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Nuclear facilities are defined as facilities that pro-
cess, store, or handle radioactive materials in a form and
quantity that pose potential nuclear hazard to the work-
ers, the public, or the environment. Due to the risk asso-
ciated with such hazards, it is desirable that nuclear fa-
cilities have a lower probability that structural damage
will be caused by earthquakes than do conventional fa-
cilities. This Standard provides seismic design criteria
that are more stringent than normal building codes. The
goal of this Standard is to ensure that nuclear facilities
can withstand the effects of earthquake ground shaking
with desired performance, expressed as probabilistic
Target Performance Goals. Design for other earthquake
effects (such as differential fault displacement and seis-
mic slope instability) are not covered by this Standard.
This Standard is intended for use in the design of new
facilities and is to be used in conjunction with other na-
tional consensus standards specified herein.

This Standard can also be used for facilities han-
dling explosives, toxic materials, or chemicals; for fa-
cilities where safety, mission, or investment protection
are concerns; and where more stringent seismic criteria
than provided by building codes are desired.

This Standard is intended to be used with ASCE 4,
which provides criteria for seismic analysis of safety
related nuclear facilities Structures, Systems and Com-
ponents (SSCs); ACI 349 for concrete structures; AISC
standards for steel structures; ASME standards for me-
chanical systems and components; IEEE standards for
electrical systems and components; and ASCE 7 for
minimum non-seismic design loads for buildings and
other structures. This ASCE Standard specifies seismic
load combinations.

This Standard uses the Target Performance
Goal–based seismic design approach documented in
U.S. Department of Energy Natural Phenomena Haz-
ards (NPH) standards. This Standard is also consistent
with the philosophy used in the National Earthquake
Hazard Reduction Program (NEHRP) for seismic miti-
gation of new and existing facilities. The Standard uses
input from ANSI/ANS Standard 2.26 to assign Seismic
Design Categories (SDCs)* to SSCs. It provides re-
quirements for determining design basis seismic load-
ing using input from ANSI/ANS Standards 2.27 and
2.29, and it prescribes design criteria that are tied to
structural Limit States.

ANS 2.26 employs a graded approach to ensure
that the level of conservatism and rigor in design is ap-
propriate for facility characteristics, such as hazards to

workers, the public, and the environment. ANS 2.26
specifies five SDCs for classifying SSCs based on their
importance and failure consequences. Each SSC has a
specified numerical Target Performance Goal. ANS
2.26 also provides descriptive criteria to assist the de-
signer in selecting an appropriate Limit State for use in
the design of SSCs. Four Limit States are defined—A,
B, C, and D—where A is short of collapse and D is es-
sentially elastic behavior. This Standard specifies de-
sign criteria for load combinations, including earth-
quake ground shaking (i.e., stress, displacement, and
ductility limits), such that these Limit States are not
exceeded.

The combination of SDC and Limit State defines
the Seismic Design Basis (SDB) for each SSC. Thus,
an SSC with SDB-3C would use criteria for SDC-3
and Limit State C. A total of 20 SDBs are defined in
ANS 2.26 that can match seismic design criteria to
SSC safety function and importance, implementing a
graded approach.

SDBs defined by SDC 1 and 2 are covered by the
approach presented in ASCE 7. This Standard presents
design and analysis requirements for SDBs defined by
SDC 3, 4, and 5 and all Limit States. The approach
presented for SDC 3, 4, and 5 has been adapted from
that used in the U.S. Department of Energy Standard
1020, ASCE 4, and the U.S. Nuclear Regulatory Com-
mission Standard Review Plan (NUREG-0800).

The intended user of this Standard is the designer
or analyst involved in the design of a new nuclear
structure, system, or component. The Standard is in-
tended to provide a rational basis for the performance-
based, risk-consistent seismic design of SSCs in nu-
clear facilities. Designers once were initiated into the
field of probabilistic design by being taught that seis-
mic performance categories for SSCs were established
by DOE-STD-1020-94 and subsequent revisions. Each
performance category was tied to a probabilistic per-
formance goal that represented a target annual fre-
quency of seismic-induced failure. However, these ear-
lier design codes did not allow designers the freedom
to select a Limit State (the permissible deformation
limit for the SSC established from functional consider-
ations). There has been a movement within the struc-
tural engineering community to give designers free-
dom to select the desired state of the facility following
the Design Basis Earthquake (DBE, defined in ATC-
40, FEMA 273 and FEMA 356, SEAOC-Vision 2000,
and ASCE 31). The traditional design Limit State of
providing life safety can now be expanded to include
nuclear confinement, remain fully functional, or mini-
mize operational loss.

