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Foreword 

ISO (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. Esch 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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 6258 was prepared by Technicai Committee ISO/TC 85, 
Nuclear energy. 

0 International Organkation for Standardization, 1985 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 6258-1985 (EI 

Nuclear power plants - Design against seismic hazards 

0 Introduction 

Earthquakes have the potential to Cause serious darnage to 
nuclear power plants and to jeopardize their safety. Therefore, 
at any nuclear power plant site the acceptability of ground 
motions shall be determined and the plant designed to with- 
stand these motions. 

lt should be understood that the Parameters of the design 
ground motions by themselves do not represent the Overall 
antiseismic protection of the plants; the whole set of assump- 
tions taken into account in the structural analysis, including 
soil, is equally important. Therefore, an unrealistic increase of 
the design ground motion Parameters, or unrealistic conserva- 
tive assumptions during the structural analysis process, do not 
necessarily represent a better protection of the plant and do not 
guarantee a more conservative design. The conservatism of the 
antiseismic protection of a nuclear power plant should be 
achieved by harmonizing the safety margins during the whole 
process - from the definition of the design ground motion 
Parameters to the assessment of the allowable Stresses in the 
structural elements. 

The amplitude and nature of the earth motions selected depend 
on the Position of the site and on the specified risk level that the 
plant is designed to achieve. The specification of the risk level 
and of the design basis earthquake (DBE, see 2.2.18) to be 
used is the responsibility of national regulatory authorities and 
is not dealt with in this International Standard. 

In preparing this International Standard, account has been 
taken of existing national Standards and Codes of practice. The 
requirements of this International Standard are compatible 
with IAEA 50-C-S 1’1 and for some subjectsl) in line with 
the approaches presented in IAEA 50-SG-S1 Pl and IAEA 50- 
SG-S2r3’. Ho wever, for some other subjects2), the approaches 
are different from those followed in IAEA 50-SG-SI i2] and 
IAEA 50-SG-S2’3’. 

1 Scope and field of application 

This International Standard specifies the requirements to be 
taken into consideration when designing a nuclear power plant 
in relation to seismic hazards. 

lt specifies the data required and the way in which these 
data should be used in Order to determine the earth motions 
to be taken as the design basis ground motion for design 
purposes. 

lt does not specify, on the other hand, earthquake levels for 
other purposes, for example inspection level earthquakes or 
operating basis earthquakes, which in reality have no simple 
relationship to the DBE (sec 2.2.18) and other seismic motions ; 
thus the specification and use of these other motions shall be 
agreed with national regulatory authorities. 

This International Standard specifies the way in which the 
proof of seismic design adequacy should be established and 
documented for the various Parts of the plant (foundation 
material, buildings, Systems and components) ; the instrumen- 
tation is also specified. 

The methods to be used for both probabilistic and deterministic 
methods for the determination of the DBE are covered in this 
International Standard and either method is acceptable. The 
detailed requirements in this International Standard are ap- 
plicable to sites in which the maximum potential ground motion 
is predicted to be equivalent to intensity MSK VII or above. 

This International Standard is entirely applicable when the DBE 
is greater than or equal to intensity VII on the MSK scale. When 
the DBE is less than intensity VII on the MSK scale, the struc- 
tural analysis (sec clause 5 et seq. 1 could also be performed by 
using simpler rules which are outside the scope of this Inter- 
national Standard. 

1) 

2) 

For example the seismotectonic approach. 

For example, probabilistic approach, seismic analysis and absence of a lower level design basis earthquake (SI). 
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2 Definitions 2.1.9 instrumental epicentre : The Point on the Earth’s sur- 

face situated directly above the instrumental focus. 

2.1 Terms concerning geology and seismology 

2.1.1 magnitude : The Briggsian logarithm of the maximum 
amplitude of motion, in micrometres, recorded by a Standard 
Seismograph at 100 km from the epicentre of the earthquake. 
Magnitude gives an approximate measure of the energy re- 
leased as seismic waves. 

NOTE - As several methods for determining magnitude exist, it is 
necessary to specify the way in which magnitude was determined. 

The Richter magnitude originally defined by Richter (M,) was the 
Briggsian logarithm of the maximum deviation, in micrometres, 
recorded by a Standard Seismograph at 100 km from the epicentre in 
California. 

Symbol : M, with a subscript indicating the method of deter- 
mination (Mb, body wave; i&, Richter magnitude; i’&, sur- 
face wave; Mn, magnitude determined over a period). 

2.1.2 seismic intensity : An expression, according to a con- 
ventionalized scale, of the extent of the felt or observed effects 
of an earthquake at a particular Point. 

A maximum degree of intensity corresponding to a given earth- 
quake tan be defined’ by evaluating the maximum effects 
ascribable to it, these latter generally being observed in the 
epicentral area. The Symbol for this maximum intensity is Io. 

2.1.3 isoseismal (line) : Line, characterized by a value of 
seismic intensity, which divides a zone where the intensity is 
equal or superior to this value from a zone where it is inferior. 

