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FUOREVWURD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_compriging
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote,internatipnal
Co-operation on all questions concerning standardization in the electrical and electronic fields. Toxthis end fand
n addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Repgrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
breparation is entrusted to technical committees; any IEC National Committee interested jn'the subject dealt jvith
Mmay participate in this preparatory work. International, governmental and non-governmental-organizations liai$ing
ith the IEC also participate in this preparation.

EEE Standards documents are developed within IEEE Societies and Standards €oordinating Committees of| the
EEE Standards Association (IEEE-SA) Standards Board. IEEE develops its”standards through a consersus
levelopment process, which brings together volunteers representing varied/viewpoints and interests to achleve
he final product. Volunteers are not necessarily members of IEEE and servewithout compensation. While IEEE
bdministers the process and establishes rules to promote fairness in the consensus development process, IEEE
Hoes not independently evaluate, test, or verify the accuracy of any of{the information contained in its standafds.
Use of IEEE Standards documents is wholly voluntary. IEEE documents are made available for use subjegt to
mportant notices and legal disclaimers (see http://standards.ieeeorg/ipr/disclaimers.html for more informatipn).

EC collaborates closely with IEEE in accordance with conditions determined by agreement between the |two
brganizations.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensug of
bpinion on the relevant subjects since each technicalycommittee has representation from all interested [[EC
National Committees. The formal decisions of IEEE. on technical matters, once consensus within IEEE Socidties
bnd Standards Coordinating Committees has beef“reached, is determined by a balanced ballot of mater|ally
nterested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standgrds
Hocument is given by the IEEE Standards As§eociation (IEEE-SA) Standards Board.

EC/IEEE Publications have the form of recommendations for international use and are accepted by IEC Natipnal
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the techr]ical
content of IEC/IEEE Publications is aceurate, IEC or IEEE cannot be held responsible for the way in which §hey
bre used or for any misinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regipnal
bublications. Any divergence between any IEC/IEEE Publication and the corresponding national or regipnal
bublication shall be clearly indicated in the latter.

EC and IEEE do potprovide any attestation of conformity. Independent certification bodies provide conformity
pssessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not respongible
or any servicés-carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individlual
Experts)and members of technical committees and IEC National Committees, or volunteers of IEEE Societies jand
héStandards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board, forfany
beFsonalinH—pFrop damage—orotherdamage—-of-an ature—wh 08 —\ erdirect or indirect—od for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.
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International Standard IEC/IEEE 60980-344 has been prepared by subcommittee 45A:
Instrumentation, control and electrical power systems of nuclear facilities, of IEC technical
committee 45: Nuclear instrumentation, in cooperation with Nuclear Power Engineering
Committee of the IEEE, under the IEC/IEEE Dual Logo Agreement.

It is published as an IEC/IEEE dual logo standard.

This new edition cancels and replaces the first edition of IEC 60980, published in 1989, and
constitutes a technical revision. It also supersedes IEEE Std 344™-2013.

Thé text of this standard is based on the following IEC documents:
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FDIS Report on voting
45A/1323/FDIS 45A/1334/RVD

| information on the voting for the approval of this standard can be found in the report
ng indicated in the above table.

Int¢rnational standards are drafted in accordance with the rules given jn the ISO/IEC Directiv
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t 2.

e [EC Technical Committee and IEEE Technical Committee have decided that the conte
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replaced by a revised edition, or
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INTRODUCTION

Technical background, main issues and organisation of the Standard

This standard is applicable to electrical equipment important to safety and its interfaces that
are necessary to perform a safety function, or whose failure could adversely affect the safety
functions of other equipment.

its

colj

Electrical equipment in nuclear facilities shall meet its safety function requirements through

majntenance, periodic testing, and surveillance. This IEC/IEEE standard specificallycfoeu

on

Other aspects, relating to quality assurance, reliability, selection and use of electronic devic
degign and modification of digital systems including Verification and Validatien)(V&V) activi
arg not part of this standard.

Ind

greatly benefited this standard. Future activities of the working group to update this stand

wil
[ ]
[ ]

Iti

consider the following:

Experience and knowledge gained by using condition manitoring techniques,
Knowledge gained on ageing mechanisms and kinetics,
Improvement in the use of methods (test and analysis) described throughout the standa

Improvement of computation tools and modalities of use.

5 intended that the Standard be used by@perators of NPPs (utilities), systems evaluatg

eqliipment manufacturers, test facilities, qualification laboratories and by licensors.

b)

IEQ 61513 and IEC 63046 arefirst level IEC SC 45A documents that give guidance applica

to
Th

nstrumentation and Controf (1&C) system and electrical power systems (at system lev
by are completed by guidance relative to functional classification (IEC 61226).

These documents afe)supplemented by second level IEC SC 45A documents. Second level |

SC

45A documentsgive guidance on hardware design (IEC 60987), software (IEC 60880 ¢

IEQ 62138), selection and use of HDL programmed integrated circuits (IEC 6256

re

uirements.in-order to reduce the possibility and limit the impact of common cause failurg

seismic qualification. This standard shall be used in conjunction with IEC/IEEE 60780-32

$ES

3.

es,
ies

ustry research in the area of equipment qualification and decades of its application have

ard

'd,

Situation of the current standard in the structure of the IEC SC 45A standard seriés

ble
e).

EC
nd
6),
of

category Afunctions (IEC 62340), qualification (IEC/IEEE 60780-323, IEC/IEEE 60980-344 and

IE

620038), control room design (IEC 62342) and cybersecurity (IEC 62645).

qualification of electrical equipment important to safety.

nic

For more details on the structure of the IEC SC 45A standard series, see item d) of this
introduction.
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c) Recommendations and limitations regarding the application of this standard

This dual logo standard applies to all electrical equipment important to safety in accordance
with IAEA terminology. If using IEEE standards, this standard applies to systems, structures,
and components classified as safety or safety-related. If using the IEC 61226 and IEC 61513
classification guidance, this standard applies to all Class 1, 2 and 3 equipment. This document
shall only be applied in accordance with the single selected classification scheme, either IEC
or IEEE.

To ensure that the Standard will continue to be relevant in future years, the emphasis has been
placed on issues of principle, rather than specific technologies.

d) | Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies documents (IAEA, I1SO)

The top-level documents of the IEC SC 45A standard series are IEC 61513 and |IEC 63046.
IEQ 61513 provides general requirements for I&C systems and equipment’that are used to
perForm functions important to safety in NPPs. IEC 63046 provides general requirements |for

elertrical power systems of NPPs; it covers power supply systems including the supply systems
of {he I&C systems. IEC 61513 and IEC 63046 are to be consider€d ih conjunction and at fhe
same level. IEC 61513 and IEC 63046 structure the IEC SC 45A'standard series and shapg a
complete framework establishing general requirements faof )instrumentation, control 4nd
eletrical systems for nuclear power plants.

IEC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for general topics
related to categorization of functions and classification of systems, qualification, separatipn,
deflence against common cause failure, control room design, electromagnetic compatibility,
cyhersecurity, software and hardware aspects forprogrammable digital systems, coordinafion
of pafety and security requirements and management of ageing. The standards referen¢ed
dirg¢ctly at this second level should be considered together with IEC 61513 and IEC 63046 &s a
cornsistent document set.

At b third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
arg standards related to specifictequipment, technical methods, or specific activities. Usually
thelse documents, which make-reference to second-level documents for general topics, can|be
used on their own.

A fpurth level extending'the IEC SC 45 standard series, corresponds to the Technical Reparts
which are not normative.

Th¢ IEC SC 45A"standards series consistently implements and details the safety and security
principles and-basic aspects provided in the relevant IAEA safety standards and in the relevant
dogumentssof the IAEA nuclear security series (NSS). In particular this includes the I}IZA

requireménts SSR-2/1, establishing safety requirements related to the design of nuclear poyer
plants\(NPPs), the IAEA safety guide SSG-30 dealing with the safety classification of structures,
systems and components in NPPs, the TAEA safely guide SSG-39 dealing with the design of
instrumentation and control systems for NPPs, the IAEA safety guide SSG-34 dealing with the
design of electrical power systems for NPPs and the implementing guide NSS 17 for computer
security at nuclear facilities. The safety and security terminology and definitions used by
SC 45A standards are consistent with those used by the IAEA.
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IEC 61513 and IEC 63046 have adopted a presentation format similar to the basic safety
publication IEC 61508 with an overall life-cycle framework and a system life-cycle framework.
Regarding nuclear safety, IEC 61513 and IEC 63046 provide the interpretation of the general
requirements of IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear application sector.
In this framework |IEC 60880, IEC 62138 and IEC 62566 correspond to I[EC 61508-3 for the
nuclear application sector. IEC 61513 and IEC 63046 refer to ISO as well as to IAEA GS-R part
2 and IAEA GS-G-3.1 and IAEA GS-G-3.5 for topics related to quality assurance (QA). At level
2, regarding nuclear security, IEC 62645 is the entry document for the IEC/SC 45A security
standards. It builds upon the valid high level principles and main concepts of the generic
security standards, in particular ISO/IEC 27001 and ISO/IEC 27002; it adapts them and

completes them to fit the nuclear context and coardinates with the IEC 62443 series At le

EC 60964 is the entry document for the IEC/SC 45A control rooms standards and IEC 62
he entry document for the ageing management standards.

[E 1 Itis assumed that for the design of I&C systems in NPPs that implement conventional safety ftinctions (
ddress worker safety, asset protection, chemical hazards, process energy hazards) international or nati
dards would be applied.

[E 2 |IEC/SC 45A domain was extended in 2013 to cover electrical systems. In 2014 and)2015 discussions

in IEC/SC 45A to decide how and where general requirements for the design of electrical systems were tg
sidered. IEC/SC 45A experts recommended that an independent standard be developed at the same leve]
61513 to establish general requirements for electrical systems. Project IEC 63046,is now launched to cover
ctive. When IEC 63046 is published, this Note 2 of the introduction of IEC/SC 45A standards will be suppres

vel
42

E.g.
nal

ere
be
as
this
ed.



https://iecnorm.com/api/?name=e80ddcba5c1b3f6a0681453caa2a4052

IEC/IEEE 60980-344:2020 -1 -
© IEC/IEEE 2020

NUCLEAR FACILITIES -
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SEISMIC QUALIFICATION

ona naara de rioe NOoad Of dab ng qua on pr

will yield quantitative data to demonstrate that the equipment can meet its performa
uirements. This document is applicable to electrical, mechanical, instrumentation and control
ipment/components that are used in nuclear facilities. This document provides methods I:]d

d

umentation requirements for seismic qualification of equipment to verify the\equipme
ability to perform its specified performance requirements during and/or after spécified seis
demands. This document does not specify seismic demand or performance requirements. Other
aspects, relating to quality assurance, selection of equipment, and design-and modification of
sydtems, are not part of this document. As seismic qualification is only~a part of equipment
qualification, this document is used in conjunction with IEC/IEEE 60780-323.

durling and/or after the time it is subjected to the forces resulting-from at least one safe shutddqwn
ealthquake (SSE/S2). This ability is demonstrated by taking.into account, prior to the SSE/B2,
thel ageing of equipment and the postulated occurrences~0f a given number of lower intensgity
operating basis earthquake (OBE/S1). Ageing phenomena to be considered, if specified in the
degign specification, are those which could increase'the vulnerability of equipment to vibrations
caysed by an SSE/S2.

Th:r seismic qualification demonstrates equipment’s ability to\p&rform its safety function(s)
i

2 | Normative references

The following documents are referred-{¢o’in the text in such a way that some or all of their content
cornstitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amgendments) applies.

IEQ 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEQ/IEEE 607801323, Nuclear facilities — Electrical equipment important to safety] —
Quplification1,2

IERE Std 382™, IEEE Standard for Qualification of Safety-Related Actuators for Nuclear Poyer
Generating Stations

3 Terms and definitions

The terminology and definitions used in this document are consistent with IAEA Safety
Glossary3.

1 |EEE publications are available from The Institute of Electrical and Electronics Engineers
(http://standards.ieee.org/).

2 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and
Electronics Engineers, Inc.

3 JAEA safety glossary is available at https://www.iaea.org/publications/11098/iaea-safety-glossary-2018-edition
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For the purposes of this document, the following terms and definitions apply.

ISO, IEC, and IEEE maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

e |EEE Standards Dictionary Online: available at http://dictionary.ieee.org

3.1
acg¢eptance criteria
spégcified bounds on the value of a functional indicator or condition indicator used’to assess fhe
ability of a structure, system or component to perform its design function

Notg 1 to entry: Value(s) of performance parameters and other criteria to demonstratehat equipment can perfprm
the fsafety function(s) shall be identified.

[SOURCE: IAEA Safety Glossary, 2018]

3.2
assembly
comprising all electrical, mechanical, and structural components of the equipment including a
common mounting and supporting structure

3.3
brgadband response spectrum
response spectrum that describes motion(in which amplified response occurs over a wjde
(brpad) range of frequencies

3.

Clgss 1E
safety classification of the electric equipment and systems that are essential to emergency
redctor shutdown, containment isolation, reactor core cooling, and containment and reagtor
heat removal, or otherwise are essential in preventing significant release of radioactive material
to fhe environment

Notg 1 to entry: Users-of this standard are advised that “Class 1E” is a functional term. Equipment and systems|are
to be classified Class*1E only if they fulfill the functions listed in the definition. Identification of systems or equipnpent
as (Class 1E based-on anything other than their function is an improper use of the term and should be avoided.

[SOURCE:EEE Standards Dictionary Online]

3.5
components

one of the parts that make up an equipment. A component may be a hardware component (e.g.,
wires, transistors, integrated circuits, motors, relays, solenoids, pipes, fittings, pumps, tanks
and valve or a software component). A component may be made up of other components

Note 1 to entry: Components are items from which equipment is assembled.

Note 2 to entry: The terms component and device are interchangeable.

[SOURCE: IAEA Safety Glossary, 2018]

4 |EEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org
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3.6
coherence function
comparative relationship between two time histories as a function of frequency

Note 1 to entry: It provides a statistical estimate of how much two motions are related, as a function of frequency.

Note 2 to entry: The numerical range is from zero for unrelated to +1,0 for related motions.

3.7
correlation coefficient function
comparative relationship between two time histories, as a function of time delay

Notg 1 to entry: It provides a statistical estimate of how much two motions are related, as a function of time dejay.

Notg 2 to entry: The numerical range is from -1,0 for inversely related motions, zero for unrelated, to +1,( for
relafted motions.

3.8
critical damping
least amount of viscous damping that causes a single-degree-of-freedom™(SDOF) systen] to
return to its original position without oscillation after initial disturbance

[SOURCE: IEEE Standards Dictionary Online]

3.9
critical seismic characteristics
degign, material, and performance characteristics of anequipment item that provide reasonalple
asgurance that the item will perform its required function under seismic loads

3.10
cutoff frequency
frequency in the response spectrum where:the zero period acceleration (ZPA) asymptote bedins

Notg 1 to entry: This is the frequency beyond which the single-degree-of-freedom (SDOF) oscillators exhibif no
amplification of motion and indicates the upper limit of the frequency content of the waveform being analysed.

3.1(1

damping
en;ng dissipation mechanism that reduces the amplification and broadens the vibratpry
response in the region ‘of resonance

Notg 1 to entry: It is'usually expressed as a percentage of critical damping.

3.1)2
design basis events
postulated events used in the design to establish the acceptable performance requirements|for
the stfuetures, systems, and components

Note 1 to entry: The postulated design basis event (DBE) conditions including specified high-energy line break,
loss-of-coolant accident, main steam line break, and/or seismic events to be taken into account for plant design,
during or after which the equipment is required to perform its safety function(s), shall be specified.

Note 2 to entry: Equipment shall be qualified for the duration of its operational performance requirement for each
applicable DBE condition, including any required post-DBE operation period.

[SOURCE: IEEE Standards Dictionary Online]

3.13

earthquake experience spectrum

response spectrum that defines the seismic capacity of a reference equipment class based on
earthquake experience data
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3.14

equipment important to safety

equipment that is part of a safety group and/or whose malfunction or failure could lead to undue
radiation exposure of the site personnel or members of the public. Equipment including:

e Those structures, systems and components whose malfunction or failure could lead to
undue radiation exposure of site personnel or members of the public;

e Those structures, systems and components that prevent anticipated operational
occurrences from leading to accident conditions;

e Safety features for design extension conditions;

e |Those features that are provided to mitigate the consequences of malfunction or failurg of
structures, systems and components.

Notg 1 to entry: For usage consistent with IEC 61226, equipment important to safety are as follows:

e all 1&C equipment performing Category A to Category C functions (in accordance_with the IEC 61226
categorisation scheme),

e all electrical equipment needed to ensure emergency energy supply to this equipment in case of a losp of
normal power supply,

e all electrical equipment needed to ensure ultimate energy supply in case ©f total loss of on-site power (if

selected as design extension condition to be mitigated).
Notg 2 to entry: For usage consistent with other IEEE documents and a €lass 1E categorization; for equipnjent
impprtant to safety, qualification is essential for the following:

e equipment and systems that are essential to emergency reaétorrshutdown, containment isolation, reagtor
core cooling, and containment and reactor heat removal, or

e equipment that are otherwise essential in preventing™significant release of radioactive material to|the
environment.

[SOURCE: IAEA Safety Glossary, 2018]

3.15

flexible equipment
eqdiipment, structures, and componenis’whose lowest resonant frequency is less than the cufoff
frequency on the response spectrum

3.16
flopr acceleration
acgeleration of a particular building floor (or equipment mounting) resulting from the motion of
a diven earthquake

Notg 1 to entry: _The. maximum floor acceleration is the zero period acceleration (ZPA) of the floor respgnse
speftrum.

3.17
frapility level
est-level of input excitation, expressed as a function of input frequency, acceleration

3.18

fragility response spectrum

response spectrum that defines the ultimate seismic capability of the equipment under test
based upon fragility data

3.19
ground acceleration
acceleration of the ground resulting from the motion of a given earthquake

Note 1 to entry: The maximum ground acceleration is the zero period acceleration (ZPA) of the ground response
spectrum.
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3.20
inclusion rules
rules that define the bounds of equipment included in a reference equipment class based on

an

acceptable range of equipment physical characteristics, dynamic characteristics, and functions

for which seismic ruggedness has been demonstrated by experience data

Note 1 to entry: See A.2.4.2 and A.3.4.2.