FOREWORD

* In this Standard, the term “Seismic Design Category” has a differ-
ent meaning than in the International Building Code and ASCE 7.
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AI Arias intensity
AR Ground motion ratio
ACI American Concrete Institute
AISC American Institute of Steel Construction
AISI American Iron and Steel Institute
ANS American Nuclear Society
ANSI American National Standards Institute
APE Annual probability of exceedance
ASD Allowable Stress Design
ASME American Society of Mechanical 

Engineers
ATC Applied Technology Council
AWWA American Water Works Association
B&PVC Boiler and Pressure Vessel Code
C Capacity determined in accordance with 

building codes
CMAA Crane Manufacturer Association of 

America
COV Coefficient of variation
D Total demand; also, distance to 

controlling earthquake; also, peak
ground displacement

DNS Non-seismic demand
DS Elastic seismic demand
DBE Design Basis Earthquake
DF Design Factor
DOE U.S. Department of Energy
DRS Design Earthquake Response Spectrum: 

DRS � DF � UHRS
EBF Eccentrically Braced Frame
EES Earthquake Experience Spectrum
ENA Eastern North America
EUS Eastern United States
EPRI Electric Power Research Institute
LRFD Load and Resistance Factor Design
F� Inelastic energy absorption factor
F�S System inelastic energy absorption factor
FEMA Federal Emergency Management 

Agency
FS Factor of Safety
GIP Generic Implementation Procedure
HD Mean annual hazard exceedance 

frequency: HD � RP � PF

IBC International Building Code
IEEE The Institute of Electrical and Electronics

Engineers, Inc.
K Capacity increase factor
LS Limit State (A, B, C, or D)
M Magnitude of controlling earthquake
Ny Nyquist frequency

NEHRP National Earthquake Hazard Reduction 
Program

NEMA National Electrical Manufacturer 
Association

NEP Non-Exceedance Probability
NFPA National Fire Protection Association
NPH Natural Phenomena Hazards
NPP Nuclear Power Plant
NRC U.S. Nuclear Regulatory Commission
PC Performance Category
PF Mean annual frequency of unacceptable 

performance (Target Performance
Goal)

PGA Peak Ground Acceleration; A is also used 
for Peak Ground Acceleration

PSD Power Spectral Density
PSHA Probabilistic Seismic Hazard Assessment
QA Quality Assurance
RP Probability Ratio: HD / PF

RBS Reduced Beam Sections
RRS Required Response Spectra
SAf Spectral Acceleration at natural 

frequency, f
SAPEAK Peak Spectral Acceleration
SAM Seismic Anchor Motion
SDB Seismic Design Basis
SDC Seismic Design Category* (SDC-1, 

SDC-2, SDC-3, SDC-4, or SDC-5)
SF Seismic Scale Factor
SMACNA Sheet Metal and Air-Conditioning 

Contractors National Association
SMRF Special Moment-Resisting Frame
SQUG Seismic Qualification Utility Group
SRSS Square root sum of squares
SSC Structure, System, or Component
SSE Safe Shutdown Earthquake
SSI Soil-Structure Interaction
Tsm Strong motion duration
TES Test Experience Spectrum
TRS Test Response Spectrum
UHRS Uniform Hazard Response Spectra
USGS U.S. Geological Survey
V Peak Ground Velocity
ZPA Zero Period Acceleration
� Parameter used to determine Design 

Factor
� Capacity reduction factor

ACRONYMS/NOTATION
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ACCELEROGRAM. A representation (either
recorded, modified recorded, or synthetic) of the accel-
eration of the ground during an earthquake. The ac-
celerogram contains acceleration and time-data pairs.

RECORDED EARTHQUAKE
ACCELEROGRAM. A time-history record of ac-
celeration versus time that has been measured by a
strong motion instrument during an earthquake.

MODIFIED RECORDED EARTH-
QUAKE ACCELEROGRAM. A time-history
record of acceleration versus time that has been
produced from a recorded earthquake time history,
but in which the Fourier amplitudes have been
scaled such that the resulting response spectrum
envelops a target response spectrum. The Fourier
phasing from the Recorded Earthquake Accelero-
gram is preserved in a Modified Recorded Earth-
quake Accelerogram.