2.1.4 zone of darnage : Region where darnage is observed, 
generally bounded by the isoseismal VII (MSK) (see the annex). 

2.1.5 macroseismic epicentre : The centre of 
where the maximum seismic intensity is observed. 

the region 

2.1.6 amplitude of seismic motion : A general expression 
used to specify the ground motion at a given Point. lt may cor- 
respond to the maximum value of one of the Parameters 
characterizing the seismic motion : acceleration, velocity, 
displacement. 

2.1.7 seismic Source : The region within the Earth where the 
energy of an earthquake is released. 

2.1.8 focus ; hypocentre : 

2.1.8.1 instrumental focus: The Point that tan be com- 
puted using the arrival times of seismic waves in different 
localities and which represents the first Point of rupture of the 
rocks. 

2.1.8.2 energetic focus : The centre of gravity of the volume 
within which the energy of the earthquake is released ; for some 
applications, this volume is taken as a sphere. 

2.1.10 inactive fa ult: A fault showing n 0 signs 
geologic movement or of significant seismic activity. 

of recent 

2.1.11 active fault: A fault presenting any proper significant 
seismic activity or any potential of proper significant seismic ac- 
tivity, whether or not the existente of recent geologic move- 
ment related to it tan be proven. 

2.1.12 capable fault; fault capable of seismic activity : A 
fault which has significant potential for relative displacement at 
or near the ground surface. 

2.1.13 surface faulting : The Cracks or offsets on the ground 
surface caused by the movement of a fault at or beneath the 
ground surface. 

2.1.14 free field ground motion: The ground motion 
resulting from an earthquake in the absence of discontinuities 
caused by construction features. 

2.1.15 macroearthquake : An earthquake sufficiently in- 
tense fo r it to be felt by ma n. 

2.1.16 microearthqua 
menta means only. 

ke: An earthquake detected by instru- 

2.1.17 microtremor : The virtually continuous, extremely 
low amplitude ground vibrations from natura1 or man-made 
sources such as wind, waves and industrial activity. 

2.1.18 earth quake prone structure: 
likely to bring about earthqua kes. 

Geologie structures 

2.1.19 seismotectonic province : A geographic region 
typified by a similarity in geologic structures and in the 
characteristics of its earthquakes. 

2.2 Terms concerning testing and interpretation 
methods for seismic evaluation of structures, 
Systems and components 

2.2.1 time history motion : A representation as a function of 
time of the vibratory motion of supports expressed in terms of 
acceleration, velocity or displacement. 

2.2.2 ground time history motion: A representation as a 
function of time of one or more earthquake motions in the free 
field of the ground at the foundation level of the buildings or 
structures or at other defined free field ground locations. 

2.2.3 design ground time history motion: A represen- 
tation as a function of time in which time-scales or amplitudes 
have been suitably modified to take into account the variability 
and uncertainty of input earthquake motions. 

2 
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2.2.4 floor time history motion: A representation as a 
function of time of one or more earthquake motions at a par- 
ticular building or structure eievation. 

2.2.5 design floor time history motion: A representation 
as a function of time in which time-scales or amplitudes have 
been suitably modified to take into account the variability and 
uncertainty in input earthquake motion and in building and 
foundation characteristics. 

2.2.6 response spectrum : A plot of the maximum response 
of a family of oscillators each having a Single degree of freedom 
with fixed viscous damping, as a function of natura1 fre- 
quencies of these oscillators when subjected to vibratory 
motion input at their supports. 

2.2.7 ground response spectrum: A response spectrum 
determined from vibratory ground motion input in the free field 
of the ground at the foundation level of buildings or structures 
or at other defined free field ground locations. 

2.2.8 design ground response spectrum: A response 
spectrum obtained by modifying one or more ground response 
spectra in Order to take into account the variability and uncer- 
tainty of input earthquake motions. 

2.2.9 floor response spectrum : The response spectrum of 
the motion at a particular level of a structure for a given earth- 
quake. 

2.2.10 design floor response spectrum: The response 
spectrum defined at a particular building elevation and obtained 
by modifying one or more floor response spectra in Order to 
take into account the variability and uncertainty of input earth- 
quake motion and of building and foundation characteristics. 

2.2.11 static analysis: An analysis carried out using a static 
forte or displacement which represents the earthquake motion 
acting on an item without explicit consideration of the dynamic 
characteristics or the dynamic nature of the input motion. 

2.2.12 dynamic analysis : An analysis carried out using 
either a static or dynamic forte or displacement which rep- 
resents the earthquake motion acting on an item with explicit 
consideration of the dynamic characteristics and the dynamic 
nature of the input motion. 

2.2.13 damping: A progressive diminution of the response 
motion amplitude resulting from energy loss in structural 
elements due to friction and hysteretic losses within the 
material as well as small non-linearities such as cracking, joint 
Slippage and other changes in structural element stiffness 
during the response to earthquake input motions. Structural 
damping as used in modal analysis is normally expressed as a 
percentage of the viscous critical damping. 