3.21
independent items
companents and equipment that:

a) have different physical characteristics, or

b) experience different seismic motion characteristics, e.g., different earthquakes, |different

ites, different buildings, or different orientations/locations in the same building

meldian-centered in-structure response spectrum

in-gtructure response spectrum developed using realistic damping and best estimate modeling

panlameters to obtain the most probable structural amplification that could realistically occur

for

led

frequency(ies) at which a body vibrates due to its own physical characteristics (mass and

thquake that could reasonably-be expected to occur at the plant site during the operating

life|] of the plant consideringcthe regional and local geology and seismology and spedific

characteristics of local subSurface material

Notg 1 to entry: It is thatiearthquake that produces the vibratory ground motion for which those features of
nucl|ear power plant, necessary for continued operation without undue risk to the health and safety of the public,
des|gned to remain functional.

3.26
performanice requirement

the
are

requirepdent that imposes performance characteristics (conditions) on the functional and

stréictural requirements of the equipment or system

3.27
power spectral density
mean squared amplitude per unit frequency of a waveform

Note 1 to entry: Expressed in acceleration spectral density versus frequency [m/s?]2 /Hz (g2 /Hz) for acceleration

waveforms.

Note 2 to entry: The characterization of random vibration typically results in a frequency spectrum of power spectral

density (PSD), or Acceleration Spectral Density (ASD).
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3.28
prohibited features

design details, materials, construction features, or installation characteristics that have resulted
in seismic induced failure or malfunction of the equipment to maintain its structural integrity and
perform its specified function at earthquake or test excitations up to and including the defined

seismic capacity level

3.29
proof testing
test used to qualify equipment for a particular application or to a particular requirement

[SQURCE: IEEE Standards Dictionary Online]

3.30
qualified condition
condition of equipment, prior to the start of a design basis event, for which the/€quipment
demonstrated to meet the design requirements for the specified service conditions

Notg 1 to entry: This could include certain post-accident cooling and monitoring systems-that are expected to ren
opefational.

3.31
qualified life

pefiod for which a structure, system or component has been demonstrated, through testi
analysis or experience, to be capable of functioning withit acceptance criteria during speqg

as

ain

ng,
ific

opgrating conditions while retaining the ability to perform its safety functions in accident

conditions or earthquake

Notg 1 to entry: At the end of the qualified life, the equipment shall be capable of performing the safety functio
reqyired for the postulated design basis and post design basis events.

[SQURCE: IAEA Safety Glossary, 2018]

3.32
reference equipment
equliipment used to establish a-reference equipment class

3.33

reference equipment.class

grdup of equipment_sharing common attributes as defined by a set of inclusion rules 4§
praghibited features

3.
reference-site
sit¢ containing equipment or items used to establish a reference equipment class

P(s)

nd

3.35

required response spectrum

response spectrum issued by the user or the user’'s agent as part of the specifications
qualification or artificially created to cover future applications

for

Note 1 to entry: The required response spectrum (RRS) constitutes a requirement to be met and includes the test

margin required by IEC/IEEE 60780-323.

3.36

resonant frequency

frequency at which a response peak occurs in a system subjected to forced vibration. T
frequency is accompanied by a phase shift of response relative to the excitation

his
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3.37

response spectrum

plot of the maximum response, as a function of oscillator frequency, of an array of single-
degree-of-freedom (SDOF) damped oscillators subjected to the same base excitation

3.38

rigid equipment

equipment, structures, and components whose lowest resonant frequency is greater than the
cutoff frequency on the response spectrum

3.
safle shutdown earthquake
eailthquake that is based upon an evaluation of the maximum earthquake potential censidering
the] regional and local geology and seismology and specific characteristics of locahsubsurface
material. It is that earthquake that produces the maximum vibratory ground motien for which
cefntain structures, systems, and components are designed to remain functional. The¢se
strlictures, systems, and components are those necessary to provide reasofigable assurancg of
thef following:

a) |Integrity of the reactor coolant pressure boundary;

b) | Capability to shut down the reactor and maintain it in a safe shutdown condition;

c) | Capability to prevent or mitigate the consequences of accidents that could result in potenfial
offsite exposures comparable to applicable regulatory réquirements.

saflety function
a specific purpose that must be accomplished for safety of a facility to prevent or to mitigpte
radiological consequences in normal operation, anticipated operational occurrences 4nd
acgident conditions

[SOURCE: IAEA Safety Glossary, 2018]

seilsmic capacity
highest seismic level for which'tequired adequacy of performance has been verified

selfvice conditions
actual physical states or influences during the service life of equipment, including norfnal
opgrating conditions, abnormal operating conditions, design basis event conditions and desjign
extension conditions

Notg 1 to entry” In 2007 edition of IAEA safety glossary, accident conditions include both design basis accidentjand
beypnd design basis accident. This second notion has been replaced within IAEA by the notion of design extensgion
confitions”(DEC) [IAEA, SSR-2/1]. Equipment needed in case of DEC shall be qualified accordingly. It explains|the
need of'changing the definition.

[SOURCE: IAEA Safety Glossary, 2007, modified: see Note 1 to entry.]

3.43
service life
period from initial operation to final withdrawal from service of a structure, system or component

[SOURCE: IAEA Safety Glossary, 2018]

3.44

Seismic Category | equipment

equipment designed to withstand the effects of the safe shutdown earthquake (SSE/S2) and
perform its safety function during and/or after the SSE/S2 while maintaining structural integrity
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3.45

Seismic Category Il equipment

equipment that is not required to function but whose failure could adversely affect the safety
function of other equipment

Note 1 to entry: It should be designed to mitigate against failure that could adversely affect the performance of any
Seismic Category | equipment or could result in incapacitating injury to occupants of the facility (e.g., control room)
that could impact the safe operation of the plant.

3.46

seismic ruggedness
abifity to resist the damaging effecis of an earthquake imparted by robust design- and
mapnufacture

3.47
seismic vulnerability
physical and/or electrical characteristic that renders an equipment item susceptible to structd
damage or malfunction from the effects of an earthquake

al

=

3.48
sine beats
continuous sinusoid of one frequency, amplitude modulated by a‘sinusoid of a lower frequepcy

3.j9
sine dwell

continuous sinusoid at a single-frequency

3.50
stdtionarity
condition that exists when a waveform’s amplitude distribution, frequency content, and other
degcriptive parameters are statistically constant with time

3.51
strpng motion
time portions of the test acceleration time history where the first acceleration peak reaches and
exgeeds 25 % of the maximum,peak value to the time when it falls for the last time below fhe
25 % of maximum peak value

3.
structure diameter
diameter of a circle’having the equivalent area of the facility’s foundation

3.
test experience spectra
tesf-based response spectra that define the seismic capacity of a reference equipment clas

L

3.54
test frequency
frequency of the applied force by which equipment is excited during the test

3.55

test response spectrum

response spectrum that is developed from the actual time history of the motion of a seismic test
table (commonly called a shake table)
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3.56

transfer function
complex frequency response function that defines the dynamic characteristics of a constant
parameter linear system

Note 1 to entry:

of a given input.

3.57

zero period acceleration
acceleration level of the high-frequency, nonamplified portion of the response spectrum

For an ideal system, the transfer function is the ratio of the Fourier transform of the output to that

Notg 1 to entry: This acceleration corresponds to the maximum peak acceleration of the time history used.ta,de
the [spectrum.

4 | Abbreviated terms

ASCE
ASp
ASME
DB
DE

American Society of Civil Engineers
Acceleration Spectral Density

American Society of Mechanical Engineers
Design Basis Event

Design Extension Conditions

Earthquake Experience Spectrum

Fast Fourier Transform

High Energy Line Break

Heating, Ventilation, and Air Conditioning
International Atomic Energy Agency
Instrumentation and Control

International Electrotechnieal Commission
Institute of Electrical and Electronics Engineers
International Orgahnization for Standardization
Loss-of-Coolant Accident

Operating Basis Earthquake

Power Spectral Density

Quality-Assurance

Roet Mean Square

Required Response Spectrum

Response Spectrum Analysis

rive

SC4H Seismie-Category

SC-Il Seismic Category Il

SC-II/ Seismic Category Il over |

SDOF Single-degree-of-freedom

SRSS Square Root of the Sum of the Squares
SRV Safety Relief Valve

SSE/S2 Safe Shutdown Earthquake

TES Test Experience Spectrum

TRS Test Response Spectrum

U.S. NRC United States Nuclear Regulatory Commission
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V&V Verification and Validation
ZPA Zero Period Acceleration
3D Three-dimensional

5 General discussion of earthquake environment and equipment response

5.1 General

Th|s cIause prowdes background mformatron on earthquake behaviour and on the performance

three-dimensional (3D) random ground motions that are characterizédyby simultaneous put
statistically independent horizontal and vertical components. The, ground motion is typically
brgadband random and produces potentially damaging effects overia frequency range of 1|Hz
to the cutoff frequency of the response spectra. The cutoff frequency is generally between 32|Hz
and 50 Hz for a building structure subjected to an earthquake with the exception of hard rpck
regions of the Central and Eastern U.S. and other parts ofithe world which may experiefce
engrgy content up to 100 Hz. The cutoff frequency may be-greater if additional vibration indug¢ed
loads are combined with seismic loads.

Eafrthquakes are initiated by rupture and slippage along geologic faults.Earthquakes prod\Ece

evgnt may be considerably longer and produce a horizontal ground acceleration f
0,1/ g to 0,6 g or higher. Duration of strong motion is dependent upon ground soil type, dista
from the fault, energy released by the rupture, and slippage along a geological fault.

The¢ strong motion portion of the earthquake may.last from 10 s to 15 s, although the complrFte

ce

5.3 Equipment on foundations

The¢ vibratory level of the ground motion (both horizontal and vertical) can be amplified| or
att¢nuated in foundation-mounted equipment. For any given ground motion, the alteraiton
nd

equipment), the stiffness; the mass and the geometry of the building and intermediate structufes
and the damping meechanisms (damping coefficient may depend on frequencies considergd).
The¢ broadband response spectra that typically describe the ground motion indicate that

level many times more or less than that of the maximum ground acceleratlon dependlng upon
the equipment damping and natural frequencies. The narrowband response spectra that
typically describe a building floor motion indicate that single-frequency excitation can be
predominant. Filtering of in-structure motion can occur in flexible piping systems. For
components mounted away from piping supports, the resultant motion can be predominantly
single frequency in nature and centered near or at the resonant frequency of the piping system.
This resonance condition can produce the most critical seismic load on components mounted
on the pipe line.
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5.5 Interfaces and adverse interactions

Some equipment may have interfaces in an electrical or mechanical way or located in close
proximity to each other. Seismic qualification of equipment shall consider installation features
(e.g., support assembly and anchorage) and the potential for adverse seismic interactions (such
as falling of overhead components, proximity impacts, differential displacements, spray, flood,
or fire). If two pieces of equipment have mechanical or electrical interfaces, the effect of
differential relative displacement of both equipment induced by earthquake shall be evaluated
by considering resulting constraints at interface level and by proving (through analysis and/or
test) there is no impact to performance function(s) required during and/or after seismic
conditions. This demonstration may rely on specific test modalities (methods and procedures).

Simulating vibration induced by an earthquake
.1 General

The¢ main damaging potential of equipment caused by an earthquake is depéndent on fhe
grdund motion excitation intensity (ZPA), the number of peak amplitude-gycles, duration of
exgitation, and the excitation amplification caused by the structural response of the building
and/or system upon which the equipment is installed. The goal of, seismic simulation ig to
replicate the postulated earthquake environment in a realistic manner.Ihe form of the simulafed
seipmic motion used for the qualification of equipment by analysis or testing can be descriljed
by pne of the following functions:

a) |Response spectrum;
b) |Time history;
c) |Power spectral density (PSD).

The¢ simulated seismic motion may be generated for the foundation, floor of the building, or
substructure upon which the equipment is to besxmounted. It is supplied by the user or the UST:S
agent as a part of the specifications for thati'equipment (see Clause 6) or generated by others
for|generic applications.

Betause of the directional nature of‘seismic motion and the filtered output motion of buildjing
an$ equipment structures, the direetional components of the motion and their application to the
equiipment should be specified or accounted for in some other appropriate manner.

5.6.2 Response spectrum

The response spectrum provides information on the maximum response of single-degreeiof-
freedom (SDOF) oscillators as a function of oscillator frequency and damping when subjected
to @&n input motign. The frequency content and the peak value of the input motion, that is, the
ZPA, are indicated.

It |s jmportant to recognize that the response spectrum does not supply the followjing
information:

a) The waveform or time history of the excitation that produced it;
b) The duration of motion (shall be defined in the qualification specification);

c) The dynamic response of any particular equipment.

The waveform of the excitation is generally determined by considering existing earthquake
records and specificities of the site. The total duration of motion as well as the duration of strong
motion shall be defined in the procurement or design specification. If strong motion duration is
not specified, or no other site-specific information/requirement is specified, then the duration of
strong motion for seismic testing should be a minimum of 15 s. Dynamic response of equipment
is determined by considering its natural frequency and damping characteristics. If the equipment
exhibits no amplification below the cutoff frequency, the equipment is considered to be rigid.
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5.6.3 Time history

A time history is a form of earthquake-induced motion defined in terms of acceleration as a
function of time. The simulated motion is derived from existing or artificially generated
earthquake records. For application at any floor, the time history record generated includes the
dynamic filtering and amplification effects of the building and other intervening support
structures. It is possible by knowing time history displays to determine, through discrete Fast
Fourier Transform (FFT) analysis, acceleration as a function of frequency. There is no one-to-
one relationship between a response spectrum and a time history, since a given response
spectrum can be fulfilled by several different time histories.

5.6(.4 PSD function

The¢ Power Spectral Density (PSD) is the mean squared acceleration of the vibratény motion
and is characterized in terms of the PSD as a function of frequency. PSD gives an_indication of
the| frequency distribution of power in the acceleration signal (measure of signalpower over fhe
frequency range) and is typically used to characterize broadband stationary(ra@ndom vibration
motion. For vibration data, PSD amplitude is in units of [m/s2]2 /Hz or g2{/Hz. Accordin
Pafseval’s theorem the square root of the total area under the PSD-curveis equal to the
mejan square (RMS) acceleration calculated in the time domain. The PSD provides informafion
regarding the excitation directly without including the effects on an-array of SDOF oscillators
as Js done for the response spectrum. The PSD function does not\define the exact wavefor
duration of the excitation but enables significant frequency-dependent properties of the motion
to be seen at a glance from one curve. The PSD allows application of relationships betw
exgitation and response by way of the transfer functions for tinear systems.

5.7 Damping
5.711 General

Damping is the generic name ascribed to the numerous energy dissipation mechanisms ip a
syqtem. In practice, damping depends on>many parameters, such as the structural system,
molde of vibration, strain, normal force, ve&locity, materials, joint, and slippage. In linear vibratjon
thelory, the simplifying assumption is\wade that damping is purely viscous or proportional to the
relative velocity of moving parts.~Therefore, when a value of damping is associated with a
practical system, it is usually assumed to be equivalent to viscous or linear. This is a convenigent
sinmplification relating real-world hardware behaviour, which may be nonlinear to some degrge,
with theoretical concepts that normally utilize linear methods of analysis.

It i$ reasonable to state that actual damping is nonlinear by nature. In most equipment, it is a
funiction of response-amplitude owing to such factors as internal friction within material, of at
connections between components, or Coulomb-type sliding friction. For analytical purposs,
thelse energy dissipation damping mechanisms may often be treated in terms of linear dampjing
approximations if proper consideration is given to the fact that these approximations v3ry,
sometimes»significantly, with increasing response. As an example, the use of Iow-impeda}ce

testing \to determine damping shall be exercised with caution since at strong motion shaking,
indjcative of significant earthquakes, the aforementioned factors may cause the real dampjing
to be quite different and higher than that measured at low levels.

For equipment composed of an assembly of components, there is usually no single value of
damping. Damping is associated with every part of the equipment, ranging from bolted or
welded construction to uniform material. The value of damping may vary from place to place,
depending on numerous factors. Therefore, when a value of damping is ascribed to equipment,
it is common to give a range of typical values. Since each mode of vibration of a structure can,
and most often does, have a different value of damping, a useful practice in analysis is to
associate a value of damping to each mode of vibration of the equipment that is in the frequency
range of interest.
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5.7.2 Measurement of damping
5.7.21 General

Linear vibration theory indicates that there are numerous methods for measuring damping.
Considerable care shall be exercised in making the correlation between an idealized model and
a practical system. For example, it is rarely possible to locate precise points in equipment that
have exact correspondence with the lumped mass elements in a model. Some methods of
calculating modal damping rely purely on modelling assumptions (e.g., modelling the structure
through an assembly of single degree of freedom oscillators).

Damping calculated directly from the maximum response at the resonance peak measured at
any point in the equipment and the magnitude of the sine-sweep input excitation. is hot
acgeptable since the response of points in equipment are usually determined by the mode shape
vegtor and the participation factor for each vibration mode. The following methods fopevaluating
damping are commonly used but other justifiable methods may be used. Theyassume th4dt a
single mode of vibration can be excited in the equipment and that motion tfansducers pre
mounted at positions other than at a point of zero motion. In all cases, carecshould be exercised
to gletermine whether damping nonlinearity with response amplitude is significant.

5.7.2.2 Damping by measuring the decay rate

The equivalent viscous damping can be calculated by recording the decay rate of the particylar

vibfation mode. This procedure is often referred to as the logarithmic decrement method.

5.7.2.3 Damping by measuring the half-power bandwidth

equipment should be excited with a slowly swept'sinusoidal vibration. The response of any
degired location in the equipment is measured.and plotted as a function of frequency. From
e response plots, the damping associated with each mode can be calculated |by
mepsurements of the width of the respectivé resonance peak at the half-power point. Tis
prdcedure is often referred to as the half-pewer bandwidth method.

5.7.2.4 Damping by curve-fitting methods

Thé¢ equipment is excited by swept sine, random, or transient excitation, and a response trangfer
funiction is developed. The.modal damping is obtained by fitting a mathematical model to the
actpual frequency response.data (transfer function). This curve fitting will smooth out any ndise
mall experimental errors.

Application of damping
.1 General

Raphges-of*damping, measured as described in 5.7.2, are valuable data for the equipment
degigner/ Damping is used differently in equipment qualification testing and analysis|as
degcribed in 5.8.2 and 5.8.3.

