redistribution may
he made to these members i+ framing members of sufficient
strengith and stiffness to transmit the required loads are

providead.

Where a vertical resisting =lement is discontinuous, the
overturning moment carried by the lowest story of that element
shall be carried down as loads to the foundation.

4.4.5% UOrthogonal Effect

For all buildings in Zones 1 or 2, the design seismic load
geffects may be detsrained assuming separate application of the
s@ismic loads on each of ths main axes of the structure. For all
Guildings in Zomes 3 or 4, the seizsmic load sffect shall be
determined from the most critical direction of application aof the
seianic ioads,; which may be assumed to be satisfied i+ the
follopwing combination is taken: 100 percent of the force =ff=ct
for one direction of motion plus 30 percent of the force effect
for the perpendicular direction of motion. Thes combination
raquiring the maximum element strength shalil be used.

Excaption:

Diaphragms, and components of the seigsmic force-resisting
tem uwtilized in only one of the two orthogonal directions
ad not be designed for the combined effects.

4.4.6 Vertical Motion Effect

For horizontal cantilever componsnts and prestressed members, a
vertical acceleratiocoin =qual to one-hald of the horizontsl
accerlsratioin must be considered in design.

4.4.7 Displacements
apenent calculsted from the application of the required

= shall be multiplied by (Z.0/K) to obtain the
cement {and driftd. The ratio {Z.0/E) shall not be

e
Al



4.5 ANALYSIS OF OTHER STRUCTURAL ELEMENTS
Farts or portions of structuwres, nonstructural components and
their anchorage to the main structural system shall resist the
following lateral seismic farces:

Fo = 210 W, (Eg. 4.173

whers

I and I are the coafficients used for the building (see
Section 4.2.1 and Gection 1.4.23}

W, is the weight of the part or portion
Cpn is =zmet forth in Table 4.5.

Interconnection forces between two parts of the structure shall
not ke iess than 0.1332Z2I times the w=ight of the smaller portion.



TABLE 4.1 - ZONE COEFFICIENT

Zone Z
_____ ;n_ - , -
= 374
2 /8
i K ¥
O O
"""""""""""""""""""" TABLE 4.2 - K FOR BUILDINGS )
""""""""""""" System Respanse Classification (see 3.1.2) kK
Duct:ile Mamenit-Resisting Space Frame .47
Pual System Q.80
Box Systam .53
Building Frame System 1.0
"""""""""""""""""" TABLE 4.3 - K FOR OTHER STRUCTURES
""""""""""" Type of Structure o
Elevsted tanks plus full contents, on 2.5
four or mors cross—braced legs and not
supported by a building
Etructures other than buildings and 2.00
other than those sebt forth in 4.6&.1

=T
PO



TABLE 4.4 — SITE COEFFICIENT

301l Frofile Type s
1 1.0
2 1.2
= 1.5
TABLE 4.5 - HDRIZDNTAL FORCE FACTOR Ce FOR ELEMENTS OF STRUCTURES
Direction of Value
Fart or Fortion of Bullidings Horizontal of Cp
Forces
Exterior bearing and nonbearing Normal to 0.3
walls, interior bearing walls flat surface
anc partitions, interior non-
bearing walls and partitions.
Masanry ar concrete fences
ovaer & feet high.
Cantilever eslements, chimneys Any direction 0.8
or stacks
Connections for prafabricated Any direction 2.3

structural elements other than
walls, with force applied at
center of gravity of assembly.




= PESIGN AND CONSTRUCTION 5TAMDARDS FOR STRUCTURAL MATERIALS

This chapter specifies the commonly accepted standards for
materials, design, and construction that are presumed as a basis
for this standard. The designated authority may reqguire or
approve the use of a diftferent edition or standard than specified
here. In overseas construction, where local materials aof grades
other than those herein ares used, the working stresses, grades,
and other reguirements of this standard shall be modified as
applicatrle in accordance with good engineering practice.

5.1 STEEL

wality and testing of steel materials and the design and

i

urtion of stesl components which resist seismic forces
conform to the following references, except as modified by
grovisions of this standard.

T

i
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{1} Specification for the Design, Fabrication and Erection
ot Structural Steel for Buildings, American Instituts
af Steel Construction {(AIBCY), 19B0.

{2} Structuwral Welding Code (AWS D1.1-84), American Welding
Sociebty (AWSY, 1984,

(%} Epecification for Structural Joints Using A5TM A3ZS or
A470 Bolts, AIBC, 1780.

{4y EBpecitication for the Pesign of Cold-formed Sieel
Structural Members, American Iron and Steel Institute
(RISIY, 19280 Edition.

}  Standard Specifications, Load Tables, and Weight Tables
for HBteel Joint Girders, the Stesl Joist Institute
(EJ1), 1%284.

&y Criteria for Structural Applications for Steel Cables
for Buildings, AIGI, 1973 tditiaon.

{72 ESteel Deck Instituts Diasphragm Design Manual, Steel
Deck Institute, S5t. Louis, Missouri, 1981,

3
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9.2 CONCRETE

The gquality and testing of concrete and steel materials and the
design and construction of raeinforced concrete components which
resist seismic foreces shall conform to the following references
except as modified by other provisions of this standard:

{1} Building Code Reguirements for Reinforced Concrete,
(AT F18-83), American Concrete Insgtitute (ACIY, 1963.

(£} Specifications for Structural Concrete for Buildings
(ACI 301-84), ACI, 1984,

5.3 WOOD

The qguality, design, and construction of members and their
fastenings in wood systems which resist seismic forces shall
conform to the following references sxcept as modified by other
provisions of this standard:

{1y HNational Design Specification for Wood Construction,
1992, and Design Valuess for Wood Constrution, 1982,
National Forest Products Association, 1982.

(2  American Softwood Lumber Standard, Voluntary Froduct
Standard, FS 20-70, U.5. Department of Commerce, 1270,

13 Flvwoed Design Specification, American Flywood
Association, 1963,

(4 QDonstruction and Industrial Plywood, Voluntary Product
Standard, F5 1i-83%, U.S. Department of Commerce, 1783,

{3y Standard Bpecifications for Structural Glued Laminated
Timbher of SHoftwood Species, ALITC 117-84, aAmerican
Institute of Timber Construction, 1984.

(&) Structural Glued-Laminated Timber, ANSI/ZAITC
A170.1-1783.

(73 Chapter 25: Wood, in Uniform Building Code,
International Conference of Building Officials, 19835,

(8: Part III of the One- and Two-Family Dwslling Code, 198%
editions, publishad by International Conference of
Building OFfficiale,Building Officials and Code
Agministrators,; and Southern PBuilding Code Congress.



5.9

{93

Sectior 4715: "Shear—-resisting Construction with Wood
Frama,” Uniform Building Code, International Conference
ot Building Officials, 17ES.

MASONRY

il

{4

=

{7)

(s

tvw and testing of masonry and steel materials and the
d construction of masonry and reinforced masonry

= that resist ssismic forces shall conform to one or
he following references, except as modified by other
-

ons of this standard:

Chapter 24: Masonry, in the Uniform Building Code,
International Conference of Buiding MHficials, 1986,

on 4: Reinforced Masonry, in Seismic Design for
5. M 5-BO?-14G, Departments of the Army, Havy
Force, 1782. :

Building Code Reguirements for Concrete Masonry
Structuwes, ACT 331-72, American Concrete Institute,
i

fmarican Standard Building Code Requirements for
Masonry, 841.1-1953; National Bureau of Standards
Mizscellaneous Publication, 1954,

Building Code Requirements for Reinforced Masonry,
A41.2-1%960 (R 1970}, American National Standards
Institute.

rificetion for the Design and Construction of Load
ring Concrate Ma:onry, Mational Concrete Masonry
ociation, 1970,

L=

oo

m

I_
=a
=

Building Code kReguirements for Engineered Brick
Masonry, Brick Institute of America, 194%.

Fart 111 of the DOne— and Two-Family Dwelling Code, 1987
edition, published by International Conference of
Building Officials, Building fficials and Code
Administrators, and Southern Building Code Congress.

AL UMINLM

The guality, testing, design, and construction of aluminum
mamnbears

=
following reference, 2%

this

which rasist seismic forces shall conform Lo the

cept as modified by other provisions of

stardard:

(o~
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(1} Gpecifications for Aluminum Structures, 4th
Edition, The Aluminum Association, 1%78Z.

S.46 BYPSUM

The guality, testing, design, and construction of gypsum
componeints which resist sesismic forces shall conform to the
foliowing references, except as modified by other provisions of
this standard:

(13 Section 24727: Reinforced Gypsum Concrete, in Uniform
Building Code, Internmational Conference of Building
Of+icials, 1985,

{ZY Section 4711: Gypsum Wallboard, in Uniform Building
Cade, International Confersnce of Building Officials,
1985,

{3} Section 5-05: Gypsum Diaphragms, Cast-in—-Flace, in
Sgpismic Design for Buildings, TM S5-80%-10, Departmanis
of the Army, MNMavy, and Air Force, 198Z.

(47 Standard Specification for Gypsum Caoncrete, ASTM
£Z17-81, 1981,

(5 Standard Specification for Lightweight Aggregste for
Insulating Concrate, ASTM C332-B3, 17BZE.

(4 Recommended Specifications for the Application and
Finishing of GOypsum Board, The Gypsum Association,
i9B2.

{72 lUsing Gypsum Board for Walls and Ceilings, The Gypsum
Association, 1280.



6. STRUCTURAL DESIGN DETAILS

Whare s single building includes framing systems that have
different values of the coetficient for structural system
responsa, kK, 2@ach component common to systems having different &
values shall satisfy the more stringent detailing reguirements.

Portions of the following documents are frequently cited in the
provisions of this chapter by a reference number enclosed in
square bDrackebts:

['13 Uniform Building Code, International Conference of
Building Officials, 1985,

23 Recommnended Lateral Force Reguirements and Commentary,
Structural Engineers Association of California, 17800

£33l Seismic Design for Buildings, Departments of the Army,
Mavy and Alr Force (TH 5-BO9-10), 1982.

