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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

In accordance with [AEA Safety Standards Series No. SSR-2/1, protective measures against seismic events
are required, provided earthquakes should be taken into consideration. Earthquakes comprise that group
of design basis events that requires taking preventive plant engineering measures against damage and
which are relevant with respect to radiological effects on the environment. The basic requirements of these
precautionary measures are dealt with in ISO 4917-1.

[SO 4917-4 presents the basis for fulfilling the requirements regarding the verification of the site-specific
earthquake safety of components.

© IS0 2024 - All rights reserved
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Design of nuclear power plants against seismic events —

Part 4:

Components

1 Scop

This document applies to nuclear power plants with water cooled reactors. For other nucleat facil

the applicz

This document specifies the requirements for the earthquake safety of components. The

specific s3

and functionality (see 4.1) are not the subject of this document. With regard to analysing the n
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bility of the document in advance, before it might be applied correspondingly.

fety-related requirements for each component, e.g. load-bearing capaeity (stability)

of the individual components and verifying the fulfillment of €heir safety related
y, the respective component-specific standards need to be consulted.

ument, the term "mechanical components” refers to compongnts such as vessels, heat e
[ves, lifting gear, distribution systems and pipe lines ineluding their support structurg
mponents are not considered to be civil structures intaccordance with ISO 4917-3. Li
latforms and scaffoldings are not considered as beifig-part of these mechanical compo

ument, the term electrical components refers tothé combination of electrical devices in
onnections and their support structures (e.g.cabinets, frames, consoles, brackets, susp

tary to this document the seismict\qualification of electrical components is rdg
0980-344.

[his document is independent of ndtional standards. Recommendations, given in Annex A,
he Eurocodes-Design-Philosophy. and European Standards. Alternatively other equivalent st
can be used in case the genéral requirements given in this document together with Annex A ca|

ative references

dition of thee referenced document (including any amendments) applies.
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3 Terms and definitions

ponents

For the purposes of this document, the terms and definitions given in ISO 4917-1 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/
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behaviour coefficient

q

reduction coefficient applied to the force magnitude determined by linear analysis of earthquake events

Note 1 to entry: The coefficient, g, takes the dissipative effects into account that arise from the materials used, from
the support structure and from the structural design.

3.2

centre of gravity
<dynamic> point of action of gravity, which can be considered as the point on the approximated single
degree of freedom model of a structure, at which the acceleration is equal to the respective value of the
response spectrum

3.3
damping
<modal> d

3.4
demand r
response
componen
test-signal

Note 1 to e
various pla

3.5

design spectrum

enveloping, widened and smoothed single-degree-of-freedom response spectrum that is used a
for the sei$mic design

Note 1 to pntry: In this context, it is differentiated between ground acceleration response spectrui
spectrum), puilding response spectrum (secondary spectrum) and component response spectrum (tertiary
3.6

non-lineafrity

<geometrik or physical> nonlinear relationship between the quantities of action and reaction resy
the equilijrium and kinematic analyses of a system

Note 1 to emtry: A physical nonlinéarity is the nonlinear relationship between stresses and distortions res

a nonlinearn

Note 2 to e]]
or opening

3.7
primary s
heavy stry

3.8

amping ratio of the respective eigenmode in mechanical systems

esponse spectrum

pectrum that is specified for the design verification or qualification of structures, s
ks and that is usually obtained by multiplying the design response(spectrum by safety f
specific magnification factors

itry: Demand response spectra may also be created as an enveloping curve of the response sp
Ces of installation.

material behaviour.
try: A geometric nonlinearity is defined by a change of dynamic behaviour due to a change of sh

pf gaps, uplifting or sliding of a component.

ystem
cture that supports one or more lighter-weight secondary systems (3.8)

ystems or
actors and

pctra at the

5 the basis

h (primary
spectrum).

Iting from

ulting from

ape, closing

secondary system

lighter-we

3.9
single-fre

ight partial system that is supported by a heavy primary system (3.7)

quency excitation

frequency, which has a time history in which at every point in time only a single excitation frequency (e.g.
sine sweep, fixed frequency) occurs

3.10

test response spectrum
response spectrum determined based on the actual motion of the shaking table

© IS0 2024 - All rights reserved
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it frequency
above which no significant seismic response in mechanical components would occur

Note 1 to entry: The upper limit frequency may be specified as the cut-off frequency of the excitation spectrum.

4 Gene

ral requirements

4.1 Basics

The general design requirements for components are specified in ISO 4917-1:2024, 5.1. They include

or seismic

classificatjon of the components, i.e. their assignment to seismic category 1, seismic categary 2
category 3 as well as the general requirements regarding the verification of their earthquake saf
The desigm of components and civil structures against seismic events should meet the objective
in ISO 491-1.

It shall be|verified for all seismic category 1 components that they are able to fulfill their safé
functions |n the case of seismic events. The safety related functions shall be specified for each c
Typical safety related functions are:

a) Load-bearing capacity (stability):

— The load-bearing capacity is the capability of components to-withstand the loads to be a
adcount of their strength, stability and secure positioning{e.g. their protection against f:
against dropping down, against impermissible slipping).

— TrIe load-bearing capacity shall be verified for the codponent and its support. The building
interaction loads shall be specified.

b) Integrity:

— Integrity is the ability of a plant componeént to fulfill its requirements with regard to leal
o1 deformation restrictions.

— The integrity of the components shall be verified based on requirements in accordanc
cdmponent-specific standards.

c) Functjonality:

— Fynctionality is the ability of a system or component to fulfill its designated safety functi
and after the seismi¢'event.

— Inlthis contextyit shall be differentiated between whether the functionality of the comp
b¢ achieved

afterthe earthquake, or

LY.

5 specified
ty related
bmponent.
ssumed on

lling over,

r structure

x tightness

e with the

bns during

nent shall

during and after the earthquake.

Furthermore, it shall be differentiated between active and passive functionalities.

— An active functionality of a component ensures that the specified movements (relative
movements between individual parts) can be performed (closing of clearances, creating or

changing of friction forces) and that the electrical functions are maintained.

— A passive functionality of a component means that permissible deformations and movements

are not exceeded. Also, false signals should not appear in electrical equipment.

For all seismic category 2 components it is required to be verified that on account of earthquakes they
will not adversely affect the seismic category 1 components and civil structures in a way that these would
no longer be able to fulfill their safety related functions. In this context, it is generally sufficient to verify

© IS0 2024 - All rights reserved
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the load-bearing capacity. In certain cases, it may be necessary to verify that limit deformations are not
exceeded or that integrity (risk of flooding) is upheld.

Ageing effects that might influence the verification objective shall be taken into account.

NOTE

Details regarding ageing effects are dealt with in IAEA Nuclear Energy Series No. NP-T-3.24.

In this document the verifications required for the mechanical and electrical components including their
support structures are broken down into individual verification steps, i.e.

