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preface

One of the tasks of the Geophysical Division of the Royal
Netherlands Meteorological Institute is to give advice in matters
of seismicity. In the present era of design and construction of
nuclear power plants, risk evaluation and analysis for earth-
quakes has become more necessary than ever. In the Netherlands
this has lead to a more detailed study of local seismicity, and
to the initiation of a close co-operation with seismic experts
of neighbouring countries to remove some of the existing
ambiguities in seismic zoning at the mutual national borders.

The study of seismic risks, especially in the absence of
long series of seismic observations, is a problem common to many
European countries. This was also reflected in the Symposium on
Earthquake risk for nuclear power plants, held in Luxemburg on
October 20-22, 1975, under auspices of the European Seismological
Commission. The present Volume of the Publication Series of the
Institute contains the Proceedings of this Symposium. It is
supposed to give the work done locally an essential and wider
perspective on European scale. Apart from our own interest in
the matter, it is hoped that many colleagues from other countries
in and outside Europe will profit from this publication.

The Proceedings are edited by Dr. A.R. Ritsema, convener of
the Symposium, with the special aid, advice and assistence of
Miss J.H.W.M. Vermeulen, P.A.S. Doets, G. Houtgast and J.J. Wittebol,
all members of the Institute. The former Director in Chief,
Dr. M.W.F. Schregardus, actively promoted the publication. The fact
that the authors delivered in time print-ready manuscripts made
publication possible within three months of the Symposium.

Dr. H.C. Bijvoet

Director in Chief

De Bilt, January 1976
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BIENVENUE WELCOME

Monsieur le Président,
Mesdames,

Messieurs,

C'est un grand honneur pour moi que de pouvoir vous
souhaiter la bienvenue a Luxembourg au nom de Monsieur le
Ministre des Affaires culturelles Robert Krieps qui assume
la responsabilité de la recherche scientifique au sein du
gouvernement luxembourgeois. Je tiens & remercier la Commission
Séismologique Européenne d'avoir choisi notre pays pour tenir

son symposium sur les risques séismiques pour les centrales
nucléaires.

Etant donné le peu de spécialistes que nous avons
dans le domaine de la géodésie et de la géophysique, le
gouvernement luxembourgeois suivra avec beaucoup d'attention
vos travaux durant ces deux jours et demi que durera votre
réunion. En effet, vous n'ignorez sans doute pas que, bien que
le Luxembourg ne posséde pas de centrale nucléaire & 1'heure
actuelle, le probléme posé par 1'installation d'une telle
centrale a cessé pour nous d'€tre un probléme purement théorique
depuis qu'est envisagée la construction d'une centrale nucléaire
& Remerschen. Depuis que ce projet est connu, partisans et
adversaires du nécléaire, scientifiques ou non scientifiques
s'affrontent, avec des arguments aussi valables, me semble-t-il,

d'un c6té que de 1l'autre,



Vous devez donc €tre tres conscients de la dimension
sociale de votre recherche. Car vous &tes les premiers & pouvoir
attirer 1'attention de la collectivitd sur les implications de
vos travaux. Je n'ignore pas que la responsabilité sociale ou
scientifique s'oppose ici dans une large mesure & la conception
traditionnelle de la responsabilité scientifique: alerter 1la
société au stade d'une recherche qui n'a ras encore définitivement
abouti, c'est, en effet, aller au-deld de la stricpe neutralité
scientifique, c'est interpréter des résultats préliminaires &
la lumiére d'hypothéses peut-étre fragiles. N'est-ce pas courir

le risque d'étre inutilement alarmant?

J'estime cependant que le silence serait plus coupable
que l'erreur: les scientifiques que vous &tes ne front qu'attirer
l'attention de la société sur une éventualité. La décision, elle,

reste et doit rester fondamentalement une décision politique.

Il est domc incontestable qu'une &thique scientifique
nouvelle qui paralt se dégager actuellement, faciliterait
1'instauration du débat public indispensable pour que la société,
dans son ensemble, se préparer & résoudre les problémes que lui

pose la science.

Voild quelques réflexions qui pourraient constituer le
back-ground de vos travaux et vous inciter peut-&tre & réfléchir
sur 1'€laboration de procédures qui permettraient d'informer le
public des incidences des innovations technologiques, de solliciter

ses réactions et de le faire participer au processus de décision.

I1 ne me reste qu'a souhaiter un plein succés & vos
travaux et & espérer que votre séjour au Luxembourg sera le plus

agréable possible.
Je vous remercie.

M.P. Weber
Attach& du Ministre
des Affaires Culturelles

Luxembourg



OPENING ADDRESS

Professor Weber,
Ladies and Gentlemen,
Dear Colleagues,

It is a pleasure and a privilege for me to welcome you here in Walferdange on
behalf of the European Seismological Commission and the Council of Europe.