F43 Specification for the Design, Fabrication, and Erection
of Structural Steel! for Buildings, American Institute
of Steel Construction, 1980. '

[57 Building Code Requirements for Reinforced Concrete,
American Doncrete Institubes, 1983 (ACT 3:18-83).

&d.1  MOMENT-RESISTING FRAMES
6.1.1 Ductile Moment-Resisting Space Frames
Ductile moment-resisting space framss shall be structural steal
compiving with Section 6.2 or reinforced concrete complying with
Section &.3.
4.1.2 Concrete Frames
In Zones 2, % and 4, all concrete space frames reguired by design
to be part of the lateral force-resisting system and all concrete

frames located in the perimeter line of vertical support shall be
ductile moment—-resisting space frames.

EXCERTION:

Frames in the perimster lins of the vertical support of
buiidings designed with shear wzalls taking 1C0 percent of
e design lateral forces nesed only conform with Section

. = o
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4.2 STEEL DUCTILE MOMENT-RESISTING SFPACE FRAMES

The design and construction of moment-resistant Joints for stesl
ductile moment—-resisting space frames shall comply with all
appliceble reguivrements for "Type 1 Construction” as defined in
refterence [4], unless it can be shown that adequate ductility can
bhe obtained by deformations of the connection materials and that
the added drifl is accounted for.

In addition, steel ductile moment-resisting space frames for all
buildings in Zones 2 and 4 and buildings with an Importance
Factor I greater than 1.0 in Zone 2 shall comply with the
requirenents of Section Z722: "Steel Ductile Moment-Resisting
Spacse Frames" of reference [1], or Section 4 "Steel Ductile
Moment-Hesisting Space Frames" of reference [21, with the follow-
ing clarification: the reguirements for "plastic design sec—
tions" are the minimum thickness and lateral bracing requirements
(Gectians 2.7 and 2.9} of FPart Il of reterence [4].

6.3 REINFORCED CONCRETE DUCTILE MOMENT-RESISTING SPACE FRAMES

The design =nd construction of concrete ductile moment-resisting
spasre frames for all buildings in Zone 3 or 4 and buildings with
ann importance factor I gresater tharn 1.0 in Zone 2 shall comply
with the reguirements of one of the following:

(13 Saction Z&6325: "Reinforced Concrete Structures Resist-—
ing Forces Induced by Earthguake Motions" of Reference
[11.

(2% Section 2: "Concrete Ductile Moment-Rzsisting Space

Frames" of reference [(2].

raph 7-04: "Concrete Ductile Moment-Resisting
Frames" of reference [31.

Concrete ductilese moment—-resisting space frames in other buildings
shall comply with sither the previocus requiresments or the
reguirements of reference [51, plus the following requirements of
this section. The tersas “"web reinfaorcement,” "ties,® and “"spiral®
angd ths symbol "dY in the folliowing shall be used as defined in
reference [5].

6.3.1 Flexural Members
Waeb reinforcement shall bg reguired throughout the length of the
nmmber . It shall be designed acocording to Chapter 11 of

reterence 51, excaph that such webk reinforcement shall be not
less than 0.3 percent of the area computed as the product of the

A
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width of the web and ths spacing of web reinforcemsnt along the
longitudinal axis of the member. The first stirrup shall be
located 2 inches from the column face. The nexi six stirrups
shall be spaced not over d/ 4.

Fositive moaent reinforcemsnt at 2ll supports of flexural members
subj=sct to reversal of moments shall be anchored by bond or
mechanical anchors in or through the supporting amember to develop
the vield strength of the bar.

ion of tension oF reversing stress
wo ciosed ties at sach splice.

% at the znds of btied columns shall nolt exceed
Lstance equal to the maximum column dimension but
sixth of the clear height of the column from
= ot ths Jjoini. The first tie shall be located 2 inches
0 2 face of the Joint., Joints of exterior and corner
olumns shall be confined by lateral reinforcement through the
int. Sush lateral reinforcement shall consist of spirals or
es as required at the ands of coluans.

[ TR o T
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&.4 BRACED FRAMES

In zones Z oand 4 and for buildings having an pcocupancy importance
factor, I, greater than 1.9 located in zane 2, braced frames
shall =zztisfy the following reguirements.

A.4.1 Required Capacity

111 members in brared frames shall be designed for 1.25 times the
force determined in accordance with Chapter 4, STRUCTURAL
ANALYSIS FROCEDURES Connections shall be designed to develop
the full capacity Df the membsrs or shall be based on the above
forces without the ons-third increase usually permitted for
stresses resulting froam sparthguake forces.

&.4.2 Stesl Braced Frames
EBrared frames shall be composed of axially loaded bracing members

of ASTM AL, 8441, AS00, AS01, ASTR (Grades 42 and 30), or ASHE
structural stesl. ASOD steel shall not be welded.

-



b5.4.3 Reinforced Concrete Braced Frames

Reinforced concrete members of braced frames subjected primarily

to axial stresses shall have special transverse reinforcing as
specified for axially loaded frame members in the requirements

cited by reference in Section 6.3 throughout the full length of

the member. Tension members additionally shall meet the requirements
for compression members.

6.5 REINFORCED CONCRETE SHEAR WALLS

Reinforced concrete shear walls for all buildings in Zones 3 or 4
and buildings with an importance factor I greater than 1.0 in

Zone 2 shall comply with the applicable requirements of one of
the followings

(1) Section 2625: "Reinforced Concrete Structures Resist-
ing Forces Induced by Earthquake Motions" of reference
£i11.

(2) Section i "Concrete Shear Walls and Braced Frames" of

refarence [2].

.6 REINFORCED MABONRY WALLS

Masonry walls reguired to be reinforced masonry by Sections 6.9
or 7.% shall comply with the minimum amount and maximum spacing
of reinforcement specified in Table 6.1,

Splices may be made only at such points and in such manner that
the structural strength of the member will not be reduced.
Lapped splices shall provide sufficient lap to transfer the
working stress of the reinforcement by bond and shear, but in no
case shall the lap be less than 20 bar diameters. Welded or

mechanical connections shall develop the strength of the reinfor-
cament .

b.7 DIAPHRAGMS
&.7.1 Ties Between Chords

Diaphragms providing lateral support to concrete or masonry walls
by means of anchor bolts or similar connections shall have ties
to distribute the anchorage forces into the diaphragm.

6£.7.2 Anchorages to Waod Diaphragms

In Zones 2, 3 or 4 where wood diaphragms are used to laterally
support concrete or masonry walls, the anchorage shall not be
accomplished by use of toenails or nails subjected to withdrawalg
nor shall wood framing be used in cross—grain bending or cross-grain
tension.

b



6.8 OFENINGS IN SHEAR WALLS AND DIAPHRAGMS

Where steps in the edges or openings occw in shear walls ot
diaphragms or other plate-like elements, chords shall be provided
at the edges of the discontinuwity to resist the local stresses
created by the presence of the discontinuity. These chords shall
ertend into the body of the wall or diaphragm a distance sufficient
to develop and distribute the stress of the chord member.

6.9 CONCRETE AND MASONRY ELEMENTS
6£.92.1 Reinforcement

ALl elements within structures located in Zones 2, 3, or 4 which
are of masonry or concrete shall be reinforced. so as to gqualify
as reinforced masonry or concrete under the provisions of
Sectiion &.& for masaonry and refterence 5] for concrete.

b.?2.2 Anchorage of Walls

Concrete or masonry walls shall be anchored to all floore and
roofs which provide lateral support for the wall. Such anchorage
shall provide a positive direct connection capable of resisting
the horizontal forces specified in this standard or a minimum for
of 200 pounds per linear foot of wall, whichever is greater.
Walls shall be designed to resist bending between anchors where
the anchor spacing excesd 4 fset. Required anchors in masonry
walls of hollow units or cavity walls shall be embedded in a
reinforced grouted structural element of the wall.

610 FOUNDATIONSG
b.10.1 Ties Between Foundation Units

Unless it can be demonstrated that equivalent restraint can be
providaed by other approved methods, ties at approximately right
angles shall be provided between foundation units as follows;

(1) in Zones 2, %, or 4, between individual pile caps and
caizssons in all buildings

() in Zones 2 or 4, between isolated spread footings in
buildings over three stories tall or in buildings
constructed over orawl sSpaces.

The ties shall resist the induced lateral seismic forces, but not

less than a minimum horizontal force of O.100Z1) times the vertical
load on the pile cap, caisson, o footing.
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b,10.,2 Flle Cap Connections

In Zones 2, 3, or 4, all piles shall be connected to the plle cap
to resist an uplift force of not less than O0.15(Z1) times the
vertical load on the pile.

6.10.3 Concrete Files

In Zones 2, %3, or 4, all concrete piles shall be provided with
longitudinal reinforcement sufficient to resist the wplift force
specified in Section &.10.2 throughout the entire length of the
pile, except that the reinforcement only need be provided in the
upper one-third of the pile in Zone 2.

Furthermore, in Zones 2, 3, or 4, all concrete piles shall be
provided with transverse ties gpaced no further apart than 4

inches over the top 4 feet of the pile.

Froperly bonded metal casing, such as stesl pipe, may be used to
satisfy thess reinforcement requirements.

x8



Table &.1

Minimum Reinforcement and Maximum Spacing for Reinforced Masonry
Walls

i Total Area* of Rein— i !
| forcement as a Fercent | Maximum Spacing of Bars® |
i i i
] 3 )
[} 1 ]

'

i Type of of Gross Area of Wall {inches)

tWall (nominal dimensions) Vertical i Horizontal

: mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

; i Seismic Zones i SBelismic Zone | Seismic Zone!
] 1 1 . [ 3
1} ] ] H ]
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* The total minimum reintforcement is the sum of the vertical
and horizontal reinforcementy not less thanm 173 of the prescribed
total minimum reinforcement shall be wsed in each direction.

B

Frincipal reintorcemsnt in masonry shall be spaced 2 Ft
mastimuam on centers, in buildings using a moment-resisting space
frame.
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7 NONSTRUCTURAL DESIGN REQUIREMENTS

The requirements of this section apply to all buildings in zones
3 or 4 and to buildings with an importance factor I greater than
1.0 in zone 2.