5.8.2 Application of damping in testing
5.8.2.1 General

In testing, the equipment may be qualified by subjecting it to a simulated seismic motion as
defined by the RRS. The response spectrum defines the seismic motion by way of the peak
response of an array of SDOF damped oscillators.
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5.8.2.2 Broad band excitation

Since the oscillators are hypothetical, any practical value of critical damping, for example 5 %,
may be employed in the RRS for testing, and it need not correspond to the actual equipment
damping (note the distinction from the use of the RRS in analysis where the value of damping
shall be related to the actual equipment). The application of the RRS and the test response
spectrum (TRS) in selecting acceptable test motions is given in 8.6.1. The following
relationships exist for the values of critical damping in the response spectra:

a) In comparing the RRS and the TRS, it is preferred that the damping in the two be the same.

b) ln _caomparina-tha RPRS ~nd TDGC \whaon tha damaninas 1o o
SO parm g—t e — T oo T o—w e e —oo

~ LR SALEL B
circumstances apply:
1) When the damping for the TRS is greater than that for the RRS and the criteria.in 8.6.1
are satisfied, then the qualification is acceptable, since under this circumstanhce if is
conservative.

the—feHewing

2) When the damping in the TRS is less than that in the RRS, a conclusive statemen£ is
not possible without further evaluation. One possibility is to reanalyze the test motigpns
to produce a TRS for an acceptable damping value and apply the ‘Criteria given in either
item a) or item b1).

5.8.3 Application of damping in analysis

In @analysis, a mathematical model is made of the equipment,'se as to predict the responsg to
thel seismic motion. The value of damping used in this model’'should correspond to the acfual
enIrgy dissipation in the equipment to enable the response to be accurately predicted.]An
alt¢rnative approach is to use a conservative value ofdinear damping to obtain a conservative
estfjmate of response. In any case, there is a need to.know the ranges of damping for the spedific
eq:l;ipment and the nature of nonlinearities and their effect on the response. Appropriate vallies
of gamping may be obtained from tests or otherjustifiable sources.

Geperally, most treatment of structural systems assumes viscous damping; however, cerfain
caljinets or housings may exhibit nonviscous damping. The treatment of such a problenj is
analytically complex and should be pefformed using appropriate techniques.

Noplinearities may exist in addition to those associated with damping. See 11.3 for details.

6 | Seismic qualification requirements

6.1 General

Quplification sva formal process by which the required demonstration is achieved in|an
unambiguous recorded and traceable manner so that its applicability and validity can readily|be
confirmed-~The requirements for qualification are typically defined in a procurement or deslgn
spegcification. The specification identifies in detail the requirements for qualification along with
thel applicable codes and standards to be met. Throughout this document, it is assumed that
the Tequirements are well-speciiied, understood and provided as part of the equipment
qualification specification. The specification shall include special requirements for test,
analyses, similarity, or experience-based methods. Specification for a seismic qualification
programme shall include the following elements as a minimum:

— specification of equipment to be qualified;

— identification of ageing conditions that need to be taken into account in the qualification
process;

— specification of the seismic requirements;
— specification of acceptance criteria.

Once these requirements have been defined, it can be determined whether qualification will be
obtained by test, analysis, similarity, experience-based, or a combination thereof.
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Methods used to qualify equipment are further described in Clause 7.

6.2

Specification of equipment to be qualified

The equipment shall be clearly specified. The specification shall include:

Physical description of equipment, its make/model/type number, drawing, issue number,
physical/performance characteristics, etc.;

Identification of important to safety devices and circuitry and their safety function(s), during
and after ageing and SSE/S2;

6.3

Ag
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6.4 Specification of seismic requirements

The¢se requirements shall be clearly spetified. They shall include at least:

Boundaries of the equipment to be qualified (including spatial constraints or potenltial
interaction constraints);

Electrical and mechanical loads and interfaces;

Installation and mounting details including orientation up to the first support;
Environment in which the equipment is required to perform its safety function(s);
Operating and performance conditions of equipment.

Specification of ageing condition

bing conditions due to plant environmental (normal, abnormaly accident) and operational
ditions that need to be taken into account in the qualificatidn process shall be identified with
pect to component identification and condition of use of{equipment. Condition monitorjing
y., IEC/IEEE 60780-323) in conjunction with ageing conditions to evaluate degradatior], if
sidered, should only be applied if there is a known relationship between the agejng
radation of the component monitored and the “degradation of the equipment's safety
ction. Margins applied during ageing testing shall be specified (e.g., IEC/IEEE 60780-343).
e Clause 8 for additional information.

Time duration of strong motiens for the earthquake (see 5.6.2);

Horizontal and vertical seismic motions (e.g., RRS, PSD, time history) associated with fhe
OBE/S1 and SSE/S2 levels for seismic testing;

When an RRS is not’provided, the maximum accelerations of either the floor or structyral
motion at all significant frequencies, needs to be specified, or a time history;

Number of OBE/S1 to which equipment shall be qualified prior to SSE/S2 shall be justified
for each site‘ar five OBEs/S1s shall be used;

Details ofmultiple SSE/S2 (if required);

Relative constraints/displacement at mechanical/electrical interfaces of equipment (other
than-mounting interfaces) due to earthquake;

aln A Laod t~ RBE/IC4 Aand QQE/QC9D IAvnl IEC/HEEE an720 1 23
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Specification of acceptance criteria

The evaluation of equipment operability should be based on a pre-specified set of acceptance

crit

eria for qualification of equipment. The following minimum conditions shall not occur, as far

as applicable:

a)

b)
c)
d)

Structural failure or deflection which would inhibit or prevent performance of any function
that is important to safety;

Loss of output signal;
Spurious or unwanted output;
Significant drift of set point or trip setting by considering specified accuracy;
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e) Loss of required performance characteristics (functional and electrical);
f) Loss of pressure boundary integrity.

These acceptance criteria shall be defined before and after ageing tests as defined in Clause 8,
and before, during, and after earthquake tests. Baseline functional and post-seismic functional
tests shall be performed at the beginning and at the end of the programme, respectively, in
order to obtain accurate benchmark data on the performance of the specimens being tested.
The number and type of tests performed during baseline functional testing may be different than
those tests performed during post-seismic functional testing.

7 | Seismic qualification approach

7.1 Safety function

The¢ seismic qualification of Seismic Category | (SC-l) equipment shall demonstrate |an
eqiipment’s ability to:

e |perform its required safety function(s) during and/or after the time.ib is subjected to the
forces resulting from an SSE/S2.

e |avoid spurious operation during the time it is subjected to.the/forces resulting from|an
SSE/S2, that could jeopardize the fulfilment of safety function(s).

Selsmic Category | equipment being qualified shall demaonsfrate that it can perform its safety
funiction during and/or after an earthquake. The required safety function(s) depends not only|on
thel equipment itself but also on the system and plaft in which it is to function. The saFty

function(s) during the earthquake may be the same but is often different from the safety
funiction(s) required after the earthquake. For example, an electrical device may be required:
a) [to have no spurious operations during the earthquake, or

b) |to perform an active function(s) both during and/or after the earthquake, or

c) [to survive during the earthquake andiperform an active function after the earthquake, or any
combination of these.

Thioughout this standard, it:is_ assumed that the requirements given here are understood and
that the definition of the safety function(s) is provided as part of the equipment qualification
specification. It is the responsibility of the user to verify that the qualification approach selecfed
complies with the requirements.

Anpther device may only be required to maintain structural integrity during the earthquTe

WHen the safety function(s) of equipment requires a demonstration of operability during the
eafthquake, 4t shall be demonstrated during the strong motion portion of the qualificafion
simulation.

For equipment being qualified by test and having more than one safety function, multiple
SSE/S2 may be required to demonstrate satisfactory performance of all the safety function(s).
In addition, the equipment shall withstand the effects of a number of OBEs/S1s [see 9.1.7, 11.5,
A.2.4.2 item b), and Clause A.3] prior to the application of an SSE/S2. Five OBE/S1 tests are
usually considered to be sufficient in the absence of more accurate information.

7.2 Seismic qualification methods

The most commonly used methods for seismic qualification are contained in this document. The
seismic qualification methods are grouped into the following five general categories:

a) Test (under simulated seismic conditions);

b) Similarity (considering seismic tests on similar equipment);

c) Analysis;
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d) Combination of test and analysis;
e) Experience-based data.

[llustrative flowcharts are given in Annex G.

The seismic testing, when part of an overall qualification programme, shall be performed in its
proper sequence and with appropriate test margins applied as indicated in IEC/IEEE 60780-
323, and care should be taken to identify and account for significant ageing mechanisms with
test margins as discussed therein. Within these guidelines, it shall be demonstrated that the
equipment is capable of performing its safety function throughout its qualified life, including its
functional operability during and/or after an SSE/S2 at the end of its qualified Tife.

The similarity method of qualification relies on comparison to previous testing on-simjlar
equliipment. Qualification test and analytical data is extrapolated from a reference>equipment
baged on similarity to excitation (seismic environment), physical system, and functionality of
thel equipment. Similarity of equipment physical system and functionality are demonstrated
baged on a review of information related to design, operation, procurement; manufacturing 4nd
tesfing to verify the candidate equipment is operating within established specifications to fhe
qualified reference equipment.

The analysis method is intended for equipment where structurallintegrity alone is sufficient to
demonstrate its design-intended function considering seismiC ,and other static and dynainic
loads.

The¢ qualification of equipment through experience-based data (see Annex A) is considered| as
a specific sub-case of similarity (method b).

Eagh of the preceding methods, or other justifiable methods, may be adequate to verify the
ability of the equipment to meet the seismic qualification requirements including margin to
acgount for uncertainties. The choice should be based on the practicality of the method for the
type, size, shape, and complexity of thelequipment configuration, whether the safety funcfjon
can be assessed in terms of operability or structural integrity alone, and the reliability of fhe
conjclusions. Whatever the method "chosen, care should be taken to identify and account|for
ageing mechanisms (Clause 8) that could have influence on equipment degradation states gnd
behaviour during and after an-€arthquake.

Selsmic Category Il (SC-11) equipment whose continued function is not required during or after
an [earthquake but whese failure or interaction could reduce the functioning of SC-I equipmnt
is in close proximity to an unacceptable level shall be capable of maintaining structyral
intggrity so that ,seismic events up to and including the SSE/S2 would not cause such a failure
of the SC-I equipment. The seismic qualification methods in this standard can be used to
evgdluate SC-H equipment. SC-Il equipment in proximity to SC-I equipment is typically referfed
to @#s Seismic Category Il over | (SC-II/l) equipment.

8.1 General

In compliance with IEC/IEEE 60780-323, an assessment of equipment ageing effects in
connection with a test programme is required to determine if ageing has a significant effect on
the ability of the equipment to perform its safety function(s). Equipment important to safety
determined to have significant ageing mechanisms are required to be aged to the end of their
service life prior to the Design Basis Events (DBE) testing. For equipment with significant ageing
mechanisms a qualified life shall be established. The qualified life determination shall consider
degradation of equipment capability prior to, during and in post-accident conditions as
applicable. Inherent in establishing a qualified life is that a qualified condition is also
established. This qualified condition is the state of degradation for which successful
performance during a subsequent DBE was demonstrated.
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In compliance with IEC/IEEE 60780-323, for equipment without significant ageing mechanisms
in a mild environment, age conditioning and establishing a qualified life is not required if an
evaluation or ageing analysis is performed which determines that the service conditions within
the service life of the equipment do not result in increased susceptibility to failure during a
seismic event.

8.2 Thermal ageing

Thermal ageing shall be considered if it could change the mechanical property of constitutive
materials of equipment (tightness, damping factor). Special attention shall be put on thermal

¢ing test. Specific attention should be put on the choice of accelerating temperature 4
asgociated duration of such a test.

8.3 Radiation ageing

Rafliation ageing shall be considered if it could change the mechanical préperty of constitutve
materials of equipment. Special attention shall be put on ageing undergitradiation of polymers
that are located in containment and of metals that are submitted to high neutron fluence (ej}g.,
vegsel, instrumentation yoke nearby the core).

8.4 Material degradation and corrosion

Material degradation and corrosion of equipment shall<be studied with due consideratipn.
Temperature/humidity tests (for normal and abnormal’environmental conditions) and chemical
tesf(s) (as needed) shall be performed to take into account these phenomena.

8. Mechanical or electrical cycle ageing

Wedar out under mechanical or electrical ¢ycles shall be taken into account for any equipment
whpse mobile parts are frequently solicited during plant operation. Operation tests may|be
pefnformed to take into account these(@henomena. Modalities of those tests depends strongly
on ffechnology considered and are net described any further in this document.

8.60 Vibration ageing
8.6.1 General

Selsmic qualification™tests on equipment designed to show adequacy of performance durjng
and/or following aff SSE/S2 shall be preceded by tests that produce the equivalent fatigue efﬂect
of fhe number offOBEs/S1s specified for each site and the equivalent fatigue effects of speciffed
in-plant vibration resulting from normal and transient plant operating conditions. It is suggested
that the equivalent conditions consistent with the service life of the facility be simulated if
pogsible;~-however, as a minimum, the equivalent fatigue effects consistent with fhe
qualified/service life of the equipment shall be achieved.

The purpose of the vibrational ageing is to show that the levels of normal and transient vibration,
associated with plant operation and the lower intensity earthquake (OBE/S1) that has a higher
probability of occurrence, will neither adversely affect an equipment’s performance of its safety
function nor cause any condition to exist that, if undetected, would cause failure of such
performance during a subsequent SSE/S2. These tests may also provide part of the ageing
requirement of IEC/IEEE 60780-323.
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Vibrational ageing tests shall be performed preceding the OBE/S1 and SSE/S2 tests. Plant
operation vibration test is generally performed in accordance with IEC 60068-2-6 (Test Fc) or
IEEE Std 382™ unless otherwise justified. Vibrational ageing requirements such as sweep rate,
range for sweep cycle, number of sweep cycles or time duration, and specified amplitude are
defined in the test specification. Testing is normally performed on each axis separately by
sweeping frequency from a lower bound frequency (e.g., 1 Hz) to an upper bound frequency
“F Hz” that is at least twice greater than the cutoff frequency. Unless otherwise specified the
sweep rate shall be 1 octave/min.

8.6.2 Ageing from non-seismic vibration conditions

Portions of the seismic tests may be used to provide part of the ageing requiremént| of
IEQ/IEEE 60780-323 for the specified non-seismic related vibration due to normal and transient
plant operating conditions and in-plant vibration. It shall be demonstrated that the .equivalent
amplitude response cycles achieved in the seismic tests, excluding those required for the
seipmic low-cycle fatigue requirement, exceed the amplitude response cycles fequired for the
nom-seismic vibration loads (see 9.6.5 and Annex E for discussion on equivalént cycles). Credit
maly be taken for any test preceding the SSE/S2.

However, special care shall be taken in establishing equivalency whenr the non-seismic vibrafion
loads, such as a safety relief valve (SRV) discharge load, contain significant frequency content
greater than the cutoff frequency, or when the applied naniseismic forcing function| is
subystantially different from that achieved during the base excited'motions simulated in the tgsts
dispussed in 9.2 through 9.5. In the latter case, the non-seismic’loading could result in excitation
of ¢quipment vibration modes not excited by base motions.

The amplitude response cycles may be determined by analysis as discussed in Clause 11 or
by ghort tests conducted with the equipment in a.simulated non-seismic vibration condition.

8.6.3 Hydrodynamic loads

Some of the equipment in nuclear pawer plants is subjected to vibratory loads that pre
categorized as hydrodynamic loads (in¢luding the loads associated with SRV discharge and the
Logs-of-Coolant Accident (LOCA),-Hydrodynamic loads affect the ageing requirement and thus
the| testing requirement.

Since the structural integrity*and operability of the components shall be evaluated under the
specifications for seismic and other vibratory loads, a combined spectrum may be required|for
thel RRS, that is, OBE/S1 or SSE/S2 combined with vibratory loads. The RRS for testing may
be lobtained by anappropriate combination of the individual spectra, such as square root of the
sumh of the squares’(SRSS) or absolute sum. This situation can result in changes to the RRS
for|test including*increasing the cutoff frequency.

8.6.4 Seismic ageing (OBE/S1)

Selsmiic qualification tests on equipment shall include OBE/S1 tests, preceding the SSE/B2,
that produce a number of equivalent maximum peak cycles (at Teast as given in 9.6.5) for each
specified seismic event. See 9.1.7 for further discussion.

9 Testing

9.1 General
9.1.1 Test programme

Equipment shall be tested simulating operating conditions to either the levels dictated by
expected service requirements or their ultimate capability. The devices shall be mounted on the
shake table in a manner that dynamically simulates the recommended mounting. The test facility
is responsible to judge if the shake table is suitable to perform the specified vibration test.
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Some types of equipment, such as cabinets with bolted doors or panels, produce conditions
such as rattling, chatter, drumming, or banging. These conditions are transmitted throughout
the equipment and may result in increased acceleration levels at frequencies higher than the
original frequencies that were input to the shake table. A low-frequency input thereby may
produce a high-frequency response that may adversely affect devices mounted in the
equipment and shall be considered in their qualification. When this is the case, assembly testing
is preferred. Alternatively, the device mounting location RRS shall be obtained from an
assembly test that includes the effects of these conditions in the time history by analyzing the
motion to sufficiently high frequencies. Devices may then be tested using the methods
descnbed in 9.4 or any other justifiable method. When such condltlons are present addltlonal

ipment is to be used in one application or many. When the equipment is used in only
lication, the seismic motion can be specified and,the qualification test can be chose

in P.2. Fragility testing, conducted to determlne the limit of the equipment’s capabilities| is
dispussed in 9.3. Another factor to be considered is the multi-directional nature of earthquakes.
Equipment should be tested to conseryatively account for these multi-directional effects. Thg¢se
arg discussed in greater detail in 9.6\6:

Another practical problem arisés in attempting to describe tests for devices (relays, motgrs,
senpsors, etc.) and for complex assemblies such as control panels. In the first case, i{ is
regsonable to assume that-the device can be subjected to seismic tests while simulating the
opgrating condition and_monitoring its performance during the test; however, in the casq of
co%‘plex equipmentssuch as control panels, this may not be true. Such panels usually confain
majny devices that are part of several systems extending over many other panels located in
valfious parts of\the facility. To test such panels while in an operating condition may|be
impractical, @nd in such cases, the following alternate approach is recommended. Apply the
appropriate vibration input (RRS) to the panel with the actual devices installed but inoperafive
or |with -the device’s dynamic properties simulated. The dynamic response at the devides’
lochtions’is measured and is used as input criteria to qualify the devices separately in|an
opgrating condition (see 9.4 and 9.5). The purpose of installing the nonoperating devices ig to
simulate the dynamic characteristics the panel will have when in use.

It is noted that equipment that has been shake table tested, in general, should not be installed
in a plant, unless it can be demonstrated that the accumulated stress cycles already
experienced by the equipment will not degrade its ability to perform its safety function(s) under
all postulated conditions of use (including an earthquake).