In particular I would like to bid my welcome to the representatives of the press,
of the European Communities aﬁd of the govermment, the authorities and scienti-
fic societies of Luxembourg - our hosts here in Walferdange. We have invited

you to attend and contribute to a special symposium entitled "Earthquake Risk

for Nuclear Power Plants".

Over the past few years many seismologists have been confronted with official
and unofficial requests to evaluate the seismic risk encountered in the design
and construction of nuclear power plants. As we all know this problem has many
different aspects - political, socio-economic and psychological ones - as well
as scientific, technical and engineering ones. We will restrict our discussions
at this meeting to the second group: the seismological, the geologic/tectonic,
and in part to the soil and rock mechanical aspects of the problem, but the

civil engineering aspects should, of course, not be forgotten.

The purpose of this symposium is to gain some insight into the present activi-
ties in this field in Europe and to become conscious of new developments in
neighbouring disciplines which may be relevant to the problem. So in addition
to a description, discussion and comparison of the methods presently used in
seismic risk determination guite some time should be spent in a mutual personal
exchange of information in order to arrive at some consensus on how to deal

most effectively with the pending questions in the various European countries.

We should direct our efforts to come to an agreement about the most useful con-
sistent criteria in assessing objectively the seismic risk involved in the

design of nuclear power plants. We should explore systematically the possibili-



ties - the information seismology can contribute to this problem -, and we
should clearly define the needs of the engineer in this field. It is, there-
fore, highly desirable to have some constructive feedback from those of our
colleagues present who are dealing with the practical aspects of design and
construction. Utilizing all the available data we should then aim for produc-

ing a "Map of Seismic Rigk in Europe", which would serve both the seismologist

and the engineer in judging possible hazards.

The European Seismological Commission (ESC) considers this symposium only to
be the beginning in its efforts to contribute to the sfudy of the environment.
I am sure that the results of our discussions will be of great value for the
UNESCO Intergovernmental Conference to be held in Paris (10-19 February 1976).
The subject will also be followed up at the 15th General Assembly of the ESC
in Cracow/Poland at the end of September 1976, where a special symposium will

be organized on "Seismic Hazard".

I would like to take this opportunity to express our sincere gratitude to the
Luxembourg Ministry of Cultural Affairs for having made possible this meeting
here in Walferdange. I would also like to thank our colleagues Dr. A.R. Ritsema
and Mr. J.M. van Gils who have put a lot of time and effort into organizing
this symposium - and last but not least many special thanks go to Mr. J. Flick,
the local organizer here in Luxembourg, who is also the official delegate of

the Working Party of Geodynamics in the Council of Europe.

Let us make the best use of this meeting, which judging by the number of parti-
cipants seems to have just the optimum size. I hope that we all will benefit as

much as possible while we are here, both professionally and personally.

Thank you very much.

20 October 1975 Stephan Mueller

President of the ESC
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Les Recherches de séismicité historique et la magnitude maximale

4 envisager en un site donné

J.P. ROTHE

Institut de Physique du Glebe, Strasbourg

Résumé

Pour la France l'extrapolation du graphique fréquence-ma-
gnitude conduirait 3 des périodes d'apparition des séismes de
grende magnitude en contradiction avec les donndes historiques,
données dont on souligne 1'intérét. Chaque grande région géole-
gique frangaise peut &tre affectée d'un chiffre de magnitude ma-
ximale. A 1'échelle des sites de centrales nucléaires il est pos-
sible de définir des intensités maximales historiques caractéri-
sant des provinces séismotectoniques d'étendue limitée. Des indi-
cations sont données sur les recherches actuellement en cours en
France dans ce domaine.

Introduction

Bien que la France soit un pays ol 1le danger séismique est relativement faible plu-
sieurs organismes s'attachent actuellement 3 définir et 2 préciser ce risque.

La Direction de la Protection Civile (Ministdre de 1'Intdrieur) a constitué une com-
mission "Sécurité en montagne et Risques naturels" formée elle-m8me de groupes de travail
dont 1'un a pour objectif 1'étude des séismes et du volcanisme, L'un des buts de ce grou-
pe de travail est de réviser et de faire adopter légalement les "Rgles parasismiques 1969".

L*Electricité de France chargée de préparer les projets d'installation des Centrales
nucléaires s'intéresse de plus en plus au risque séismique ; son service géologique et
géotechnique étudie la séismicité historique des différents sites prévus et son service
technique calcule les effets des séismes sur les constructions.

Le Service central de slreté des installations nucléaires (Commissariat 3 1'Energie
atomique) a lui-méme constitué un groupe de travail pour 1'élaboration d'une réglementa-
tion sur la prise en compte du risque séismique pour les réacteurs nucléaires. A la de-
mande de ce Service le Bureau des Recherches géologiques et minidres a 4té chargé de pré-
parer une carte séismotectonique de France 3 1 : 1.000.000 - échelle de la carte géologi-
que de France - et pour certaines régions des cartes plus détailldes 2 1'échelle 1:250.000.