7.1 ANCHORABE FOR INERTIAL FORCES

Nonstructural components and their anchorage to the main structural
system shall resist the following lateral seismic forces:

Fo = ZI0 W, (Eq. 7.1)
whare
7 is specified in YSection 4.2.1
I is specified in Section 1.4.2 EXCEFT:
1. For connectors of precast or pre%abricatiun

panels, the value of I shall be as
given in Section 7.2.

F ]
i

. For the anchorage of machinery and equipment
required for life safety systems, the value of
I shall be 1.3.

O dis given in table 7.1,
We, is the weight of the component, EXCEPT:

1. For storage racks, W, shall be the weight of
the rack plus contents.

2. For ceilings, W, shall include all light
fivtures and other equipment which is laterally
supported by the ceiling, and shall be taken

as not less than 4 pounds per sguare foot.

The distribution of these forces shall be according to the
gravity loads pertaining thereto.

In lieu of this section, steel storage racks may be designed
in accordance with ANSI Standard MH 16. 11974, or where a number
of storage rack units are interconnected so that there are a
minimum of four vertical elements in each direction on sach
column line designed to resist horizontal forces, the racks may
be designed as a structuwre in accordance with 4,2.1 with the
design coefficients 09 = 0.2 and W equal to the total dead load
plus S50 percent of the rack-rated capacity.

7.2 DISTORTION COMPATIRILITY FOR EXTERIOR FANELS

Frecast or prefabricated nonbearing, nonshear wall panels or
similar elements which are attached to or enclose the sxterior

4.0



shall be designed to resist forces determined from Eg. 7.1 and

shall accommodate movements of the structuwre resulting from

lateral forces. The concrete panels or other similar slements

shall be supported by means of cast-in—-place concrete or mechanical
connections and fasteners in accordance with the following provisions:

Connections and panel joints shall allow for a relative movement
between stories of not less than the drift calculated in Section
4.4.7 or /2 inch, whichever is greater. Connections to permit
movement. in the plane of the panel for story drift shall be
properly designed sliding connections using slotted or oversized
holes or may be connections which psrmit movement by bending of
astesl or other connections providing eguivalent sliding and duc—
tility capacity.

Bodies of connectors shall have sufficient ductility and rotation
capacity o as to preclude fracture of the concrete or brittle
failuwres at or near welds.

The body of the connector shall be designed for one and one—-third
times the force determined by Egq. 7.1. Fasteners attaching the
connector to the panel or the structure such as bolts, inserts,
welds, dowels, stoc., shall be designed to snsuwre ductile behavior
of the connector or shall be designed for four times the load
determined from Eq. 7.1. '

Fasteners smbedded in concrete shall be attached to or hooked
around reinforcing steel or otherwise terminated so as to
effectively transfer forces to the reinforcing steel.

The value of the coefficient I shall be 1.0 for the antire
connector assembly in Eg. 7.1.

7.3 PROTECTION AGAINST SECONDARY HAZARDS

Hazardous contents and services shall not present undue hazard to
life in the event of seismic ground shaking. #As a minimum, for
Essential Facilities and High Risk occupancies (I = 1.5 and 1,25,
respectively) in zones 5 and 4, the utility and service interface
of all gas, high—temperature energy, and electrical supply shall
bhe provided with shutoff devices or special protection.

7.4 FUNCTIONALITY OF ESSENTIAL ELEMENTS

The design and detailing of eqguipment which must remain in place
arnd be functional following a major earthguaks shall be based
upon the reguirements of Section 7.1. In addition, their design
and detailing shall consider effects induced by the structural
drift calculated in Section 4.4.7. Gpecial consideration shall
also be given to relative movement at separation joints.
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7.9 REINFORCEMENT OF CONCRETE AND MASONRY

All nonstructural elements within structuwres located in zones 3
or 4 which are of masonry or concrete shall be reinforced so as
to gualify as reintorced masonry or concrete as defined in
chapter 3, DESIGN AND CONSTRUCTION STANDARDS FOR STRUCTURAL
MATERIALS and chapter &, STRUCTURAL DESIGN DETAILS., Frincipal
raeinforcemsnt in masonry shall he spaced 2 fest maximum on center
in buildings wusing a moment-resisting space frame.
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Table 7.1

Horizontal Force Factors C, for Nonstructuwral
Elemants of Buildings

Direction of Value of
Component Horizontal Forces of G

Exterior and interior walls & Normal to flat 0.
partitions surface

Masonry or concrete fences

over & faeet high

Cantilever elements:

a. Parapets Normal to flat 0.8

surface

b. Chimneys or stacks Any direction 0.8
Exterior and interior or-

namentations % appendages Any direction 0.8

When connected to, part of,
or housed within a build-
ing:

a. Penthouses, anchorage for’)
chimneys and stacks and
tanks, including contents

b. Storage racks with upper
storage level at more
than 8 feet in height, Any direction
plus contents

3
2

c. All equipment or
machinery

d. Large ducts, large pipes,
and critical or hazardous
pipes

Suspended ceiling framing
systems Any direction .3



Table 7.1 (continued)

io Cp for elements laterally self-supported only at the ground
level may be two-thirds of value shown,

Z. For flexible and flexibly mountsed equipment and machinery,
the appropriate values of O, shall be determined with con-
sideration given to both the dynamic proportion of the eguipment
and machinery and to the building or structure in which it is
placed but shall be not less than the listed values. The design
of the sguipment and machinery and their anchorage is an integral
part of the design and spacification of such eqguipment and
machinery.

Z. The value of U for racks over two storage support levels in
height ashall be 0.324 for the levels below the top two levels.
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8. CONSTRUCTION GQUALITY CONTROL.

In accordance with agency guality assurance procedures, all
buildings in zones 3 or 4 and buildings with an importance factor
I greater than 1.0 zone 2 shall be subject to inspection by the
designated authority, and certain types of construction shall
have special inspection to assure the guality and performance of
the seismic resisting systems, as specified in this section. The
raguirements in the section supplement existing agency programs,
but do not replace them.

8.1 SPECIAL INSPECTOR

A special inspector shall be employed by the designated authority
during construction to observe the work specified in 8.2 to be
certain it conforms to the design drawings and specifications.
The designated authority may waive the requirement for a special
inspector if he finds that the construction is of minor nature.

8.1.1 Qualifications

The special inspector shall be a gualified person who shall
demonstrate his competence, to the satisfaction of the designated
authority, for inspection of the particular type of construction
or oparation reguiring special inspection. '

8.1.2 Inspection Reports

The special inspector shall furnish inspection reports to the
designated authority, the engineser or architect of record, and
other designated persons. All discrepancies shall be brought to
the immediate attention of the contractor and the engineer or
architect of record for correction, then, if uncorrected, to the
designated authorilty.

S.i.E Final Report

The special inspector shall submit a final signed report stating
whether the work regquiring special inspection was, to the best of
his knowledge, in conformance with the approved plans and
specifications and the applicable workmanship provisions of these
codes.

8.2 REGBUIRED SFECIAL INSFECTION

The following objects and operations shall be subject to continuous
inspection by a special inspector.  Some inspections
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may be made on a periodic basis and satisfy the requirements of
continuous inspection, provided this peripdic scheduled
inspection is performed as outlined in the project plans and
specifications and approved by the designated authority. Special
inspections required by this standard shall not be reguired where
the work is done on the premises of a fabricator approved by the
designated authority to perform such work without special
inspection.

B8.2.1 Filing, Drilled Piers and Caissons
During driving and testing of piles and construction of
cast~in-place drilled piles or caissons. 5See Sections B.2.2F and
B.2.4 for concrete and reinforcing steel inspection.
B.2.2 Excavation and Filling
During earthwork excavations, grading, and filling operations
inspection to satisfy the reguirements of the plans and
sperifications.
8.2.3 Concrete
During the taking of test specimens and placing of all reinforced
concrete and pneumatically placed concrete.
EXCERTIONS:
{1} For foundation concrete when the structuwral design is
based on f= no gresater than 2000 psi.
(2} DHNoRstructural slabs on grade, including prestressed
slabs on grade when effective prestress in concrete is
less than 130 pounds per sguare inch, unless the slab

is used as a tie to satisfy Section &.10.1.

{X) GEite work concrete full-supported on earth and concrete
where no special hazard exists.

8.2.4 Reinforcing Steel and Frestressing Steel
During all stressing and grouting of prestressed concrete, and
during placing ot reinforcing steel, placing of tendons and

prestressing steel for all concrete reqgquired to have special
inspection by Section B8.2.3. '
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EXCEFTION:

Tha special inspector need not be present during entire

¥yeinforcing stesl and prestressing steel-placing operations,

provided he has inspected for conformance with the approved
plans prior to the closing of forms or the delivery of
concrete to the job site.

8.2.5 Ductile Moment-Resisting Concrete Frame

Continunus inspection by & specially gualified inspector under
the supsrvision of the person respansible for the structural
design during the placement of reinforcement and concrete.

8.2.4 Welding

(1)

{22

All structural welding, inclueding welding of reinforcing
staesl.

EXCEFPTIONG:

When welding is done in an approved fabricator ‘s shopy or
whan approved by the designated authority, single—pass
fillet welds when strsssed to less than 50 percent of the
aliowable stresses and floor and roaof deck welding and
welded studs when used for structural diaphragm or composite
systems may have periocdic inspections. For periodic
inspection, the inspector shall check gualifications of
welders at start of work and then make final inspection of
all welds for complisnce prior to completion of welding.

Ductile moment-resisting steel frames shall receive the
following nondestructive testing:

Welded connections between the primary members of ductile
moment-resisting space frames shall be tested by
nondestructive methods, =ither ultrasonic testing or
ratliography, for compliance with the AWS

Stiructural Welding Code (D1.1-84) and job specifications. A
program for this testing shall be established by the
engineer responsible for structural design and as shown on
plans and specifications. As a minimum, this program shall
include the following:

ta) All complete penetration groove welds contained in
joints and splices shall be tested, 100% sither by
ultrasonic testing or radiography.
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EXCEFTION:

When approved, the non-destructive testing rate for an
individual welder or welding operator may be reduced to
25 percent, provided the reject rate is demonstrated to
be five percent or less of the welids tested for the
welder or welding operator. A sampling of at least 40
complated welds for a job shall be made for such
reduction evaluation. FReject rate is defined as the
sample number of welds that do not pass the tests
divided by the sample number of welds inspected. For
evaluating the rsject rate of continuous welds over
f=zelt in length where the seffective size is 1 inch or
less, each 12-inch increment or fraction thersof shall
ke considered as one weld. For evaluating the reject
rate on continuous welds over 2 fest in length where
the effective size is greater than 1 inch, sach &6
inches of length or fraction thereat shall be
comsidered one weld.