1) determining the excitation at the place of installation,

2) modeling and the determination of parameters,

3) analyq
4) verify

These veriffication steps are dealt with for each of the four possible verification methods;'i.e.

i) verifid
ii) verifig
iii) verifig
iv) verifig
The latter

The earth
on the bas

4.2 Veri
The indivi

Depending
provided,

The site e3
earthquak
horizon, d

The modelling principlesinaccordance with ISO 4917-1:2024, 6.3.2, shall be applied. Additional req

dependent

ing the seismic behaviour with respect to the safety requirement,

ng the limit conditions.

ation by analysis,

ation by testing,

ation by analogy considerations,

ation by plausibility considerations.

two methods are to be understood as indirect methods.according to IAEA SSG-67.

quake safety of a component may be verified on the basis of an individual verification
s of a combination of various verification methods.

fication procedure
Hual procedural steps of the verification procedure are shown in Figure 1.

on the verification objective, individual steps of the verification procedure may be
the model is detailed enoughtintermediate results do not need to be determined.

citation parameters to petapplied shall be the seismo-engineering parameters of the d¢
e in accordance withA504917-1:2024, 5.5, (i.e. ground acceleration response spectrum
rectional componefits; strong motion duration).

on the respective verification methods are specified below in Clause 5 to Clause 8.

method or

combined,

bsign basis
reference

uirements

© IS0 2024 - All rights reserved
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Seismic excitation

Y

Determination of excitation at
the place of installation

- »{ Secondary or tertiary spectra

Y

Modelling and/or determination
of characteristics

Masses, stiffness, damping,
modal parameters

i
-

Y

Y

Investigation of
mechanical behaviour

System responses, design
quantities

Y

\
Verification of limit conditions

A

o Load-carrying capacity,
" | integrity,functional capability

Figure 1 — Procedural steps of the verification procedure

In case of p linear system behaviour, the mechanigal behaviour may be analysed separately for the seismic
actions arld for the other continuous and non-continuous actions. The design quantities shdll then be
determineld by superposition. The effects of:s€ismic actions in each direction and on each single mode may
also be determined separately. The design(quantity can then be determined by combination of tHese modal
and directjonal contributions. Superposition shall generally be in accordance with ISO 4917-1:2044, 6.3.1.

In case of|a non-linear analysis of'the system, all actions having a significant influence on the dynamic
behaviourfof the component shall be applied with safety margins and combination factors simultgneously.

NOTE PDetailed approaches.for addressing margins and combination factors can be found in the recommendations
in Annex A pnd in the documents listed in the bibliography.

For the verification of-the limit states, the determined design values of the actions are to be compared with
the allowaple capacities in the appropriate design codes.

4.3 Verlification methods

The following verification methods are permissible either individually or in combination with each other:
a) verification by analysis (see Clause 5);

b) verification by testing (see Clause 6);

c) verification by analogy (see Clause 7);

d) verification by plausibility considerations (see Clause 8).

The verification methods to be applied shall be specified for each component regarding its respective task.

NOTE1 Incase of the verification of the functionality of electrotechnical components (e.g. contactors, relays, circuit
breakers), preference is given to experimental verification methods.

© IS0 2024 - All rights reserved
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NOTE 2  Verifications by analogy and by plausibility considerations are in line with IAEA SSG-67 indirect methods.

5 Verification by analysis

5.1 Summary

The basic requirements regarding verification by analysis are specified in ISO 4917-1:2024, 6.3. This
concerns the combination of excitation directions, the modeling, the determination and application of the
acceleration time histories as well as superordinate aspects of the analysis methods.

The dynamic analysis procedures specified in 5.4.1 shall be applied to the verification by analysis. In well
substanti implifi issj

For pipes ¢r other distributed systems for which design guidelines exist and include seismicload provisions
that adequately cover site conditions, it is sufficient that the pipes or distributed system“be designed in
accordancp with those guidelines. Pipes and distributed systems can also be grouped by geomletries and
material properties, and entire groups can be verified at once using envelope configurations of t
layouts.

5.2 Excitation at the location of installation

5.2.1 Bgsics
The excitafion at the location of installation shall be determined by.one of the following methods:

a) as regdponse time histories of the structural components-or building response spectra (secondary
responses in accordance with [SO 4917-3);

b) asresponse time histories or response spectra of thetomponent (tertiary responses as specifigd in 5.2.3);

¢) asartlificial time histories which, in accordance with ISO 4917-1:2024, 6.3.3, shall be compatib]e with the
response spectra and the other seismo-engineering parameters of the building structure or component,

d) asresponse spectra for tertiary responses with the substitution method, see A.1.

Suitable ekcitations shall be selected for' each direction at the place of installation where th¢ response
spectra wlll cover the secondary (of tertiary) design response spectra in the essential frequendy range of
the comp()[lent or its substructuré, The selection shall be substantiated.

Appropriafe load scenarios.shall be formed from the selected or the artificial time histories, taking into
account the directional assignment, with which the component (or structure with componenf) is to be
excited. The formationefithe load scenarios shall be substantiated.

NOTE Details regarding the minimum number of action combinations that are analysed can be found in
ISO 4917-1:p024, Clause 6.

Alternativgly, the components may be integrated into the model of the superstructure (e.g. building
Structure} ahﬂ’ fhnc’ may he ana]ycnr‘ within the averall madel

Aside from the methods involving time histories or the substitution method for determining the excitation
at the place of installation, other mathematical procedures may be applied if they offer equivalent results.

5.2.2 Secondary responses

The responses of the building structure - i.e. the (secondary) response time histories and the (secondary)
response spectra - shall be determined within the framework of analysing the structural components in
accordance with ISO 4917-3.

© IS0 2024 - All rights reserved

6


https://standardsiso.com/api/?name=818cf3b8d92a1299f172bb00ce24c14a

ISO 4917-4:2024(en)

The mathematical engineering model provided for the structural components in accordance with ISO 4917-3
shall be expanded by the component as specified in 5.3 if the responses of this component shall be determined
directly as a secondary response and not as a tertiary response.

The determined response time histories shall be provided in their digital form and the determined design
spectra shall be provided both in their graphical and digital form.

5.2.3 Tertiary responses

The responses of a component supporting a sub-component- i.e. the tertiary response time histories and
the tertiary response spectra - shall be determined by applying the secondary response excitations to a

suitable m

athematical engineering model of the component as specified in 5.3.

If the con

damping n
significant
the second

The local
response i
can havel

If the com
tertiaryre

The deter
be conver

For compd
qualificati

Finally, sd
applicable
spectram

5.2.4 D¢

fe

ponent behaviour is linear, the generation of tertiary response spectra may be ofjtained by
calculatiops either in the time or in the frequency domain. Modal superposition methads 3

hay be used. Alternatively, in the case of sufficiently homogeneous primary systems w
ly oscillating partial systems, the response spectra (design spectra) for the plage of ins{
ary system may be determined by the substitution method presented in A.1!

behaviour of the component at the point of attachement of the sub-component, whe
5 generated, shall be adequately represented. Typically, some modes.with low participat
irge local influence and may not be excluded from the analysis.

ponent behaviour is non-linear, the non-linearity shall be/represented in the mode
sponse shall be generated by time integration. The selected damping model shall be sub

ined response time histories shall be provided in their digital form. The response sp
d into design spectra as specified in 5.2.4.

nents that have undergone a seismic test qualification, it is permissible to use the res
bn to generate tertiary response.

me envelope qualification codes and~standards provide generic tertiary respons
for the verification of sub-components>If applicable for the site, these generic tertiar}
hy be used.

bsign spectra

Analytical
componen
design of

ly determined tertiary response spectra for the respective place of installation o
s shall be convertedto a design spectra in their respective direction that will ensur
e components, i.eCone that is insensitive to imprecisions of the parameters.

Creating the design spectrafrom analytically determined response spectra shall comprise the folloy

a)

Evalugtion of the Tmprecisions of the substructure model. If necessary, these imprecisior

accounted for'within the framework of item e).

b)

Averaging'the results from the different time history sets.

ind modal
ithout any
allation of

e tertiary
ing factors

I. And the
stantiated.

pctra shall

hlts of this

e spectra
 response

f the sub-
e a robust

ving steps:

s shall be

9

respective centre frequency should be clipped.

d)

after considering uncertainties, e.g. +10%.