Le probldme de la magnitude maximale

En tant que séismologues nous avons d'abord & répondre 3 la question suivante ¢
dans un pays comme la France est-il possible de définir un certain nombre de provinces
séismotectoniques considérées comme homogénes sur le plan de la géologie structurale et
si oui pour chaque province séismotectonique quelle devra &tre 1'intensité macroséismi-
que maximale - ou la magnitude maximale - 3 envisager, le foyer du séisme de magnitude
maximale étant susceptible de se produire au point le plus proche du site envisagé sur
la structure tectonique ou sur la faille identifide,

Cette premitre approche est inspirée du rdglement préparé en 1971 par la Commission
américaine de 1'Energie atomique (Annexe A, Régles 10 CFR, part 100). Il convient d'ail-
leurs de remarquer que le Réglement américain a &té fortement influencé par les conditions
spéciales de la Californie oh de grandes failles de coulissage sont susceptibles de jouer
sur des centaines de kilomdtres de longueur. La stricte application de ce Réglement A un

pays comme la France ou m8me A 1'Furope occidentale conduirait 3 des conséquences trop
sévires sur le plan de la protection.

Le probldme de la magnitude maximale pour une région donnée est particulidrement im-
portant & dtudier. Certains chercheurs se basant sur la construction des graphicues fré-
quence-magnitude et sur le caractdre lindaire de ces graphiques ont émis 1'hypothdse que
dans une région donnde il y aurait, si le temps est suffisamment long, la possibilité d'en-
registrer un séisme de la magnitude la plus forte, de 1'ordre de 8,5 par exemple. Quel se-
rait alors ce temps et quelle serait la probabilité de 1'apparition d'un tel séisme pen-
dant la durée prévue pour la centrale nucldaire.

Pour la France on peut répondre que cette hypothdse est en opposition avec les don-
nées d'observation et les conceptions tectoniques. J'ai demandé A notre colldque roumain
C. Radu, lors de son séjour A Strasbourg, d'examiner cette hypothdse. A partir des don-
nées instrumentales et des données macroséismiques nous avons &tabli pour la France et
les régions immédiatement voisines une liste de 199 séismes de magnitude au moins égale
3 4,1 et correspondant A 1a période 1901-1972.

La France a été divisée en cinq grandes régions géologiques :

1) Le socle hercynien dans le Massif central et dans le Massif armoricain ; le

Bassin d'Aquitaine, aséismique,a &té joint i cette région (au total 335.000
km2, 32 séismes).

2) Les Pyrénées (108.000 km2, 47 séismes).

3) Le Sud-Est de la France et les Alpes occidentales en Suisse et en Italie
(184,000 km2, 92 séismes).

4) L'Est de la France, le Fossé rhénan et ses bordures (46.000 km2, 17 séismes),
%) Le Bassin parisien et le Nord de la France (146.000 km2, 11 séismes).

Les séismes ont été classés en fonction de leur magnitude par intervalles de 0,1

degré de magnitude (M) d'une part et de 0,5 degré de magnitude (M) d'autre part, Cette der-
nidre répartition est donnée dans le tableau suivant

Magnitude France Réglon séismique
1 2 3 4 5
4,1 - 4,5 117 13 A 55 11 7
4,6 - 3,0 56 14 11 23 5 3
5,1 - 5,5 1% 3 2 8 1 1
5,6 - 6,0 8 2 3 - -
6,1 - 6,5 3 - - - -
199 32 47 92 17 11



Pour chacune des régions et pour l'ensemble de la France M. Radu a calculé les coef-
ficients a et b de la formule classique lo? n=a-bM, Les résultats détaillés de
cette étude ont fait 1'objet d'une publication (voir références).

Les résultats obtenus sont analogues & ceux établis par V. Karnik dans son travail
sur la séismicité de 1'Europe. La valeur la plus faible du coefficient b (0,75) corres-
pond 3 la région la plus stable au point de vue tectonique, ¥ savoir la zone hercynienne,
résultat en accord avec les recherches de certains auteurs, Miyamura en particulier.