-

When approwesd
i the urnjr_t
nondestructive
- TR Va b T ovesd Tabr

technigues in the

e dgesignated authority and outlinsd
= and specificarions, this

irng may be performed in ths shop of
(e u,Llizing aualified test
mplovment of the +tabricator
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(b} Al partisal puue.raslnr girroove welds when used in
columy splices shall be tested when reguired by the
plans and specifications.

-

L

Tt
i}

Base metal thicker than 1-1/2 inches, when subjected to
through—thickness weld shrinkage strains, shall be
inspscted by ultrasonic testing or radiography for
discontinuities directly bebhind such welds after joint
completion. &ny material discontinuities shail be
accepted or rejected on the basis of the defect rating
in accaordance with the criteria of the AWG

Structural Welding Code (B1.1-84).

'.

ru

.8'2'7 High-Strength Balting

Puring all bolt installations and tighitening operations.

EXCEFTIONSG:

(1Y The special inspector nesed not be present during
the entirz installation and tightening
cparation, grovided hes
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{2} inspects the swfaces and bolt type, including
diameter and length, tor conformance to plans and
specitications prior to start of bolting, and

b)) will wverity the minimum specified bolt tension for
i0 percent of the bolts for each "type" of
connection, for a representative number of total
connections sstablished by the plans and
specitications.

(23 In bearing-tvpe connections when threads are not
reguired by design to be excluded from the shear plane,
inspection prior to or during installation will not be
requirsd,

8.2.8 Structural Masonry

During preparation of masonry wall prisms, sampling and placing
of a1l masonry units, placement of reinforcement, inspection of
grout sparce, immediately prior to closing of cleanputs, and
during all grouting operations. Where the f iz less than 2500
psi and spscial inspection stresses are used, test specimens may
consist of either one prism test for sach 5000 square feet of
wall area or a
the first 2 co
CRCEFTION:  Gpercial inspection will not be required for

25i ed in accordance with the valuss in sppropriate
tinuous inspection.

8.2.7 Reinforced Gypsum Concrete Used as a Diaphraom

When cast-in-place Class "BY (1200 psi ainioum COMprassilve
strangihd gyvpsum concrete is being mixed and placed.

8.2.10 Insulating Concrete Used as a Diaphragm

PBuring the application of insulating concrete.
EXCEFPTION:
The special inspaction may be limited to an initial
inspection to check the deck surfacs and placement of
rainforcing. The special inspector shall supervise the

preparation of compression test specimens during this
inittial inspection.



8.2.11 Special Cases

fny other work which, in the opinion of the designated authority
raguires special inspection.
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SEISMIC DESIGN GUIDELINES FOR FEDERAL. BUILDINGS
-~ COMMENTARY -
C1. REGULATION
Cl.1 SCOPE

These guidelines are primarily intended for new buildings.
Structwes that are not associated with buildings are cutside the
stope berause their particular functional requirements and the
natura of hazard they present have not besn considered in
developing the requirements of these guidslines and because the
idealization of seismic loadings presented in these guidelines
may nol b2 an appropriats model for prEdiEting their physicai
response to seizsmic ground shaking. Another sxception i1is that
buildings and structures associated with nuclear power plants are
sunjactad ta the mores rigorous reguiramnents of the Naclesar
Regulatoury Commission.

isting bulldings in these guidelines is briefg

t ; anned for issue by the Interagency Committese on
215 ZES in Construction (ICS5C) are sxpected to provide
more specific criteria for those occasions when the reqgquirements

of thess guidelines indicate the need for their application. The
application of these guidelines to Federally leassd buildings and
to Federal grant and regulatory programs is also skpected to be

covaered in futwres ICB8C reports

to varying degrees of safety 15, in part, a
ion that different ilevels of reliability are desired for
il gz that prezsent different risks. Just as in the Uniform
Euiiﬂiﬁg Code (UBC), the: guidel ings accomplish this purposse by

=
arrg of & Emﬁilca} coasfficient {(the Importance Factor, I} for
OTCUAD ATy rod, which is specifi ed in Bection 1.4.2. The
statemert i{s also e recognition that some provisions arsz based on
approximations and may result in different levels of safety For
different situations.

i

These guidelines are limited to consideration of the effects of
seismic ground shaking. Other seismic effects, such as tsunami,
and obh ervvironmensial loads, such as wind, are nobt within the
sTopa. Existing codes and standards aammaniv contain

pertaining to wind forces in many provisions, such
and overturning resistance. No such clauss is in 2

guidelines,; because criteria for resistance to the tws foroces ares

n i

bty

tog different. The response to sSoismic 5
erdinarily reguire inelastic straining of the seism
4

force-resisting sysiem, thus the many duchility



in these guidelines must be satisfied even for
: wing force exceeds the pominal design seismic
i which the nominal design seismic force
5ian Wwind foroce, 1t is fikely that wind
emert: may yet control the design of various componants
the local pressure and 5uEt1Jﬁ coefficients may create
force resultants or because the drift criterion is
rent for wind than for seismic loasdings, and so on.  Thus,
compsrisons of the two loadings are stated or implied in the
Visions D% the guideiines. Similarly, design for seismic doEs
ot sxcludes the need to svaluate other non—seismic souwrces of
oading such as wind,

mmmi nal

Ll W { the definitions are taken from, or based upon the
v Building Code. In all the defirnitions an emphasis has
n slaced on lateral sgigmic forces when comparsd to the
iribd i the UBC, qlfhnugh are scurces arg uzed. The
shruan bal»w for sarh definition. Unisss ptherwiss
ource definition is wsed word for word.

.
i,

- UBL Sectipn 402 {(excs=pt the term “designatsd
Rority."” which is definsed in these guidelines, 1S
Eubgtitutud for the term "building official™)

of gtructure — LBC Secition Z312(b3
heasring wall — UBC Bertion 42

LGox smystem — Modifisd from UBC 2312{b) which reads "Box

‘ system 13 & structural systam without a2 complete
wvartical load-carrving space frame. I this svystem the
reguired latersl forces are resisted by shsar walls or
braced frames as hereinaftter defined.Y The change was
thought to be simpler and clearsgr but was not intended
to change the mesning. Also see the discussion in
Chaptsr 2 of this commantary.

bracsd frame —~ UBL Ssction 2F12(b), =xcept "lateral forces”
is changed to "lateral seismic forces” and "by the
seismic forces” is added after axial stresses. The
reawording was done to clarify that the source of the
lateral forces is due to an earthguake and not some
other souwrce such as wind.

]
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building — UBLC Ssction 403
dead lpoad — UBL Section Z307
designated authority — The definition is original, and in

the context of the UBC it can be thought to replace the
term building official (which uses cimilar wording in
its definition) which was not sppropriate for use in
these guidelinzs since the government representative
may not b a building official.

diaphragm — A definition was not availabie in the UBLC. The
definition is bassd upon that used in Chapter 2 of the
MEHRP Hrovisions and is similar to ANSI ASH. 1.

tizal system — Not sxplicitly defined i the URBC. The
definition can be inferred from UBC Table 23-1 from the
description of a system using & ¥ factor of 0.80O.
Since the phrase is widely used, a ftormal definition
was desirable. Also see discussion in Chapter 3 of
thiz commentary.

ductile moment—resisting space frame — Bassd on UBC Section
2312k which uzses "Ductile moment-resisting space
frame is = acment-resisting space frame complying with
the regquirements for a ductile moment—resisting space
frame as given in Section 2T1Z24{j)." The requirsments
givan in that section are intended to provide the
capability to undergo inelsstic straining.  Similar
reguirements are in these guidelines.

ductile moment-resisting space frame system — A similiar
ghrase is not used in the UBC but is usad in thes KREHRP
Frovisions. its use simplifies discussion of seismic
resisting resisti stems. Also see discussion in

STinNg 8y
the Chapter 3 of this commentary.

J

-l

1

l’]

masential facilities - UBC Section 2312k}
gutorior wall — URBD Zection 43724
height — The definiftion is original, but is consistent with

i
the use of the
ui

terms in the UBLC. UBC uses the phrase
"height of b d

ing" defined in Section 40%.

hicgh risk facility — The phrase is not explicitly used in
the UBL; however, the phrase was developed for use with
the UBC descrintion of the building used for the tvype
of pooupancey reguiring an imporiance factor of 1.25 in

CB



UBC Tabls 23—k, The definition used here and the
description in the UBL are identical.

live laad — UBC SBecticn 23037

moment—-resicting space frame — Zased on UBC Section 2312((bB)
which r=ads " Moment-resisting space frame is a
vertical lcad-carrving space frame in which trhe
mambers and joints are capable of resisting forces
primarily by Fflexure." The phrases are added for
clarity and saphasis and are not intended to change the
definilion.

jrarapet wall — UBC Secticon 424

seignic force-resisting system — The phrase is not used
axplicitly in the UBC. The definition is based on a
modificastion of that used in Chapter 2 of the NEHRFP
Frovisions.

shezar wall — UBD Section 23124{(b}

space frams — UBD Ssction 2312¢h). The definitions which

aro repeated hore are for the purpose of clarifying the
various btypes of spacs frames.

ﬂ'l

asbtructure — LUBLD Secition 420

C1.% NOTATION

i of the symbols used in section Z2312(c) of the UBC is used

he came meaning in these guidelines. | The verbal exprassion
ing & few of the symbols is changed from the UBC in an
pt toc make the colliected rnotation more complete; however,
thE uzse in the var:ocus egquations has not changed. Sdditionly,
the section and equation in which the symbol is used is
frequently provided in the definition. In addition, severzal new
symbnls are added for modal analysis aguaticns that appear in
thoese guidelines that are not found in the UBC since the URC does
doez not cover dyramic analysis. Only modified or new symbols ars
discussed below.