Regardless of whether devices or assemblies are to be proof tested, generically tested, or
fragility tested there are certain common considerations. These are listed in 9.1.2 through 9.1.6.
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Specified acceptance criteria shall be met before, during and/or after the SSE/S2 tests.
Equipment functionality during and/or after the SSE/S2 is addressed in the following
subclauses. It is important to note that equipment with more than one safety function or
operating mode may require additional SSE/S2 testing to demonstrate satisfactory performance
of all safety functions and operational modes.

9.1.2 Mounting

The equipment to be tested shall be mounted on the shake table in a manner that simulates the
intended service mounting. The mounting method should be the same as that recommended for
actga ree—and otHe—Hse—and he—reee ded—bel—size—andtype—tergque,
conffiguration, or the weld pattern, size and type, etc. The effect of electrical connections,

replicate the intended mounting and orientation at the plant site. Interposing fixtures, when
used, shall be such that their use will not filter out or change any/frequencies from the input
motfion. The effect of such fixtures and connections (including gravitational acceleration effegts)
shall be evaluated and addressed in the report when they are only used during qualification and
nof for in-service mounting to ensure differences do not adversely affect the safety functior|(s)
of fhe equipment.

9.1.3 Monitoring

Fu:rctional and vibrational response parameters:shall be considered for monitoring equipmgnt
during vibration testing.

Sufficient monitoring instrumentation shall be used to evaluate the functionality of fhe
equiipment before, during, and following its vibration test exposure. Details of executing this
requirement shall be obtained from documents that pertain to the specific equipment. It shofuld
be [noted that compliance with this-requirement often takes a significant effort in test plannjing
and implementation.

Sufficient vibration monitoring instrumentation should be used to determine the applied
vibration levels. If required, deflections and/or displacements at relevant locations and at the
top| of the assembly(shall be determined. It is recommended that vibration response monitorjing
insfrumentation alsdé be used to determine the response of the equipment along all thfee
orthogonal input~axes simultaneously, at those points within the structure that reflect the
equipment résponse associated with its structural integrity and its functionality. This data may
be |useful for/structural design analysis, functionality failure analysis, future design changeq or
deyice («change-out, determining in-structure response spectra, and other applications. The
locption©f the vibration sensors and the functional monitoring system(s) shall be documentgd.

9.14 Loading

Seismic qualification tests on equipment shall be performed with the equipment subjected to
normal operating conditions (electric loads, mechanical loads, thermal loads, pressure, etc.)
and other plant design basis conditions that may adversely affect the safety function. Simulation
of these loads is acceptable if it is justified. If not included as part of the test, the absence of
the loading effect shall be justified.
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9.1.5 Refurbishment
9.1.5.1 General

Any refurbishment performed on equipment during a test programme may be classified into
maintenance or repair according to its degree. Examples of maintenance activities include
calibration of relays and retorquing of hardware. Examples of repairs include welding or
rewelding of portions of an equipment, replacing damaged components, such as sheared bolts,
and retightening loose electrical terminals.

Eq |ir\mnn’r devices which fail to gi\/n Qafiefnr\’rnr\ll test results shall be rnlnsuirnd’ madified or
replaced but in any case, the entire test of the equipment shall be repeated and satisfactpry
resjults obtained, unless justified otherwise. If devices are replaced during a test, theycshalllbe
replaced and aged if necessary, according to general criteria given by IEC/IEEE 60780-323|.

9.1.5.2 Inspection

Inspections shall be performed at the beginning and throughout the test@&equence to enspre
that the test sample(s) are not damaged due to transportation, handling;optesting and to verify
compliance with the specifications. Appropriate precautions should be taken if disassembly is
required for proper inspection. Description of the physical condition of equipment shall|be
included in the qualification documentation. The condition of electrical insulation, mechanical
pailts, bearings, lubricants, electrical contacts, wiring, gear drive trains, linkages and other
related constituents shall be recorded.

Uppn completion of testing, the equipment shall be visually inspected, including disassembly
when required, and a description of its physical_€ondition and verification of performance
condition shall be included in the qualification documentation.

9.11.5.3 Maintenance

WHhen maintenance is required, the severity of the problem shall be determined and documented
in detail in the test report. Maintenance may be performed and testing continued. When
majntenance is performed during OBE/S1 testing, it becomes part of the post-earthquake field
majntenance checks and procedures for the equipment.

9.1[.5.4 Repairs

WHen repairs are negessary during the OBE/S1 test, retest is required unless justified
otherwise. When repairs are necessary during or after the SSE/S2 test, the general requirement
is retest unless_justified otherwise. When the condition requiring repair during the SSE[S2
tests does not.interfere with the performance of the safety function, during or after the test, and
thel SSE/S2 ¢an be shown not to be cumulative due to testing in other axes and does phot
unacceptably affect equipment performance in subsequent qualification tests, such as the Lofss-
of-Coolant Accident (LOCA), then continuation without retest may be justifiable. When repairs
cornstituté a design change, the equipment shall be retested, unless justified otherwise. When
ref airs are made the details shall be included in the test report

9.1.6 Exploratory tests
9.1.6.1 General

Exploratory testing such as resonance search tests to determine natural frequency and damping
of equipment can be performed before vibration ageing tests and after seismic testing to detect
degradation of equipment. This data may be used to improve the design of equipment and to
qualify it by performing a limited number of complementary tests.
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Exploratory vibration tests are generally not part of the seismic qualification requirements but
may be run on equipment to aid in the determination of the best test method for qualification or
to determine the dynamic characteristics of the equipment. These low input level vibration tests
are normally described as resonance searches. They are generally performed at input levels
well below the required seismic qualification vibration level. These tests can be performed in
several ways. The most common method is the resonance search that is performed as a slowly
swept sinusoidal vibration test with the input uniaxial. The equipment responses may be
measured biaxially or triaxially to determine resonances and cross coupling. A second method
involves impacting the equipment in a controlled manner at critical points on the structure,
capturing the impact and response data, and computing the transfer function between impact

A third method involves the use of a broadband random input signal and simultanegus
mejasurement of response at locations of interest.

9.1[.6.2 Resonance search by base excitation

This method offers the advantage that it can be performed on the same/type of vibrafion

jusf prior to the qualification seismic vibration test as the information gathered may be useful.
Resonances are determined by instrumenting the structure with accelerometers at the in
locption and at those locations where the structural response is desifed. Generally, a slowly
swept low-level sinusoidal vibration should be employed. The sweep rate should be two octayes
pell minute, or less, to allow for resonance buildup. A 0,2 g peak)input is the conventional in'rut
level, but it may be adjusted lower to avoid equipment damagge or higher to take nonlinearii

intd consideration. It is recommended that the resonance search be carried out at least a fagtor
of 1,5 beyond the RRS cutoff frequency to obtain data on equipment dynamic characteristics
that may be valuable to justify qualification for othersdynamic loads.

The user is cautioned that if the equipment is -not mounted on its service foundation for the
resonance search, the mass and stiffness of the mounting used may have a significant effect
on fthe accuracy of the results.

WHen large equipment is tested on a(fable, coupled table/equipment modes may exist, whiich
shquld not be interpreted as equipment modes. The vibrational coupling of these two vibrafing
sydtems occurs because they ate’ connected and energy can transfer from one system| to
angther. Separate exploratory-vvibration tests can be performed on the equipment and shake
table independently to determine their dynamic characteristics.

Strjuctural resonances:are normally detected by observing amplifications of the input motion in
thel test item. Phase) relationships between the sinusoidal input signal and the structyral
response at the, point of measurement may also be helpful in defining resonances. A higher
1ree of confidence in establishing resonance is obtained by combining amplification Ind
se data- Similar results may be obtained by base excitation with low-level broadband
random motion. In this case, transfer functions and phase data are obtained by fast Fourier
transform(FFT) analysis of excitation and response time histories. Caution should be exercigsed
to eénsure that the number of data samples acquired and the resolution bandwidth correspgnd
, A it , ) . ilie.

9.1.6.3 Resonance search by impedance methods

Resonance search by impedance methods may be accomplished by exciting the structure with
a small portable shaker or by impact testing. The induced vibration under such conditions is
usually of small amplitude in nature. Caution should be exercised in applying the test results
for large amplitude earthquake response conditions. See 12.2 for further discussion.
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9.1.6.4 Application of resonance search data
All resonances should be recorded for possible use as the following:

a) Design information;
b) Necessary data for certain test methods;
c) Data for use in potential qualification efforts.

When it can be shown that the equipment has no resonance below the cutoff frequency of the
RRS, the equipment may be considered rigid and analyzed or tested accordingly. On the other
hafd, When resonances exist, or when the coniiguration of the equipment is such that critjcal
resonant frequencies cannot be ascertained due to either the complexity of the equipment or
the| inaccessibility of critical parts, the equipment should be tested according to one)of the
vatfious methods of 9.6 or another justifiable method.

It s'IhaII be noted that, because of nonlinearities, resonance responses at high-levels may differ
in frequency and damping from those at low levels; and further, that resonance response may
nofl be excited at all at low levels. Therefore, a low-level exploratory test may not be conclu%‘ive
as|an indication of either equipment dynamic response or lack ‘0f resonances. When
noIIinearities are suspected, it may be necessary to perform an exploratory test at more than
ong input acceleration level.

9.1[.7 Seismic ageing (OBE/S1)

Selsmic qualification tests on equipment designed to,show adequacy of performance durjng
and/or following an SSE/S2 shall be preceded by tests.that produce the equivalent fatigue ef:lect
of fhe number of OBEs/S1s specified for each site andthe equivalent fatigue effects of speciffed
plant vibration resulting from normal and transient plant operating conditions. The OBE[S1
SSE/S2 tests shall produce a number of equivalent maximum peak cycles (at least as giyen
.6.5) for each specified seismic event. (For example, one SSE/S2 may be equivalen{ to
muftiple OBEs/S1s and may be used inxplace of multiple OBEs/S1s. The site conditior] is
nofimally consistent with the service lifevof the facility; however, as a minimum, the equivalent
:

er
ive

Proof and generic testing

of testing is useds«ta“qualify equipment for a particular requirement. A proof test requifes
ipment to be ,subjected to one of the tests described in 9.6. The equipment shall|be
suljjected to the particular response spectrum, time history, or other parameters defined for fhe
mopunting location of the equipment. No attempt need be made to explore the failure threshqlds
he equipment. Therefore, the proof test requires the preparation of a detailed specificatipn.
The¢ equipment is tested to the specified performance requirement and not to its ultimpte

Sh T TOT—a—Ww a AR, v v, ot - S 1

typically encompasses a wide frequency bandwidth with relatively high acceleration levels. The
user is cautioned that the enveloping of a variety of requirements can produce a very severe
test motion.

In general, the proof or generic test seismic simulation waveforms should:

a) Produce a TRS that closely envelops the RRS using single- or multiple-frequency input as
required to provide a conservative (but not overly so) test-table motion;

b) Have a peak acceleration equal to or greater than the RRS ZPA;

¢) Not include frequency content above the RRS ZPA asymptote;

d) Have a duration in accordance with the requirements of 9.6.5.


https://iecnorm.com/api/?name=e80ddcba5c1b3f6a0681453caa2a4052

IEC/IEEE 60980-344:2020 - 35 -
© IEC/IEEE 2020

Consideration shall also be given to the choice of single-axis or multiple-axis testing as
described in 9.6.6 and margins as noted in Clause 7.2.

9.3 Fragility testing

Fragility testing is used to determine the ultimate capability of equipment. Such information may
later be used to prove adequacy for a given requirement or application.

Fragility testing should be performed in a manner that yields equipment capability data that can
be related to and compared with any of the various requirements from various installations and
agéncies.

For some requirements, an equipment’s capability can be best defined by a demonstratior of
its fesponse to sine-beat (or transient) type excitation. For other requirements, it maysbe defined
by B demonstration of its response to continuous sine excitation. Still other equipment capabllity
maly be defined by a demonstration of its response to multi-frequency.»waveforms,| A
mejasurement of the equipment’s fragility level for a particular motion excitation constitutep a
demonstration of its ultimate capability to perform its required safety function(s) when subjecfed
to fhat motion.

Variations in the seismic environment have been shown to infldence the fragility level of|an
equiipment or system. One such variation is the directional nature*of the excitation. In additipn,
thel environment may possess the characteristics of a shack;”a transient, or a steady-stpte
vibfation. The tests outlined in 9.6 may be performed to“establish fragility data using fhe
guidelines of that subclause for proper application (see Annex D for additional guidance|on
fragility testing).

9.4 Component testing

Components shall be tested simulating opétating conditions to either the levels dictated|by
expected service requirements or their ultimate capability. The components shall be mounted
on [the shake table in a manner that dynamically simulates the recommended mounting. When
a gomponent is intended to be mounted on a panel, the panel should be included in the test
mopunting or the response at the _device mounting location should have been monitored duning
thel assembly testing (see 9.5),(in"which case the device may then be mounted directly to the
shgke table for the simulation(of in-service excitation.

9.5 Assembly testing

9.5.1 General

9.5.1.1 Overview

co ;

simultaneously. Seismic qualification of any important to safety subcomponents not tested
during the assembly-level seismic test shall be verified in a separate programme. It is
acceptable to conduct the testing in two phases:

e Phase 1 — Assembly-Level Seismic Test: The overall structure of the assembly, including
as many subcomponents that can be installed and functionally monitored during this initial
seismic test programme.

e Phase 2 — Subcomponent Seismic Test: The various subcomponents that were not included
in the Phase 1 test programme are seismically tested to verify they will perform their safety
function(s).
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9.5.1.2 Phase 1 — Assembly-Level Seismic Test

The overall (host) assembly is tested to verify its structural integrity and position retention are
intact. If there are any other functional requirements for the overall structure, those should be
tested/verified as well. Dummy weights should be used to simulate the local impact of missing
subcomponents if their absence will significantly impact the overall equipment global and local
dynamic response. Local accelerometers should be installed at the intended mounting locations
of the missing subcomponents in order to produce in-structure OBE/S1 and SSE/S2 RRS for
the Phase 2 test programme.

locpl TRS) are enveloped as needed to take into account the different possibilities of loadjing
thel equipment in each axis of excitation to define the subcomponent RRS in the next phasg of

The various missing subcomponents from Phase 1.@are mounted onto the shake table surfﬂzce

ing
OBE/S1 and SSE/S2 TRS shall envelop the OBE/S1 and SSE/S2 subcomponent RRS|as
indjcated in Phase 1 of the testing. The OBE/S¥ and SSE/S2 RRS for these seismic tests pre
deflived from the in-structure response.spéctrum calculated from local accelerometeif(s)

1 of the test programme. Intermediate structure on which equipment is fixed can induce higher
equiipment excitation. In such cases)those excitations shall be taken into account in definfing

In g¢ither case, the test metheds described in 9.6 or other justifiable methods may be used. The

NOTE It is recognized that when testing assemblies with actual and/or simulated devices installed, the TRS from
the [device location Tnay be excessive due to over-test of the assembly since it is not practical to closely envelop all

9.6.1 General

9.6.1.1 Test categories

Present test methods generally fall into three major categories. They are proof testing (see 9.2),
generic testing (see 9.2), and fragility testing (see 9.3). The types of motion available to best
simulate the postulated seismic environment fall into two categories: single frequency and
multiple-frequency. The method chosen will depend upon the nature of the expected vibration
environment and also somewhat on the nature of the equipment. The various technical
requirements appropriate to each test method may provide extra benefits for specific
applications.
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9.6.1.2 Artificially broadened response spectra

For a floor-level motion, the RRS may be dominated by a single structural resonance. For this
case, the RRS is usually broadened to cover the uncertainty in the building structural frequency.
This has the effect of making the RRS artificially conservative since the response peak can
occur only at a specific frequency and not throughout the entire broadened band. An acceptable
testing procedure in this case is as follows:

When the center frequency in the broadened area is f, testing may be conducted at this
frequency and in addition at the frequencies f, + Af., fo £ 2Af,, ..., f; = nAf;, where Af,
coffesponds to an acceptable interval (typically 1/6 to 1/3 octave) to envelop the en{re

brgadened area. The TRS generated during each individual test shall have the same shape-and
width as the original narrowband response spectrum (similar to Figure 3). The specification
shquld state clearly the existence of this case to avoid confusion with an RRS that resdlts frlom
genuine broader frequency motion requirements.

9.6(.1.3 TRS analysis

TRE shall be computed using either justifiable analytical techniques‘\©r response spectrum
analysis equipment and should be developed over the frequency{range of interest. If is
re%mmended that the TRS be computed with 1/6 octave or narrOwer bandwidth resolution to
gemerate adequate data over the frequency range of interest. Any filtering of the accelerafion
sighal performed within the frequency range of analysis shalt be defined.

9.6.1.4 Damping selection
The RRS are usually specified at several levels ofcritical damping. When available, the RRS

with a critical damping of 5 % is the recommended choice for use in testing. The application of
damping for testing is described in 5.8.2.

9.6.2 Single-frequency test

9.6.2.1 General

WHen the seismic ground motion“has been filtered due to one predominant structural mode, the
resulting floor motion may consist of one predominant frequency. In this case, a short durafion
stepdy-state vibration can®e-a conservative input excitation to the equipment. Further, single-
frequency testing may be used to determine (or verify) the resonant frequencies and dampijng
of equipment. If it can.be shown that the equipment has no resonances, only one resonanfce,
widely spaced resonances that do not interact, or if otherwise justified, single-frequency tesfing
maly be used to fully test the equipment.

The TRS from single-frequency testing results from each individual frequency and may not|be
gemeratediias the composite of several non-simultaneous single-frequency tests unlgss
otheerwise justified.

9.6.2.2 Derivation of test input motion
9.6.2.2.1 General

For any waveform employed, the shake table motion should produce a TRS acceleration at the
test frequency at least equal to that given by the RRS. The peak input acceleration shall be at
least equal to the ZPA of the RRS except at low frequencies where the RRS goes below and
stays below the ZPA for which the value of the RRS shall be met. See 9.6.6 for guidance on
the number of axes required for testing. For flexible equipment with more than one predominant
frequency, and when the RRS has the characteristics of a multiple-frequency broadband
response spectrum, the conditions in 9.6.2 may be difficult to fulfill. Specifically, it may not be
practical to attempt a demonstration where modes do not interact to reduce the seismic fragility
of equipment. When this is the case, single-frequency tests may be applied according to
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9.6.2.2.3 based on the expected behaviour or fragility of equipment under vibratory conditions
used to determine its seismic qualification.