NOTE
20%o0

f)

The recommendation under item e) is, generally, met if spectrum valleys with a base width
f the respective centre frequency are surrounded by a plateau originating from the lower peak.

their provision in digital form for further processing.

© IS0 2024 - All rights reserved
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The substitution method of A.1 provides the design spectra as immediate result. Therefore, these steps
are not applicable to the spectra generated by the substitution method. The spectra generated by the

substitution method are directly applicable.

5.3 Modeling

5.3.1 System characteristics

In order to be able to analyse its mechanical behaviour, the component shall be projected onto a suitable
mathematical model. This model shall allow describing the essential eigenmodes up to the upper limit

frequency

of the excitation spectra.

The result

In non-line
that are ey
their cons

5 O complex models should be checked based on global observations or simpliried calcu

ar models where impacts are induced by the earthquake, the model shall also repréesent
cited by such impacts. The corresponding model shall describe adequately the action j
bquences.

The stiffness values should preferably be determined on the assumption of, @)linear-elasti

behaviour
material b

With rega
into accou

In well suk

Linearizat|
inside tole
tolerance §

The mass
condition.
operation
Y, of their
conditions
to the mas

As alternative in well substantiated cases, it is permissible to take-advantage of the
chaviour.

Id to system behaviour, the non-linearity due to geometry or(hechanical design shal
nt.

stantiated cases, non-linearities may be linearized.

ion is allowed if response parameters (loads, displacements, stresses) in the linear
rance gap relative to non-linear model response-parameters. The recommended va
rap is £10 %.

of the individual component to be applied\is the mass corresponding to the analysed|
In accordance with ISO 4917-1:2024, 6:8.2, short-term masses or masses rarely occurr
do not need to be applied. Accordingly; the masses from variable loads may be accountg
hctual value unless more detailed requirements have been specified. In the case that the
during the earthquake case cannot be clearly defined, appropriate bounding cases w
ses shall be analysed.

The damping ratios - in percenf of critical damping - needed for verifying the load-bearin

and integ
A of Table
deformati

Larger damping ratios than the ones listed in Table A.1 may be applied, provided, they are verifiedl.

The degre

ity and for determining the tertiary spectra that may be applied should be as listed
[A.1. In the case of‘mechanically active components for which the functionality is ve
n analysis, the damping ratios to be applied may be as listed in column B of Table A.1.

e of utilization under the seismic action combination of the considered structure sha

into acco
often not

t when selecting damping values. In areas of low seismicity, the seismic action com
eterminant for the design, so that the degree of utilization under this action combinaf

lations.

the modes
hases and

t material
non-linear

I be taken

model are
ue for the

operating
ing during
ed for with
operating
th respect

& capacity
in column
rified by a

I be taken
bination is
ion is low.

For this ca

111 . 1 1 111 1 PR |
ST, SIHIAITUdIIPIIg vVdIuts SITUUIU DE STITULLCU.

In the case of non-linear analyses with hysteresis effects, the viscous damping ratios to be applied should
also be as listed in column B of Table A.1.

In analyses where energy dissipation within the material or at the connection and boundary conditions are
explicitly considered in the modeling, it shall be ensured that damping is not applied twice by adding an

additional

equivalent damping in the model.
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Factors due to modeling of the components that have an influence on the results of the analysis shall be
identified and their influence on the results shall be evaluated.

NOTE

Uncertainties on the stiffness and mass modeling of the components are usually already adequately

covered by the variation of the excitation coming from the variations of the model of the primary structures (building

structure, s

ubsoil).

5.3.2 De-coupling of structures

Structures may be analysed in a de-coupled maner if the interaction between the substructures is taken into
account or if neither the oscillation behaviour nor the loads are inadmissibly modified. This is the case if one

of the follo

wing conditions is met:

a) Therg
than t
preva

b) The ra
floor,
respol
1) M|
2) M
3) M
Alarg

If de-coup

can be ne

tuning, the

Pipe syste

least one a

NOTE 2

included in
analysed is

In the case

levant design quantities calculated for the de-coupled system shall not be more than
he respective values before its de-coupling. A larger decrease is permissible if speci
1 (e.g. low utilization factor).

tio of component mass, M., over the mass of the responding part of the stfucture (e.g
shear wall), Mg, and the ratio of the main component frequency, F, over the freque
nding part of the structure, Fg, meet one of the following criteria (see al§o SO 4917-1):

/Mg <0,01
/Mg <0,1 and F;/Fg < 0,80
/Mg <0,1 and F¢/Fg> 1,25

b1 deviation is permissible if special reasons prevail(e:g. low utilization factor).

slected in the model of the primary system as a first approximation, while in the cg
by shall be added to the primary system as-adfirst approximation.

ms may be de-coupled by the method.éDoverlapping. The overlapping pipe region shg
xial stop and two radial bearings in‘the two perpendicular directions.

[he method of overlapping is a way.of modeling pipe systems where partial systems to be de-
the model of the pipe system tg be analysed to such an extent that their impact on the pipe s
sufficiently accounted for.

of pipe system the secondary pipe lines may be de-coupled if Formula (1) applies:

01

thesplanar moment of inertia of the secondary pipeline to be de-coupled;

A nlon oo it o aalucad

0 % lower
al reasons

. building,
ncy of the

ing is permissible, then in the case of low tuningof the secondary system, its resonating masses

se of high

11 cover at

toupled are
ystem to be

e8]

i

NOTE 3
allowed in j

] m-araant-af Fila nonin ooy cazotaan ao
CIIC Plall“l ITITUITICIIVU UL TIICTI LIAd Ul LIIC tJl llllul] J_yob\flll LU UC Ull“l)’ [ wav

ustified cases and on a national level.

The limit value 0,01 mentioned in Formula (1) is a general recommendation, from which deviations are

Analysis of de-coupled secondary pipelines should consider the displacements of the primary pipeline. These
displacements should be treated as “seismic anchor motion” load.
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Fluids

5.3.3.1 Fluids inside components

In the case of components with a variable fluid level, the most unfavorable fluid level existing more than
30 days per annum shall be assumed.

The fluid in a completely filled component may be assumed as being a rigid mass oscillating together with
the component.

In the case of partially filled components, the method used may be as follows:

Analysis of the load-bearing capacity assuming that the fluid is a rigid mass oscillating together with

into the “mass at rest” that is rigidly coupled to the component and a “sloshing\mass” that

a)
the cd
evalud
b) Applic
the fly
freely
listed
c¢) Comp
equivz:
direct
d) Direct
methd
For the ve
oscillating
Alternativ
5.3.3.2 1
The seism
a) the pr
the se
b) the fl
frequg
NOTE
be neglecte
not the casg
The fluid d

mponent. The sloshing effects of the fluid on the component and built-in componen
ted separately.

ation of the method of substitute masses for horizontal oscillations to account for osc

ts shall be

llations of

id relative to the component (sloshing). In this method, the mass of the fluid'may be de-coupled

relative to the component. The damping ratio to be applied for the fluidoscillations sH
in Table A.1.

pnents with geometries for which no simple solutions are dvailable may be projd
ilent substitute geometries. In the case of a cylindrical ,vessel oscillating in the
jon, the fluid mass may be regarded as a rigid pendulum mass.

modelling of fluid inside component by appropriate. numerical methods (e.g finit

ds or methods from computation fluid dynamics as Simoothed particle hydrodynamics).

'tical direction of oscillation, the liquid may always be assumed as a rigid mass togethg
component.

e approaches are referenced in A.2.