2.2.15 seil-structure interaction : Change of the foundation 
motion in relation to the free field motion, due to the presence 
of foundations and the building. 

2.2.16 rigid range: The high frequency range of a response 
spectrum for which the amplified response acceleration does 
not exceed the input maximum acceleration (Zero period ac- 
celeration) by more than 10 % . ’ 

2.2.18 design basis earthquake; DBE : The set of free field 
ground motions derived for design purpose. 

23 . Terms concerning seismic instrumentation 

2.3.1 acceleration pick-up : An instrument which measures 
acceleration and transforms it into a Signal which tan be 
transmitted. 

2.3.2 acceleration measuring device: A device which 
measures and records the absolute acceleration as a function of 
time. The device consists essentially of an acceleration pick-up, 
recorder and seismic trigger. 

2.3.3 triaxial measuring instrument : An instrument which 
measures linear acceleration in three orthogonal directions, one 
of which is vertical. 

2.3.4 seismic trigger: A seismic detector which Causes the 
detection and recording of the measured values of acceleration 
to commence and cease. 

2.3.5 seismic detector: A measuring device which emits 
Signals when a measured value of acceleration exceeds a pre- 
set level. 

2.3.6 recorder: An instrument capable of making a per- 
manent record of absolute acceleration as a function of time 
after actuation by a seismic trigger. 

3 Collection and presentation of geologic 
and seismic information 

3.1 Information and investigation of earthquakes 

Earthquake data of two types tan be collected: 

a) historical data ; 

b) instrumental data. 

3.1.1 Historical data 

A major part of the information base for determining DBEs is a 
complete set of historical relevant earthquake data. Therefore it 
is necessary to collect all available historical records, extending 
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as far back in time as possible. Most such records will naturally 
be of a descriptive nature, for example the number of houses 
damaged or destroyed, or the behaviour of the population. But 
from such information a measure of the intensity scale value of 
each earthquake in seismic intensity scale values may be deter- 
mined. 

recording capability within a few tens of kilometres of the site. 
Earthquakes recorded within and near the network shall be 
carefully located for use in seismotectonic studies of the region 
and to determine the appropriate design basis ground motions. 

NOTE - Microearthquakes 
design basis ground motion. 

cannot be used as such to determine 

A comparison between various intensity scales is given in the 
annex. lt shall be clearly stated what intensity scale is used for 
the description of the earthquake. 

Strong motion recordings are available for some Parts of the 
world. These recordings shall be collected and used in develop- 
ing seismic wave attenuation functions appropriate for use in 
the region and in developing the design response spectra for 
the proposed nuclear power plant. Where there is a reasonable 
expectation of obtaining recordings not otherwise available, 
strong motion accelerographs may be installed within the site 
area. 

To evaluate effective ground motions of the site area, infor- 
mation has to be collected for all historical earthquakes within a 
region which includes the seismotectonic province of the site. 
This requires consideration of an area which depends upon the 
characteristics of the region. This area shall be big enough to 
allow the collection and consideration of all the geologic or 
geophysical data in relation to the seismicity of the site. 

32 . Geologie information and investigations 

The information 
follows : 

to be obtained, su bject to availability, is as 
3.2.1 Regional geologic data 

- the intensity scale value at the 
intensity scale value, as appropriate 

epicentre or maximum The main purpose of the regional geologic information and in- 
vestigations is to provide knowledge of the general geologic 
setting and tectonic framework of the region needed to inter- 
pret the earthquake data to define seismotectonic provinces. 
The information also serves to identify the types of geologic 
hazards that exist in the region and to study them in relation to 
the seismic and geologic investigations of the site area and site 
vicinity, described in 3.2.1 .l to 3.2.1.5. The following regional 
scale information shall be obtained. 

the intensity at the site area; 

- isoseismal 
diti ons ; 

maps related also to the local geologic con- 

- the magnitude ; 

the locations of the epicentre and the hypocentre. 

In the absence of instrumental data, intensity scale values, 
building darnage and ground effects data, in conjunction with a 
knowledge of local faults, are used to the maximum extent 
possible to determine the epicentre and magnitude of each 
historical earthquake. 

3.2.1 .l Characteristics of the ground 

Where geologic maps exist, special attention shall be given to 
identifying lithologic units - crystalline, volcanic, sedimentary, 
alluvium, etc. 

3.1.2 Instrumental and reported data 3.2.1.2 Stratigraphy 

It is necessary to collect all available earthquake information 
derived from instrumental recordings in the region. The follow- 
ing information to be obtained, subject to availability, is 

Superposition and age of strata, their lateral extent, and 
possibly their depth, thickness and relationship to one another 
shall be investigated. 

- the location of the epicentre and the hypocentre; 

3.2.1.3 Regional tectonics - the origin time; 

- the magnitude ; Faults are given special attention. Topography and geo- 
morphology may be useful for showing possible recent ground 
displacements. Consideration shall also be given to the tectonic 
style of the region, i.e. horizontal continuity of strata, folding 
and faulting as weil as tectonic history, particularly the age of 
folding and faulting. 