SYNTHETIC EARTHQUAKE
ACCELEROGRAM. A time-history record of
acceleration versus time pairs that has been pro-
duced so that the resulting response spectrum en-
velops a target response spectrum.
ACTIVE COMPONENT. Components that must

change state as part of their safety function during an
earthquake.

ARIAS INTENSITY. A measure of the intensity
of ground shaking that is obtained by integrating the
square of the ground acceleration values over a speci-
fied time period. The Arias intensity is given as

AI � �
2
�

g
� 	 �tm

0
a2(t)dt

where a(t) is the ground acceleration and tm is the dura-
tion of the ground acceleration record.

ARIAS INTENSITY RISE TIME. Duration
(time) needed to produce 5% of the total cumulative
energy available in an earthquake accelerogram. If the
total cumulative energy, Etotal, is given as

Etotal � �


0
a2(t)dt

then the Arias Intensity Rise Time, T0.05, is given as

(0.05)Etotal � �T0.05

0
a2(t)dt

BACKBONE CURVE. Monotonic representation
of the nonlinear response of an element under consid-
eration obtained by enveloping the load deformation
curve of the element.

CAPACITY SPECTRUM METHOD. A
nonlinear static analysis procedure (described in
ATC-40) that provides a graphical representation of
the expected seismic performance of a structure by
the intersection of the structure’s capacity spectrum
with a response spectrum (demand spectrum) repre-
sentation of the earthquake’s displacement demand
on the structure. The intersection is the performance
point, and the displacement coordinate, dp, of the
performance point is the estimated displacement
demand on the structure for the specified level of
seismic hazard.

CONTROLLING EARTHQUAKE. The earth-
quake, for the particular return period and structural
frequency range of interest, generated from the deag-
gregated hazard analysis for the predominant magni-
tude, M, and distance, D, pair.

DESIGN BASIS EARTHQUAKE (DBE). The
description of the ground motion, defined in terms of
the DRS, to be used for design. The DBE is obtained
by following ANSI/ANS 2.27 and 2.29 for SSCs in
SDC 3, 4, or 5.

DESIGN RESPONSE SPECTRA (DRS). Re-
sponse spectra used for design. The DRS are equal to
the product of the UHRS and the Design Factor and
are defined at a control location in the free field.

DESIGN FACTOR (DF). The ratio between the
DRS and the UHRS. The Design Factor is aimed at
achieving the target annual probability of failure goals.

DESIGN TEAM. The responsible group charged
with producing the design. Typically consists of a
number of discipline-specific team members (e.g.,
structural, mechanical, electrical).

DIRECTIONAL CORRELATION COEFFI-
CIENT. A measure of the degree of linear relationship
between two earthquake accelerograms. For accelero-
grams X and Y, the directional correlation coefficient is
given by

�XY �

where n is the number of discrete acceleration-time
data points, x� and y� are the mean values, and �X and �Y

are the standard deviations of X and Y, respectively.

DISTRIBUTION SYSTEMS. A system (i.e.,
collection of components) whose function is to dis-

�
1
n� ∑

n

i�1
[(Xi 
 x�)(Yi 
 y�)]

����X�Y

DEFINITIONS

* In this Standard, the term “Seismic Design Category” has a differ-
ent meaning than in the International Building Code and ASCE 7.
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tribute material/data (fluid, signals, power). Examples
are piping, cable trays, conduit, and HVAC systems.

DOMINANT RESPONSE PARAMETER. The
mode of behavior of the structural component that has
the largest contribution to deflection. For example,
shear is the dominant response parameter for a squat
shear wall [aspect ratio (height/length) less than 2].

EFFECTIVE NATURAL FREQUENCY. The
frequency of the single mode of response that domi-
nates the structure or component response for
multi–degree-of-freedom structures.

EFFECTIVE STIFFNESS FACTOR. Modifier
(e.g., 0.5, 0.7) that is applied to the uncracked section
properties of a reinforced concrete member to account
for the softening effect that cracking has on the un-
cracked stiffness properties of interest.

EFFECTIVE STRUCTURAL FREQUENCY.
See Effective Natural Frequency.

FACILITY. One or more buildings or structures,
including systems and components, dedicated to a
common function.

FOUNDATION ELEMENT. A structural com-
ponent that is dedicated to transferring loads from the
superstructure to the supporting soil.

