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1 Introduction
Design af nuclcar facilities aims at prcvcntion af
events hazardous ta safcty and at mitigation af
their conscquences. Accident risk Le. the product
af the probability af an evem which leads to an
accidcnt situalion and the hazard arising from the
event should he sufficicntly smalL

Strong motion earthquakes have a vcry low
OCCllITcnccrate io Finland bul thcir worst impacl
on nuclcar facilitics may he se significant that
making provision against earthquakcs i5 neccss-
ary. This guide dcfines general guidelines for the
design and demonstration af nuclear facilities'
earthquake resisLance and Coe the monitoring af
carthquakcs during opcration.

The rcquirements af this guide mainly apply to
new facilities. Modifications af nuclcar facHilies
conSlrUcted beroee the issuancc af the guide ar
modifications conccming thcir monitoring during
operation will he reviewed on a casc by case basis.
The Finnish Centre for Radiation and Nudear
Safcty will impose detailed requirements upon
every nuclear faeility separately.
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none of the above mentioned proccdures cao be
applied, the figure 1.0 m/s2 shall he llsed as the
vaille of the maximum accelerauon resultant or as
the vaIue af ils horizontal pcrpendieular com-
ponents, and 0.67 m/s2 as the value of the vertical
component when dctcrmining loadings.

The value chosen for the design eanhquake
incIuding substantiation shall he presentcd in
conjunction with a PSAR.

3 Seismic classification
of components and
structures
Components and structures al nuclear facilities are
classified into three categories according ta the
carthquake-resistance requiremcnts set for thern.

Components and structures io scismic category
1A are such as

are needcd during the safe shutdowo of a
nlldear facility or during residual hcat remo-
vaI

2 Design earthquake
Jn the design of anudear faciiity, loads induecd
by the design earthquake shall he taken into
account. The design earthquake is a maximum
impactearthquake whieh, wilh greal eertainly, ean
he expected in the site area nOLmorc than once in
ten thousand years on average. Jn the occurrence
rate estimate, io addition to the area's scismic
history, also regiooal and local geology aod
tectonic considerations are to he taken into
aceounr as basic information.

The dynamic effects imposed upon a nuclear
facility by the design earthquake are expressed by
means of a Response Spectrum. The Spectrum Is
selected so that it corresponds to the Maxi-
mum(peak) Ground Acceleration of the bedrock
surface on a site. Dynamic effects constilute the
Joads lo be laken into aCCOllnt io the design of
components and structures. Jo the design, also aD
acceleration lime-hislory constructed from the
Response Spectrum cao he employed to define
ioads.

If there is not sufficient site-specifie information
availabe for defining the response spectra reliably,
the required spectra arc to he forrncd in con~
formity with the praetice presented in Ref./6/. If

restrict the escape of radioactive materials in
the nucIear fuel outside the nuclear facility or

contain significant amounts of radioactive
materials in an casily relcased form.

These components and structures with their
potentiai restraints and supporLs shatl mainlain
their integrity, tightness, operability and proper
location during any loading situation induced by
the design earthquake.

Components which would be otherwise c1assificd
as seismic category lA but which oecd not
maiotain active functional capability in order to
fulfiU the mentioned safety functions, helong to
seismic category lP. With the execption of main-
taining functional capabilily, the same require-
ments apply to them as appJy to seismic category
lA components.

AlI other structures and components are io seismic
category N. No requirements are placed on their
earthquake resistance but any damage to them
shall oot endanger structures and components io
scismic categories lA and lP.

Seismic c1assification shall be prcsented in
conjunctioo with safety classification which is
attached to a Iicence application and which is io
confonnity with the guide YVL 2.1/2/.
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4 Demanstratian af
earthquake resistance
Before the eommissioning of a nuclear faeility the
liceneee shall demonstrate that the nudear
facility's systems and struetures resist design
carthquake indueed loads in conformity with the
requirements of their seismic eatcgories.

A system's or a eomponent's earthquake resist-
ance is demonstrated in eonneetion with its
suength ealeulations. Jn case of e.g. an eleetrieal
or instrumentalion equipment for which no
strength calculations are required, a special report
of earthquake resistanee shall he provided.