- the aftershock zone ; 

- the maximum reported intensity; 

- isoseismal maps ; 

- the ground motions and intensity in the site area; 

- the earthquake mechanisms and other available infor- 
mation that may be helpful in evaluati ng seismotectonics. 

3.2.1.4 Characteristics of tectonic features 

Style and type of faulting in the region and large faults 
associated with seismotectonic provinces shall be described. 
The length, depth, Strike, and dip of faults, structural relation- 
ships among faults, and their age and history of movements 
shall be studied for information on the possible presence of 
seismically active or capable faults. Particular attention shall be 
given to the evaluation of Quaternary deposits and detailed 
neotectonic studies shall be carried out. 

When the determination of earthquake level at the site relies 
upon the definition and localization of faults, it may prove 
necessary in some seismotectonic areas of unusual geologic 
complexity, such as areas of complex neotectonics or where 
unreliable seismicity data exist, to Supplement the available 
historical and instrumental data on earthquakes by establishing 
a network of sensitive seismographs having microearthquake 
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3.2.1.5 Subsurface characteristics 

Where there is no surface manifestation of base rock and 
where appropriate data exist, a structural map of the base rock 
surface (hypogeologic map) is prepared, by using information 
available from regional geophysical investigations, such as 
seismic, gravimetric, and magnetic prospecting, to obtain the 
necessary subsurface details. This map may permit a deter- 
mination of possible relationships between historical earth- 
quake activity and deep tectonic structures which may lack 
direct expression at the surface. 

Regional geologic data are usually obtained from published 
sources. An extensive use of remote sensing data, such as 
satellite Photographs, sidescan radar, aerial Photographs, 
aeromagnetics and gravimetrics, is necessary. Where published 
information is insufficient, it is permissible to make a 
demonstrably conservative assessment of the deep structure 
characteristics or it is necessary to perform field investigations, 
such as boring, trenching and the use of seismic reflection and 
refraction methods particularly in some areas of unusual 
geologic complexity, to Supplement the published information 
on regional geology and to aid interpretation of the remote 
sensing data. 

3.2.2 Site area and site vicinity geologic data 

lt is necessary to conduct a special detailed investigation of the 
geology of the site area and the site vicinity to identify tectonic 
structures which might localize earthquakes in the site area, to 
establish a basis for determining the age of movement of faults 
that may be present, to identify geologic hazards such as solu- 
tioning or subsidence that may affect the safety of the nuclear 
power plant, and to determine seismic energy transmission 
characteristics of the site area. 

Local geologic and physical conditions, such as properties of 
soils, tan influence ground motion spectra and tan conse- 
quently modify the observed effects. The following investi- 
gations are necessary. 

3.2.2.1 A determination of the geologic and physical charac- 
teristics, such as thickness, depth, and properties, of strata in 
the site area. 

3.2.2.2 An assessment of the local tectonics, including the 
presence of faults on or beneath the surface of the site vicinity 
and their geometry, such as length, inclination and where 
possible, depth. The structural relationship of local faults to 
regional faults, particularly to active or capable faults and cor- 
relation with historical earthquakes shall be assessed. 

lt is also necessary to carry out field and laboratory investi- 
gations as described in 3.2.2.2.1 to 3.2.2.2.4. Regarding the 
site area, the investigations shall be conducted with due con- 
sideration to the proposed design of the nuclear power plant. 

3.2.2.2.1 Bearing strata studies 

Local bearing strata investigations and laboratory tests shall be 
conducted to determine the depth and properties of the dif- 
ferent layers namely, Poisson ratio, Young modulus, shear 
modulus and density. 

3.2.2.2.2 Borings 

For moderately shallow strata the configuration of the bearing 
strata and of the bedrockl) and in some cases of the base 
rock2) tan be determined by boring. As borings are made, 
samples shall be taken at different depths for soil and rock 
property tests. 

3.2.2.2.3 Test excavations 

When bearing strata and/or bedrock properties and structure 
cannot be clearly determined by either seismic methods or 
boring, a test excavation, trench, shaft or tunnel shall be made. 
The practicability sf such excavations is dependent upon the 
characteristics of the bearing strata and the depth of the 
bedrock. 

3.2.2.2.4 Vibration testing of models 

The natura1 Vibration frequencies of buildings, structures and 
equipment are influenced by the properties of the bearing strata 
under the foundation of the facility. Therefore a knowledge of 
the range of effective values of the stiffness properties of the 
bearing strata in evaluating structural response during earth- 
quake is required. 

4 Methods for deriving design 
ground motions 

Design basis earthquakes (DBEs) may be established either by a 
deterministic analysis including seismotectonic and geologic 
techniques or by a probabilistic analysis. 

The use of probabilistic analysis in general is practical only in 
regions where there exists a reliable data base of relatively long 
duration (several hundred years). In most cases, this cor- 
responds to DBEs equal to or less than VII MSK intensity. 