Modified Symbols
T - fAdds ths ghrase "for the vibratory response of a

structure to to seismic motions"” to clarify use of
the symizol.

M
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C, — Adds the phrase "for the vibratory response of a
’ part of a strurtuwre to seismic motions” to clarify
use of the symbaol.

Fyy Fay Fie — Changes the phrase Ylateral foroce" to
"lateral seismic force” to clarify the source of
the locading.

Fe — Lhanges the phraEE "lateral” to "lateral seismic

rity the socurce of the loading.

“rnumerical costficient for
to clarify the use of the

K - fids the phrase "numerical coeffieient for
tructw sl system response to seismic motions® to
clarity the use of the svmbol.

S -~ Adds the phrase "in response tao seismic motiong”
o glarity the use of the symbol.

Yo o~ Changess the phrase "lateral forece” tao Ylateral
sgizsmic force” to clarify the source of the
loading.

Z2 - fidds the phrase “"for the seismic hazarag zone' Lo
clarity the use of the symbol.

s — fdds tho phrase "used in determing the period of
vibration" to clarity the ose of the symbol.

E; Emg Fum§ me5 T; Tms "'}1. l‘}mg Utnp '\"'xm, wms ﬁimf mxm

Buildings are c1a551+1ef on t scales in these guidelines, much
33 they arz in the UED. DOne 5c&1m$ the zone, related to ths
likelihood of seismic schtivity, and ths other =c gle, the

OCCWpans relates b sguences of
struactur 1 :1&551%icatimn5
arg used oug the applicability
of Hgsci' 2 t very geEnerally,
thae us hes iass e is purpose. It
bl ya naotsd that therse are several differsnocss with the URL.



Cl.4,1 Seismic Ground Shaking MHazard

The map in this document has been derived from the “"Effective
Feak Velocity-Related Acceleration” map contained in the NEHRF
Commentary. It has the following characteristices necessary for
consistent use with the basic provisions of the guidelines;

(1) It is & rone map, not a contour map, with Zones, O, 1, 2, 3,
and 4.

(2 The boundaries are smooth lines that do not necessarily
accomplish microzonation.

{3y The relative design acceleration for the five zones 4

through O is in the proportion 1 : 3/4 1 3/8 1 3/16 @ O,
respectively.

There ars other maps with these characteristics. The Subcommittes

on Standards for Buildings preferred this particular map over the
current UBC map because it was developed on a basis of consistent

risk across all zones and over the NEHRF "Effective Feak Acceleration”
map becauss it accounts for the effect of large, distant earthquake

on tall buildings. The map is the same as that used in ANSI

ASB.1 and similar to the one proposed by SEAQC for a UBC Code change.

It is eupected that improvements will be made in the map as
knowledge is accumulated in the extensive research programs
ongoing in seismic hazard assessment. It should be expected that
individual site evaluations will vary with regard to this map,
because it is not possible to microzone with such a microzone

with such a map. Thess variations may be particularly significant
in the zones of highest seismicity. Various catalogs are
available that correlate the seismic hazards in cities of

interest around the world with the seismic hazard zones used for
design in the United States.

Some buildings will be located on sites for which a comprehensive
site evaluation will have been performed, and thus a site-specific
value for design ground acceleration will occasionally be
available. It is not possible to micrazone on the map included
in these guidelines and thus, in many instances, such site
speciftic accelsrations may not be squivalent to the ground
acceleration implied by the map. The relation to obtain a

zone from a value of site-specific ground acceleration is
provided for such buildings. Such a relation is necessary for
the proper application of detailing requirements that depend on
the zons even though the seismic forces on such buildings will
normally be calculated directly from the site-specific ground

Cit



.—celeraticn. The relation for the conversion is based on the
sSu xpt1gu that the design ground motion would bave, roughly, a

. 002 chance of bzing exceeded in one yesar. For approved site
evaluatians based on a diffprent probability of esrthguake
aoccuraents, the values in the table should be adjusted
accordingly. The assumption corresponds to the basis for the map
in this document.

.m ;',H

'..a

Cl.4.2 Occupancy Hazard

The categories of occupanciss in this section are the same as in
s2ction 2212(k) and Table 23-K of thes UBC with theses exceptions:
pnwer stations and other =mergency wutilities are added to the
=senti=l category, and buildings in which the occupant’'s
v i3 restricted or impaired or in which the contents are
s arae added Do the hiagh risk category. The term "high
ility" is mew in this document but its definition {see
on commentary) i3 the save as the description of the use

vee matter. For example,
concern than &

oy Importance can be a relati
: pxiics stations miaht be of less
nEadguarters building. Similarly, all hospitals may not be of
importance. The single hospital that provides the only
ice in & large isolated area is 3 critical resouwrce.  Butb 2
hospital that is one of many may, if necessary, transfer its
viceas to othesrs. In some instances; 2 small nursing home may
ﬂatrme eitical. DBeneral guidance on thase matters is outside
e sonps: of these guidelines Local emsrgency plans may be the
2t appropriate mearns of attasckinlg such matters.

C1.5 ALTERNATIVE FROVISIONS

This provision is nenersl and i3 intended to allow new
antd/or innovative asystens and means of analysis not covered in
the guidelines to be used i+ they satisfy the designated ‘
authority as to their level of satety. Similar provisions are
found in Bection 2F12(a) of UBLC for materials and Section 2312(1)
of UBC for analytical methods.

0
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TABLE C1 - APFLICABILITY OF RERUIREMENTS

Zone Joccupancy Impnrtgace Factor
I
o (al {al (=)

1 ih? {5l thl
2 fh) tc} {cs
3 (c}‘ {c) (c)+(d)

4 E=} (e (e)+4id)

no reguirements apply

bazic structural resistance reguired

provisions consistent with current practice in California
reguired, including upgraded duoctility, nonstructural
component resistance, and improved guality control

spacial site svaluations reguira or some bul ings
e 1 t 1 b q d + building

madal analysis required for some buildings



C2. GENERAL REQUIREMENTS

s document is intendsd to be sslf contsined with regard to
Smig design reguiremsnts. Thus this chapter contains general
’5'3": that might apply to ail aress of design and not just

o ﬁgcaruxngly they would be found in the general

nts of a building code and not specificzlly in a chapter
design.

CZ.1 GENERAL PERFORMANCE REGQUIREMENT

requirement is essentially the same as the
the sgismic provisions in UBC Section 2312(a).

camppt Lo Ione O merely gives {tormal recognition to
gresent practice, although designers would be well advised to
satisty the intent of Section Z.1.1 ot these guicelines even in
Zone O, parbticularly for important structures.

C2.2 SITE PLANNING FOR NMEW BUILDINGS
CZ2.2.1 B8Site Evaluation Study
This sechtion is guite similar to the present practice of the

Army, Mavy, Alr Force, and the Veterans Administration. The
requiranent 1s not arbitrarily applied to all essential

fzoilities in high risk zones for resasen of economics.  The cost
of the site evaluation could ercesd the cost of the building for
vaery smaill important structures such as some fire stations,; which
wmight nob e the most efficient wayvy of providing the additional
Feliability desired. Mor should the reguiremsnt for all
iiitals be arbitrarily sxtended o all medical bhuildingss
nnics and other small medical facilities may be provided with
itional safetv without resorting to full site evaluations.
s, the designated authority is called upon to judge sach cass
o its pwry merits. Frocedwres for carrvying out site evalustion
stimiaes 2 guidelines for the spproval of site evaluation
studie > desoribed in TR-Z, "Evaluation of Fotontial Surface
Faulting and other Tectonic Defarmatiuﬂ;‘ TR-3, "Evaluation of
Earthguake—Induc=d Groungd Failure;" TR-&6, "An Introduction fo
Technical Issues in the Evaluation of Seismic Hazards for
rihgquake—vresistant Designi” and TR-8, "Tsunamis: Hazard
sfinition and Effects pp Facilitiss® all publiishsd by the Inter-—
. Fe
5

Tl
Pomaihtes on Seismic Safety in Donstructi on.

C2.2.2 Gite Limitations
dobhs that the reaguirement for siting essential facilities to
g ¥
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2 ruptuars due tp fault displacement does not apply to
1 facilities for which no site evaluation study is
Various enginesring solutions for liguefaction,
ubsidance problems sxist, but ro criteria are
guidslines. Ths IC55C manuyals previously

-

=
de =ome information on these subjects.

o% these guidelines deals with design. This section
tab:lishes ths applicability of the design reguirements
' a ztandard amount of documentation to confirm

with the raguirements.

CZ.4 CONSTRUCTION

e of gquality asswance cannot be over tated.

= general guality assurances programs; this
supplements, but does not replace, those ﬂgancy
5 in tha higher seismic zones for issues of special
apismio safebty,

noiss b

£2.5 EXISTING BUILDINGS
Z2.5.1 Alterations and Repairs

These guidelines contain limited criteria for sxisting
bL;lﬁIHFS, Futwure reports by the ICSS8C will include more detail
b ect. The UBC reguirement in Section 104(b) +for
1ldings is rather different and is guoted below:

ions, alterstions or repairs may he made to any
g or structuwe without reguiring the existing
viitding or structure to comply with all the
=quivaments of this code, provided the addition,
alteration or repasir conforms to that required for a
new bullding or structure. Additions or alterations
sha
b

11 not ke mads to an existing building or structurs
ich will cavse the existing building or structurs to
e in vidlation of any of the provisions of this code
nor shall such additions or alterations cause the

exizsting building or structure to become uwnsafe. AR
Ry ‘¥e condition shall be deemed to have been created
i% an addition or alteration will cause the existing
Liid o structure to become structurally unsafe or

d; will not provide adeguate sgress in
2 will the provionons of this code or will

]
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nixstruct existing sxits; will create a fire hazard: will
raduss requirad fire resistance or will otherwise crzate
conditions dangerous to human life. Any building so

alzaraed, which involves a change in use or ococupancy, shall
ot exceed the heighty, number of stories and area permitted

For naw buildings. Any building plus new additions shall

not sxceed the height, number of stories and area specified

for new bullidings. Additions or alterations shall not be

made to =n existing building or structurese when such existing

Guilding or structures iz not in full compliance with the

cdonions of this code except when such addition or

ing no more hazardous based on life safety, fire safsty
and sanitation, thamn before such additions or alterations
e undertaken.