Fluid outside component
c response of a component immersed into a large volume of fluid is affected by

essure field inside the fliid, which integrated effect on the surface component tend t
smic excitation, and

hid displacement around the component, which inertia effect tend to decrease thg
ncies of the compoénent.

A large volume'of fluid means that the inertial coupling between the component and the fluid co

can swing
ould be as

cted onto
horizontal

e element

r with the

b decrease

response

ntainer can

d, the motements of the component does not produce a fluid motion in the vicinity of the container. If this is

, see 53:3.3.

ufside the component may be represented in the analytical model of the component by

immersed section,

full finite element or computational fluid dynamic CFD representation of the fluid.

5.3.3.3 Fluid between two components

simple added mass based on the quantity of displaced fluid that can be related to the component

simple added mass and a decrease of the applied excitation due to the pressure field effect, and

A fluid separating two components might induce a coupling in the seismic response of these two components
and significantly affect their response frequencies. The smaller the fluid volume is in comparison to the
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component immersed surface, the higher is the coupling. If not demonstrated to be negligible, such coupling
shall be explicitly accounted for in the analytical model on the components.

The fluid between components may be represented in the analytical model of the component by:

Only added mass if the coupling is demonstrated to have low influence on the frequencies. The mass

shall then be assessed not only based on the sections of the immersed components but also on the fluid

e between the components.

encompass both the inertia and the pressure effect.

element or CFD representation of the fluid.

Coupling mass matrices between the degrees of freedom of both components. These matrices then

a)

volum
b)
c) Finite
54 An

ysis of mechanical behaviour and load determination

5.4.1 Analysis methods

In the cas
methods:

a)
b) timeh

respol

¢) quasiH
Other met

In case of
be applied

As altern
recommer

NOTE
requiremer|

In the case
e.g. detailg

Parallel re
conditions

e of a linear analysis, the mechanical behaviour may be analysed basedyon one of thg

1se spectrum method specified in 5.4.2;

istory method specified in 5.4.3;

static method specified in 5.4.4.

hods may be applied, provided, they produce similartesults.

h non-linear system behaviour (see 5.4.5), a non:linear analysis by the time-history mg
unless an adequate and sufficiently accuratelinearization is available and well substar

itive to the non-linear analysis by the“time-history method, non-linear static m
ded in A.4 may be applied. This shall bexwell substantiated.

n these kinds of analyses, e.g. non:lifiear statically determined capacity curves are comp
t spectra and are evaluated with respect to the available ductility (capacity spectrum method)
d in A.4 is generally permissible.

sponses of various-models shall always be enveloped. Parallel responses from va
may be averaged-when performing linear analyses of the component. In the case that

analyses df the componént are performed, the results may be conservatively enveloped. Altern:

procedure

5.4.2 Rg

described indS0O 4917-1:2024, A.6. may be used.

sponse spectrum method

In the cas|

eCof components that can be modeled as a system with one degree of freedom, thg

following

thod shall
tiated.

ethods as

hired to the

of seismic category 2 compenents, a quasi-non-linear design with the behaviour coefficient, g, as

rious load
non-linear
itively, the

response

spectrum directly produces the maximum response values.

In the case of components that are modeled as a system with more than one degree of freedom, the maximum
response values to the individual eigenmodes (e.g. stress resultants, accelerations, deformations) shall be
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superposed. In this context, the method of the complete quadratic combination (CQC) in accordance with
Formula (2) shall be applied:

M
E=\/2L21_K:1EL><EK><PLK (2)

For a constant damping ratio, D, the interaction factor, p, x, is given by Formula (3):

8><D2><(1+rLK)><rLK1'5
PLk = 53 > 5 (3)
(I-r ") +4XD* Xryg x(1+r1k)

where
/1
MLk = (4)
{K
D is the damping ratio
E is the resultant seismic response quantity as the sum of all modal contributions in §he respec-

tive direction

E, Eg| isthe modal contribution of the Lth or Kth eigenmode in the réspective direction of the seismic
response quantity to be determined

PLK is the interaction factor of the eigenmodes as a function of the modal damping ratips and fre-
quency spacing (frequency ratio, r;g) of the individual eigenfrequencies, f; and fj

M is the number of eigenmodes up to the upperltindit frequency

fu fx is the eigenfrequency of the Lth or Kth eigenmode
NOTE 1 n case of unequal damping ratios, D; # Dy, an expanded Formula (3) is used.
Alternativgly, the Gupta or Lindley-Yow methads of combining modal responses can be used.

If all eigenffrequencies are sufficiently widely spaced (r;x < 0,80 or r; > 1,20), the modal contribytions may
be superppsed by the square root ofithe sum of squares as shown by Formula (5). Different methods of
superposition need to be well substantiated.

—~ M
E:\ﬁ> E,* (5)

bt [ =1

NOTE 2  As the space bétween eigenfrequencies increases (r;, << 1 or r;; >> 1), Formula (2) becomes fidentical to
Formula (5).

The relatiye contributions of eigenmodes above the limit frequency shall be adequately taken info account.
This mears_that all eigenmodes up to the upper limit frequency shall be calculated and included in the
combinatipnzaccording to Formula (2) or Formula (5). Beyond the upper limit frequency, no [frequency
contribution may be included in these combinations. Instead, these contributions must be added by a rigid-
body contribution. Formula (6) shows this expansion by the rigid-body contribution for Formula (2).

M 0 M 0\
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where
E)  isthemodal contribution of the Lth eigenmode multiplied by the rigid-body acceleration of the seis-
mic response quantity to be determined. Here, the modal contributions are added arithmetically;
Egt is the response of a static load case, assuming a rigid-body acceleration in the respective direction.

To account for the rigid-body contribution with a good margin of safety, the expanded Formula (7) or (8)
may be applied as expansions of Formula (2) or Formula (5), respectively.

M 0 2
EZ\/ZL:LKzlELXEKXpLK+(E5t) (7)
_ XM L2, (02
In the case of various points of excitation with different response spectra, the multi-supporttexcitation
method mpy be applied. In this procedure the individual spectra are weighted byccorresponding influence
functions.|Formula (6), (7) or (8) shall be applied to the rigid-body contribution.
ISO 4917-1:2024, 6.3.1 shall be applied to the superposition of the responses from various |excitation
directions|and 5.4.6 to the possible shares from relative displacements.
5.4.3 Time history method
An analys|s by the time history method may be performed hy 'a modal time history method oy by direct
integration. If a modal superposition method is applied, the rigid-body contribution shall be faken into
account arjalogously to the response spectrum method (se¢\5.4.2).
In accordgnce with 1SO 4917-1:2024, 6.3.3, the applied excitations may be based on those acgeleration-
response ffime histories from the analysis of the building structures that cover the design spectfum at the
place of injstallation of the component. Alternatively, artificial acceleration time histories may pe applied
that, in anplogy to ISO 4917-1:2024, 6.3.3, are eompatible with the design spectra.
The time increments of the calculation shall not exceed 0,1 times the vibration period of the cgntributing
modes with the highest frequency.
NOTE n case of non-linear calcylations with impact or sudden changes of stiffness, the frequency of|the highest
contributinlg mode may be signifigantly higher than the upper limit frequency of the applied excitation.
ISO 4917-1:2024, 6.3.1 shall\be applied to the superposition of the responses from various |excitation
directions|and 5.4.6 to the'possible shares from relative displacements.
In the casq of non-ljnear calculations, 5.4.5 shall be taken into consideration.
5.4.4 Quasisstatic method
The quasi-statiemethed-maybeusedforsystemswith-ahomegencousdistributionefstiffressadd mass.