9.6.2.2.2 Equipment performance assessed by structural integrity alone

When the performance of equipment can be assessed by structural integrity alone, in terms of
stress and strain such as in structures and static electrical or passive devices, then the
maximum response in equipment governs without regard to the precise vibratory nature or
frequency content of the excitation. The motion of the shake table should produce a TRS at the
test frequency of 1,5 times that given by the specified RRS peak unless justified to be less. This

Cco evd e O or—combired—m ROae—+eSPohsSe he—choice—-o heprecedinrgfa gtor

depends on the shape of the RRS W|th the largest value (1 5) applicable to a broadband RIRS.
As|a consequence, the TRS need not completely envelop the RRS. Alternatively, when all the
resonances of the equipment can be definitely established by an actual test, it will be sufficient
for|the single-frequency TRS to envelop the RRS only at the equipment resonances with one
sinpgle-frequency input.

9.6.2.2.3 Equipment performance assessed by structural integrity.-and operability

WHen the performance of equipment shall be assessed by the combination of structural integfity
and operability, as for example in electromechanical devices sucly as relays or instruments,
then the precise vibratory nature and frequency content of the exgitation will produce equipmgnt
responses that determine its fragility. Justification shall be provided so that the 1,5 factor (see
9.6[.2.2.2) is sufficient to allow for combined multi-modal response and to produce a vibratpry
motion to adequately simulate the effects that the intended multi-frequency motion would have
on [equipment performance. The choice of the factor depends on the nature of the equipmnt
and the shape of the RRS with the largest value, which may require a factor greater than 1,5,
applicable to broadband RRS. Consequently, theSTRS need not completely envelop the RRS
prgvided proper justification is given. In additioh, testing shall be performed at all equipment
resjonances and at frequencies spaced no farthetr apart than 1/2 to 1/3 octave intervals up tp a
frequency of 33 Hz unless otherwise justified? When the equipment resonances exceed 33 Hz,
thel testing shall be narrowed to 1/6 octave or less at frequencies above 33 Hz. Alternatively,
when all the resonances of the equipment can be definitely established by an actual test, it will
be pufficient for the single-frequency.TRS to envelop the RRS only at the equipment resonang¢es
with one single-frequency input.

9.6.2.3 Continuous-sineitest

A tpst at any frequency. should consist of the application of a continuous sinusoidal motion at
the| frequency and amplitude of interest and with a total duration and low-cycle fatigue potential

t any frequency,cat-least as given in 9.6.5. The test frequencies of interest are those at the
resonances of the equipment being tested and others as given in 9.6.2.2. The maximum
acgeleration corresponds to that for which the equipment is to be qualified and should at lefast
pragduce thé maximum response acceleration given in 9.6.2.2.

9.6.24 Sine-beat test

A test at any frequency should consist of the application of a series of at least five sine beats
with a sufficient pause between each so that no significant superposition of equipment response
motion results. The sine beats consist of sinusoids at the frequency and amplitude of interest,
as shown in Figure 1. Each sine beat should consist of a number of cycles of motion (usually 5
or 10) to produce a TRS acceleration in accordance with the criteria given in 9.6.2.2. The test
frequencies of interest are those at the resonances of the equipment being tested and others
as given in 9.6.2.2. The total test duration and the low-cycle fatigue potential at any frequency
should be at least as given in 9.6.5.

For a given beat-peak amplitude, the degree of test conservatism will increase as the number
of cycles per beat increases until the conservatism approaches that of the sinusoidal waveform
in 9.6.2.3.
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NOTE 1 As used in this document, the amplitudes of the sinusoids represent acceleration, and the modulated
frequency represents the frequency of the applied seismic stimulus.

NOTE 2 Beats are usually considered to be the result of the summation of two sinusoids of slightly different
frequencies, with the frequencies within the beats as the average of the two, and the beat frequency as half the
difference between the two. However, as used herein, the sine beats may be amplitude-modulated sinusoids with
pauses between the beats.
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Figure 1 — Sine beat

9.6/.2.5 Decaying-sine test

A tpst at any frequency should consist of the application of at least five decaying sinusoidg at
the| frequency and amplitude of interest with a sufficient pause between the sinusoids so that
no |significant superposition of equipment response motion results. The total test duration and
low-cycle fatigue potential at any frequency should be at least as given in 9.6.5. The decayjing
sinpsoids consist of a single frequency.@f exponentially decaying amplitude, as shqwn
in Figure 2. The test frequencies of interestare those at the resonances of the equipment bejing
tesfed and others, as given in 9.6.2.2;The peak acceleration of the sinusoid correspondg to
that for which the equipment is to \b& qualified and should at least produce the maximum
response acceleration given in 9,6:2.2. For a given peak amplitude, the degree of conservatism
will increase as the decay rate“decreases until the conservatism approaches that of the
sinpsoidal waveform in 9.6.2.8.

Decay rate

Av] v,-\? >

Acceleration
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Figure 2 — Decaying sine
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9.6.2.6 Sine-sweep test

In this test, a sinusoidal input with continuously varying frequency is applied to the equipment.
The frequency band should cover the range for which the equipment is to be qualified, including
the equipment resonances and other frequencies, as given in 9.6.2.2. This closely approaches
the conservatism of the continuous-sine test in terms of producing maximum response. The
percentage of steady-state resonance response obtained depends on the sweep rate and the
equipment damping. For sweep rates of two octaves per minute or less, and for typical
equipment damping, this percentage exceeds 90. Maximum response is obtained separately at
every frequency in the test range. Consequently, this test produces the most thorough search
for all resonant frequencies. and it is customarily used for this purpose as an exploratory test,
with a low input level such as 0,2 g.

To|qualify the equipment, the total sine-sweep test duration and equivalent maximum p¢ak
cydles at any frequency should be at least as given in 9.6.5. The maximumyaécelerafion
corresponds to that for which the equipment is to be qualified and should at least produce fhe
makimum response acceleration given in 9.6.2.2. The TRS may not be a composite of the entire
frequency sweep. It shall be the response spectrum centered around any single frequency.

9.6.3 Multiple-frequency tests
9.6.3.1 General

Seismic ground motion is recognized to contain multiple-frequency energy content normally|up
to approximately 33 Hz with the exception of hard rock regions of the Central and Eastern U.S.
and other parts of the world which may experience energy content up to 100 Hz. When fhis
relatively broadband ground motion has not been strongly filtered by the building or the soif or
both, the resulting floor motion that affects the equipment tends to retain the original broadband
characteristics. Furthermore, even if strong filteting is present but is caused by two or mpre
disfinct building modes, the floor motion willstill comprise a complex wave with dominpnt
frequencies at each of the building or soil natdral frequencies, or both. In these cases, multiple-
frequency testing is applicable for qualification. Specific shake table excitation includes randiom
or fomplex time histories, depending on*the frequency distribution necessary to simulate the
required floor motion. The intent is to\produce a table motion that reasonably approximates that
which is postulated to occur at the-mounting of the equipment for the particular earthquake.

MuJtiple-frequency testing issintended to provide a broadband test motion that is particularly
ap;!ropriate for producing a.simultaneous response from all modes of a multi-degree-of-freediom
sydtem whose malfunetion may be caused by modal interaction. Multiple-frequency tesfing
prgvides a closer simulation of a typical seismic motion without introducing a higher degreg of
conservatism.

There are a fwwmber of available waveforms that may be used as test motions to simulate the
paiffticular.seismic excitation at the mounting of the equipment. Several types of multigle-
frequency tests employing these different waveforms are given in 9.6.3.3 through 9.6.3.5. Some

of test type will depend on the extent to WhICh the ground motion is filtered by the dynamic
characteristics of the building, or soil, or both, to produce the excitation to the equipment at the
particular floor level of the building. Other waveforms, or types of multiple-frequency tests, not
specifically discussed herein may also be employed provided they can be shown to possess
similar characteristics for exciting the equipment being tested. Generally, the criteria described
in 9.6.3.2 for the derivation of the test input motion are used to justify the adequacy of the test.

9.6.3.2 Derivation of test input motion

The strong motion portion of the test waveform shall be demonstrated to meet the requirements
as specified in 5.6.2. For any waveform employed, the motion of the shake table shall be
adjusted so that:
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a) The TRS envelops the RRS over the frequency range for which the particular test is
designed. The RRS shall include test margin as specified in IEC/IEEE 60780-323.

b) For comparison of the TRS and the RRS, the TRS is computed with a critical damping value
equal to or greater than that of the RRS, using the appropriate damping values in 5.8.2,
5.8.2.2 and 9.6.1.4.

c) The shake table maximum peak acceleration is at least equal to the ZPA of the RRS
(see Annex B for suggestions on the measurement of ZPA).

d) The total test duration and low-cycle fatigue potential are as those in 9.6.5.

e) Analysis of the time history indicates frequency content at least as broad as that defined by
the amplified region of the RRS.

f) |The time history indicates waveform stationarity, that is, the statistical parametersi(elg.,
frequency content and amplitude probability distribution) do not vary significantly throughput
the test.

Tolaccount for the factors in items a) through f), it is necessary to show thaf the frequency
content of the test waveform is at least as broad as the frequency content of-the amplified regjon
of the RRS (except perhaps at the low-frequency end due to limitations of vibration ﬂ‘est
eqlipment, see the following items j) and m)). There are several techniques for showing this;
forlexample, show that:

g) |The enveloping of the RRS by the TRS is obtained with similar spectrum shapes so that
similar amplifications at significant spectrum peaks in the‘amplified regions of the spegtra
result.

h) |The frequency content of the Fourier transform of the-test waveform is compatible with fhe
amplified portion of the RRS.

i) |The frequency content of the test waveform RSD is compatible with the amplified portion of
the RRS.

It i$ also intended that stationarity exists over the strong motion portion of the test waveform.
Thils can be demonstrated by showing thatthe frequency/amplitude content of the wavefornp is
stafistically constant with time (see Annex C for further explanation of frequency content gnd
stikionarity). The RRS occasionally-requires high acceleration levels at the lowest frequendies
that require very high test-table’ displacement capability. The general requirement [for
enyeloping the RRS by the TRS can be modified under the following criteria except at the
principal natural frequencies.of the equipment:

phenomena exist\below 5 Hz, it is required to envelop the RRS only down to 3,5 Hz.
Excitation shall"continue to be maintained in the 1 Hz to 3,5 Hz range to the full capabllity
of the test fagility.

i) |In those cases where it can be shown by a resonance search that no resonance resporlvje
I

k) [When rese@nance phenomena exist below 5 Hz, it is required to envelop the RRS only dgwn
to 70 % of the lowest frequency of resonance.

1) |[Whenthe absence of resonance response phenomena or malfunction below 5 Hz cannot|be
justified, the general requirement applies and the low-frequency enveloping should|be
satisfied down to T Hz.

m) Under any circumstances, failure to envelop the RRS at, or above, 3,5 Hz shall be justified.

In the performance of a test programme, the TRS may, on occasion, not fully envelop the RRS.
The general requirement for a retest may be exempted if the following criteria are met:

n) A point of the TRS may fall below the RRS by 10 %, or less, provided the adjacent 1/6
octave points are at least equal to the RRS and the adjacent 1/3 octave points are at least
10 % above.

0) A maximum of five of the 1/6 octave analysis points may be below the RRS, as in item n),
provided they are at least one octave apart.

Phasing of the input motion should be random and the amplitude chosen so the RRS is fulfilled.
When the time histories to be used for biaxial testing, tri-axial testing, or analysis are generated
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it's important that the frequencies of the corresponding waveform in each orthogonal direction
differ slightly, otherwise the coherence between the time histories will be high. For example, if
sinusoids at 1/12 octave frequencies are used a frequency shift of 1/24 octave between the
corresponding sine waves in the different time histories will decrease the coherence
dramatically.

9.6.3.3 Time history test

A test may be performed by applying to the equipment a specified time history that has been
synthesized to simulate the seismic input. It shall be demonstrated that the actual motion of the
sha i har—the } i fr A be
acq

by

omplished by a direct comparison of the table-motion time history with the specified mofi
eans of an oscilloscope or oscillograph trace. A comparison can further be made throy
the| use of response spectra of the required motion and the table motion. In the latter,methpd,
a response spectrum of the specified motion (RRS) is developed for the appropriate critical
damping given in 5.7. Subsequently, a table motion is developed so that its TRSyenvelops fhe
RRIS according to the general criteria of 9.6.3.2.

It ghould be recognized that these two comparison methods may havessignificantly different
degrees of sensitivity and, hence, differing adequacy for testing différent physical effects. fFor
exgmple, when very low frequencies are important, direct comparisSons of displacement time
histories are useful. On the other hand, if intermediate-to-high freguencies are important, then
comparison of accelerations or a computation of response spéctra is more useful.

na
enyelops the RRS according-to the criteria given in 9.6.3.2. For an analog signal synthgsis
syqtem, the multiple-band-frequency source may be either a random noise generator
multiple-channel filter cembination or multiple signals taped on individual channels of an anajog
tap’e recorder. A third,'practical signal synthesis system is a digital computer programme that
hag the capability(of,computing the inverse of the shaker system transfer function and applyjing
it tp the desired\table-motion time history. For all types of signal sources, a gradual buildup,
hold, and decay of the signals provide a realistic simulation of an actual seismic event.

9.6.3.5 Complex-motion tests

9.6.3.51  General

In many cases, the required motion may represent significant filtering of ground motion by one
or more sharp building or soil resonances, or both. The corresponding RRS may include
medium-to-low level amplification over a broad frequency range, with highly amplified
narrowbands associated with each building resonance. For these cases, the use of a random
motion test (even with narrow individual bandwidth resolution) may require an unreasonably
high maximum peak value of the input so as to meet the higher amplification associated with
the building resonances. It is permissible to synthesize a complex signal that comprises the
summation of several different types of individual narrowband components superimposed on
lower level broadband random motion. This approach affords a better chance of producing a
table motion whose TRS will envelop the RRS, according to the criteria of 9.6.3.2, without
introducing excessive ZPA levels. Several typical methods of synthesizing complex signals are
described in 9.6.3.5.2 through 9.6.3.5.6. For each of these test methods, the criteria of 9.6.3.2
shall be met. Success in the use of any one of these methods will depend on the type of
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synthesis equipment available, the exact shape of the RRS, and the experience of the test
engineer. The following methods have been utilized sufficiently to warrant special mention.
However, further combinations of these and other signal components may be used as necessary
to produce the required table motion.

9.6.3.5.2 Random motion with sine dwells

To meet an RRS that includes a moderately high peak random excitation may require an
unreasonably high peak value of the input. In this case, a broadband random motion is first
synthesized similar to the description given in 9.6.3.4. The levels of individual frequency bands
are—adjusted—unt FRHeR—e+the S—erthelowertevel-broadbandpertion—-oftheRR i

enyeloped by the TRS using a peak input acceleration that is at least equal to, but

Thils motion is similar to that of 9.6.3.5.2 except that sine beats-are used in place of sine dwdlls.
Thé same criteria of motion synthesis, test duration, and’simultaneous initiation of sine bejats
arg applicable in this type of test. (For the case of artificially broadened spectra, 9.6.1.2 may
apply, in which case a series of tests, each with(a,\different sine-beat frequency, may|be
pefformed to cover the broadened area. See Figuré 3.) Multiple applications of sine beats,
spgced throughout the duration of the test, are applied for each required frequency. The numper
of gycles per beat becomes an additional parameter that can be adjusted for best resultq to
megt the enveloping criteria of 9.6.3.2. . Fhé optimum number of cycles per beat may|be
defermined from Figure 4, which gives,resonance amplifications of sine beats for different
cydles per beat and damping values.

-
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ys ~ Sine-beat spectrum

Acceleration

' v “l "-..
/ /- . \/ Random spectrum
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Time
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Figure 3 — Random spectrum with superimposed sine beats


https://iecnorm.com/api/?name=e80ddcba5c1b3f6a0681453caa2a4052

- 44 — IEC/IEEE 60980-344:2020
© IEC/IEEE 2020

9.6,

Thi
fre
Thy
me
cor

phase controls. When many distinet frequency sinusoids are combined, the result approac

bro
tabj

9.6

Thi
fre
fre
rep
cydq
wit
the

s A
b
(_) 40 —— e
: %
£
< 35}
&/
L/
30} \b_/ A
S / /'/
25| |
///
olo ~~
20 ] '
//
15 |-
10 | s%
5| 1
ol : : : | 4
0 2 5 10 15 20,V

Cycle.penbeat
IEC

Figure 4 — Resonant amplification versus cycles per beat

3.5.4 Combination of multiple sinusoids

s motion consists of the summation of%multiple sine waves (sinusoids) with disti
huencies that include the resonant frequencies of the equipment up to the cutoff frequen

nct
cy.

e frequencies of the sinusoids are typically spaced at 1/3 octave intervals, or narrower

tinue for the duration of the test\rdh. Each frequency shall have individual amplitude

adband random motion. This ‘¥method can be readily used in digital synthesis of requi
le motion.

.3.5.5 Combination of multiple sine beats

s motion is similar to that of 9.6.3.5.4 except that a series of sine beats at each disti

juencies, ,octave spacing, simultaneous initiation of the sine beats, and continuoy
eated anditest duration are applicable in this type of test. As in 9.6.3.5.3, the numbe
les persbeat can be adjusted for best results to meet the enveloping criteria of 9.6.3.2.

result approaches broadband random motion.

et the enveloping criteria of 9.6.3.2: All sinusoids shall be initiated simultaneously 1nd

to
nd

es
Ffed

nct

qjuency is used-in place of the sinusoids. The same criteria of 9.6.3.5.4 for the fest

sly
of
As

n thé combination of multiple sinusoids, if many distinct frequency sine beats are combingd,

9.6

.3.5.6 Combination of decaying sinusoids

A complex wave comprising the aggregate of multiple decaying sinusoids can sometimes be
used to produce a medium bandwidth TRS with a reasonably low ZPA. The frequencies of the
component signals should be spaced typically at 1/3 octave or narrower intervals to meet the
enveloping criteria of 9.6.3.2. The decaying sinusoids should have individual decay rate controls
over the damping range from 0,5 % to 10 %. Each frequency shall have individual amplitude
and phase controls. All frequencies shall be initiated simultaneously and continuously reinitiated
for the duration of the test run. It is desirable to vary the decay rate and the amplitude of each
frequency to optimize the fit of the TRS to the RRS. The resulting motion shall be justifiable as

rep

resentative of the strong motion portion of the SSE/S2.
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9.6.4 Other tests
When there are vibration tests other than those described in 9.6.2 and 9.6.3 that are equally

justifiable and that conservatively simulate the expected seismic environment, they may be
used instead.

The following factors shall be considered to justify the test method employed to qualify
equipment:

a) Bandwidth of the RRS compared to that of the TRS and equipment characteristics and

responses.
T Y

b) |Duration of the test compared to the defined seismic event;

c) |Peak acceleration of the test input and the magnification observed (that is, theindicated
frequency distribution of the input);

d) [Natural modes and vibration frequencies of the equipment;
e) |Typical equipment damping;

f) [Fragility levels;

g) |Low-cycle fatigue potential.