4.1 Deterministic analysis 

A deterministic approach consists of the consideration of a 
logical sequence of events starting from an assumed initiating 
event; to each element of the sequence is assigned a unique 
description which includes the conservatism factors, i.e. 
pessimism or prudence factors, which tan “reasonably” be 
associated to the elements. 

1) bedrock : The first hard geologic formation to be encountered from the Earth’s surface downwards, the mechanical properties of which contrast 
considerably with those of the overlying deposits. 

2) base rock : The well consolidated geologic formation that may be considered on a regional scale as being homogeneous as far as the trans- 
mission of seismic waves is concerned. 
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Seismotectonic techniques consist of : 

a) identifying the region, the seismically active structures 
and their maximum earthquake potential, the seismo- 
tectonic provinces and their maximum earthquake 
potential ; 

b) evaluating the design basis ground motion produced at 
the site by the occurrence of this maximum earthquake 
potential at the nearest Point to the site on the seismically 
active structure or at the borders of the seismotectonic pro- 
vinces. If the seismically active structure is close to the site 
the physical dimension of the Source may, if possible, be 
taken into account. 

4.1 .l Identification of seismotectonic provinces 

The purpose of seismotectonic studies is to defin 
regions which have similar earthquake potential. 

e geographic 

The seismotectonic provinces will be the areas identified by 
similarity of geologic structures and of the characteristics of the 
seismicity. 

The seismic and geologic data previously discussed shall be 
developed into a coherent weil-documented description of the 
regional tectonic characteristics, listing details of tectonic 
structure, tectonic history and present-day earthquake activity 
which distinguish various seismotectonic provinces. For 
example a seismotectonic province boundary may separate 
areas which show strongly contrasting tectonic framework, 
areas which have greatly different late Tertiary and Holocene 
tectonic histories. 

A number of precautions shall be observed in defining the 
boundaries of seismotectonic provinces. All the structures in a 
contiguous area which have the same seismotectonic or 
geologic style shall be included in the same province. Esch tec- 
tonic structure relevant to the seismicity shall in its entirety lie 
within the same seismotectonic province. When there is doubt 
that one structure is a continuation of another, then both shall 
be considered as one structure and consequently included in 
the same province. 

In some areas of the world, the boundaries of lithospheric 
plates present a special Problem. For example where the mode 
of plate interaction is subduction, the lower (subducting) plate 
is generally considered a separate seismotectonic province 
from the upper (crustal) plate. lt has been demonstrated that 
different sectors of plates have different potential for maximum 
earthquakes. These sectors may also be considered seismo- 
tectonic provinces. 

Significant differentes in rates of seismicity may suggest dif- 
ferent tectonic conditions that tan be used in defining 
seismotectonic provinces. The length of time during which 
historical data are available should be long enough to 
demonstrate that conclusions based on these data are 
reasonable. However, significant differentes in hypocentre 
depth (for example 10 to 30 km versus 200 to 400 km) may 
alone justify the differentiation. 

Alternative interpretations of the seismotectonics of the region 
given in available literature sources shall be discussed. When 
alternative interpretations are judged to explain the observed 

seismic and geologic data equally weil the interpretation which 
results in the more conservative assessment of the potential 
ground motion at the site area shall be used. 

4.1.2 Association of ea rthquakes with seismically 
active structures a nd se lismotecto nie provinces 

4.1.2.1 Association of 
structures 

earthquakes with seismically active 

Whenever an earthquake epicentre or a group of earthquake 
epicentres tan be reasonably associated with a tectonic struc- 
ture, the rationale for the association shall be given together 
with consideration of the characteristics of the structure, its 
geographic extent and its structural relationship to the regional 
tectonic framework. This assessment shall include consider- 
ation of methods used to determine the earthquake epicentres 
and an estimate of the errors in their locations. A detailed com- 
parison of these tectonic structures with others in the same 
seismotectonic province with regard to factors such as age of 
origin, sense of movement and history of movement shall be 
made. Other available seismologic information, such as Source 
mechanisms, stress environments and aftershock distributions, 
shall also be evaluated. Teetonic structures with which signifi- 
cant seismicity is correlated shall be considered seismically 
active. 

4.1.2. 2 Identification of maximum earthquake 
assoc iated with seismi cally active structures 

potential 

For seismically active structures, which are pertinent to deter- 
mining the earthquake potential for the site, the maximum 
earthquake potential which tan reasonably be expected in 
association with these structures shall be determined. 

The geologic and seismologic data previously discussed and 
relating to the dimensions of the structure, amount and direc- 
tion of displacement, maximum historical earthquake and 
earthquake frequency shall be used in this determination. The 
dimensions of fault rupture in an earthquake tan often be 
determined from the distribution of aftershocks. In the absence 
of suitable local data, the maximum earthquake potential for a 
tectonic structure tan be estimated based on methods14] which 
relate the dimensions (length and vertical depth, displacement) 
of the fault rupture with the magnitude. However, to use these 
relationships the fraction of the total length of a structure 
which tan move in a Single earthquake has to be known. A 
value of about one half of the total fault length has been 
assumed in certain regions of the world. 