~

2.85.1 is taken from ZILZ2(51268 of the

her portions of the building and thus

£2.5.2 Changes of Use or Location
FI i imilar to intent and wording of UBC Section
G4 (e} which says "Buildings or structures moved into or within
: e i tion shall comply with the praovisions of this code
dings or structures” axcept that change of use is
guirement.

ot
i
]

1

Feration will result in the sxisting building or structure

ngthening one portion of a building could



C3. STRUCETURAL DESIGN CRITERIA

Chapter Z - includes the governing criteria for the structural
portions of 8 building. Reference is made to Chapter 4 for the
determinastion of the force sffects of seizmic ground shaking, to
Chapter 5 for the basic standards for proportioning structural
conponants, and to Chapter 6 for special details important to
asszure the assumed behavior of the seismic force-resisting system
in an earthguake.

Ca. SEISMIC FORCE-RESISTING SYSTEMS

Th= ground motions cbserwved in past large earthquakes are grezater
than those corresponding to the forces prescribed in this
af - for in any othzr current standards for ordinary

HES) . In spite of discrepancy between real and implied
stions, many buildings designed according to the UBC and
ztandards have porforamed well in past earthquakes. The
force-resisting systems described in some detail in this
sre based on UBD Section 2312(3) and UBC Table 23-1.
fher2 13 no intendsd contlict between these guidelines and the
UBC., However, it is intended that the organization of the
material will clarify the systems and selection of K—factors.

=t al factors that contribute to this successful
=, but ductility, the ability of a structure to bhe

nd its slastic limit, is probably the most important
carge sarthguakes will Drdlnarily subject some portions
ot a building to repeated cycles of inelastic strain. Thus, it
i= important for a designer to define a seismic force-resisting
=vatem. The seismic force-resisting system must be designed and
constructed thh spacial attention so that it will maintain its
resistance while undergoing the repeated cyeles of inelastic
straining caused by strong ground shaking.

force—-resisting system will frequently be a subset of
structural system. For example, in a building with
sents i sach direction, a few in esarh direction might
nated as ssismic force-resisting and designed as ductile
£1O eszisting space frames or as braced frames. Although it
WO t ke a common oocurrence, it is possible for a designer
tm us2 a two-level approach in this. In such an approach,

te more rlgld vet less ductile than the designated
g system are considered sffective in
Such componesnts may not b2 used to satisty
of Z.1.3, but may be used to satisfy the
Z.1.4.

Ci7



C3.1.1 Integrity

This reguirement, taken from the NEHRF provisions, is very
elementary, so much so that its cansideration is recommended even
in Zone O where seismic design consideration is not required.

Movement of the ground beneath a bullding generates inertial
forces dug to smach mass within the building, because the building
responds as an integral unit in the motion. This provision
simulates the effect of these inertial forces by specifyving
gquivalent seismic forces to be applied at each story. This
requirement Feminds the designer that the simulation is complete
only when the specified seismic foroes are carried back into the
ground, which is the "final point of resistance.! Conspicuous
failures of building components in past sarthquakes can be
attributed to the lack of a complete and continuous path of
structural resistance foar seismic loads.

£3.1.2 System Response [lassification

zismic force-resisting systems possess different degrees of
LcLility, damping, redundancy, stc. These i1mportant
characteristics affect the level of inertial force generated by a
given ground motion and level of safety for a given level of
force. Therefore, different seismic force coefficients and
datailing rules are specified for various tvpes of seismic
force—resizting systems. The four classes defined in this
section are taken from the UBC. The exact description of the
systems is slightly differgnt than in the UBC, but the changes
are only an attempt to clarify the classification. The SEAQC
Commentary grovided the basis for discerning the intent of the
original classification.

EZL i

Haveral features of the classification dessrve comment. The
first decision in classifying a building concerns bearing walls.
This decision often requires experienced judgment. Buildings in
which "a significant fraction of thes gravity load is supported on
bearing walls" must be classed as a "Box System” in each
principal direction. The presence of minor load bearing walls
{(for example; around a stairwell within one bay of the frame)?
does not mean that a building must be categorized as a "Box
System" i+ the overall response of the building is not
significantly influenced by the walls. The smismic
force-resisting system of "Box Systems,” will normally include
the bearing walls functioning as shear walls plus any other
desigrated components. Buildings that are not classed ss "Box
Systems" may be classed separately about their two principal

AW ED.

gie



The second important decision regards the use of ductile
mamaent-resisting space framez in the designated ssismic
forca—raesisting system. Becasuse rigid =2lements may =sxist in
build: ngs without being a part of the designated seismic
furce--resisting system, it is possible for a building with both
ductile momz=ni-resisting space frames and shear walls {(or braced
frames: to e in any of the three remaining classes, as follows:

1) where the designated seicomic force-resisting svystem
Lr nnly the ductile moment-resisting space frame,
i1s corrects

—

=3 where the designated seismic force-resisting system
includes both types of components and where the
relative strengths of the two types of components
satisty the requirements of bBection 3.1.3, K = 0.80 is
correct:

=y otherwisz, K = 1,00 is correct.
The classification of such buildings becomes quite complex when
the two levsel approach mentioned in the commentary on seismic
force-resisting systams is adopted.

1 wvariety of seismic force-resisting systems is included in

uilding Frame System” clazs, such as shear walls, braced
%ramua, arches,; momsnt-resisting frames that do not meet the
uctility requirements of chapter &, etc.

7
special o

ces restrirtions on the class of seismic—-force
ms allowsd for tall buildings in Fones L, %, and
o done in UBD Section 2T1243).

Z.1.3 Strength

Thi=z provision is consistent with the UBL, Table 23-1 is the
sourcs.  The intent is ta continue pre:ent U practice
unchanged, which generally means 1nrrmaslng the allowable stress
by 1/Z% when considering the effects of seismic forces. Increases
in allowable stresses and factors for the combinations of loads
are specified in the material design standards refsrenced in
Chapter 5.

!
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C3%.1.4 Stiffness and Building Separations

Although the number lnoks quite different, these requirements are
gssentially the same as Section 2312¢(h) of the UBLD. Drift limits
area -impoased on the basis of experiesnce and judgment. The
principal reasons are toe ensure that the stiffness i1s large
enough to prevent stabiiity failures and to control life hazards
resulting from the failure of brittle nonstructural elements such
a5 windows. In both cases the protection provided by the
specifiad drift l1imit is only approximate. An addad, but not
primary, reason for the drift iimit is to reduce damage and
repats Ccosts following moderate earthguakes. The designer shouwld
rracagnize that the actual deflections and dritis will be larger
than those caleculated on an elastic basis, dus to the inelastic
straining of the seismic force-resisting system. The SEAQC
Eommentary states that the real deflections will excesd the
caloulatad slastic deflections by a factor of 3/K. Thus, the UBC
Timit of 0,005 times the story height is simply a2 nominal valus
applied tn the elastizc deflections. Thea SEARC Commentary further
atdvises that the anticipated real deflections rather than the
2lastic deflections be ussd in determining the distance necessary
for structural separation joints. I order to avold confusion
angd reduce the number of computations, all deflections and drifts
are multiplied by 3.0/, but with 3.0/ not less than 2.0 {in

A A7y angd the drift limit in Section 3.1.4 is correspondingly
changed by a factor of 2.0 from 0.005 to 0.015.

C3.1.3 Overturning Stability

This reguiremsent 13 the same as that in section 2212(£) of the
HED, sxcept that wingd is not mentioned, for the reasons stated in
Cl.1. Overturning stability has rarely been a problem in real
buildings subject to sarthguakes. The calculated overturning
moment is likely to be conservative because these provisions do
not sccount for the rocking of a bullding on 1ts foundation, the
lengthening of the period of vibration due to inelastic eftects
below ths base and in the soil, the contributions of the higher
modes of vibration {except in Sectiocon 4.4.4 for ta11 buildings),
and other zimilar factors which tend to reduce the real
overturning in the building. Therefore, no margin of safety is
called for between the overtwning and resisting moments.

C2G



3.1.6 Height

The requirem=nt is essantially the same as Section 2312(5)1B of
the UBLC. Its impact is that buildings aver 1&0 fest high in the
specified zones will have structural systems that gualify for a K
valua of G.&7 or 0.80.

C3.2 OTHER STRUCTURAL ELEMENTS

[T 1

smic ground shaking affects the entire structural system, not
t bhe ignated s=sismic force—resisting system.  These

fecls are nrimarily of two types, the inertial forces dus to

& mass of the structural element and the distortions the
Fuctural slement experiences as the seismic force-resisting
vatems raaponds to the ground shaking.

t

[l
ﬂ' ot A
),

o

a2 Other Structural Elements

CZ.2.1 Gtrength and Anchorage

This qpiirement is based on Section 23124{(g) of the URC. It
aprlics in Zone 1, just aes the basic reguirements for the seismic
force-resisting system in Bection Z.1. The increase in allowable
stresses by 1/3 npormally permitted in refersnce standards for
seismic farces is applicable whasn satisfving this requirement.

C2.2.2 Compatibility

This reguivement is taken frnm Section 23120310 of the UEC. The
distortion specified in Section 4.4.7 (which includes the
amplification by the factor Z/E) is intended to include both the
ductility of the seismic force-resisting system and the F-delta
sffert, a5 indicated in the BEDAC Commentary.