In any case, the TRS shall envelop the RRS according to the criteria of 9.6.3.2.

9.6[.5 Test duration and low-cycle fatigue potential

To [properly account for vibration buildup and low-cyclé€ fatigue effects, it is necessary to spegify
the| duration and the fatigue-inducing properties of thel input test waveform.

The duration of the strong motion portion of each test shall be at least equivalent to the strgng
motion portion of the original time history used to obtain the RRS and shall be defined in fhe
test specification. If the strong motion duration is not defined then the duration of strong motion
for|seismic testing should be a minimum of 15 s. For multiple-frequency tests, the stationpry
paft of the test defines the strong motion portion of one multiple-frequency waveform employgd.
For single-frequency tests, the duration is the sum of the individual durations of all tests af all
different single frequencies (exclusive of the pause between beats). Note that the individual
tesf duration at any single frequency should be sufficient to produce a TRS acceleration in
acgordance with the criteria of 9.6.2.2.

mofion portion of the’ earthquake response motion at the mounting of the equipment. Tlhis
equivalence may be confirmed for multiple-frequency testing by showing that the test wavefgrm
hag a stationarity similar to that of the earthquake response motion or that the test wavefgrm
gemerates a~similar number of equivalent maximum peak-stress cycles when exciting a giyen
strlictural-resonant frequency. To simulate fatigue at a lower level, a number of peak strgss
cydles above the required threshold may be used provided other test criteria have been mej.

Thf fatigue-inducing-potential of the test waveform should be at least equivalent to the strgng

See Annex E for further discussion of test duration and equivalent number of maximum peak-
stress cycles. Other justifiable methods, besides that identified in Annex E, may be adequate
to verify low-cycle fatigue capability.

9.6.6 Multi-axis tests
9.6.6.1 General

Seismic ground motion occurs simultaneously in all directions in a random fashion. However,
for test purposes, single-axis, biaxial, and triaxial tests are allowed. If single-axis or biaxial tests
are used to simulate the 3D environment, they should be applied in a conservative manner to
account for the absence of input motion in the other orthogonal direction(s). One factor to be
considered is the 3D characteristics of the input motion. Other factors are the dynamic
characteristics of the equipment, flexible or rigid, and the degree of spatial cross-coupling
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response. Single and biaxial tests should be applied to produce adequate levels of excitation
to equipment where cross coupling is significant and yet minimize the level of over-testing where
the cross coupling is not significant. To expose potential failure modes, single-axis and biaxial
tests shall be performed in a number of directions as described in 9.6.6.2 and 9.6.6.3. In terms
of total duration and fatigue induced, these tests are intended to be conservative. For equipment
mounted to the building structure, biaxial testing or triaxial test methods are recommended.

Multi-axis shake table designs/installations require special consideration and test controls in
place to verify that the shake table has insignificant pitch and roll actions during seismic testing.
If these actlons are |gnored they may |mpact the results of testlng due to the couplmg between

in any other orthogonal direction. The latter is the case when an\equipment has very low cr
coypling among all axes or when other justification can be given.

For single-axis tests, it is permissible to perform the required OBEs/S1s followed by the SSE[S2
in gach axis in sequence or any other justifiable method whereby adequate OBE/S1 ageing ¢an
be [demonstrated.

9.6.6.3 Biaxial tests

Bigxial tests should conservatively simulate the seismic event at the equipment mounting
locption. They should account for .the* absence of motion in one orthogonal direction |for
independent input motions in the other two orthogonal axes or for the absence of motion in {wo
orthogonal directions if dependentinputs are used. The factors to be considered include the
dir¢ctional nature of the inputthotion and the cross coupling of the equipment. Biaxial testing
shquld be performed with simultaneous inputs in a horizontal and vertical axis. If cross-coupliing
exipts an amplification factor (safety factor) should be applied. It can be either the square rpot
of {he sum of the squares (SRSS) of the two-principal horizontal direction response spectrjum
or @ factor of V2 if both horizontal response spectra are the same. The selection of the horizontal
axip may include the-principal axes or some other direction selected to expose potential failure
modes by testing.the equipment in its most vulnerable direction.

Independentrandom inputs are preferred, and when used, the test shall be performed in {wo

value of less than 0,3 correlation coefficient for aII time delays may be used (see Annex F for
further explanation). It is permissible to perform the required OBEs/S1s followed by the SSE/S2
in the first step, followed by the same sequence in the second step, or any other justifiable
method whereby adequate OBE/S1 ageing can be demonstrated.

When independent random inputs are not used, four tests should be run with the following:

a) The inputs in phase;
b) One input 180° out of phase;
c) The equipment rotated 90° about the vertical axis and the inputs in phase;

d) The same equipment orientation as item c) but with one input 180° out of phase.
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It is permissible to perform the required OBEs/S1s followed by the SSE/S2 in item a) followed
by the same sequence in items b), ¢), and d), or any other justifiable method whereby adequate
OBE/S1 ageing can be demonstrated.

9.6.6.4 Triaxial tests

Triaxial tests, when performed, shall be done with a simulator capable of independent motions
in all three orthogonal directions. To provide statistically independent simulated motions, the
table time histories should have coherence values of less than 0,5 when computed with at least

the
resjulting floor or line-mounted equipment motion may consist of one predominantfrequency} In
thig case, a short duration steady-state vibration can be a conservative inpyt.excitation to the
eqdiipment. Further, single-frequency testing may be used to determine (oferify) the resonpant
frequencies and damping of equipment. If it can be shown that the’ equipment has |no
resjonances, only one resonance, widely spaced resonances that do not interact, or if otherwlise
justified, single-frequency testing may be used to fully test the equipmient.

The¢ seismic qualification of line-mounted items of equipment) such as instrumentation gnd
control components, devices, HVYAC damper actuators, and\vdlve actuators and their attached
funictional accessories for which operability shall be demonstrated, requires speg¢ial
consideration. In establishing a seismic qualification ptegramme for such equipment, it shall|be
regognized that the most critical seismic loading ,cendition for line-mounted components will
ocgqur as a result of the response of the line (e.g.,piping or duct system) in which the compongnt
is Ipcated. The seismic loading on the equipment/Ccomponent at the electrical and piping/tubling
connections due to attachment to electrical conduit and piping/tubing shall be addressed up to
thel first mounting support. This most g¢fitical condition provides an input motion to the
commponent that is predominantly single frequency, that is, the natural frequency of the ling in
thel vicinity of the component.

The¢ following test method has‘'been used to envelop the SSE/S2 seismic qualificafion
requirements for power-plant line-mounted equipment.

line-mounted equipment should be exposed to a series of single-frequency tests| at
ipment resonant frequencies and 1/3 octave frequency increments throughout the rangg of
z through 32 Hz,.or higher, if hydrodynamic loads are to be considered. When testing to
frequencies higherthan 32 Hz is required for hard rock regions of the Central and Eastern U.S.
and other parfs;of the world, the octave spacing at frequencies higher than 32 Hz shall|be
nafrowed to~1/6 octave or less up to the cutoff frequency. At each test frequency, the inﬂut

de

e
frequencies and accelerations in each of the three orthogonal axes separately. It shall be shqwn
tha ' ' i : i be
employed include the use of bandpass or tracking filters. The test duration at each frequency
should be the period of time required to establish full operability of the equipment; the duration
shall be established considering the site-specific requirements and defined in the test
programme. If strong motion duration is not specified then the duration of strong motion for
seismic testing should be a minimum of 15 seconds.

The test procedure shall be supplemented by an evaluation of any applicable pipe reaction
nozzle loads imposed on the equipment. The definition of procedures for nozzle loads
evaluation is considered to be beyond the scope of this standard and is, therefore, not
discussed further.

Further clarification and guidance may be obtained from IEEE Std 382™.
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9.6.8 Additional tests

After earthquake/seismic testing, exploratory testing may be performed to determine the
survivability of equipment to specific additional loads. It may be used to determine the ultimate
residual capability of equipment. Fragility level is the highest level of input excitation, expressed
as a function of input frequency, acceleration and test duration, under which equipment is able
to fulfill its performance requirements. Due to the fact these tests are destructive and are
considered as an additional proof of mechanical equipment robustness, they are generally
conducted on the initiative of the supplier after the earthquake test. Testing is performed at
elevated SSE/S2 response spectrum levels or around natural frequencies of equipment that
have been verified after SSE/S2 tests. This approach permits the user to gain confidence on
funictional robustness of the equipment. Moreover, it can permit in some cases to bejter
characterize the failure modes of equipment and to enhance their design accordingly.

9.7 Test documentation

Seg Clause 13 for test documentation requirements.

10| Qualification by similarity

101 General

WhHere qualification of an equipment item is achieved by extfapolation of previous qualification
resjults with margin based on test, analysis, or combination:thereof the extrapolation shall|be
baged on similarity and shall consider excitation, physical system, and safety function. The
sinjilarly analysis shall provide evidence that the equipment being analyzed will perform|its
intended safety function(s) and deemed to be equivalent to the reference equipment.

10)2 Excitation

Similarity of excitation constitutes likeness‘of the following parameters: spectral characteristics,
duration, directions of excitation axes;iand location of measured response, for the motipns
relative to the equipment mounting.\\These parameters should be as alike as is practical or
conservative by comparison for exsitations whose similarity is to be established.

103 Physical systems

Equipment similarity shall.be established for an equipment assembly, or a device, or both| or
subpassembly (including*mounting), depending on the configuration of the new equipment to|be
quT(Iified. For a complete assembly, similarity may be demonstrated through comparison of
make, model and serial numbers, and consideration of dynamic properties and construction|.

Since the end objective of qualification by the similarity method includes a consideration of the
expectedidynamic response, a rational approach can be used to establish similarity of dynaimic
strlictural properties by an investigation of physical parameters of equipment systems. This ¢an
betone by comparing the predominant resonant frequencies and mode shapes. These dynainic
characteristics are dependent on parameters such as the following:

a) Equipment physical dimensions;
b) Equipment weight, its distribution, and center of gravity;

c) Equipment structural load transferring characteristics and stiffness to resist seismic
excitation;

d) Equipment base anchorage strength and stiffness to ensure structural integrity and
adequate boundary conditions;

e) Equipment interfaces with adjacent items or connecting accessories such as cables and
conduits.
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The relative dissimilarity of all the physical parameters of the preceding list items a) through e)
shall be conservatively bounded to ensure that adequate similarity exists between equipment
assemblies. Assurance should be obtained that equipment differences from previously qualified
equipment do not result in a change in the dynamic response characteristics of the item being
qualified compared to the item used for similarity and do not introduce new mechanisms for
malfunction. Constraints and limitations associated with the previously qualified equipment
used to demonstrate similarity shall apply to the equipment being qualified, unless otherwise
justified.

For the equment where selsmlc quallflcatlon can be demonstrated by showmg that individual
bly

fed

104 Safety function

The¢ similarity analysis shall provide reasonable assurance(that the equipment will remjain
funictional and perform its intended safety function when subjected to and/or after the SSE[S2
seismic event. All operational states related to the equipment safety function need to|be
demonstrated, including change of state during the/evént if required. The safety funcfion
depends not only on the equipment itself but also the)plant system application in which it i§ to
funiction. See 7.1 for additional safety function requirements.

11| Analysis

111 General

ThI analysis method is not recomimended for complex equipment that cannot be modelleq to
ade¢quately predict its functional/operational response. Analysis without testing may |be
acgeptable only if structuralsintegrity alone can ensure the design-intended function.

Analysis shall demonstrate that the equipment anchorage/mounting conditions are acceptaple
with margin to ensurethe forces and displacement are taken into account in the structural model
and the anchorage fixing stay conservative. The equipment shall be modelled in a manner gnd
origntation suchw‘that the equipment anchorage/mounting conditions shall simulate fhe
recommended~service installation conditions. Anchorage conditions are limited to the
mechanical connections between the building structure and the equipment.

Analysis shall not be used if S|gn|f|cant ageing phenomenon cannot be represented in the

modelled are not significant.

In analysis, a mathematical model is made of the equipment so as to predict the response to
dynamic loads expected in operation and a seismic event. Methods are presented in Clause 11
that can be used to seismically qualify equipment by analysis for a number of OBEs/S1s
followed by an SSE/S2. The methods described involve both static and dynamic analysis that
are most commonly used, but others may be used if they are justifiable. The flowchart provided
in Figure G.3 illustrates the processes to be followed to support seismic qualification by
analysis. The general procedure is as follows:

a) Review the equipment to assess the dynamic characteristics;

b) Determine the response using one or more of several methods described in 11.2 through
11.6;
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c) Determine the stresses and displacements that result from the response;

d) Compare the calculated responses with allowable values to demonstrate compliance with
design requirements.

The review stage should take into account the complexity of the equipment and the adequacy
of analytical techniques to properly predict the equipment’s safety functions while under seismic
excitation. The review should determine which method will most accurately represent the
equipment’s performance under seismic conditions. The response determination phase of the
analysis can take several paths, the first of which is determined by the choice between the
static coefficient method (see 11.2.3) and the dynamic analysis method (see 11.2.4). In general,
therchotce—tsased—omtheperceivedmarginof—strengthof-the—equipment—since—the—static
cogfficient method, while easier and more economical to perform, is generally-\mpre
conservative.

Dynpamic analysis or tests may indicate that the equipment is either rigid or-flexible. Rigid
eqdiipment may be analyzed using static analysis and the seismic acceleration associated with
thel mounting location (see 11.2.2). Flexible equipment may be analyzed. using the static
cogfficient method (see 11.2.3) or using its dynamic response computed from a responmse
spgctrum, time history, or other analysis methods (see 11.2.4).

The¢ mathematical models used for analysis can be based on calculated structural parametgrs,
on those established by test, or by a combination of these. Where\complex mathematical models
argd based solely on calculated structural parameters, the—use of verification testing| is
recommended for model validation (see Clause 12). The valde of damping used in this model
shquld correspond to the actual energy dissipation in the_equipment to enable the responsg to
be jJaccurately predicted. The damping used in the analysis should have a reference basis slich
as the safety analysis report, the specification, or testing.

Quplification by using a mathematical modelineeds to be properly validated and structyral
ageing factors (stressors) accounted for andlincluded. It shall therefore be demonstrated that
mechanical properties are not influenced by ageing factors that cannot be modelled (e}g.,
thermal and electrical loads, pressure;ichemical corrosion, etc.) through a separate agefing
evaluation and that the structural analysis take into account all dynamic loading to which
equipment could be submitted during operation. Model validation may require ageing testq or
expertise on aged equipment to justify the absence.

Geperally, most treatment.of structural systems assumes viscous damping; however, cerfain

caljinets or housings may exhibit non-viscous damping. The treatment of such a problen} is

analytically complex-and should be performed using an appropriate technique. In many casEs,
p

qualification by testing is, in this situation, preferred due to the need to validate multiple
moldelling assumptions through specific tests. When a damping value has not been defingd,
ong can be «stablished by any means when it is justified in the qualification report. The
application(of damping for analysis is described in 5.8.3.

An evaluatlon of the effects of the calculated stresses and strains on mechanlcal strength, and

for any interference, maximum displacements should be computed for the component as
installed. The seismic stress shall be added to the equipment operating stresses to determine
if the strength of the equipment is adequate.

11.2 Seismic analysis methods
11.2.1 General

The equipment and any secondary structural supports shall be modelled to adequately
represent their mass distribution and stiffness characteristics. This model may be used to
perform a modal (eigenvalue) analysis to determine whether the equipment is rigid or flexible.
Rigid equipment (determined by test or analysis) may be analyzed using static analysis. Flexible
equipment may be analyzed using static coefficient analysis or dynamic analysis.


https://iecnorm.com/api/?name=e80ddcba5c1b3f6a0681453caa2a4052

IEC/IEEE 60980-344:2020 - 51—
© IEC/IEEE 2020

11.2.2 Static analysis

The equipment is considered rigid when its lowest resonant frequency is greater than the cutoff
frequency of the RRS and may be analyzed statically. The seismic forces on each equipment
component are obtained by multiplying the distributed mass by the appropriate maximum floor
acceleration (ZPA).

11.2.3 Static coefficient analysis

This is an alternate method of analysis for erX|bIe eqmpment that aIIows a S|mpler technlque in

lue
unt
-lype
be

by
the
her
be

usiphg the square root of the sum of the squares (SRSS) method}

When the fundamental frequency of the equipment is known and lies above the frequency of
the| peak spectral acceleration, the spectral acceleration at that frequency may be used instg¢ad
of the peak spectral acceleration. If the fundamentalfrequency is known to be lower than the
peak spectral frequency, then the peak spectral acceleration should be used unless it can|be
shgwn that there is no significant response in higher modes. In either case, the 1,5 factor ($ee
9.6].2.2.2) for multi-frequency and multi-mode shall be applied to the spectral acceleration.

11)2.4 Dynamic analysis
11)2.4.1 General

For flexible equipment, the medel can be analyzed using a response spectrum analysis gr a
time history analysis. Note.that if the dynamic model shows the equipment to be rigid, then
pefformance of a static analysis may be employed (11.2.2) rather than response spectruni or
time history analysis.

11J2.4.2 Respohse spectrum analysis

Regponse spéectrum analysis (RSA) allows the response of interest, be it deflection, stress| or
acgeleration,)to be determined by combining each modal response considering all significant
moldes. _<Sufficient modes (modal mass) should be included to provide an adequpte
repgresentation of the equipment dynamic response and constraint forces at supports. [An
acgeptable criterion for sufficiency is that the inclusion of additional modes does not resulf in
more than a 10 % increase in response. The response may be determined by combining
individual modal responses and including residual rigid response. Response may also be
determined by combining each modal response by the SRSS method or other appropriate
method. The SRSS method is not applicable when closely spaced frequencies exist. Closely
spaced frequencies are those with frequencies differing by 10 % or less of the next lower
frequency. Additional guidance for addressing missing mass and combination of modal
responses can be found in United States NRC Regulatory Guide 1.92 [2] and ASCE 4 [1],
respectively.5

5 Numbers in square brackets refer to the Bibliography.
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In the analysis using 3D individual earthquake components, the responses (acceleration,
displacement, force, moment) due to two horizontal and one vertical input, should be combined
at the last step by the SRSS method. Other methods such as the 100-40-40 method may be
used when justified.

11.2.4.3 Time history analysis

Time history analysis computes the response of interest by time integration of the equation of
motion. For linear structures, modal analysis may be used. For nonlinear structures direct
integration is used.