Secondary spectra shall be applied to the design of the support structures of secondary systems. The
secondary system (supported system) itself shall be designed based on tertiary spectra.

The system responses (stress quantities) may be calculated by a static analysis. In this context, substitute
accelerations shall be defined that result in quasi-static actions in proportion to the mass distribution. The
substitute accelerations shall be calculated as shown in Formula (9):

ap; =€; XSy ; 9)
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where

ag ; is the substitute acceleration for the direction i

e is the factor accounting for the relative contributions of higher eigenmodes for the direction i, (see
Table 1 and the next three following paragraphs).

Sqi s the value from the response spectrum for direction i, (see the next two following paragraphes)

The value, S, ;, shall be assumed as the largest value of the response spectrum for eigenfrequencies that
are larger or equal to the first significant eigenfrequency of the component. If the eigenfrequency is not
known, S, ;, shall be assumed as the maximum value of the response spectrum. The respective damping and
direction shall be taken into account

In the casg of spatially coupled systems - provided, more exacting investigations are not perfo|rmed - all

three valups, S, ;, shall be set equal to the largest of the three reading values determined.

The valueq of the factor, e;, shall be assumed as listed in Table 1. In this context, it shalVbe well substantiated
that an iddalization of the component conforming to Table 1 is possible. Other valuestassumed shall be well
substantigted. Lower values may also be applied, provided, their permissibility is yerified.

In the cas¢ of dynamically stiff components (i.e. the fundamental frequency‘is higher or equal to| the upper
limit freqyency), the factor, e;, shall be set equal to 1,0 and the reading value, S, ;, shall be assumed as the
rigid body|acceleration of the spectrum.

Table 1 — Values of factor e; for Eofmula (9)

Modeling e

Component with a single response frequency within the fre- 1,0
quency excitation range as

— Continuous beam with equal span width
— Over-hanging beam

— Straight beam with any kind\ef'support 2

Planar systems (e.g. framework structures, girder grillages, 1,2
horizontal-plane pipe systems)

Other systems (with a-relevant spatial oscillation behaviour) 1,5

2 The largest stressyresultants (forces, moments) shall be applied at every cross-section.

5.4.5 Ngn-linear time history analysis

rerified on

The parameters of the non-linear analysis model shall be evaluated in accordance with ISO 4917-1:2024,
6.3.4, with regard to their range of uncertainty and to the uncertainty of the results. If necessary, sensitivity
analyses shall be performed.

The non-linear analyses of the components shall be performed for the selected load conditions specified in 5.2.1.

The time histories of the different excitation directions shall be applied simultaneously and together with
all other simultaneously occurring actions.
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If the damping ratios are approximated by proportional damping (Rayleigh damping), when selecting the
support points it should be taken into consideration that the damping effects remain low enough and, thus,
on the safe side.

NOTE For structures with significant rigid-body motion (e.g. due to sliding or in isolated systems), it is necessary
to ensure that Rayleigh damping does not artificially damp down the relevant modes to an unrealistically low level.

5.4.6 Relative displacement

In addition to the inertial loads of the components that can be determined, e.g. by response spectra or
acceleration time histories, additional loads caused by earthquake-induced displacements at the connection
points shall be taken into account if they amount to more than 10 % of the inertial loads (e.g. stress of pipes
due to th i i i i parts of a
building sfructure).

The movements or stress quantities resulting from the relative displacements may be superimposed with
the inertidl loads by applying Formula (10), i.e. by the square root of the sum of the squares.

RS Y SCYSE (o)

where

E is the resulting response value from accelerations and relative displacements;
E, is the resulting response value from all acceleration actions;

E,; |is the response value of the statically to be applied,ith earthquake-induced displacemgnt compo-
nent (up to 6 components at each connection poiiit) at the kth connection point (usually pne or two,
generally, n connection points);

n is the number of connection points.

An alterndtive approach is described in A.3.

5.5 Verlification of the limit conditions

The loads from seismic actions determined in 5.4 (e.g. internal forces, stresses, deformations, accglerations)
in combingtion with other loads shall be compared with the respective capacities. The permissible capacities
result from the limit conditions.of

a) load-bearing capacity;
b) integrjity, and
c¢) functipnalitys

Limit stat¢simay be defined on a linear or nonlinear basis, via load or displacement quantities (acceleration,
Velocity, d bplal,c:luc:ut).

A correlation of the design limits of structural engineering and service levels of mechanical engineering is
presented in A.5.

The verifications may be carried out by the partial safety concept specified in A.5.2 or by the global safety
concept specified in A.5.3. In the case of stability problems, the verification should be carried out as specified
in A.5.2.

The verification of action combinations with the design basis earthquakes may only be performed for
primary stresses unless deviating requirements are specified below.

NOTE Secondary and peak stresses are specified in component-specific standards.
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In the case of components consisting of brittle materials (e.g. cast iron, ceramics) or of unfavorably
constructed components (e.g. with fillet welds), the total stress shall be taken into account in addition to
the primary stresses. In this context, the secondary stresses and peak stresses shall either be treated as
primary stresses or shall, in addition to the primary stresses, be evaluated with regard to their respective
failure mode.

With regard to load-carrying capacity (and, if danger of flooding exists, also with regard to integrity), the
seismic category 2 components shall be verified in the same way as seismic category 1 components if their
loading from seismic actions were determined as specified in A.5 (quasi-nonlinear design).

The analysis of the active and passive functionality shall be performed by verifying the deformation or by

the stress analysis.

The deforfnation verification shall prove that the determined deformations do not adversely|affect the

required fjinctionality. In this context, it shall be differentiated between:

— Functjonality is required only after the earthquake. The verification shall be based en th¢ resulting
permgnent deformations.

— Functjonality is required also during the earthquake. The verification shall be)based on the resulting
total deformations (elastic plus permanent deformations).

If the verification incorporating a stress analysis is chosen, it shall be based\on more stringent limit values

as recomnpjended in A.5.

The combination of seismic actions with other actions as well as thie design verifications to be performed

with thesd combinations shall be made according to national regulations and appropriate design|codes and

standards| Recommendations for procedures are given in A.5.2and A.5.3.

Verification concepts may be defined at national level. ReCommendation for an application of the partial

safety confept are given in A.5.2, recommendation for an application of the global safety concepf are given

in A.5.3.

6 Verifjcation by testing

6.1 Verfification objective

The verifi¢ation objective of the test.shall be derived from the respective safety related functions

With respect to the requirements derived from the verification objective for the limit values to bd observed,

it shall be ppecified whetherthese limit values shall be determined during the test.

IEC/IEEE |60980-344 alse provides information on this. In 6.2, these are supplemented by detailed

specificatipns.

6.2 Requireinents regarding the test object

Testing for_the verification of seismic safetv mav he pprfm*mpd on compaonents (rnmp(mpnf orlindividual

devices) - hereinafter generally referred to as ‘test objects’ - either in a test bay or in their installed condition
in the nuclear power plant.

These experiments shall be performed on original components or, preferably, on design-identical
components. Substitute components may be used if they represent the properties of the original components
with respect to the respective verification objective.

If the same test object is used for several partial tests, it shall be ensured that the test object continues to
have those properties of the original component that are essential to the respective test.

If the experiment is performed in a test bay, the test object shall be mounted in such a way that the original
boundary conditions with respect to the verification objective are represented.
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The influence of existing vibration isolation systems shall be taken into account. This may be accounted for
either in the mounting of the test object or when determining the action quantities.