Pour 1'ensemble de la France et pour 72 ans la fréquence cumulative pour une magni-
tude égale ou supérieure & M s'écrit log N = 5,66 - 0,82 M,

En extrapolant la droite fréquence-magnitude correspondant 3 1'ensemble de la France
on trouverait que la période moyenne d'apparition de séismes de magnitude 8 1/2, 8, 7 1/2,
7 serait de 1429, 556, 217 et 85 ans en contradiction formelle avec les données d'observa-
tion au cours des 80O dernidres anndes,

Intér8t des recherches historiques

L'intérét des recherches historiques est particulidrement grand pour cette discus-
sion ; aussi y attache-t-on actuellement de plus en plus de valeur. Pour la France, pour
la période antérieure 3 1900, on dispose d'une série de catalogue rédigés par Von Hoff
(1840-1841), Perrey (1844), Mallet (1852-1854), Montessus de Ballore (1892), Cette docu-
mentation est complétée par plusieurs monographies régionales concernant les séismes de
Bretagne, d'Anjou, de Normandie, du Bassin de Paris, de Lorraine, d'Alsace, d'Auvergne,
ete .., monographies souvent publiées immédiatement apris que des tremblements de terre
destructeurs (1887, 1909) aient attiré 1'attention des chercheurs frangais sur le' phéno-
méne séismique. Le dépouillement de ces données a permis } 1'auteur d'établir un double

fichier chronologique et géographique qui est la base des recherches actuelles sur la séis~
micité de la France.

I1 convient de souligner que cette documentation historique, surtout lorsqu'elle est
résumée dans des catalogues généraux, tel que le catalogue des séismes destructeurs publié
par Milne en 1911, doit &tre soigneusement vérifide par des recherches d'archives faites
sur place dans les communes intéressdes et en particulier dans les archives communales ou
celles des congrégations religieuses. Il arrive que certaines destructions soient attri-
budes & des séismes alors qu'elles sont dues en réalité 3 des phénom&nes métdorologiques.
Par ailleurs la proportion de bitiments endommagés ou détruits est rarement indiquée. Aus-
si d'dne maniére générale a-t-on tendance 3 la lecture des catalogues résumés 3 attribuer
aux sdismes anciens des intensitéds trop fortes, ce qui conduit 2 fixer un risque trop dle-

vé et par conséquent A entratner pour les constructions des frais supplémentaires probable-
ment inutiles.

Les recherches historiques fournissent une documentation de base précieuse. Est ce
3 dire que des surprises ne soient pPas possibles ? On connaft aux Etats-Unis les exemples
classiques des séismes de New-Madrid destructeurs en 1811 et 1812 dans la vallée du Missis-
sipi et 1l'exemple encore plus &tonnant du séisme de Charleston en 1886 sur la c8te atlanti-
que t ces deux régions, par leur histoire géologique pouvaient parattre peu dangereuses,

En France méme on peut citer 1'exemple de la région d'Aix-en-Provence : Montessus de
Ballore qui était 3 la fois mathématicien et géologue considérait la Provence comme une ré-

gion "pénéséismique”, c'est-3-dire dépourvue de séismes fréquents et destructeurs, et i1 é-

crivait en 1906 dans sa "Géographie séismologique™ : "Cette région n'a pas subi de mouve-

ments suffisamment amples A une époque récente pour avoir constitué une région séigmique". .,
Trois ans plus tard le 11 juin 1909 le séisme le plus important qui se soit produit en Fran-
ce détruisait plusieurs villages au voisinage d'Aix et faisait une quarantaine de victimes.

La recherche des causes de telles anom

alies est trds délicate mais serait certaine~
ment fructueuse,

La séismicité de la France

En utilisant la docementation disponible 1'auteur (voir Références) a pu &tablir pour



la France les quatre cartes schématiques suivantes :

- tte carte pré-

carte des épicentres pour la période 1861-1960. On notera que ce

) sente le méme aspect géndral que celle établie par Montessus de Ballore ou meme
que celles portant sur des périodes récentes beaucoup plus courtes.

b) carte des intensitds maximales observées depuis 1021,
c) carte séismotectonique

d) carte des intensitds maximales probables (ou carte des intensités maximeles géné-
ralisdes).

A partir de ces cartes, des donndes instrumentales et des renseignements historiques
on peut chercher pour chacune des grandes régions séismotectoniques frangaises envisagées
plus haut 3 définir une magnitude maximale spécifique. Cette magnitude maximale dépend na-
turellement de 1'histoire géologique de la région : 1'activité séismique est plus forte
dans le domaine hercynien que dans le domaine calédonien et elle est plus forte dans le do-
maine alpin que dans le domaine hercynien. A 1'intérieur méme de la zone alpine 1la magni-
tude des séismes dépasse la valeur 7 dans les Apennins en Italie ol les phénoménes orogé-
niques sont trés récents ; cette magnitude maximale reste voisine de 6 3 6 1/4 dans les Al-
pes occidentales ol 1'orogénie est plus ancienne.