WHen 3D statistically independent time histories are input simultaneously for a time chistpry
analysis, the responses can be combined algebraically at each time step increment. |To
demonstrate adequate statistical independence, artificially generated time histories” should
haye coherence values of less than 0,5 when computed with at least 12 data samples.
Altérnatively, an absolute value for the correlation coefficient of less than 0,3 for all time delays
maly be used (see Annex F for further explanation).

QD

The¢ time step (AT) of the solution shall be sufficiently small to accurately define the applied
dynamic forces and to ensure stability and convergence of the solution,An acceptable criterfion
for|sufficiency is that use of 2AT does not change the response by more than 10 %. Generally,
time steps are chosen to be within 1/5 to 1/15 of the period of interest, and the period of interest
ne{d not be less than the reciprocal of the cutoff frequency~ Additional guidance on maximum
time step sizes for commonly used integration methods can\bé found in ASCE 4 [1].

11/3 Nonlinear equipment response

Noplinearities may exist in addition to those associated with damping. These effects may bg of
a geometric nature, such as the closing of.'gaps, working of connections and rattling| of
components, or of a material source such as localized yielding. These effects may resulf in
changing stiffness with increasing loadxAs frequency is also a function of stiffness, the
frequencies may also change under increasing load. If a system exhibits significant nonlinearjty,
sugh behaviour shall be recognized.and accounted for in any subsequent analysis so ag to
acqurately predict the system response. If the nonlinearities cannot be adequately modellfd,
an |alternative qualification method, such as those described in Clause 9, Clause 12, and
Anpex A, should be considered:

Noplinearity may also qccur as a result of local vibrations of equipment structure. One examjple
hag been the high-fréquency rattling of electrical cabinet doors that are not solidly secured in
place. When such-a_condition exists and the operability of the mounted devices is deemed
sensitive to thisytype of equipment nonlinear behaviour, the analytic procedure shall account
for|the behaviour and shall be properly validated.

114 Other dynamic loads

The ahalytical methodology described in 11.2 for seismic loading is equally applicable to otper
dynamic Toadings, such as hydrodynamic or shocks due to circuit breaking. For further guidance
on hydrodynamic loads, see 8.6.3.

11.5 Seismic analysis results

By using the aforementioned methods, stresses and displacements are evaluated for each load
condition. To check for any interference, maximum displacements should be computed for the
component as installed. The seismic stress shall be added to the equipment operating stresses
to determine if the strength of the equipment is adequate.

Calculated responses are compared with allowable values to demonstrate compliance with
design requirements. This comparison shall be well documented and demonstrate acceptance
of equipment mechanical operating loads, whose impact have been estimated based on the
stresses and displacements resulting from a seismic event.
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An analysis should be performed using one of the previously described methods, with an
assumed number of OBE/S1 events (which shall be justified for each site or five OBEs/S1s shall
be used). Each OBE/S1 should contain a fatigue-inducing potential that is similar to the
earthquake response motion at the mounting of the equipment. For floor-level excitation, this
should be approximated by demonstrating that each excitation waveform will produce a
response that includes the equivalent of at least ten maximum peak-stress cycles. For ground-
level excitation, the number of equivalent peak-stress cycles may be different (see Annex E).
The number of OBEs/S1s and the fatigue-inducing potential per OBE/S1 is important only for
low-cycle fatigue-sensitive equipment. The analysis should determine that the structural
integrity of the equipment is maintained in combination with other applicable loads during the
OB i i tin
failure of the equipment to perform its safety function(s). This may be particularly difficulf to
shgw for complex electrical equipment, in which case alternative qualification methods, slich
as fhose described in Clause 9, Clause 12, and Annex A, should be considered.

11)6 Documentation of analysis

The demonstration of qualification shall be documented and shall includecthe requirementg of
thel equipment application or specifications, the results of the qualificatien,yand the justification
the methods used are capable of demonstrating that the equipment-can perform its safety
funiction (see Clause 13).

12| Combined analysis and testing

121 General

Some types of equipment cannot be practically qualified by analysis or testing alone. This npay
be |because of the size of the equipment, its.complexity, or the large number of simjlar
configurations. Large equipment, such as motors, generators, and multi-bay equipment ragks
and consoles, may be impractical to test at.full seismic acceleration levels due to limitation$ in
vibration test equipment. This clause specifically treats these types of equipment. The flowchart
prgvided in Figure G.4 illustrates the process to be followed to support seismic qualification| by
analysis and testing to qualify assemblies with devices.

122 Modal testing

12)2.1 General

Moldal testing and analysis can serve as an aid to qualification of large and complex systems

str . = od
involves exciting all structural modes within a particular bandwidth simultaneously, computing
the transfer function between points of excitation and response, and employing computer-aided
techniques to determine the resonant frequencies, damping, and mode shapes within that
bandwidth.

12.2.2 Normal-mode method

With the equipment to be tested and mounted to simulate in-service mounting conditions,
portable exciters should be attached to the structure at points previously determined to best
excite the vibration modes to be analyzed. The structure should be instrumented with
accelerometers, displacement transducers, or other motion-sensing devices with sufficient
bandwidth to determine structural response. The structure should then be excited with a slowly
swept sinusoidal vibration covering the frequency range of interest.
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12.2.3 Transfer-function method

The transfer-function method is based upon the use of digital signal processing techniques and
the FFT algorithm to measure the transfer function between input and response locations on
the structure. Transfer functions are obtained by exciting the structure with an impulse, sine-
sweep, or random vibration employing the type of exciters used for the normal-mode method.
Caution shall be exercised when selecting the location for exciting the equipment. A transfer
function is obtained by measuring the input and the corresponding response and then dividing
the Fourier transform of the response by the Fourier transform of the input. Modal parameters
are identified by performing computations on the transfer function, at each node, until sufficient

data_is acquired to accurately describe the mode shapes and other modal parameters. Caution
shill be exercised so that the number of averages acquired corresponds to the desired accur]acy
of {he transfer function.

12)2.4 Analytical methods utilizing test data

Vafious analytical options exist for using the test data obtained. The resulting measuremeng of
dynamic response parameters, such as resonant frequencies, mode shapes, and amplitude,
can be used to verify the calculated values of previously formulated analytical models of the
eqdiipment. Alternatively, the measured mode shapes can be used directly in a respofse
spegctrum or time history analysis. Specifically, the measured defléction between points fgr a
pafticipating mode shape can be scaled up according to the mode’s”deflection in the specifjed
response spectrum. Finally, mathematical techniques are available to extract models diregtly
from the parametric measurements. A mass and stiffness matrix’can be extracted from the dpta
by p series of formulae involving the matrix of mode shapes and the vectors of the modal mass,
stiffness, and characteristic frequencies. These mass and stiffness matrices defingd a
mathematical model of the structure that reproduces{the measured characteristic response
da

If the structure exhibits significant nonlinearity\in its response as a function of excitation leyel,
thel parametric measurements made in lowl&vel excitation tests should be used with caution.

12J2.5 AQualification

Combined analysis and testing methods can adequately evaluate equipment. These methods
maly be used to establish input response requirements at subcomponent locations. The
qualification of the subcomponéent is demonstrated by full-level testing of that component tp a
levgel equal to or greater than the established response at that location.

12, Extrapolation for similar equipment
12[3.1 General

The¢ qualification of complex equipment by analysis only, without justification, is pot
regommended because of the great difficulty in developing an accurate equipment model gnd
in pbtaining numbers to describe the model physical parameters (see Clause 9). There gre,
hoyever, many instances of equipment, similar to a type that was qualified, which differs gnly
in size or in the specific qualified devices located in the assembly or structure. In such cases,
it is neither practical nor necessary to test every variation of the basic qualified version.
Qualification by similarity using test and/or analysis applies in these situations. Extrapolation
for similar equipment using experience is covered in Annex A.

12.3.2 Test method

A full test programme, as described in 9.6, and preliminary exploratory (resonance search)
tests, as described in 9.1.6, are conducted on a typical piece of equipment. Data on modal
frequencies, damping, and responses throughout the equipment shall be taken and recorded.
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12.3.3 Analysis

When it can be shown that no resonances exist in the frequency range of interest, the equipment
may be analyzed as a rigid equipment (see 11.2). When a resonance search is utilized,
assurance should be obtained that adequate test methodologies are followed to verify the
absence of resonant frequencies. In addition, assurance should be obtained that changes from
the originally tested equipment did not result in the formation of previously non-existent
resonances. This can be done by simple testing or analysis.

When the equipment is not rigid, the effects of the changes shall be analyzed using the

§ 6 6F—6 ble—mean 6 y—cormplex—egaiprmen egtres

The test results combined with the preceding analysis allow the model of similarlequipment to
be [adjusted to take into consideration the parametric quantities affected and_allow revisior| of
thelanalysis for the modal frequencies of the similar equipment. The result is averified analytical
mogdel that can be used to qualify the similar equipment.

124 Shock testing

Laboratory shock testing performed in conformance with various\military standards (e.g., MIL-
S-901D-1989([8]) consists of subjecting the component te\high-impulse shock-type loads
(accelerations). Unless these accelerations are of sufficiently’high magnitude (far higher than
thel earthquake levels) and sufficient duration, shock testing without additional vibration testing
is rjot considered adequate seismic simulation. Since the primary objective of testing is to verify
the] seismic adequacy of components, the use of shock data can provide only an approximation
of [he adequacy of the equipment tested. This.is{the result of the difficulty encountered in
mafching the frequency content and duration .with that of the shock experienced in seismic
service.

12)5 Extrapolation for multi-cabinet assemblies

In many cases, it is impractical to~test a multi-cabinet assembly of similar cabinets duq to
lim|tations in the size of testing-facilities. The qualification of a single cabinet, or a {ew
conjnected cabinets, may not pe-extrapolated to qualify a larger number of cabinets connecfed
together in a lineup without-adequate justification. This is because of the following:

a) |Individual cabinetstin the array may have different mass loading or mass distribution) or
different structuralystiffness, or both.

b) | The connected-cabinets may exhibit different dynamic response, such as different torsional
modes comipared to the smaller number originally qualified.

c) |The respaonse of subcomponents mounted in different locations may be affected.

The¢ approaches given in 12.3 may be used to justify the extrapolation of tests on a single
calrinet, or a small number of connected cabinets, to qualify an assembly.

12.6 Other test/analysis
In addition to 12.2 through 12.5, analysis may be used to:

a) Explain unexpected behaviour during a test;

b) Obtain a better understanding of the dynamic behaviour of the equipment so that the proper
test can be defined;

c) Obtain a measure of expected response before a test.
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13 Documentation

13.1 General

The documentation for seismic qualification of equipment shall consist of a qualification
specification and a qualification report as described in Clauses 6 and 13.2, respectively. The
documentation should demonstrate that the equipment to be qualified performs its safety
function(s) when subjected to the earthquake motions for which it is to be qualified.

Proprietary data may be excluded from the Qualification Report provided that source documents
ardreferenced and are available Tor audit.

13J2 Seismic qualification report
13)2.1 General
The¢ following information should be provided in the seismic qualification repprt:

a) |ldentification of the equipment being qualified. For complex equipment, identify each
component and specify the component’s functional requirement, {’he qualification package
should include or reference the original testing, analysis, or éXperience-based report| or
combination, if more than one qualification method is used.\Documentation should incldde
references to all drawings, bills of material, instruction mahuals, etc., necessary to perfgrm
an adequate review.

b) |RRS levels.

c) |A detailed summary of the qualification test, analysis procedure, experience data used, and
results (including pertinent anomalies and_their dispositions). When a component| or
subassembly of equipment is qualified separately, the procedure used should also|be
summarized.

d) [Comparison of qualification specification requirements to the qualification results ang a
conclusion.

e) |Appropriate signature approvals_and dates are required.

The additional information identified in 13.2.2 through 13.2.4 should be provided, depending|on
thel method of qualification.

13.)2.2 Analysis

WHen analysis is,performed, the method and data used and the failure modes considefed

shquld be presented in a format that is readily auditable by persons skilled in such analysis.

Boundary conditions, including anchoring and other interfaces, shall be clearly definth.
i

Input/output~data required to support performance claims and any mathematical mojdel
verfficationstesting performed should be included or referenced in the report. The reaction
for¢e(s) at the interface connection(s) to the support structure should also be included.

A statement should be made verifying that any computer programmes used were validated on
the computer hardware on which the programme was executed. Computer programmes,
options, version numbers, dates, and systems utilized should be identified.

13.2.3 Testing

If testing is used as a qualification method, the seismic qualification report should contain the
following:
a) Equipment being qualified:

1) Tested equipment identification (including devices).

2) Tested equipment functional specification(s).

3) Tested equipment settings and limitations when appropriate.
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required seismic qualification.

an

13.

For multi-axis shake table designs/installations the results of an evaluation to confirm the shike
table used during testing was suitable for the specified test and there was insignificant pi

IEC/IEEE 2020
Test facility information including:
1) Location.
2) Testing equipment and calibration.
Test method and procedures including monitoring for operability and acceptance criteria.

Equipment mounting details, including all interface connections.

Test data (including proof of performance, TRS plots, time histories, PSD or Fourier
analysis, statistical independent checks as necessary, number of OBEs/S1s and SSEs/S2s
applled duratlon etc.), type of multi- frequency testlng employed and the acceleratlon tlme

h|story of the SSE/SZ table mot|on should be prowded for one test in each of the three
directions of excitation.

Test results and conclusions, including statement of any anomalies.

iteria. Any revision or adjustment of the criteria after a test failure or atest with obseryed

dmalies shall be documented and jUStIerd When an anomaly is experlenced durlng testipg,

ipment qualification report. Any equipment refurbishment perfoermed during testing shall|be
¢umented in the test report and reconciled per 9.1.5. This data”should become part of the
st-earthquake field maintenance checks and procedures(for that equipment to maintain

ch
d roll actions during testing shall be documented-in the test report.

2.4 Combined analysis and testing ofZsimilarity

If groof of performance is by analysis and testing or by extrapolation from similar equipment,

the| seismic qualification report should<ontain the following:

Reference to the specific methed of combined analysis and testing used;
Description of equipment.involved;

Analysis data;

Test data;

Justification of results.

WHen extrapojation of data is made from similar equipment, a description of the differenges

be

deg

or

i/veen the\items of equipment involved is required. Justification that the differences do hot
rade the seismic adequacy below acceptable limits (may require some additional analys$es
esting) and any additional supporting data should be included.
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Annex A
(normative)

Experience-based seismic qualification

A.1  General

Gurdellnes are presented in this clause to selsmlcally qualify equlpment by comparrson to
or
for

Ea

nat

Qu
foll

a)
b)
c)
d)
e)
A.Z

Ea
foll

a)

b)

a.1 General

Earthquake experience data

thquake experience data may be obtained from equipment in facilities-that have experieng¢ed
ural earthquakes.

plification based on earthquake experience data involves five\steps that will be covered,| as
WS

Characterization of earthquake motions experiencéd by the reference equipment ($ee
A.2.2);

Establishment of the earthquake experience<based seismic capacity for a reference
equipment class (see A.2.3);

Characterization of the earthquake experience reference equipment class (see A.2.4);

Comparison of the candidate equipment to the earthquake experience reference equipmgnt
class (see A.2.5);

Documentation of the qualification process (see Clause A.5).
.2 Characterization of-the earthquake experience motions

thquakes selected as the basis for a reference equipment class shall be characterized| as
WS

Ground motiop recordings or conservative estimates from a minimum of four earthquake
reference sites” containing reference equipment are required to establish a referemce
equipmentclass. The four reference sites should be selected from at least four earthquakles.

The free-field ground motion of each reference site should be established by recorded dpta
withinMwo structure diameters of the site structure. The recording location should have the
samg’ geological/geotechnical condltlons as those for the reference site-structure Iocatl n.

y’s
foundation. Estimates may be made of free-field ground motion for a reference site that
either has no nearby recordings or lies more than two structure diameters from the recording
location, provided the estimates are conservatively derived and justified. To make the
ground motion estimates for these two cases, multiple attenuation relationships developed
using strong-motion recordings from earthquakes with similar tectonic environments, crustal
properties, and seismological parameters are to be used. The range of parameters used to
develop the attenuation relationship shall encompass those of the reference site and the
earthquake. The appropriate level of conservatism is the average of the 5 % critically
damped response spectrum estimates obtained from the attenuation relationships.
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c) The ground response spectrum assigned to a reference site shall be the average of two
orthogonal horizontal components of the 5 % critically damped response spectra at the
reference site. The effects of vertical seismic motion are implicitly included in the use of
earthquake experience data, since the reference sites subjected to the real earthquakes
included seismic motion in all three directions of motion. The vertical component of seismic
motion during a postulated earthquake at a nuclear power plant is judged not to be any more
significant, relative to the horizontal components of seismic motion, than in the reference
sites. Therefore, only the horizontal components of motion are used in the earthquake
experience-based method. See item g) in A.4.2 for limitations regarding vertical seismic
motion.

d) Irne mree-reia mouon shdall De considerea an estimate O the excltallon experienced Dy all
the reference equipment at the reference site.

A.2.3 Earthquake experience spectrum (EES)

The¢ EES is a response spectrum that defines the seismic capacity of a referénce equipmlrnt
claps. The EES shall be the weighted average of the ground response spectra.for the reference
sitgs. The weight factor, as provided in Formula (A.1), shall be the ratip‘of the numben of
independent items at each reference site to the total number of independent items at|all
reference sites.

o A.1
4ges,i = n:lm @1
2N
n=1
where
Aggs,; s the spectral acceleration of the EES, at 5 % critical damping and frequency i;

Ap, is the spectral acceleration, at §,% critical damping, at reference site n and frequency
i

m is the number of reference sites [see item a) in A.2.2 or minimum number];

N is the number of indepéndent equipment items at reference site n.

.2.4 Characterization of reference equipment class

A
A.2.4.1 General

A reference equipment class is a group of similar equipment that share a range of physic¢al,
funictional, ahd-"dynamic characteristics and whose performance in earthquakes has bgen

A.2.4.2 Attributes of equipment class

The attributes of the equipment that constitute the earthquake experience reference equipment
class shall be defined such that those features important to seismic ruggedness can be
established and any seismic vulnerability can be identified and precluded in the candidate
equipment. These equipment ruggedness and vulnerability attributes of the earthquake
experience reference equipment class shall be defined in terms of the following inclusion rules
and prohibited features:
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Inclusion rules define the bounds of equipment included in the reference equipment class.
These rules define an acceptable range of equipment physical characteristics, design
details, dynamic characteristics, and functions for which seismic ruggedness has been
demonstrated by earthquake experience data. The following factors shall be considered and
evaluated when developing inclusion rules: equipment type, manufacturer, weight,
mechanical and structural design details including internal components and structures,
features, size and shape, vintage, function, capacity rating, load path including mounting,
governing industry standards, materials, natural frequencies, moveable subassemblies,
attached items or components, and modifications necessary to achieve the defined seismic
capacity. Not all of these factors may be applicable or important to a particular class of

defined and demonstrated by the experience data.

inclusion rules. In those cases where diversity is limited, the reference equipment class s
be narrowed to the specific features represented in the reference equipment. In“developling
a reference equipment class for in-line components in distribution systems (e.g., a solenpid
valve on a piping system), if more than half of the items are judged not teyhave experienged
distribution system amplification (i.e., the in-line component is located-immediately adjacgent
to a distribution system support providing seismic restraint), a limitation shall be applieq in
terms of an inclusion rule for the reference equipment class.