When demonstrating a nuclear facility's earth·
quake resistance, changcs in aeecleration eom-
ponents indueed by the design carthquake shall be
taken into eonsideration when motion is
transferrcd from hedrock along struetures to the
basc of the eomponent or strueture examined. The
horizontal componcnt of the base's Maximum
Aecelerations is chosen for each item in eon-
fonnity with its most delicate direction whenever
this ean he established. Jn othercases, eomponents
are seleeted for two mutually perpendicular
horizontal directions (the item's main directions).

Statie or dynamic analyses, tesls or experimental
assessmcnts ean be employed when demon-
strating earthquake resistance.

4.1 Analytical demonstration

The earthquake resistance of a eomponent or a
slructure ean he demonstraled by statie or
dynamic calculation methods. Jn static eal-
eulauons, the product of mass distribution and the
highest base aeeeleration is used as the load. If the

~~~:lo~:lo~r ;::~a~:~c~l~a~;2,o~0~~::, i:
dynamic analysis is required for a eomponent or a
structure the lowest natural frequency of which is
helow 33 Hz or uuknown. An acceptable dynamic
analysis method is the Response Spectrum
Method based on the dynamies of a
single-degree-of-freedom vibrator the relative
damping coeffieient of which is chosen eon-
servatively e.g. from Ref. /6/. If the natural
vibration frcquency is unkown, the vibration
frequency will he chosen which imposes the
greateslloads, and these stresses are multiplied by
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a faetor of 1.5 to allow for the patential impaels of
other natuml frequencies.

The items on which tbe design carthquake will
impose nonlinear vibrations due ta gaps etc shall
he analysed, ifnecessary, by time-history analysis
in aceordance with Ref. /6/. The time-history
analysis is also suited for earthquake resistanee
demonstration in all eases of linear vibratory
motion.

Abase's maximum aecclemtions are derived from
the bedrock maximum accelemtions cither by
time-history or response spectrum analysis.
Jnstead of a base's maximum accelerations,
bcdrock maximum accelerations multiplied by a
fae tor of 1.5 can be applied for bases the
maximum distance of which from a building's
foundation does not excccd 10m.

Natural frequencies are defined by the known
struetural dynamics methods or by measurement.

4.2 Tests

The eanhquake resistance of components and
struetures which are difficult ta analyse can be
demonstrated by shake table tesls. Components to
be examined in this way include La. active
components such as eleetrical equipment and
regulating components in pipings. Shake table
tesls suitcd for these eomponent .•are addressed in
Ref. /9/.

4.3 Empirical assessment

Earthquake resistance of a component or a
structure can he assessed on the basis of an earlier
reporl prepared for a corresponding item in
conformity with sub-sections 4.1 or 4.2. AIso
commensurale experienccs of occurred earth~
quakes can he utiliscd.

Therefore, analytical demonstration is not
required for a piping if

the piping can be compared with Olherpiping
which has reen analyscd in sufficient detail

the piping is identical to and functional under
the same opcrational conditions as other pi-
ping which has pcrfonned satisfactorily and
the earthquake-resistance of which has bccn
assessed eilher by tests or empirically.



4.4 Allowable stresses
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6 Literature

This guide is a b"anslation of the guide YVL Ui
issued on 19 Dee. 1988.

in stress ca1clllations, loads indllced by the design
earthqllake shaIl be added to other loads
enCOllntered at the same time. Loads and load
combinations indllced by the design carthquake
and other accident conditions such as a LOCA
generally need not he taken into accollnt simlll-
lancously. As regards mcchanical components, the
design earthquake is classified by accident
conditions according to Ref. /3/ and allowable
stresses are determined accordingly.

5 Monitoring during
operation
Srrong motion rccorders which register earth-
quake acceleration data shall he installed at a
nuclear facility.

A minimum of two strong motion recorders shall
he installed in a nllclear facility's reactor building.
One recorder shall he installed on the base matand
the other above !he level of components and
structures important to safety. Fwthermore, strong
motion recorders shall he placcd in the vicinity of
a nuclear facility 10 evaluate !he soil-structwe
dynamic interaction effects postulated by
analyses. These devices shall rccord acceleration
data for vertical and two mutually perpendicular
horizontal dircctions.

Own strong mOlionrccorders are not rcquired for
othcr nuclear facilities in the immediate vicinity
of a nllclear power plant.

After a noteworthy earthqllake, the seismic input
signal obtained from strong motion rccorders will
he utilised in !he asscssment of the degree of
necessity of !he inspection of components and
stnlctures important ta safety and the prereqllisites
for the continuation of operation.
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