FOURIER AMPLITUDE SPECTRUM. A plot
of Fourier amplitude, F(�), versus frequency, �. F(�)
is the Fourier amplitude of the time history computed
over the strong motion duration, Tsm.

SMOOTHED FOURIER AMPLITUDE SPEC-
TRUM. An averaged Fourier amplitude spectrum,
computed by averaging the amplitude values F(�)
over the frequency range of �i � 20% at each
frequency point, �i, over a moving frequency
window.
FOURIER PHASE SPECTRUM. A plot of

Fourier phase � versus frequency, �.
GRADED APPROACH. (From CFR 830.3.) The

process of ensuring that the level of analysis, docu-
mentation, and actions used to comply with a require-
ment are commensurate with the following:

• Relative importance to safety, safeguards, and 
security;

• Magnitude of any hazard involved;
• Life cycle stage of a facility;
• Programmatic mission of a facility;
• Particular characteristics of a facility;
• Relative importance of radiological and 

nonradiological hazards; and
• Any other relevant factor.

GROUND MOTION SLOPE RATIO. Ratio of
the spectral accelerations, frequency by frequency,
from a seismic hazard curve corresponding to a 
10-fold reduction in hazard exceedance frequency (see
Eq. 2.2-2).

HAZARD. A source of danger (i.e., material, en-
ergy source, or operation) with the potential to cause
illness, injury, or death to personnel (workers or the
public), damage to an operation, or damage to the en-
vironment (without regard for the likelihood or credi-
bility of accident scenarios or consequence
mitigation).

HAZARD CURVE. See Seismic Hazard Curve.
HYSTERESIS LOOP. Nonlinear load-deforma-

tion loop of a structural component. The area enclosed
by hysteresis loop is equivalent to the energy dissi-
pated by the element in one complete loading and un-
loading cycle.

INELASTIC ENERGY ABSORPTION FAC-
TOR (F�). A reduction factor used to reduce demand
to account for inelastic behavior. The inelastic energy
absorption factor is a function of the Limit State and
the structural system or equipment configuration (see
Tables 5-1 and 8-1).

IN-STRUCTURE RESPONSE SPECTRA. The
response spectra generated from the seismic response
at selected locations in a structure. In-structure re-
sponse spectra are used for design of systems and com-
ponents supported within a structure.

LIMIT STATE (LS). The limiting acceptable
condition of the SSC. The Limit State may be defined
in terms of a maximum acceptable displacement,
strain, ductility, or stress. Four Limit States are speci-
fied in this Standard:

A � Short of collapse, but structurally stable
B � Moderate permanent deformation
C � Limited permanent deformation
D � Essentially elastic

LOAD PATH. The path of resistance consisting
of structural or nonstructural members that the im-
posed load will follow from the point of origin (inertial
forces at location of structure mass) to the point of fi-
nal resistance (e.g., supporting soil).

MEAN ANNUAL HAZARD EXCEEDANCE
FREQUENCY. The expected annual probability of
exceedance. This value is used to determine earth-
quake acceleration from seismic hazard curves.

MEAN ANNUAL EXCEEDANCE FRE-
QUENCY OF ACCEPTABLE PERFORMANCE.
See Target Performance Goal.

NUCLEAR FACILITY. Includes both reactor
and nonreactor facilities.

NONREACTOR NUCLEAR FACILITY.
Facilities that contain activities or operations that
involve radioactive and/or fissionable materials in
such form and quantity that a nuclear hazard poten-
tially exists to the employees, the general public,
or the environment. Included are activities or opera-
tions that:
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• Produce, process, or store radioactive liquid or solid
waste, fissionable materials, or tritium;

• Conduct separations operations;
• Conduct irradiated materials inspection, fuel fabrica-

tion, decontamination, or recovery operations;
• Conduct fuel enrichment operations;
• Perform environmental remediation or waste man-

agement activities involving radioactive materials.

Linear accelerators and targets are considered non-
reactor nuclear facilities. Incidental use and generation
of radioactive materials in a facility operation (e.g.,
check and calibration sources and use of radioactive
sources in research, experimental, and analytical labo-
ratory activities, electron microscopes, and X-ray ma-
chines) would not ordinarily require the facility to be
included in this definition.

NYQUIST FREQUENCY (Ny). Maximum
frequency that can be represented by the time history
discretization, Ny � 1/(2�t), where �t is the time
increment.