Pour la France les donndes d'observation et les considérations séismotectoniques con-
duisent pour la magnitude maximale aux valeurs régionales suivantes g

M

Région 1 (Massifs hercyniens) % 3/4

Région 2 (Pyrénées) 6,0

Région 3 (Sud-est et Alpes) 6 1/4

Région 4 (fossds) 6,0 (en tenant compte du séisme de 1356 a Bile).
Région 5 (Bassin Parisien ; 5 1/4

Nord)
France entidre 6 1/4

A 1'intérieur m8me d'une région comme 1la région 3 (Sud-est de 1a France) 11 est pos—
sible d'envisager des subdivisions ; c'est le but du levé des cartes séismotectoniques 3
1:230.000. Pour faire ce travail il convient d'utiliser 3 la m8me échelle la carte des é-
picentres, la carte des intensitds maximales observdes, les cartes d'isoséistes disponi-
bles, les cartes d'anomalies magnétiques et gravimétriques, la carte des isobathes du so-
cle, la carte géologique et la carte néotectonique (mouvements récents) et mdme la carte

d'interprétation détaillde des cassures et fractures visibles sur les assemblages de pho-
tos par satellites.

On citera 3 titre d'exemple la feuille "Marseille™ 2 13250.000, actuellement en cours
d'achdvement au Bureau des Recherches géologiques et minidres, carte qui représente une sur-
face de 180 x 150 km et sur laquelle il est possible de distinguer sept provinces sdismotec-
toniques, 4 d'entre elles avec une activité séismique importante et 3, au contraire, aséis-
miques. A chacune de ces provinces on peut affecter une intensité macroséismique maximale -
Ou une magnitude maximale. Le tracé exact des frontidres entre les différentes provinces
reste cependant souvent délicat et peut varier latéralement de quelques kilomdtres. Dans le
doute de 1'appartenance d'un site déterminé 3 telle ou telle province il conviendra par pru-
dence de choisir la province ou la séismicité est la plus forte.

Cette intensité macroséismique maximale correspond 3 ce que le Service de sureté des
installations nucléaires propose d'appeler le séisme maximal historique vraigemblable (SMHV).

L'intensité du séisme majoré de sécurité (SMs) correspondra 3 celle du sdisme historique
majoré d'une unitd

I (SMS) = T (sMuv) + 1

-10-



On retrouve ainsi une analogie avec les séismes envisagés par le Réglement améri-
cain, le séisme opérationnel OBE (Operating basis earthquake) et le séisme de sécurité
SSE (Safe shutdown earthquake).
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On Earthquake Risk for Nuclear Power Plants in a

Non-Seismic Region

Jo Hjelme

Geodetic Institute, Copenhagen

Summagx

Reports on earthquakes felt in Denmark have
been analysed. In several cases the epicenter is
located elsewhere. In some cases no location could
be done, but no epicenter is definitly located here.

This makes the definition of Design Earthquake
less suitable for studies on earthquake effects. Use
of Calculated Risk is demonstrated, and the different
steps in the procedure are discussed.

When a nuclear power plant is planned all possible interactions with the
environments have to be evaluated. So also the impacts from possible
earthquakes. For this reason the working groups planning power plants in

Denmark have requested studies of design earthquakes for Danish power
plants.

Denmark is situated between the seismically very quiet German lowlands
and the more active Fennoscandia. Bath (1956) nas published an Earth-
quake Catalogue for Fennoscandia 1891-1950. Miyamura (1962) has plotted
the epicenters and magnitudes given by Bath in a very illustrative figu-
re. No epicenters are located in Denmark - except on the island Bornholm
in the Baltic. More material is found in the ISC catalogues. In figure 1
the epicenters given by ISC are plotted on a map of Denmark and southern
Fennoscandia. The period covered is 7 years, from 1964 to 1970. Only a

few of the earthquakes are assigned a magnitude and then only mb—values.
No M determinations have been given. .

I Lehmann (1956) has reviewed all available information on earthquakes
felt in Denmark. The first reported one is from 1073 A.D. In all she

lists 50 earthquakes felt in Denmark during these 900 years. But about
half of them have taken place during the last 100 years. Recently an
earthquake with known epicenter off the coast was felt in northern Jutland.
Comparing the extent of the felt area with those given in the o0ld reports
we found it is not necessary to suppose epicenters inside Jutland to ex-
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plain the reported observations.

Based on these facts the answer concerning Jutland is: Earthquakes from
the past have never had epicenters in Jutland itself and have never pro-
duced intensities above VII (Intensity VII has been reported once in these
900 years.

But recommended procedures imply knowledge of values like return periods,
extreme values, design earthquakes, etc. Guidence should be found in a
booklet distributed by the International Atomic Energy Agency, Vienna
(1972). A fundamental concept in this guide is design earthquakes. The
guide gives the following definition:

The regional design earthquake is the strongest earthquake which it is
reasonable to expect in the general region where the site is located,
neglecting features which are local to the specific site itself. The
maximum acceleration, the maximum velocity and the vibration frequency
content of the motion in the regional design earthquake are important
characteristics in determing the effect of that earthquake on structures
or items subjected to its motion.