C3.5 FOUNDATIONS

C3.3.1 Soil and Foundation Capacity

This reguirement is very performance oriented, by necessity. It
is not possible to develop specific provisions at this time
because soil and foundation conditions for builldings exhibit such

& wide variety. The wording used is guite similar to the NEHRF
provisions. The intent is to cause the geotechnical engineer and

cZ1



the foundation engineer to be cognizant of the differing effects
of ground shaking on the propertiss of various soil types when
gstablishing the allowable bearing pressures and other design
criteria for load combinations involving =sarthguake. The
pertormanceg objectives arsc to avoid bearing capacity failures and
tor avold settlements so severe as to cause failure of the
structural system of the bullding. The reguirement should not be
interpreted to imply that soil-structure interaction analvyses are
necessaryy such analvses may be useful for special types of
structures with specific soil and foundation conditions, but that

JEog,

s an iszue to be decided agn a case by case basis.

e

- w =

FT.3.2 Structural Ductility

this provision indirectly indicates, the base and the
undation of a structure need not bz the same entity. For a

i lding with one or more levels below grade in which the levels
below grade are considerably more stiff than the levels above
grade and the spil arocund the basement levels is not
exceptionaily soft, the base can be considered to be at grade,
hecause the most acL|rate simple model is to consider that the
rigid substructure moves with the surrounding ground in imparting
the asotions to the superstructuwe. On the other hand, bulildings
in which the soil arcund the basement levels is exceptionally
spft are more accurately modeled by considering the base to be at
the foursdation level. For thosse buildings in which the bhase is
above the foundatiorn, it is only reasonable that thes ductility of
the seismis farce-rasisting system bhe continued to the

foundat ion.

=k T
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C4. STRUCTURAL ANALYSIS FROCEDURES

This chapter providez for the calculation of seismic loads and
their effects. The SEAOC Commentary is a valuable resource for
better understanding of the provisions in this chapter. The
reader is refaerrad to that resource.

C4.1 REQUIRED METHOD FOR SEISMIC-RESISTING SYSTEMS

The minimum level of analysis, contained in Section 4.2, ic the
same as UBC except as noted and is thought appropriate for most
buildings. The modal analvsis, contained in Section 4.3, is
somewhat similar to the MEHRF provisions and is appropriate for
multistory buildings that are not unifora throughout their
heighit. This provision of analytical procedures for irregular
buiidings should not be inferred to encowrage such buildings.
Indsed, because such buildings have been shown to be more
vulnerable in past earthquakes and because their response is
consiiderably more difficult to predict, irregular builldings are
discouraged.

t should be noted that soil-stiructure interaction analyses will
generally have the effect of reducing the forces and incrsasing
e deflections in the structure. In some instances, secondary
gnmetrical effects resulting from the increased deflections will
rave the effect of a2 n=t increase on the forces.
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C4.2 ELASTIC STATIC LOABD ANALYSIS

Section 4.2 is based on Zecltions 2312{(d) and {(2) of the LREC.
Unless otherwise noted herein or elsewhere in this document, the
sama equations, meanings, and limits are used in both these
guidelines and the UBC.

C4.2.1 Base Shear

This section combines bBections 23137 (d) and (2) of the UBC. An
additional provision for determining Z is provided for those
buildings on sites with an approved site evaluation. This is
simply a means of calibrating the spectrum for base shear to the
site acceleration. If the site accelieration is greater than 40
percent of gravity, the resulting 7 will be greater than 1.0.
This £ value is reguired for detsrmining ductility reguirements.
FPermansnt loads that are fixed to the structure, such as some
types of computer instailations, should be included in W. When
dealing with liquids, W should be the weight of the effective
MASS .

C2=



Cd.2.2 Period of Vibration

The enuations for calculating the period ars the same as given in
the WBD Section 2T12Z2 d). Eguations 4.7 and 4.4 are approdimate
and are bas=d on the periods found in actual buildings. The use
of a proper analysis for the period is sncouraged, but & limit 1s
placed on the result in order to prevent the use of periods
signiticantly larger than chssrved in real buildings. Use of
unrealistically large values for the period resulits in low and
safe valuss for the base shear. UBC doss not contain such

mits. The limit used in theses guidelines is the same as that
HEEG in ANSI AS8.1 which usss the same set of formulas for
determining the period.

C4.2.3 5Bite Coefficient

Two alternative methods are presentsd.  Hoth methods are
EfECl%;Ed in the 1985 UBRLC Section Z31Z2{2). Method A has been
used for several yvears in the highly seismic areas of the
countrvy. It requires the determination of a valus {for the site
pariod, for which SEAQOC Standard No. 1, "Determination of the
Characteristic Site Pericd, Ts" is recommended (also published as
UBC Standard No. Z23-1).

Maethod B was incorporated in UBC in 1985 sfter appearing in an
gariier draft of these guidelinss. In this method, 50il Frofile
Tvne % is specified for sites at which the soil properties are
not Enown in detail. Thi< may be conservative since the designer
wotlod possibly be awares of the soil properties at sites actually
fFitting Soil Frofile Typs I hecauss of the likely need for deep
or specisxl foundations. The MEHRF Provisions specifiss Soil
Frofile Type & for this case while ANSI 458.1 specities that the
moil profile resulting the larger valus of the product C5 be
SEC .

C4.2.4 Vertical Distribution of Forces

The provision for irregular shapes or frames is based on the
cambination of UBC Sectionsg ZET1I2(2)2 and =, The provision for
regular shapes and framing systems is based on UBC Section
2IZ12¢{z=3¥1.,  The provisions are the same.

istripution is based o builldings in which the

. and strength are relatively consistent from one
The proceduress pf 4.3 will account for the
gncy in stiffness and mass, but more

vses ara reguired for substantizal differences

‘t"

lack f nuﬁh consist
sophist:cated anal
in strength.



C4.% ELASTIC DYNAMIC LOAD ANALYSIS

This analysis is only applicable to sultistory buildings. The
UBL has no provisions for dynamic analysis. Accordingly, the
provisions are based on the NEHRP procedures for modal analysis,
although they are not as detailed. The intent is to establish
the basic limits Ffor such analyses rather than to completsly
:p:rlfy a methnd. The design spectrum is not from the NEHRP, but
=imply conzistent with the spectrum used in Section 4.2.1.
Piheugh the combination of modes by means of the common square
af of the sum of the squares method is specified, more precise
ainations may be necessary for butildings with closely coupled
dez
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C4.3.% Design Values

The limits plac=ed on the base shear are intended to prevent
misuse of advanced analvses. The resason to use the advanced
analysis is primarily to determine the distribution of seismic
forces mare accurately, not to reduce the overall force. The 0
percent limit is an arbitrary limit which is alsc used in ANSI
A5,

C4.4 ELASTIC LOAD EFFECT ANALYSIS

Exvcoept where noted, the provisions of 4.4 are taken erm Sections
Z {er and (¥ of the UBL.

s
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C4.4.1 Shear

It is freguently useful to idealize the relative Flgldltv of
haorirontal to vertical bracing systems as "flexible" or "rigidl ™
For "flexibkle” diaphrasgms {(or bhracing systems?!, the shear is
distributed +rom the diaphragm to the vertical elements by
modeling it as a beam on unyielding supports. The amount of
shozr 1n a particular wall or frame would depend on the shear in
the dianhrangm spans that are tributary to it. There would b2 no
#ffert of continuity in the dizphragm, since the shesr strain
pormally dominates the flexsural strain in the diaphragm. For the
"rigid" diaphragm, the shear is digstributed hy maodeling the
diaphragnm as & rigid beam on vielding supports. The amount of
shear in a particular wal! would depend on its rigidity in
relation to all other walls. Buiidings with plywood deck
diaphragms and masonry ofF Concrets chear walls are normally



considered to have "flexible” diaphragms, while buildings with
concrete slabs of normal proportions without large openings are
novrmally considered to have "rigid" diaphragms. Where the
horizontal and vertical bracing systems have equivalent
rigidities, a mora complex analysis is reguired. For such cases,
it is normally accepteble to conduct two simple analyses, one for
ach of the previously described extremes, and usa the more
conservative values for design.

il

C4.4.2 Horizontal Torsion

In consideration. of the commentary on 4.4.1, the phrase, "Where
the vertical resisting =lsments depend on diaphragm action for
hear distribution at any level,” can be interpreted as "where
the horizantal bracing systems cannot be characterized as
"flexibls o™

ifi
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Cq4.4.4 Overturning

he section is taken from the UBC Section 2312(+4). Other
approaches ave bssn propossd such as that in the NMEHRP and ANSI

S
i"i-,)g'-s 1: -

C4.4.5 Orthogonal Effect

This provision is similar to the BMEHRF provisions and is
currently used by the Veterans Administration. Vertical elements
at or ngar the corners of buildings are a typical example of a
component that is wutilized in both directions and would be

ected by this provision. For conventional rectangulsr

i r with horizontal and vertical framing, the beams,

e 5, diagonals of individual braced frames, and shear walls
ot continuwous With orthogonal walls are examples of components
hat are wtilized in only one direction for seismic resistance.

t is not the intent of this section to require a great amount of
®ira calculstion.
Althounh the direction of Force 1s critical for some types of
structures, such as four legged towers, independent analysis on
the two principal axes is sufficient for buildings, given the
special grovigion Iin this section for combining orthognal load
effects,

hy
|
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C4.4.6 Vertical Motion Effect

Mo prﬁv'gi:ﬂ +ar ical motion is in the UBC. Similarly, no
analysis iz provided for the vertica! motions of ground shaking
in those guidelines, sxcept for the approsimation introduced in
this saction for cantilevsr members and prestressed members.
This approximstion praovides some degree of conservatism for
membar= hhat might be particularly sensitive to the effects of
i motion and is one that is being currently used by the
Administration.

-

-

Mors sophisticated provisions are containesd in the MNEHRF
Provisions.

C4.4.7 Displacements

The amplification of the displacements by 3.0/K 1o different than
in the URC, which specifies 1.0/, The SEADC Commentary states
that the ra:l displarements are likely to be about 2.0/, and the
UBC us=s this $attﬁr in zome pravisions. As gxplained in Section
Luu1n4, the amplification by 3.0/8 is used throughout in these
guidelines, but Z.0HW shall not be less than Z.0.