OVERDRIVE. Using too strong of a time history
as input to the soil column so that nonlinear effects re-
sult in a larger soil response (soil strains) than would
occur under the appropriate event. Overdriving the soil
column could produce significantly different response
spectra in the free field.

P-DELTA (P-�) EFFECT. Additional moment
induced in axial load-carrying members caused by lat-
eral structural deformation. The P-Delta moment is the
product of the axial force and the relative lateral dis-
placement between the end points of the member.

PASSIVE COMPONENT. Components that do
not require changing state as part of their safety func-
tion during an earthquake.

PEAK GROUND ACCELERATION (PGA).
The maximum absolute value of the ground accelera-
tion time history.

PEAK SPECTRAL ACCELERATION. The
maximum acceleration response that a prescribed forc-
ing function can produce in a single-degree-of-freedom
oscillator (independent of the natural frequency of the
oscillator).

PEER REVIEW. A formal review process in
which an external party will review the methodology,
results, and process by which a design is developed.
The external party is independent of project schedule
and budget constraints.

PERFORMANCE GOAL. The mean annual fre-
quency of unacceptable performance that is specified,
as a target, for the SSC SDC. Performance goals are
specified in ANS 2.26.

PHASE SPECTRUM. See Fourier Phase
Spectrum.

PINCHED HYSTERETIC BEHAVIOR. A
characteristic of the load-deformation loop of a struc-
tural component subjected to cyclic loading that is
marked by both strength and stiffness degradation in
successive loading and unloading cycles beyond yield.
See example below.

PLASTIC HINGE LENGTH. Region of plastic
deformation; may be approximated by 1 beam depth.

POWER SPECTRAL DENSITY (PSD). A mea-
sure of the distribution of power in an accelerogram as
a function of frequency. The PSD computed from an
accelerogram is defined in terms of the Fourier ampli-
tudes of the time history, F(�), by the relation

PSD(�) � �
2
2
|F
�

(
T
�

s

)

m

|2
�

where Tsm is the strong motion duration.
PROBABILITY RATIO (RP). The ratio between

the exceedance frequency of the DBE and the Target
Performance Goal. The user may specify a unique
value for a specific application.

PROBABILISTIC SEISMIC HAZARD AS-
SESSMENT (PSHA). A procedure used to develop
seismic hazard curves and uniform hazard response
spectra for determining the ground motion at a site to
be used for seismic design. Criteria and guidance for
conducting a PSHA are provided in ANSI/ANS 2.27
and 2.29.

REQUIRED RESPONSE SPECTRA (RRS).
The representation of the response spectra that are re-
quired to qualify an SSC. The required response spec-
tra will include factors required to meet probabilistic
performance goals.

Top deflection (mm )

600

300

−300

−600

20−20

Force (kN)
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SAFE SHUTDOWN EARTHQUAKE (SSE).
DBE for commercial nuclear power plants. Per 10 CFR
100, Appendix A, the SSE is that earthquake which is
based upon an evaluation of the maximum earthquake
potential considering the regional and local geology and
seismology and specific characteristics of local subsur-
face material. It is that earthquake which produces the
maximum vibratory ground motion for which certain
SSCs are designed to remain functional. These SSCs are
those necessary to ensure the following:

• Integrity of the reactor coolant pressure boundary,
• Capability to shut down the reactor and maintain it in

a safe shutdown condition, or
• Capability to prevent or mitigate the consequences of

accidents, which could result in potential offsite ex-
posures.

The SSE is developed by the nuclear power plant
owner and reviewed by the U.S. Nuclear Regulatory
Commission.

SEISMIC DEMAND. The demand imposed on
the SSC being evaluated at the earthquake level under
consideration. The seismic demand may be expressed
in terms of force, moment, stress, displacement, rota-
tion, or strain.

SEISMIC DESIGN BASIS (SDB). The combina-
tion of SDC (3, 4, or 5) and Limit State (A, B, C, or D)
that determines the DBE and acceptance criteria for de-
signing SSCs. For example, SDB-3C would use criteria
given in this Standard for SDC-3 and Limit State C.