Prohibited features are design details, materials, construction” features, or installation
characteristics that have resulted in seismic induced failure-of\the equipment to maintain its
structural integrity and perform its specified function at’earthquake excitations up to gand
including the defined seismic capacity level. Failuré.*data from other sources (elg.,
nonreference earthquake sites and test results) should also be reviewed and considered in
defining prohibited features.

Prohibited features should include any attributes’that would contribute to fatigue failure from
low-cycle loads from a combination of a number of OBE/S1 and SSE/S2 events. See Anpex
E for a discussion of low-cycle fatigue.

The reference equipment class should’include a minimum number of independent items that

pefformed satisfactorily. Independent items are components and equipment that:

a)
b)

have different physical characteristics, or

experienced different seismic motion characteristics, e.g., different earthquakes, differgnt
sites, different buildings, or different orientations/locations in the same building.

For example, two or.more identical items of equipment located side by side are considere
sinpgle independent-item for each earthquake experienced.

For earthquake experience reference equipment classes, the minimum number of independ
items sheuld be 30. Where less than 30 independent items constitute the reference equipm
clapsy the EES should be reduced by the applicable reduction factor given in Table A.1
prgduce the same statistical confidence level as a reference equipment class comprising

o]

Ent
to
30

independent items. Unless otherwise justified, the number of independent items shall not
less than 15.

Table A.1 — EES reduction factor based on number of independent items

Number of independent items EES reduction factor
30 1,0
25 0,9
20 0,8
15 0,7

be
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A.2.4.4 Reference equipment class functionality

The functions that the reference equipment performed during and/or after the earthquake shall
be defined. An appropriate justification that these functions were performed shall exist in the
definition of the reference equipment class (see Clause 7).

This justification shall demonstrate one of the following:

a) All of the equipment defining the reference equipment class performed the required
functions during and/or after the earthquake.

b)

earthquake, and where necessary, a quantitative assessment of functionality during’the
earthquake shall be established based on knowledge of the required operation)of the
equipment and consideration of credible seismic failure modes that may prevent equipmgnt
operation. Data from analysis and/or testing of similar equipment (e.g., from Clauses 9, [11,
or 12) may be used in the quantitative assessment of functionality.

A.3.5 Qualification of candidate equipment

The¢ requirements for qualifying a candidate equipment item using earthquake experience dpta
arg as follows:

a) |[The RRS should be enveloped by the EES for the reference equipment class over the
frequency range of interest (1 Hz to the cutoff frequency of'the response spectra). Failpre
of the EES to envelop the RRS shall be justified. For line-mounted equipment, the RRS|for
comparison to the EES should be the in-structure response spectra where the distribufion
system is supported. Note that this approach ageounts for in-line amplification only if the
reference equipment are mounted in-line and not'at a distribution system support (see ifem
a)in A.2.4.2).

b) |The minimum RRS used for comparison with the EES shall be the 5 % critically dampd,
median-centered horizontal in-structurexresponse spectrum. This RRS, as defined in the
qualification specification, shall be detived from the SSE/S2. Equipment qualification [for
multiple seismic events of lower leyels than the RRS, such as five OBEs/S1s, is achieyed
when applying the methods of Clause A.2 to the evaluation of the single enveloping RRS,
because the equipment is shown to have no credible low-cycle fatigue failure modes
considering the number of specified earthquake cycles [see item b) in A.2.4.2].

c) |The candidate equipment'shall be verified to be within the inclusion rules of the reference
equipment class [see-item a) in A.2.4.2].

d) [The candidate equipment shall be verified to exclude the prohibited features of the referefce
equipment clags {see item b) in A.2.4.2].

e) |The safetyfunction of the candidate equipment including the enclosed or attached devites
or subassemblies, if applicable, during and/or after the earthquake shall be demonstrated
by the.reference equipment class (see A.2.4.4).

f) |The_mounting of the candidate equipment, including the enclosed or attached deviceq or
subassemblies, shall be evaluated in accordance with the qualification specificat]ion
TEqUITEMENTS.

g) Since equipment capacities may change with vintage, candidate equipment of a newer or
an older vintage than the reference equipment shall be evaluated for any significant changes
in design, material, or fabrication that could reduce its seismic capacity compared to the
reference equipment class.

h) The qualification of the candidate equipment shall be documented in accordance with the
requirements in Clause A.5.
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A.3 Test experience data

A.3.1 General

Test experience data may be obtained from test results from previous qualifications. Test
experience data is most often applicable to establishing seismic qualification for a reference
equipment class based on using the test results for five or more individual items. The test
experience data should meet the requirements of 9.2, including the seismic ageing (OBE)
requirements in 9.1.7. The minimum OBE/S1 requirement shall be five OBE/S1s. Use of a single
test of an item to qualify a different candidate item is covered in Clause 12.

Quplification based on test experience data involves five steps that will be covered, as follews:

a) [Characterization of test motions experienced by the reference equipment (see A:3:2).

b) |Establishment of the test experience-based seismic capacity for a reference equipment
class (see A.3.3).

c) |Characterization of the test experience reference equipment class (se€IA3.4).

d) [Comparison of the candidate equipment to the test experience refefence equipment class
(see A.3.5).

e) |Documentation of the qualification process (see Clause A.5).
A.3.2 Characterization of test experience input motions

Test input motions used as the basis for a reference equipment class shall be characterized| as
follpws:
a) [The test input motions shall be multi-frequency and meet the relevant requirements of 9.6.3.

b) |The test input motions shall be characterized by the test response spectra in the frontito-
back, side-to-side, and vertical directions:

c) | The test input motions shall be recorded at the mounting point of the equipment.

d) [The test input motions should have broadband response spectra shape with an amplified
region of one octave or more.Af the TRS is narrowband, the peak spectral acceleration} in
the narrowband region shall be reduced by a factor of 0,7.

e) |The test input motion shal¥ be biaxial or triaxial. If the equipment is susceptible to cross-
coupling effects, a reduction factor of 0,7 should be considered for the biaxial TRS.

A.3.3 Test experience spectra (TES)

The TES define the SSE/S2 seismic capacity of a reference equipment class in the frontito-
bagk, side-to-side, and vertical directions. The TES shall be the frequency-by-frequency m

the| failure mode. Thus, on a case-by-case basis, the TES may be greater than certain portipns
of { i 5 i i ent
a broadband response spectrum to which the reference equipment was qualified. The TES
should only be interpreted as a bound to which peak-broadened narrowband RRS are to be
compared as required in item b) in A.3.5.

Development of an OBE/S1 TES is not necessary if the OBE/S1 is not more than 1/2 the
SSE/S2, since the equipment has been subjected to OBE/S1 testing as required in 9.1.7. If the
OBE/S1 is greater than 1/2 SSE/S2, an OBE/S1 TES is required unless low-cycle fatigue
vulnerabilities are identified and eliminated as prohibited features as required in item b) in
A.3.4.2.
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A.3.4 Characterization of reference equipment class

A.3.4.1 General

A reference equipment class is a group of similar equipment that share a narrow range of
physical, functional, and dynamic characteristics and whose performance in tests has been
demonstrated. The similarity of the reference equipment that defines an equipment class should

be

based upon an extension of the principle of similarity of 10.3 and 10.4. The reference

equipment class may include more than one manufacturer or product series when all of the
items are constructed in the same general manner, contain the same basic subcomponents,
and respond dynamically in the same manner. For example, significant natural frequencies of

th

reference equipment would lie within approximately 1/3 octave. The attributes of the

eqdiipment class, the number of independent items in the equipment class, and functionality of

thel equipment during the test are defined in A.3.4.2 through A.3.4.4.

A.3.4.2 Attributes of equipment class

The¢ attributes of the equipment that constitute the test reference equipment class shall|be

seipmic vulnerability can be identified and precluded in the candidate equipment. Th

eq
be

a)

b)

defined such that those features important to seismic ruggedness can bé established and iny

se
ipment ruggedness and vulnerability attributes of the test reference equipment class shall

defined in terms of the following inclusion rules and prohibited features:

Inclusion rules define the bounds of equipment includedrin-the reference equipment class.
These rules define an acceptable range of equipmentvphysical characteristics, desjgn
details, dynamic characteristics, and functions for which seismic ruggedness has bgen
demonstrated by testing experience data. The following factors shall be considered
evaluated when developing inclusion rules~‘equipment type, manufacturer, weight,
mechanical and structural design details incltding internal components and structu
features, size and shape, vintage, function, capacity rating, load path including mounti
governing industry standards, materials;, natural frequencies, moveable subassembli
attached items or components, and maodifications necessary to achieve the defined seis

capacity. Not all of these factors may be applicable or important to a particular clasq of
equipment. It is the intent of thisZsubclause that the critical seismic characteristics pre
defined and demonstrated by the‘experience data. One of the inclusion rules shall be that

the equipment class only applies to the manufacturers included in the reference equipmgnt.

Prohibited features are:design details, materials, construction features, or installation
characteristics that haveresulted in seismic induced failure of the equipment to maintain its
structural integrity and perform its specified function at test excitations up to and includjing
the defined seismic capacity level. The basis for resolution of test anomalies shall|be
considered in developing the list of prohibited features. Failure data from other sourges
(e.g., earthquake experience data) should also be reviewed and considered in definfng
prohibited-features.

Prohibjted features should include any attributes that would contribute to fatigue failure from
low-cycle loads from a combination of a number of OBE/S1 and SSE/S2 events. See Anfpex
E forsa discussion of low-cycle fatigue. Note that the test experience data used to develop

a\tést reference equipment class includes OBE/S1 test data; this data can be used to

determine whether the reference equipment includes attributes that are sensitive to low-
cycle fatigue. An alternative method for addressing low-cycle fatigue sensitive attributes is
to develop a TES for OBE/S1 in the same manner as that required in A.3.3 for defining the
TES for SSE/S2.

A.3.4.3 Number of independent items

The reference equipment class shall include a minimum of five independent items that
performed satisfactorily. Independent items are components and equipment that

a)
b)

have different physical characteristics, or
experienced different seismic motion characteristics.


https://iecnorm.com/api/?name=e80ddcba5c1b3f6a0681453caa2a4052

- 64 - IEC/IEEE 60980-344:2020
© IEC/IEEE 2020

For example, two or more identical items of equipment subjected to the same test input motions
are considered a single independent item. The number of independent items shall be sufficient
to demonstrate that the full range of dynamic response parameters possessed by the defined
equipment class have been exhibited in the testing.

A.3.4.4 Reference equipment class functionality

The functions that the reference equipment performed during and/or after the tests shall be
defined. An appropriate justification that these functions were performed shall exist in the
definition of the reference equipment class (see Clause 7).

A.3.5 Qualification of candidate equipment

The¢ requirements for qualifying a candidate equipment item using test experience data are| as
follpws:

a) [The RRS should be enveloped by the TES for the reference equipmeghnt) class over fhe
frequency range of interest (1 Hz to the cutoff frequency of the response’spectra). Failpre
of the TES to envelop the RRS shall be justified.

b) |The RRS used for comparison with the TES should be the in-structure response spectrjum
at the mounting location of the candidate equipment. ThisCRRS, as defined in the
qualification specification, shall be derived from the SSE/S2\\fthe RRS is peak-broadened
to account for uncertainty or variation of location, then it,should be justified that the actual
response spectrum at the mounting location is narrow banded (see A.3.3).

c) |[The RRS used for comparison with the TES should be computed for the same critical
damping value as the TES. When the damping valués of the RRS and the TES are differgnt,
additional guidance in 5.8.2.2 may be used for¢making the comparison.

d) [The candidate equipment shall be verified, torbe within the inclusion rules of the referefce
equipment class [see item a) in A.3.4.2].

e) | The candidate equipment shall be verified to exclude the prohibited features of the reference
equipment class [see item b) in A.3.4:2].

f) |The safety function of the candidate equipment including the enclosed or attached deviges
or subassemblies, if applicable, during and/or after the earthquake tests shall |be
demonstrated by the reference equipment class (see A.3.4.4).

g) [The equipment mounting shall be evaluated in accordance with the qualificafion
specification requirements.

h) |Since equipment_tapacities may change with vintage, candidate equipment of a newef or
an older vintage than the reference equipment shall be evaluated for any significant changes
in design, material, or fabrication that could reduce its seismic capacity compared to the
reference.equipment class.

i) |The qualification of the candidate equipment shall be documented in accordance with the
requifements in Clause A.5.

A.4—Special-considerations

A.4.1 Inherently rugged equipment

Experience shows that certain types of equipment possess high resistance to seismic inertia
loads. This may be the result of inherent characteristics required to accommodate operational
or shipping loads and the application of explicit design standards. Such equipment is inherently
rugged. Where inherent seismic ruggedness can be established through analysis, testing, or
earthquake experience, or where the seismic loads are but a small fraction of the operating
loads, the rules for characterizing the reference equipment class (i.e., the attributes and number
of independent items defined in A.2.4 and A.3.4) and the procedure for defining the seismic
capacity of the reference equipment class (i.e., the EES and TES defined in A.2.3 and A.3.3)
may be simplified and reduced. In this case, the characterization of the reference equipment
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class and the technical justification for the assigned seismic capacity level (EES or TES) shall
be developed and documented as the reference data for this special case.

A.4.2 Limitations

Earthquake or test experience-based qualification is limited by the following considerations. If
these limitations exist, then seismic qualification methods described in Clauses 9, 11, or 12
shall be used or the experience-based qualification shall be supplemented by the following
qualification methods.

a)

time. These applications require more detailed considerations of design variability, Which
may render the application of experience data impractical (e.g., microprocessor-basged
system). In these cases, qualification by other methods shall be used.

b) |In certain cases where functionality during an earthquake is required, such as

1) operation of switching devices or electromechanical equipment where inertia loads cojuld
cause an inadvertent change in state (e.g., relays, contactors, switehes, and breakgqrs)
or

2) operation of equipment under degraded voltage or current conditions and timjing
requirements; it is extremely difficult to establish functionality during the event from the
earthquake experience data per A.2.4.4. Therefore, othergqualification methods shalllbe
used.

c) |If there is an insufficient number or diversity of independent items, or an insufficient numper
of reference sites in the case of earthquake experience data to adequately defing a
reference equipment class, then other qualificationimethods shall be used.

d) |[Use of earthquake experience data to demonstrate equipment seismic qualification| in
combination with normal operating loads. Forequipment subject to other concurrent loads
(e.g., hydrodynamic, SRV discharge), the-effect of the loads shall be addressed|by
supplemental qualification methods.

e) |For pressure boundary components, the’ capability of the component to perform the specified
pressure retaining functions in. €ombination with an earthquake shall be addressged
separately using appropriate criteria.

f) |Applications that require equipment to be exposed to harsh environments or ageing (elg.,
IEC/IEEE 60780-323) priorto or during an earthquake require special consideration. In slich
cases, qualification methpds other than experience-based methods shall be used.

g) [When using earthquake experience-based qualification, if the vertical RRS exceeds fhe
horizontal RRS and the functionality of a candidate equipment item could be advergely
affected by the"vertical RRS, another seismic qualification method shall be used.

h) |If a candidate~equipment item contains an item that could experience a fatigue failure from
low-cycledoads (see Annex E), the item shall be evaluated using an alternative methpd,
such as-those covered in 9.6.5 or 11.5.

A.5 (Experience-based documentation

A.5.1 General

If the experience-based method is used to qualify a candidate equipment item, then the seismic
qualification shall include applicable documentation from Clause 13 and documentation of

a) the reference data, and
b) the candidate equipment qualification as described in A.5.2 and A.5.3.
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A.5.2 Reference data

Documentation of the reference data on which experience-based qualification is based should
satisfy the requirements in Annex A and include the following:

a) Characterization of experience motions (see A.2.2 and A.3.2);
b) Development of EES or TES (see A.2.3 and A.3.3);
c) Characterization of reference equipment class (see A.2.4 and A.3.4).

The reference data may be specific to the subject equipment qualification or may be generic in
nafire and included by reference.

Dofumentation records for earthquake experience data should include the results ofjreviews,
inspections, or interviews recorded sufficiently soon after an earthquake to demonstrate that
the| reference equipment performed its function during and after the earthquake prior to @ny
repairs or adjustments.

Particular attention shall be given to documentation of equipment taken from past earthquakies,
which may have been recorded a considerable period of time after the earthquake, to establish
its puthenticity and applicability. The basis for the use and acceptahce of such data should|be
cleprly stated in the qualification report.

Dofumentation for test experience data should include resul{s{of reviews of seismic qualificafjon
tesf reports including but not limited to data needed to idéentify the equipment type, make and
mogdel, the test input motion, SSE/S2 and OBE/S¥,response spectra, and the functignal
peirfformance.

Dofumentation should include identification."of materials, parts, and components 4nd
mofdifications to characterize the attributes of.the reference equipment.

Th;ﬁ effect of any malfunctions shall be‘recorded and their effects traced so the prohibifed
fedtures are identified. The documentation should include records of malfunctions, repairs, and
condition of the reference equipment.

A.§.3 Candidate equipmeént qualification

Dofumentation of how ‘the candidate equipment is seismically qualified for its intended
application should foltew the outline of the seismic qualification report (see 13.2) and shojuld
include the following:

a) [Documentation of or reference to the reference data from A.5.2 used for the seisinic
qualification of the candidate equipment;

b) |[Documentation of the qualification of the candidate equipment that demonstrates that the
requirements in A.2.5 or A.3.5 are met.

Justification shall be provided to show that the candidate equipment IS acceptable per the
reference equipment class by compliance to inclusion rules and prohibited features. The
differences between the reference equipment and the candidate equipment shall be addressed.
Additional analysis or testing may be needed to justify that the differences do not degrade the
seismic capacity below acceptable limits. The documentation shall demonstrate that the
reference equipment is capable of performing the required functions under conditions equal to
or more severe than that required for the candidate equipment.
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