If a position other than the specified in-plant mounting position of the test object is used in an experiment,
the changed influence of gravity shall be taken into consideration.

As far as necessary, connections to neighbouring components shall be taken into account.

If necessary with regard to the verification objective, all operating conditions for the test object that shall
be postulated for the seismic event (e.g. pressure, temperature, voltage, electric current, limit values to be
observed) shall be determined. If the operating conditions are only partial or not at all accounted for by the
experiment, their effects shall be accounted for by some other means (e.g. by analysis).

6.3 Requirements regarding excitation

6.3.1 B4

The excita
as specifie

The decisi
loads, resy
at the plac

The test obyject shall be excited at its anchor points in such a way thatiit receives at least the specifi

Any deviat

The select|
by means
the respon

A deviation from the requirement of equivalency between excitation and seismic action is permissiblg

itis possib
6.3.2 Cd

A compari

The action
response 3

In case of
spectra ar

If the chai

sufficient if the individual test signals envelop the demand response spectra in the range of these fr

The verifi
+10 % aw

sics

Fion for the verification by testing shall be determined under considerationof'the type of
din5.2.

Ve action for the experiment shall be specified for the respective assumptions (e.g. static
onse spectrum, time history) as well as for the respective test signal in the excitation
e of installation.

ions shall be well substantiated.

ed excitation shall, basically, be equivalent to the decisive seismic action. In case of an
bf forced oscillations as specified in 6.3.6, item ¢J;the equivalency shall be verified by

e to achieve the verification objective by‘extrapolation (e.g. for stresses in the linear rang

mparison of actions
son of the actions shall be performed to ensure that the required actions are achieved H

s shall be compared based on the response spectra. In the evaluation, the damping of the
pectrum shall be larger-than or equal to the corresponding value of the required spect

hn unknown oscillation behaviour of the test object, it shall be ensured that the deman
e achieved by.the entirety of applied test excitations.

acteristic\frequencies of the test object are known and do not vary due to the excit

Fationi’Shall be carried out for these characteristic frequencies and, additionally, for f
hy_from the characteristic frequencies. The equivalency shall be verified for reliably d|

excitation

substitute
directions

ed actions.

excitation
comparing

se spectra. Other verification methods, e.g. by.the spectral power density, are permissiple.

,provided,
e).

y the test.

measured
Fum.

|l response

ation, it is
equencies.
‘equencies
etermined

damping

daiuesorfor therespective damping vatue to beapptied according tocotumm A of TableA. 1.

When calculating the test response spectrum, the frequency discretization shall be adjusted to the respective
damping ratio to detect if the test response spectrum falls below the required response spectrum.

In the case of damping ratios from 1 % to 5 %, the maximum calculation increments shall be 1/12 of an
octave and from 5 % to 10 % 1/6 of an octave. Even higher damping ratios would permit increasing the
calculation increments up to 1/3 of an octave.

6.3.3 Excitation axes

The excitations of the test shall be applied simultaneously in all three spatial directions.
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A seperation of the sequence of the individual direction-related loads is permissible, provided,

a)
b)

the verification objective allows for the superposition of the corresponding reactions of the test object, or

itis shown that the behaviour of the test object (eigenfrequencies, stiffness) or that the demand response

spectra (frequency ranges with large resonance peaks) are independent of each other with respect to
the individual axes, or

higher test excitation (see 6.5.2).

6.3.4 Transverse motions

the multi-axial character of the seismic excitation is taken into account by means of a correspondingly

In case of
the respec

If transve
achieved.

6.3.5 Sil

In case of]
specified g

A seperation of the sequence of the individual direction-related loads, movements ort
tive direction or plane of excitation shall be measured.

'se motions occur, it shall be ensured that the required value in the direction”of ex

hgle-frequency test excitations

single-frequency test excitations, the measured amplitude of the excitation freque
xcitation direction shall not fall below 90 % of the corresponding required value.

ogonal to

citation is

ncy in the

The level df background noise, d, calculated according to Formula (11];should not exceed 100 % in} the range
up to five times the highest test frequency.
_1 2 _ 2
d=—1 ages_anX]-OO (11)
dn
where
d is the level of background vibration in*percent;
dges |is the effective value of the acceleration amplitude within the frequency range to be mpnitored;
a, is the effective value of the required acceleration amplitude at the excitation frequency.
NOTE A higher level of background vibration has a conservative effect on the results of stress tests and, therefore,
is permissible, provided, this is compatible with the verification objective.
6.3.6 Tast excitation méthods
The following test excitation methods are permissible taking the restrictions specified in 6.4, 4.5 and 6.6
into accoupt:
a) Staticimethods:
Theselindlude those methods where the values relevant to the verification nh}'nr‘fivn do-not Change
during the test or they change only to such degree that dynamic influences can be neglected (e.g. static
deflection tests).
b) Free oscillation methods:
These include those methods where, after application of the initial loads, the system is left to itself with
respect to its oscillation (e.g. free vibration decay tests, snap-back tests).
¢) Forced oscillation methods:

These include those methods where a time dependent excitation is upheld over the entire duration of
the test. In this context, either a single-frequency or a multiple-frequency excitation may be applied.
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-frequency tests may use, e.g. fixed sine waves, sine sweeps or sine beats as excitation.

The multiple-frequency tests may use, e.g. noise frequencies, spectrum-compatible time histories or the
superposition of several individual frequencies as excitation.

6.4 System characteristics and parameters

6.4.1 Static parameters

Static parameters (local and global stiffness) shall normally be determined at the relevant load level. In the
case of linear system behaviour, they may be determined for lower load levels. In this context, the static
methods as specified in item a) of the first paragraph of 6.3.6, shall be used. The other methods specified

under 6.3.]
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hic parameters (e.g. eigenfrequencies, eigenmodes) shall be determined\by the method
m b) or item c) before the stress test.

When applying the method specified in 6.3.6, item c), dynamic paramieters can be determined
veep excitation between 1 m/s? and 2 m/s2 and a sweep velocity smaller or equal to one octave

hic behaviour shall be examined up to 1,2 times the uppenlimit frequency.

ng ratio shall be determined by applying one of the methods specified in 6.3.6, item
ve estimate using the method specified in 6.3.6, item'a), (measurement of the static hy

5 specified

with a one-
per minute.

b) or c). A
bteresis) is

permissible. In this context, the following restrictions apply:

a) In the|case of the methods specified under the 6.3:6, item b), when determining the damping ratio by
meang of the free vibration test, it shall be considered that the oscillation fade-out, aside from being
influenced by system damping, can also be influenced by the dissipation of energy into adjacent systems.

b) With fegard to the method specified in-6:3-6, item c) the following applies:

1) Inlthe case of single-frequency.excitation it shall be observed that the excitation lasts long enough
fo the condition of a steady-state oscillation is reached.

2) Inlthe case of a sine-sweep excitation, the frequency sweep rate applied shall basically hot exceed
orje octave per minute.Higher sweep rates shall be well substantiated.

3) The damping ratip-may be determined from the transfer function at suitable points gn the test
object. The determination may be based on the half-power bandwidth method or on the|resonance
amplificatienaccording to the following item 4).

4) Alower}imit boundary for the damping ratio, D, of the test object may be calculated by Forymula (12):

= L)« 166 (12)
2-Q

where
D is the damping ratio of test object in percent;

Q is the resonance amplification.