SEISMIC DESIGN CATEGORY (SDC). A cat-
egory assigned to an SSC that is a function of the
severity of adverse radiological and toxicological ef-
fects of the hazards that may result from the seismic
failure of the SSC on workers, the public, and the envi-
ronment. SSCs may be assigned to SDCs that range
from 1 to 5. For example, a conventional building
whose failure may not result in any radiological or tox-
icological consequences is assigned to SDC-1; a
safety-related SSC in a nuclear material processing fa-
cility with a large inventory of radioactive material
may be placed in SDC-5. In this Standard, the term
“Seismic Design Category” has a different meaning
than in the International Building Code and Standard 7.
The definition from ASCE 7 follows: “A classification
assigned to a structure based on its Seismic Use Group
and the severity of the design earthquake ground mo-
tion at the site.” ANS 2.26 provides guidance on the
assignment of SSCs to SDCs.

SEISMIC HAZARD CURVE. Description of the
ground motion parameter of interest as a function of
annual frequency of exceedance. The seismic hazard
curve is determined from a probabilistic seismic hazard
assessment following the guidance in ANSI/ANS 2.27
and 2.29.

SLAB/WALL MOMENT FRAME. A moment-
resisting frame, composed of both walls and slabs,
that resists seismic lateral loading by out-of-plane
bending. Slab/wall moment frames may include col-
umn and beam elements. The span of the slab is pre-
dominately one-way from wall to wall, although two-
way action is utilized for concentrated loads and
around floor openings. Out-of-plane bending of the
walls and slabs resists both gravity and lateral loads.
Longitudinal loads are resisted by in-plane shear in
the slabs and shear walls. Reinforced concrete struc-
tures, which resist lateral seismic load, in two orthog-
onal directions, with shear walls and diaphragms, are
not slab/wall moment frames.

SPECTRAL ACCELERATION (SA). The
maximum acceleration response of a single-degree-of-
freedom oscillator with a known frequency, f, and vis-
cous damping, �, subjected to a prescribed forcing
function or earthquake ground motion time history.

SPECIAL MOMENT-RESISTING FRAME
(SMRF). A steel or reinforced concrete moment-resist-
ing frame specially detailed to provide ductile behavior
that complies with the requirements given in
ANSI/AISC 341-02, or with the special seismic provi-
sions of ACI 349.

STRONG MOTION DURATION (Tsm). The
duration (in seconds) in which the cumulative energy
in an accelerogram moves from 5% to 75% of the total
cumulative energy. See Arias Intensity Rise Time.

STRUCTURE, SYSTEM, OR COMPONENT
(SSC). A structure is an element, or a collection of
elements, to provide support or enclosure, such as a
building, free-standing tanks, basins, dikes, or
stacks. A system is a collection of components as-
sembled to perform a function, such as piping, cable
trays, conduits, or HVAC. A component is an item
of mechanical or electrical equipment, such as a
pump, valve, or relay, or an element of a larger ar-
ray, such as a length of pipe, elbow, or reducer. In
this Standard, each SSC is assigned an SDB that is
based on the SDC and the Limit State that are deter-
mined following the guidance contained in
ANSI/ANS 2.26.

TARGET DISPLACEMENT METHOD. A
nonlinear static analysis procedure (described in
FEMA 356) that provides a numerical process for esti-
mating the displacement demand on the structure. A
bilinear representation of the capacity curve and a se-
ries of modification factors, or coefficients, are used to
calculate a target displacement. The point on the ca-
pacity curve at the target displacement is the equiva-
lent of the performance point in the capacity spectrum
method. See Capacity Spectrum Method.

TARGET PERFORMANCE GOAL (PF). Tar-
get annual frequency of exceeding a specified Limit
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State. Performance goals of 1 � 10
4, 4 � 10
5, and 
1 � 10
5 are established in this Standard for SDC-3,
SDC-4, and SDC-5, respectively. For example, the ex-
pected probability of exceeding a Limit State in SDC-3
in any given year is less than 1/10,000. The user may
specify, with justification, a unique value for a specific
application.

UNIFORM HAZARD RESPONSE SPECTRA
(UHRS). Response spectra derived so that the annual
probability of exceeding the spectral quantity (acceler-

ation, displacement, etc.) is the same for any spectral
frequency. Determined in accordance with ANSI/ANS
2.27 and 2.29.

ZERO PACKING. The practice of lengthening
the total duration of an earthquake accelerogram by
adding values of zero acceleration to the beginning or
the end of the record for the purpose of performing
discrete Fourier analysis.