In applying this methodology, it has to be remembered that 
earthquake magnitude is a function of both the Source dimen- 
sions and the stress drop. Stress drop usually will not be 
known, but reasonable upper bound values based on available 
published studies may be used. 

An alternative method [51 for estimating the maximum earth- 
quake potential for a seismically active structure or for a 
seismotectonic province has been described. This method is 
based mainly on the statistical analysis of earthquake data 
associated with the structure or province. 
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When sufficient information about the seismicity and geologic 
history of the movement of a fault or fault zone is available, a 
method exists for evaluating the maximum magnitude potential 
from total area and maximum Slip of the fault in the Quarternary 
period’? In this method the usual hypothesis is made for the 
statistical distribution of the number of earthquakes as a func- 
tion of their magnitude. The Slip is then correlated with seismic 
moment and therefore with the magnitude. Finally, from the 
total Slip the maximum magnitude may be estimated. 

4.1.3 Earthquake 
active structures 

not associated with seismically 

The maximum earthquake potential not associated with tec- 
tonic structures which tan be reasonably expected with a very 
low probability in the tectonic province shall be evaluated on 
the basis of historical data and on the seismotectonic charac- 
teristics of the region. Comparison with similar regions where 
very extensive historical data exist may be useful, but con- 
siderable judgement is needed for this evaluation. 

4.2 Probabilistic analysis 

The objective of the probabilistic approach is to determine the 
level and form of ground motion that has an acceptably low 
probability of being exceeded during the operating life of the 
plant. This requires a basic data Sample of the intensity of 
ground motion experienced in the region from historical earth- 
quakes and also an acceptable probabilistic model. A number 
of mathematical models for determining earthquake prob- 
abilities have been proposed. In general, all of the models re- 
quire conditions on the data Sample that cannot be fully 
demonstrated for most areas of the world. If, however, the 
Sample of earthquakes experienced in a region is accepted as 
being adequate (i.e. meeting the requirements of the model), 
the calculations are relatively simple. 

In calculations of earthquake probability, the confidence level 
on the estimates depends strongly on the time span of the 
available data Sample and to a lesser degree on the com- 
pleteness of the data set. Thus, to make estimates of ground 
motion intensities which have an acceptably high confidence 
level, the data set has to cover the longest possible time span. 
This usually requires the use of pre-instrumental data which are 
known to be incompletely and inaccurately reported. An 
assessment of the completeness and accuracy of the available 
data set shall be made and taken into account in making the 
probability calculations. One simple but useful method171 for 
assessing the completeness of a data set is described in the 
literature. 

When this method is used to make the probability calculations, 
it may be desirable to augment the available data set with low 
ground motion intensities measured in the region. This may be 
important in areas with limited historical records. Part of the 
required data tan be obtained by operating an earthquake re- 
cording network such as described in 3.1.2. However, it shall 
be stressed that a probabilistic law cannot be extrapolated on 
the basis of these data alone. In using earthquake data, caution 
has to be exercised in taking into account poor data on epi- 
centre locations and the tendency of earthquakes to cluster in 
time. 

4.3 Determination of site ground motion 

The evaluation may be performed as follows. 

a) For each seismically active structure, the maximum 
earthquake potential is considered to be moved to the ap- 
propriate location on the structure closest to the site area. 
For earthquakes near to the site the physical dimension of 
the Source may be taken into account. 

b) The maximum earthquake potential in the seismotec- 
tonic province of the site that cannot be associated with 
seismically active structures is assumed to occur at a certain 
distance from the site. In certain countries this distance may 
be accepted by the regulatory body on the basis of studies 
and investigations which ensure that within this distance 
there are no seismically active structures and, therefore, 
that the related probability of earthquakes occurring therein 
is very low. This distance may be in the range of a few to 
tens of kilometres and depends on the focal depth of the 
earthquakes of the province. In evaluating it the physical 
dimension of the Source shall also be considered[81. 

c) Maximum earthquake potential in seismotectonic pro- 
vinces adjacent to the province of the site is assumed to 
occur at the locations on the province boundaries nearest to 
the site. 

d) An appropriate attenuation function is used to deter- 
mine the ground motion which these earthquakes would 
Cause at the site. 

For the probabiiistic metho d, on the basis also of seismic 
siderations, the evaluation may be performed as follows. 

con- 

a) For each seismic Source that tan affect the site, a 
mathematical model called “earthquake-generating Source” 
is selected (models of Point sources, linear sources and 
sources distributed superficially are available) [g t” 1 ll. 

b) A probability density function is derived for a range of 
earthquake sizes (usually in terms of epicentral intensity or 
magnitude) for each earthquake-generating Source. 

c) The probability of not exceeding a selected level of 
ground motion at a site (in terms of acceleration, velocity, 
displacement or intensity) is determined for each earth- 
quake-generating Source using an attenuation law. 

d) The level of ground motion which will not be exceeded 
at the site with a selected total probability is determined by 
combining the contributions from all earthquake-generating 
sources. 