NOTE Formula (12) is exactly true only for an oscillator with one degree of freedom. Therefore, Formula (12)

applies only if the simplification of the observed system to an oscillator with one degree of freedom is justified.
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lysis of mechanical behaviour and determination of stress

6.5.1 Methods

The following methods shall be applied when determining the stresses on the test object:

a)

Static methods:

If the action quantity is based on an applied deflection force that was determined from the substitute
acceleration, ag; according to Formula (9), then the static methods specified in 6.3.6, item a) shall
normally be applled only to systems with a sufficiently homogeneous distribution of mass. In this
context, prerequisite for the determination of ag; is the knowledge or a conservative estimate of the

damping ratio of the test object (e.g. values from column A of Table A 1)

b)

It shall be ensured that the required acceleration, ay ;, according to Formula (9) is applied dur
one cycle of the free oscillations. This method is particularly suited for componefits with a s
homogeneous distribution of mass.

Force
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se excitation

neral requirements

nt may be deviated from, provided, the oscilldations at the measurement point and at
Hentical with regard to phase and amplitudé:

'om, provided, the values of column Asef Table A.1 are applied.

ng at least
ufficiently

.6, item c).

bject. This
he anchor
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of column A of Table A.1 should-be applied as damping ratios for higher eigenfrequeicies if the

annot be accurately determihed by experiments (e.g. from the transfer behaviour expy
nction).

essed by a
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6.5.4 Single-frequency excitation in case of unknown eigenfrequencies of the test object

In the case of a single-frequency excitation and unknown eigenfrequencies of the test object, the excitation
shall be adjusted such that the test response spectrum envelops the required response spectrum as specified

in 6.3.2.

The excitation amplitude of the single-frequency excitation in the direction i, 4;(f), shall be calculated by

Formula (13):

a,(f,D
U(f,D

is the index for direction x, y, (horizontal) and z (vertical);
is the excitation frequency, in Hz;
is the damping ration of the test object;

is the acceleration of the response spectrum in direction(;

(13)

is the excitation-specific amplification factor as specified in Figure 2 or Figure 3 (depending on

the excitation form);

is the factor for measuring the relative sharesof several eigenmodes if only one eig
excited at a time.

k;=1,if several eigenmodes are excited\Simultaneously or if only one eigenmode lies
frequency range.

k= V2, if only one eigenmode. is-excited at a time and several characteristic modes lie
frequency range.
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Figure 2 — Resonance amplification factofs for a sine wave excitation and for a sine beat excitation
atconstant frequency

The excitafion shall be applied up td the upper limit frequency of the required response spectruni.

An additidnal test of the rigid‘body acceleration shall be performed with at least one period pf a freely
selected ekcitation frequency-that shall be unequal to an eigenfrequency and smaller than the ypper limit
frequency)see Formula (147:

A; (f)Ek; xay; (14)

where q) ;[is thérigid-body acceleration (zero-period acceleration) in the direction, i.

If time hiskories of the excitation for the place of installation are available, the excitation may belcalculated

by Formula (15).

Ai (f)= ki Xrege Xag (15)
with
a.g (time history excitation)
Teff = =1 (16)

aef (single frequency excitation)

where r is the ratio of the effective values occurring in a time-history excitation and the effective values
occurring in a harmonic excitation.
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The respective effective value, a., shall be determined by Formula (17).

1 to+T 2
Aot = \/FXLO a® (t)dt (17)
where

a(t) isthetime-dependent acceleration response function
T is the period length

to is the starting time
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1 D=2%
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NOTE Frequency relative to the sweep velocity

Figure 3 — Resonance amplification factors for sine sweep excitation

6.5.5 Single-frequency excitation in case of known eigenfrequencies of the test object

If the eigenfrequencies of the test object are known and lie within the test frequency range, it is sufficient
to perform the test at these eigenfrequencies. In this case, the respective test response spectrum at these
locations shall reach or exceed the response spectrum.

In the case of test objects with a rigid-body behaviour, it is sufficient to perform the test with a static
excitation with the rigid-body acceleration. In case of a dynamic excitation, the rigid-body acceleration may
be calculated by Formula (20). The excitation may be performed with a freely selected frequency that is
lower than or equal to the upper limit frequency, and it shall be applied for a complete period of the excitation
frequency.

Depending on the type of excitation at the place of installation, one of the above mentioned procedures shall
be applied to the determination of the acceleration of the response spectrum, a,(f,D), in the direction i.
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6.5.6 Multiple-frequency excitation

In case of specified time histories are available for the earthquake excitation, these time histories may be
applied as test input. The validity of the test time histories shall be established by comparing their response
spectra with the specified time history specified in 6.3.2.

[f more than three specified time histories are available, three representative time histories may be selected
as test input signals.

If the test is performed with artificial time histories, with noise signals or with multiple-frequency signals, a
complete signal shall be used. In this case, one test run is sufficient. A complete signal is considered to be one that
envelops the required response spectrum between the upper and lower frequency limits as specified in 6.3.2.

The artifiqi

the test o

If the test
rigid-body

ject as specified in 6.3.2.

hcceleration does not achieve the value of the rigid-body acceleration, an acceleration e

or dynamically and, independent of the eigenfrequencies, at any frequency less than or equal to

frequency

6.5.7 Si

If the exci
vertical di

a) One-a

a; (f,

where

a;(fD]

Ao,

limit.
multaneity of excitation directions

fation at the place of installation is dominantly two-axial (one‘horizontal direction, ¢
Fection, a,), the test excitation a,(f,D) and a ; shall be detefmined as follows:

Kis test excitation according to Formula (18) and (19):

D)=+laZ (f,D)+aZ(f,D)

|2 2
Ay n tap v

Xis test excitation or one-axis test.excitation, provided, the requirements according to

coupled axes) are met according.to Formula (20) and (21):

D)zah,v (f.,D)

=Moh,v

is thé spectral value of acceleration in direction, i;

i{s\the rigid-body acceleration (zero period acceleration) in direction, i;

allation of

Hual to the

acceleration shall be applied in an additional test step. This acceleration may be applied statically

the upper

1» and the

ay

ay

fsthehorizontatacceteration

is the vertical acceleration.

If the excitation at the place of installation is three-axial, the test excitation a;(fD) and a,; shall be

determine

a)
a; (f,

d as follows:

One-axis test excitation according to Formula (22) and (23):

D)=\l (f,D)+a> (f,D)+dZ(f,D)
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2 2 2
ag i =\/ao,x +agy , +ag, (23)
b) Two-axis test excitation (vertical and horizontal):
i) vertical according to Formula (24) and (25):
a;(f,D)=a,(f,D) (24)
ap,; =Ag,z (25)
11) Horizontal qr‘r‘nrding to Eormula (26) and (27).
2 2
a|(f,D)=\Ja2 (f.,D)+a (f.D) (26)
[ 2 2
a i: aOX"FaOy (27)
c¢) Threefaxis test excitation or one- or two-axis test excitation, provided,the’requirements adcording to
6.3.3 item b) (de-coupled axes) are met according to Formula (28) and¢(29]:
ai(f'D):ax,y,z(f'D) (28)
aO,i = qO,x,y,z [29)
6.5.8 Cqntre-of-gravity excitation
The excitation at the centre of gravity (e.g. in the installed condition in the plant) may only be applied in the
case of cotpponents with a homogeneous distribution of mass.
It shall be pnsured that the required substitute’accelerations, ag;, according to Formula (9) are applied,
With regard to the test excitation requirements (e.g. test frequencies or test frequency range)| the same
requirements apply as those specifiedifor the base excitation (see 6.5.2).
6.6 Verffication of limit conditions
The experjment-based load-analysis shall verify that the test objects fulfil their safety related fynctions as
specified ip 4.1. In this context, the loads specified in 6.5 shall be determined.
For the vdrificatiomof permissibility of the loads, the test excitation methods specified in 6.3.6 may be
applied, wjth thefollowing restrictions:
a) With gespect to functionality, the method specified in 6.3.6, item a) may only be applied in tHe case of a
deformation-related-failure-
b) With respect to functionality under load, the method specified in 6.3.6, item b) may only be applied if the

free vibration decay time is longer than the length of the required interval for a safety-related functioning
of the test object. In this context, the amplitude decrease shall also be taken into consideration.