C4.5 ANALYSIS OF OTHER STRUCTURAL ELEMENTS

o 3= o Y of the IBC sxcept for the
iiam interconnection force, which is taken from ths NEHRP.

e
£27
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3. DESIGN AND CONSTRUCTION STANDARDS FOR STRUCTURAL MATERIALS

-4

i1}
i

2 guidelines make reference to widelv accepted national
ndards for design and construction provisions for specific
tural materials.  This is in keeping with both the current
e of Federal agencies and Federal policy as set forth in
A-117 of the Bffice of Managemant and Budgel. In many
cus the materials’ provisions in the UBC are derived from
zame national standards. Thus, the spplication of this
e shouwid producres results similar to present practices and
b UIBG.
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visions to thesse Ed tlDﬁb should be examined hy designers and

designated authorities on a timely basic.

CS.1 STEEL

The "Design Manusl for Floor Descks and Roof Decks" published by
the Steel Deck Institute does not provide allowable diaphragm
shear values for steel deck diaphragms. It is expected that the
Stes! Dechk Institute will scon adopt a standard design manual for
diaphragm construction that would include such wvalues: however,
until such a document becomses an accepted standard, the
Tri-Services Manuwal is an available source of design values for
atesl deck diaphragms.

£z



CH.4 MASONRY

Thare is more regional diversity in the design and construction
practices {for masonry than for other construction materials.
Therefore, the standards referenced for masonry tend to overlap
more than the standards referenced for other materials. The UEC
iz widely used in the West but rarely used in the East, where the
standards of ANSI, ACI, MNCMA, and BIA are more widely used.
Although uniformity has some positive aspects, uniformity in
masonry practices will not be accomplished by thesequidelines
alone. It is expected that current regional practices will
continue undar this standard, although a general preference for

the UBLC is supressed for use in the higher zones, regardless of
the geographic region.

I



E4. STRUCTURAL DESIGN DETAILS

The details of preoportioning, reinforcing, and connecting
structural members are of extreme importance in achieving
suceessful performance in earthguakes. This is because the
details have an enormous efferct on the capability of the seismic
farce-raesisting systaem to dissipate energy through ductility and
gdamping. Five widely accepted standards for structural detailing
for seismic performance are referenced at several points in this
chapter. The referencing is consistent with the philosaophy
ypressed i 53 and it has the added benefit of brevity in
theseguidelines. The designer need not have all five references
cn hand.  Because they are required by Chapter 5, he would
already have the standards of ACI and AISC on hand. The UBC,
SEADZ, and Tiri-Bervices Manual are always used as alternates, so
rno mors than one is absolutely necessary. UBC is referenced herse
because of its familiarity to those experienced in seismic design
and becausg of the convenience of its self-contained nature.
SEADC is refzrenced because it is the original source of much
zeismic provisions of the UBLC and because it is accompanied by a
valushle commantsry. The Tri-Services Manusl is referenced
because of its unigue treatment of several levels of performance
for ductile moment-resisting frames of reinforced concrete.

C&.1 MOMENT-RESISTING FRAMES
This saction is taken from Section 2312031 of the UBC.
Cs.1.2 Concrete Frames

Unless the actual drift is substantially less than the maximum
allowable drift, the repeated distortions imposed on a concreate
frame, whether it is a part of the seismic force-resisting system
o not, are likely to cause substantial cracking and spalling of
the concrete. Thus, arnvy concrete frams used 1n the =sismic
force-resizting system needs the reinforcement required for
durtile momsnt-resisting frames in order to maintain its
integrity. Likewise, any concrete frame con the exterior of a
building needs the same reinforcement to prevent spalling
hrazardous large chunks of concrete unless that building has a
vary stiff selsmic force-resisting svstenm.

E6.2 STEEL DUCTILE MOMENT-RESISTING SFACE FRAMES

This section is basad on 2312(j31F of the UBC. The following

o3



table summarizes the appropriate K factor, and thus the category
of the seismic force-resisting system, for the two common types
of staesl frames ussed as seismic force-—resisting systems:

Zone
1 24(I=1) 2(1>1) 4
Stesl frame in compliance
with section 2722 of thes UBL 0.67 0.467 Q.67 .67
Ordinary steel frame with
Joints meeting AIEC Typs 1 Q.67 D.67 1.0 1.0

C6.3 REINFORCED CONCRETE DUCTILE MOMENT-RESISTING SPACE FRAMES
This section i1s based on 2312(3)1F and 2625¢<(e) and () of the

UBL., The feollowing table summarizes the appropriate K factor for
three types of reinforced concrete frames:

Zone

1(I=1) 14(I>1) 2(I=1) 2(1-1) Z&4

Highly ductile frame mesting
section 2625 of the UBC G.&67 « b7 O.47 .67 0.&7

Moderately ductile frame meet- :
ing &-3.1 and 6.3, %% 2.67 - 0.567 * #*

Grdinary frame mesting ACI 318
without Appendix A 1.0 % ® * *#

* system not permitted
*% the UBC specifies a different K factor +or this system, Kk =
1.0,



Cé.4  BRACED FRAMES

These reguirements are taken from 231207116 and 2627 (b} of the
HUBL; the only difference is in the applicsation of the
requirements in zones 1 and 2. Higher member and connection
capacity is called for braced frames to assure the necessary
ductilizty and to reduce the possibility of non—ductile connection
failures.

t is possible to construct bhraced frames with diagonal members
nat are ineffective in resisting compression due to their

»treme slenderness. FRepeated inelastic straining of such frames
ads to very large deflections because sach cycle causes a net
increase in the length of the diagonals; the phenomenon is often
called "slap-back." Depending on the type of structure, this
behavior may be very undesirable. The NEHRF provisions effec-—
tively prohibit such bracing systems for buildings over two
stories in the highest seismic zones by requiring that the com—
piressive strength of mesbers in braced frames be at least 50
percent of the required tensile strength.

i
t
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Cé4.4.1 Required Capacity

The term "full capacity" means the true failure load for the
member, Thus strain hardening should be taken into account.

C6.5 REINFDRCED CONCRETE SHEAR WALLS

This section is taken from 2312(5}1H of the UBC, except that it
is not zpplied to the lower seismic zones.

C&.&6 REINFORCED MASONRY WALLS

The table of minimum reinforcement in masonry walls is taken from
the Tri-Service Manual and the seismic regulations of the
Veterans Administration. It is not identicsl to the UBC.

C&.7 DIAPHRAGMS

This Ssection is based on Z312{3}2ZD and 3A of the UBLC, with
zignificant simplification that is in accord with current
practice. The nesd for these reguirements was demonstrated by
several failures in the 1971 Ban Fernando sarthguake.



Cé.8 O0OPENINGS IN SHEAR WALLS AND DIAPHRAGMS
This reqguirement is roughly based on a similar requirement in the

ATL provisions. The importance of providing continuity in the
chords of plate-like slements is ofitsn overlooked.

£6.9  CONCRETE AND MASONMRY ELEMENTS

This section is taken {from 2312(5312E and 2310 of the UBLC.

C&.10 FOUNDATIOGNS
Cs.10.1 Ties Between Foundation Units

The provision for pile caps is taken from Z2312(3)ZB of the URC;
the provision for spread footings is original. In both cases the
o

m

o Wom

oncarns are to assure that the foundation transmits the ground
otion uniformly to the structure and to allow adiacent
foundation units to participate in sharing lateral force
overloads.

46.10.2 Pile Cap Connections

The NEHRF provisions require the connection betwsen thes pile cap
arnd the pile to be reinforced. UOne reason for a minimum tensile
capacity, szparate from consideration of overturning resistance,
iz vertical ground motions. The reqguirement given in this
section is roughly sguivalent to the NEHRP requirements, but it
is stated in a pertormance—oriented fashion rather than in a
series of prescriptive reguirements for various types of piles.

L6.10.3 LConcrete Files

In addition to the nesd for tensile capacity implied by the
preceding section, piles also need a minimum level of ductility,
particularly near the top. Once again, these provisions are
similar to the NEHRF provisions, although they are less

detailed. nNote that some types of metal casing might substitute
for one type of reinforcement, but not the other. Some
corrugated casings might fulfill the function of the transverse
reinforzement without fulfilling the function of the longitudinal
reinforcement.

-
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E7 NONSTRUCTURAL DESIGN RERUIREMENTS
E7.1 ANCHORAGE FOR INERTIAL FORCES

This section is based on 2312(g) of the URCD. One difference is
that consideration of nonstructwral componsnts has been separated
from structural components in this document. The ATC provisions
give some guidance on ducts and piping that are small enough so
that spocial seismic restraints need not be designed. The
Tri—-Services Manual and the Gensral Services Administration’s
Dasign Buidelines for Earthguake Resistance of Buildings both
gives specific recommendations forr the anchorage and protection
of nonstructural components.

C7.2 DISTORTION COMFPATIBILITY FOR EXTERIDR PANELS

This section is the same as 2312{(i)3C of the UBC. In discussing
a similar provision, the SEAOC Commentary notes that the force
specified for fasteners attaching the connector to the panel or
the structwe shall be taken in any direction, not just
horizontal, and that it need not be combinsed with other forces.

C7.5 PROTECTION AGAINST SECONDARY HAZARDS

Thi

1]

provision is bhased on a similar provision in the ATC.

C7.4 FUNCTIONALITY OF ESSENTIAL ELEMENTS

This provision is also based on a similar provision in the ATC.

Full consideration of design for functional capability
immediately following a major earthguake is beyond the scops of
iz standard.

C7.3 REINFORCEMENT OF CONCRETE AND MASONRY

This section is the same as 2F12{3)3C of the UEL. It requires
tha same minimnum reinforcement in zones 3
-~ -

2 and 4 for nonstructural
components as &.9.1 does in zones 2, 3 and 4 for structural
components.



C8 CONSTRUCTION RUALITY CONTROL

This chapter is loosely based on section 306 of the UBC. The
intent is to cover those items whose successful performance in an
garthquake is strongly dependent on sound gquality control. It is
not the basis for a complete quality control program, but should
supplement existing agency programs.

C8.2 REAUIRED SPECIAL INSFPECTION

In identifying the needed special inspection, the standard

follows the UBC particularly closely. Although there is no

universal agreement on the subject of special inspection, there

is no intent to create new prablems with this standard. It
should be noted that continuous special inspection is not

‘ synanymaus with full-time inspection.
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