4.4 Induced seismicity 

Special attention shall be given to potential induced seismicity 
particularly that from large dams or reservoirs, and extensive 
fluid injection into or extraction from the ground. Modification 
of the stress conditions in rocks and geologic structures due to 
these conditions may produce seismic activity. Earthquakes 
resulting from such phenomena usually have shallow foci and 
are located in the vicinity of the reservoir or of the injection 
or extraction area. In the case of reservoir loading, some 
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earthquakes have had relatively high magnitude (close to 
magnitude 6). Usually the larger earthquakes have occurred in 
association with deep reservoirs, but no simple rule regarding a 
fixed reservoir depth above which induced seismicity occurs 
tan be applied everywhere. Earthquakes associated with fluid 
injection and extraction activity are generally smaller in 
magnitude than those caused by reservoir loading. Seismic net- 
works in areas where the potential for such a Problem exists 
may provide useful information for assessing the significance of 
induced seismicity. 

4.5 Free field ground motion characteristics [12] 

The ground motion characteristics may be characterized either 

a) by free field 
efficients, or 

response spectra for various damping co- 

b) by time history or histories, 

both characteristics preferably being specified at free field sur- 
face ground level; however, other locations are acceptable as 
long as these are precisely described. 

4.5.1 Spectral shape appropriate to the site area 

The spectral shape of the ground motion is determined ac- 
cording to the relative influences of the Source spectral 
characteristics for earthquakes in the region and the attenu- 
ation characteristics of geologic materials which transmit the 
seismic waves from the hypocentres to the site area. In strata 
above the base rock the seismic waves in the free field are 
amplified or attenuated according to the frequency transfer 
characteristics of the strata and the strain level of the Vibration. 
Therefore, the response spectra of accelerograms of several 
different earthquakes obtained at the same site area at the sur- 
face and on base rock have different frequency characteristics. 

The following alter native methods are 
the design ground response spect ra. 

acceptable for obtaining 

4.5.1.1 Site specific response spectrum 

Wherever possible, response spectra shall be developed from 
strong motion time histories recorded at the site. However, for 
the majority of sites an adequate Sample of strong motion time 
histories cannot be obtained in a reasonable number of years. 
Therefore, response spectra obtained at places having similar 
seismic, geologic and soil characteristics may be useful in 
establishing the response spectrum specific to the site. An 
evaluation shall be performed to determine whether response 
spectra obtained at these other places appropriately reflect the 
site area response energy absorption characteristics, as well as 
the Source mechanisms generating earthquakes affecting the 
site. Due consideration shall be paid to the different frequency 
characteristics associated with different strain levels of the 
ground motions. 

In conclusion the method may be summarized as follows: 

a) collection of strong motion accele 
or more probably from similar sites ; 

rograms from the site 

b) normalization of these accelerograms 
ground acceleration defined for the site; 

to the zero period 

c) evaluation of the 
celerog ram usi ng vario U 

response spectrum 
s damping factors ; 

for each ac- 

d) modification of the shape of the normalized spectrum 
taking into account the strain level in the subsurface by the 
ground motion and other uncertainties. 

4.5.1.2 Standard response spectrum 

An alternative method is to use a Standard response spectrum 
with a relatively smooth shape which is generalized for appli- 
cation and which has been obtained from many response 
spectra derived from records of past earthquakes. However, in 
certain Parts of the world higher values in some frequency 
fields have been observed so that some modifications of this 
spectrum may be required. This Standard response spectrum is 
scaled up to the value of ground acceleration, velocity displace- 
ment, etc. If this approach is followed, a specific study or a 
justification should be carried out in Order to verify the 
applicability of the Standard response spectrum to the specific 
site. 

4.5.2 Radiation damping 

lt is important to select realistic values of soil radiation damping 
since an overly conservative selection of soil damping values 
tan distort the frequency response of a free field System. 

4.5.3 Time histories of earthquake ground motion 

Time histories tan be developed for the site area. The time 
histories take account of the maximum velocity (or alterna- 
tively, maximum acceleration or spectral intensity) and the 
duration of “deterministic intensity function” which represents 
the envelope of the ground motion intensity time history. 

Fo r design, th 
be based on : 

e time histories of vibratory ground motion maY 

a) strong motion records obtained in the site vicinity from 
past earthquakes, or adequate modifications thereto, such 
as adjusting the peak acceleration, applying an appropriate 
frequency filter, combinations of records, etc. ; 

b) strong motion records obtained at places which have 
similar seismic, geologic, and soil characteristics. In some 
cases these records may need appropriate modifications, 
such as applying wave propagation theory to modify fre- 
quency characteristics ; 

c) calculation models simulating earthquake ground mo- 
tion, such as generating random time series by Computer 
and filtering out to obtain the specific frequency charac- 
teristics. 