This definition has not taken account of the depth of the earthquake nor
the focal mechanism. Furthermore it contains some difficult words, which
should be discussed in the following:

1) strongest earthquake
SLrongest

2) reasonable
3) the general region

The last clause is not defining anything, but it contains some considera-
tions on the effect of earthquakes. :

Our present knowledge of occurence of earthquakes allows us only to treat
them as random events. Risks associated with random events have been in-
vestigated by A. Court (1952) who has introduced the calculateéd risk. In
this context risk means simply the probability of an (unwanted) event.

The Poisson distribution tells us the probability for finding n events in
a timeinterval t, when the mean frequency of the events is A.

P, (t) = G e

oy e 1)

The condition for this distribution to be valid is that the events are
independent.

If we look for n=0, that is the event does not happen at all during t
the probability is

-At
P, =e (2)

T%en the probability of the opposite situation (at least one event during
t) is:

T = 1-Po(t)
With the distribution (2), the risk is
r = 1-e”?
or
-log(1-r
A = (3)
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Figure 1. ISC 1964 - 70
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This A is the fre uency we must design for, when t is the timeinterval
to be considered (lifetime) and r is risk we can tolerate. The choice of

t and r is governed by political economical, technical considerations
(Gumbel).

Now we can give "reasonable" a meaning. We can regard events occuring with
a mean frequency larger than the determined by (3? as those which are
reasonable to expect. With this meaning of "reasonable" the strongest
earthquakes are such which occur with the mean frequency A.

But still we cannot determine a design earthquake, because the extent of
the region in view is a problem. When the region only covers Jutland
there are no earthquakes at all, but if the whole southern Fennoscandia

is included, we will get a design earthquake which will occur only far
from the sites in question.

The solution to this problem is simple. We are not at all interested in
the size of the earthquakes. What is of real concern is the resulting
impact on the structures to be designed and how often the different
loads from earthquakes are expected to occur.

A more appropriate definition may then read as follows:

The design value is the threshold for which the probability

for surpassing it at least once during a chosen lifetime is
the specified risk.

This is not the finite version. The word value should later be exchanged
with a more descriptive one. But the effects from earthquakes are not

well described by the present measures of impact. This question is still
an open one.

Another point in this definition is very important. The design value is
relative to the lifetime and the risk. In this way the word "reasonable"
from the former definition has been replaced by these two quantities.

Of cause, the values to be chosen for them must be reasonable too, but
now it is clear we have made a choice.

Let me return to the measure of destructive power of the shakings. Inten-
sity scales have for a long time been used to classify the amount of
damage. Several improvements have been made to these scales, but they
still consist of classes each describing in verbal forms different levels
of damage. The intensities are the numbering of these classes. They do

not constitute variables like the Physical quantities we are used to. It
is very difficult if not impossible to deduct from the intensity the dyna-
mical behavior during an earthquake.

Another measure is the response spectra. The US Atomic Energy Commission
has recommended some "standard" response spectra USAEC (197%{

The response spectrum is an example on a multivalued measure of earth-
quake effect. It has the drawback it cannot be calculated like other
spectra by transformations because its definition includes determinations
of maximum values of response motions. Then a reverse transformation is
also impossible. We must hope that future developments will overcome this
difficulty and provide us with a measure which has a more easy mathematics
and still describe the impact on structures from earthquakes.

However. The US spectra are all relative to one single parameter: the
maximum horizontal ground acceleration.

So in this case the design value to be determined by the calculated risk
method is the maximum horizontal ground acceleration at the site of interest.

We know this quantity is not sufficient as a measure of damage. But it has
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been used in several investigations. And the dependence on magnitude and
distance has been studied very much.

In figure 2 Q is the site of interest and dw

is an areaelement in an earthquake region. ol
LetA_dw be the frequency of occurrence of @
eartﬁquakes which at Q induce horizontal ac-

celerations greater than a specified value a.

R
This A_ is the number of such earthquakes per QP
areaunlt and per timeunit. It is dependent of
the distribution of earthquakes and of the damp- Figure 2

ing between 4w and Q.

If we integrate over all areas with earthquakes we will get the frequency
of cases where the acceleration at Q is greater than a

Aa =S Aadw

1-e~ Mgt (cfr. 2)

The calculated risk is then
r =

The important quantity in this procedure is Aa. Normally Aa is not deter-

mined directly, but it can be calculated from the distributions of earth-

quakes and the relations between acceleration and magnitude, distance and
damping.

As an example,the distribution of earthquakes may be given by

= ne—YM
AM = ne

4

where M is the magnitude and AM is the number of earthquakes larger than
M.