The following methods, among others, are permissible for the verification of safety against failure:

— To verify the load-bearing capacity and the integrity, the proof that the limit conditions specified
under 5.5 are not exceeded may be performed by stress or strain measurements on significant force-
transmitting parts of the test objects.

— To verify the functionality, checks may be performed regarding possibly occurring deformations to
ensure that no impermissible condition occurs under load.
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— If no stresses or deformations are found, it is permissible to increase the test load by a safety factor, yp.
The safety factor, yp, shall be calculated as specified by Formula (30):

YF=YF1XVF2

where

YF1

YE2

is the safety factor against failure, yp; = 1,1;

(30)

is the safety factor for the number of test objects between 3 and 1 (transfer factor, 1,0<yz, <1,4)

In well substantiated cases the safety factor y, may be reduced. If it can be proven with respect to the verification

objective t

If a verific
verificatio

h objective is considered as having been achieved, provided,

i) alimifload testleads to at least a safety factor yy, or

ii) atestis carried out with loads increased by the safety factor y and the verification objective is a

iii) a test with the safety factor y = 1,0 verifies a safety margin for the stressés or deformations,

iv) an exfrapolation of a test load condition lower than the specified earthquake load conditi
compliance with the safety against failure as specified above.

Provided, the verification of load-bearing capacity, integrity or functionality is not required to ca

certain mgchanical stress or strain limits, then the completed test is considered as proof of permi

6.7 Combination of several verification steps
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considered only to the extent as necessary for the respective verification objectives
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ding the layout of the test:
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Regar

st conditions,
agram of measuring points.

ding the implementation of the test:

— date of implementation of the test,

— te
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type of excitation signal,

excitation amplitude,

equency range,

rection of excitation,

specific observations.

7 Verification by analogy

A verification by analogy shall be based on the following reference results:

a) therespults from analysis or experimental verifications as specified in Clause 5 or 6 that were performed
on sinjilar, type-identical components,

b) the quyantitatively documented results for the respective component regarding| its behaviour under
other pctions, provided, these results are suited to make comparisons.

The availaple reference results shall be evaluated regarding transferability of the actions and resistances,

and it shal
fulfill its s

Static syst
reference
to a non-li

The dynanic system characteristics (e.g. eigenfrequencies, eigenmodes) may be used as reference i

system ch

Higher val
are well su

If, in limit
verified th|
level when

8 Verif
A verificat]
a) Exper

facilit
b) Exper

of the
The factua

hfety related functions.

em characteristics (global or local stiffness) and parameters{material properties) may
results, provided, the mechanical design and materials ave‘qualitatively similar. This a
hear behaviour which shall be comparable at the respective stress levels.

hracteristics are comparable and any changes with respect to mass distribution are evd

jues for the damping ratios than the ones spg&¢ified under Clause 5 may be applied, proy
bstantiated for the specific case of application.

bd frequency ranges, the referenceexcitation is smaller than the required excitation,
at this is either negligible for thespecific component or that this is covered by the higher
verifying the limit conditions.

jcation by plausibility considerations
ion by plausibility.eonsiderations shall be based on factual experience as follows:

ence regarding)the behaviour of similar, type-identical components in nuclear or n
es during earthquakes that have actually occurred.

ence fronrearthquake verifications for similar, type-identical components that enable an

designplanning or mechanical design of other components regarding earthquake safety}

| be quantitatively substantiated that this procedure verifies that-the respective component can

be used as
Iso applies

fthe static
luated.

rided, they

it shall be
excitation

bn-nuclear

evaluation

] DVY\DY‘IDHI“Q shall he evaluated rnnarr’]lnn frananra]‘\lhfv of the actions and resistanc

s. On this

basis it shall be substantiated in writing that it is plau51ble that the respective component will be able to
fulfill its safety related functions.

To gain factual experience as specified above under item a), and for evaluating the mechanical design as
specified above under item b), it is necessary

— toper

— toper

use the design documents, and

form walkdown inspections of the plant.

The observations made in this context shall be documented in writing.
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Walkdown inspections should normally be performed according to the schematic sequence shown in
Figure 4.

Walkdown inspections should be performed in the real power plant. If a computer aided design (CAD) model
is available, they can also be performed as a virtual walkdown. Prerequisite in the latter context is that the
CAD model and all data relevant to the evaluation are current and quality assured.

The evaluation and application of the walkdown inspection results shall be well substantiated. The
substantiating criteria shall be based on the requirements that shall be met (i.e. load-bearing capacity,
integrity, functionality).

Preparation
SPCblfyllls VVG}}\dUVVll SUCll.)
— Appointing walkdown team members
— Procuring walkdown documents
— Room lists
— System circuit diagrams
— Component arrangement plans
(e.g., pining plans)
— Reviewing the walkdown conditions
(e.g., radiations exposure, accessibility)

Execution
— Identifying the components {in'the plant or
within the CAD model)
— Documenting relevant,observations
(protocols)

Evaluation

with respect to the walkdown objectives
— Significance
- Transferability

Post-processing
— Complementing the documents
— Editing the protocols
— Additional verifications
— Integration into plausibility verifications

Figure 4 — Schematic sequence of walkdown inspections
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Annex A
(informative)

Recommendations with comments

A.1 Recommendation to 5.2.3

In the case_of an‘fir‘ipnfly hnmngpnnmlc primary systems without any cignifir‘nnﬂy ascillati

systems, t

determine

NOTE 1
the built-in

NOTE 2 A oscialating secondary system is a subsystem that is tuned to the dominant eigenfrequency of {
system and| therefore, has the tendency to produce resonance-type vibration responsgs)in this frequency 1
The shapg¢ of the response spectrum should be determined as shown ‘in Figure A.1. The
amplificatjon factor with respect to the acceleration of the primary system at the place of installa
secondary|system (here: the acceleration of the component) should bedetermined as shown in Fij
a
a.'V +——
¢ | |
[ .
Iy
a
N b g
[ O\ |
[ . |
H — .
08f, 5 fol2fa fime
Key
f freqliency (the X-axis should be logarithmic);
fi lowsst decisive eigenfrequency-of.the primary system at the lower limit value in the variation range o
syst¢m parameters, however, net’higher than the rightmost corner frequency of the highest plateau of
assofiated response spectrum;
fa highpst decisive eigenfrequency of the primary system for the upper limit value in the variation 1
component paramet€rs;’however, not higher than the rightmost corner frequency of the highest pl:
assofiated response-spectrum;
fim  uppgr limit frequency of the response spectrum of the primary system;
a acceleration;
ag accelerdtion of the primary system (component) at the place of installation of the secondary system (b
v spec lificationf | Kl A2

ng partial

e response spectra (design spectra) for the place of installation of the secondary syst
d by the substitution method presented below.

['he primary system is the component or it is the building with the component, and the’secondat
part of the component.

bm may be
y system is
he primary

ange.

spectrum
tion of the
bure A.2.

[ the
the

nge of the
teau of the

Figure A.1 — Determination of the shape of the response spectrum
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