Regardless of the procedure used, the design time histories and 
the design response spectra shall be compatible. This implies 
that it is necessary to choose a sufficient number of time 
histories with pertinent characteristics so that the envelope of 
their response spectra does not lie significantly below the 
smoothed design response spectrum throughout the entire fre- 
quency range of interest. 

8 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 6258:1985
https://standards.iteh.ai/catalog/standards/sist/96c60b55-6bc6-494d-af4c-

93706b0cce94/iso-6258-1985



ISO 6258-1985 (El 

4.5.4 Ratio of motion 
directions 

in vertical and horizontal 

The design response ground spectra and design time histories 
for the vertical direction shall be evaluated using the same pro- 
cedure as for the horizontal direction. Appropriate vertical time 
histories may be the basis for this evaluation. If no specific in- 
formation is available on the peak acceleration of vertical 
ground motion at the site, the ratio of peak acceleration in the 
vertical direction to the horizontal should not be assumed to be 
less than 1/2. 

taken as 1,5 times the peak of the applicable response spec- 
trum. Values less than 1,5 times the peak of the applicable 
response spectrum may be used, provided valid analytical 
justifications are presented. 

In dynamic analysis the dynamic characteristics of the com- 
ponents are normally expressed in terms of frequency and 
mode shape and are used to determine the characteristic 
response of the component. The dynamic characteristics of fre- 
quency and mode shape tan be used with the applicable 
response spectra or time histories to define seismic forces. For 
some Systems, particularly non-linear System components, 
direct integration of the equations of motion is utilized to deter- 
mine seismic response. 

5 Classification of plant equipment 
and building 

6.2 Civil engineering structures 
Seismic classification of plant items depends on the specific 
safety requirements of the plant and shall be in agreement with 
the national regulatory authority requirements, since such 
seismic classification lies beyond the scope of this International 
Standard. 

6 Design methods 

6.1 General 

The verification of the adequacy of the seismic design of 
nuclear safety class structures and components is divided into a 
number of categories and subcategories as shown in the figure. 
In general, either test or experimental methods or analytical 
techniques employing mathematical models of the System to be 
evaluated are used. Combined methods tan also be used. 

Verification by test is more typically used when the potential 
failure modes either in terms of structural or functional ad- 
equacy cannot be easily identified in terms of stress-strain or 
deformation Outputs from an analytical Solution. Seismic 
verification test procedures are discussed in general in IEEE 
Std 344[13] and will not be discussed in detail in this Inter- 
national Standard. However, since the referenced procedures 
are written specifically for electrical components, care should 
be taken in applying the requirements of this recommended 
practice directly to mechanical components and structures. 

The analytical methods used to verify seismic design adequacy 
fall into two main categories: dynamic analysis and static 
analysis, as shown in the figure. The dynamic analysis category 
is further divided into four subcategories, consisting of seismic 
input, damping, model and analytical techniques. Static 
analysis may be used extensively in seismic design verification, 
particularly for relatively low seismic intensity sites. 

In static analysis, dynamic characteristics of components and 
structures are not determined explicitly. In such cases, an iner- 
tia acceleration taken as some coefficient times gravity is 
selected as representative of seismic acceleration and applied 
statically to the mass distribution of the component to deter- 
mine seismic inertia forces in the component. This method is 
used on conventional building structures and is well- 
documented in national building Codes. In nuclear power plant 
design, the maximum value of the seismic static coefficient is 

6.2.1 Safety related buildings 

6.2.1 .l Seismic input 

Two horizontal components or a resultant ground motion in the 
form of response spectra or time histories of motion constitute 
inputs for the dynamic analysis. The vertical component may 
be considered in the same manner as the horizontal motions or 
a constant static value for the vertical component may be 
assumed if no foundation-structure interaction is present and 
the structure is sufficiently rigid vertically. 

6.2.1.2 Modelling of structures 

The model of the structure shall take foundation-structure 
interaction into account when the foundation media has a 
shear wave velocity less than 1 200 m/s. To this end, con- 
sideration is given to rigid body translational, rocking and tor- 
sional modes, either individually or coupled as appropriate. 

Subsystems (which may include inertia effects of contained 
liquids) located in the building should also be taken into ac- 
count in the model of the building structures, depending on the 
nature of the Subsystem. The following procedures may be 
used : 

a) for rigid items rigidly connected to the structure, or sub- 
Systems that meet the decoupling criteria presented in 
references [14 and 153 (see 6.41, it is necessary to include 
the mass of the Subsystem in the mass of the structure; 

b) for Parts connected to the structure the fundamental 
frequency of which is less than one quarter of that of the 
structure, the Subsystem may be neglected in the analysis of 
the structure ; 

c) for ot her Subsystems, it is necessary to include the 
System in the analysis of the main structural model. 

sub- 

6.2.1.3 Analytical methods 

A dynamic analysis is performed in Order to obtain seismic 
response motions or loads. Both time history and response 
spectrum inputs are acceptable. 
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