The acceleration may be related to M and R, the distance from dw to Q by

a = by ebaMR_b3

(%)

Solving (5) for M we determine the magnitude corresponding to a. When
this M is introduced in (4) we get the wanted

by bs
Aazna 'Ryba

The parameters n,b:,bsz,ba, and y may vary in the different regions. If the
assumed relations are oversimplifications Aa cannot be given by an expres-
sion but only by numerical wvalues.

The material in Bath's catalogue has been used to determine some values
of AM in the regions surrounding Denmark. The results are given in table I.
The parameters in (5) are not known for Scandinavia, but Orphal and Lahoud
(1974) who investigated ground motions in California found the values

b1 = 6.6°1072% gravity

bs = 0.40'108610

ba = 1.39
when M is local magnitude and R in km.
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M >2 >3 >4 >5
Western Norway 23 8.2 3.1 - 34
Oslo Region 65 15.1 3.2 .80
Central Sweden 22 11.6 3.7 47
Southcoast of Norway 8.1 1.8 .60
Southern Sweden 14.5 4.1 1.35

Table I: Ay events/km® year:10°

If the design acceleration is 50 cm.s %, M is 6.7 already at a distance

of 100 km. Bath's material does not allow estimation of Ay for so large
M.

The existing values of AM could be extrapolated by (4) if this distribution

is valid also for large M, but G.M. Molchan et. al. (1970) have shown that
a straight line representation of (4) bends with 80% .confidence.

This work has shown low risk for even moderate acceleration but reliable

figures can only be given when AM and the acceleration relations have
been determined for Scandinavia.
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The Seismicity of Fennoscandia

H. BUNGUM AND E.S. HUSEBYE

NTNF/NORSAR, Kjeller, Norway

Summarx

The systematic collection of macroseismic data on
earthquake occurrence in Fennoscandia began in the
1880's. Prior to that time the macroseismic infor-
mation is fragmentary and incomplete, although the
essential data have been preserved at least for the
largest earthquakes. Using the macroseismic and seis-
mograph data available, we have investigated the seis-
micity for Fennoscandia covering the time inter-
val 1497 to 1973. The earthquake activity is subdivided
in 4 2zones: Telemark-Vanern, Western Norway, Lappland
and Bothnian zones which account for most of the re-
ported seismic activity. There is some correlation
between geological and geophysical information perti-
nent to the area and earthquake occurrence. The seismic
activity of Fennoscandia is discussed in the frame-~
work of intraplate tectonics and the driving forces
connected with the opening of the North Atlantic Ocean.

Introduction

The systematic collection of macroseismic data on earthquake occur-
rence in Fennoscandia began in the 1880's when the use of questionnaires
was initiated, and prior to that time macroseismic data has been ex-
tracted from newspaper reports and similar sources. The oldest known
report on seismic activity in Fennoscandia dates back to 1497 (Kjellén,
1903) when a relatively large earthquake was felt in Sweden, and the
oldest reports for Norway and Finland date back to 1612 (Keilhau, 1836)
and 1610 (Renquist, 1931), respectively. The classical analysis of
available macroseismic observations is due to Bdth (1956), who published

an excellent earthquake catalogue for Fennoscandia covering the period
1891-1950.
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Instrumental observations of Fennoscandian earthquakes date back to
1904 and 1905 when the first mechanical pendulum seismographs were in-
stalled in Uppsala and Bergen. In the period 1955-1965 the Fennoscandian
seismograph network was expanded through the installation of modern,
high-gain electromagnetic seismographs, and in 1971 another generation -of
instruments was introduced with the large aperture Norwegian Seismic
Array (NORSAR). The Fennoscandian network of stations represents a vast
improvement in the capability of monitoring the seismic activity in this

area, albeit it is not considered adequate for seismo-tectonic studies of
local earthquakes.

The available macroseismic observations have been used by Kjellén
(1903), Kolderup (1913), Kvale (1960) and Bath* (1953, 1972) for correlating
the seismic activity with known tectonic features such as faults tied to
Caledonian mountain folding, the uplift of Fennoscandian land masses during
Tertiary times and the on-going glacial rebound. More recently, Husebye
et al (in press) have made an extensive analysis of earthquake occurrence
in Fennoscandia in the light of intraplate tectonics.

Earthquake Occurrence in Fennoscandia .