ZERO PERIOD ACCELERATION (ZPA). The
maximum absolute value of the ground or in-structure
acceleration time-history record.



SECTION 1.0 INTRODUCTION

SECTION 1.1 OVERVIEW OF THE SEISMIC
DESIGN CRITERIA

This Standard provides criteria for seismic design
of safety-related Structures, Systems, and Components
(SSCs) in a broad spectrum of nuclear facilities. Nota-
tion, definitions, guidelines, and commentary material
are included.

A graded approach is used in developing the seis-
mic design criteria presented in this Standard. The intent
is to control the design process such that the perfor-
mance of the SSC related to safety and environmental
protection is acceptable.

To implement the graded approach for seismic
design, 20 Seismic Design Bases (SDBs) have been de-
fined as specified in ANS 2.26 and as shown in Table
1-1. SDBs have a quantitative probabilistic Target Per-
formance Goal, PF, defined for each Seismic Design
Category (SDC)* and a qualitative goal defined for
each Limit State (LS) or level of acceptable structural
behavior. SDBs defined by SDC 1 and 2 are covered by
the approach presented in the International Building
Code (IBC). In the future, the IBC will use ASCE 7 for
its seismic criteria. This Standard, ASCE/SEI 43-05,
presents design and analysis requirements for SDBs de-
fined by SDC 3, 4, and 5 and all Limit States.

Target quantitative performance goals decrease in
annual probability of exceeding acceptable behavior
limits as the SDC increases from 1 to 5. Decreasing
quantitative Target Performance Goals are achieved in
this Standard by increasing seismic demand associated
with the Design Basis Earthquake (DBE). The DBE is
defined by Uniform Hazard Response Spectra (UHRS)
determined at a specified annual probability of ex-
ceedance, HD, multiplied by a Design Factor (DF). The
UHRS annual probability of exceedance and the
Design Factor are defined for each SDC in Section 2.0
of this Standard.

An SSC, when subjected to the DBE, has the
greatest level of structural damage at Limit State A and
the least level of structural damage at Limit State D.
At Limit State A, large deformation and significant
structural damage are acceptable. At Limit State D, no
damage and essentially elastic behavior are the goal.

1

Limit States B and C are at intermediate levels of ac-
ceptable structural damage. The levels of acceptable
structural damage defined for each Limit State are
achieved in this Standard by applying the appropriate
inelastic energy absorption factor, F�, or the deforma-
tion limits as specified in Sections 5.0 and 8.0. These
design provisions include specified levels of inelastic
energy absorption, structural damping, structural ca-
pacity, and material strength. These design provisions
also specify that seismic analyses are to conform to
ASCE 4 and provide requirements for ductile detailing.

An integral part of the seismic design criteria
given in the Standard are Quality Assurance (QA)
measures and independent peer review. QA measures
and the involvement of peer review are expected to
take place throughout the design process, beginning
with establishment of the DBE and continuing through
the seismic analysis and the design and detailing tasks
associated with final seismic design. QA measures and
peer review, as addressed in Section 9.0 of this Stan-
dard, shall follow a graded approach with increasing
rigor ranging from IBC Seismic Use Group III require-
ments for SDC-3 to nuclear power plant requirements
for SDC-5.

The overall Seismic Design Procedure for SDC 3,
4, and 5 SSCs is shown in Figure 1-1. Table 1-2 sum-
marizes recommended earthquake design provisions
for these SDCs. Specific provisions are described in
detail in Sections 2.0 through 9.0 of this Standard.

Design procedures specified in this Standard
conform closely to common practices. The intended
users of this Standard are the civil, mechanical, and
structural engineers conducting the design of nuclear
facilities.

SECTION 1.2 USE OF ASCE STANDARD 43-05
WITH OTHER CODES AND STANDARDS

This Standard provides criteria for seismic design
of new nuclear facilities using the concept of SDBs
defined by different SDCs and Limit States associated
with a graded approach.

ANSI/ANS 2.26 provides criteria for selecting
SDC and Limit State that establishes the SDB for each
SSC at the facility. A numerical Target Performance
Goal is associated with each SDC as specified in Table
1-3. Performance goals are expressed as the mean
annual probability of exceedance of the specified Limit

* In this Standard, the term “Seismic Design Category” has a differ-
ent meaning than in the International Building Code and ASCE 7.

Seismic Design Criteria for Structures, Systems, and
Components in Nuclear Facilities