For the time before 1890 the main macroseismic data sources in the
case of Norway are the works of Keilhau (1835), Thomassen (1888)
and Kolderup (1913). The corresponding macroseismic data for Sweden and
Finland (e.g., see Kjellén, 1903, 1909; and Renquist, 1931) is less suit-
able for a systematic analysis, with the exception of the largest earth-
quakes. It should be pointed out that the seismic activity is relatively
high in Norway, modest in Sweden and low in Finland. For the time period
1891-1950 the classical work is that of B&th (1956), his earthquake
catalogue for this interval is both homogenous and of high quality. Only
for the time since 1951 has the instrumental situation been such that one
should be in a position to undertake a much more detailed study of the
Fennoscandian seismicity, which is characterized by the relatively in-
frequent occurrence of small earthquakes. Strangely enough, macroseismic
information here is still highly esteemed, simply because a comprehensive
and systematic earthquake catalogue primarily based on local seismograph
records has, to our knowledge, so far not been published. This is attributed
to shortcomings of the local seismograph network, and we would here point
to the large station separation, the poor azimuthal coverage for earth-
quakes in the coastal areas of Norway and the difficulties in obtaining
original seismogram records, which are stored in three different countries,
The most serious problem, however, is that of discriminating between the
relatively few (tectonic) earthquakes and the very many artificial events
from quarry blasts, naval activities in the adjacent waters, etc. These
shortcomings of the seismograph network are, however, not critical for
earthquakes with magnitude greater than 4.0-4.5, because these events are
also recorded by stations outside Fennoscandia. Considering also that the
macroseismic detectability for small and even moderate sized ear thquakes
is dependent on the population settlement, we believe that the most re-
liable and essential information, especially with respect to seismic
hazards, can be found in a map containing only events with magnitude
greater than or equal to 4.5 (Fig. 1).

A critical parameter in seismicity studies in the space-time relation-
ship between the largest occurring earthquakes within the region under
investigation. An interesting feature here is that most of the largest
shocks (M>6) are restricted to the period 1863-1913, while 3 other strong
earthquakes took place between 1819 and 1836. There is no indication of
spatial migration in the distribution of the largest earthquakes and
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Fig. 1 Fennoscandian earthquakes for the time period 1497-1973 and with
a magnitude M greater than 4.5. An outline is also given
of the 4 seismicity zones defined in this paper. Note that the
definition of the zones is based on much more seismicity data
than is actually displayed in this figure.

and neither do we find any clear regularity in occurrence of large events
in specific areas. In other words, the very largest earthquakes observed
seem to be isolated phenomena. This points towards exceptionally long
recurrence intervals, i.e., a large time lag between two large events
occurring within a tectonically uniform area. As it is considered unlikely
that any major earthquake occurring after 1600 are left unreported, the

recurrence interval is probably larger than 350 years for earthquakes
with magnitude M larger than 6

Discussion and Interpretation

As of today, observed tectonic activity within plates, of which the
seismicity of Fennoscandia is an example, remains largely unexplained.
In this respect, recent progress in plate tectonics on mechanisms of
stress accumulation in the lithosphere (Turcotte and Oxburgh, in press)
and the relative importance of different plate driving mechanisms
(Turcotte and Oxburgh, 1973; Solomon et al, 1975, Forsyth and Uyeda, 1975)
are likely to give a better understanding of intraplate distribution of
stresses. The usefulness of these modern concepts of plate tectonics have
already been demonstrated in several studies of intraplate earthquakes,
and this should be highly relevant to an improved understanding of the
Fennoscandian seismicity (e.g., see Mendiguren, 1971, Forsyth, 1973,
Sbar and Sykes, 1973, and Sykes and Sbar, 1973).
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There are many sources of stress in the lithosphere. According to
Forsyth and Uyeda (1975) the most important driving forces of plate motion
are the mantle drag force, the ridge push and the slab pull. The latter is
not relevant here as there are no subduction zones near the western part
of the Eurasian plate, while the two former ones have to be considered in
relation to the tectonic history of Fennoscandia. A significant phenomenon
here is the north and northeasterly movement of Fennoscandia which took
place following the breakup of Pangaea in Permian times. There are two
tectonic aspects of this northward migration of Eurasia, first, effects
of membrance stresses due to increasing principal radii of curvature
(Turcotte, 1974), and secondly, either the asthenosphere is passively re-
sisting the lithospheric movement, or the asthenosphere is dragging the
lithosphere, an ambiguity which cannot be properly resolved as data on
mantle flow rates are not available. The ridge push is an important plate
driving force, and is physically explained in terms of the gravitational
push exerted by the upwelling material at mid-oceanic ridges (Orowan,
1964; Forsyth and Uyeda, 1975). With the opening of the North Atlantic
approx. 62 m.y.b.p. this force is likely to have created strong compres-
sive stresses, possibly within Fennoscandia itself. Intraplate earthquake
studies imply dominant horizontal stresses with maximum compression per-
pendicular to the oceanic ridge axis (Mendiguren, 1971; Forsyth, 1973,
Sykes and Sbar, 1973). However, the stress distribution within Fenno-
scandia and in particular the Norwegian Sea is likely to be rather complex,
in view of the 'twisting' of the North Atlantic and Arctic Ocean ridges
(Aki and Husebye, 1974). The relatively abundant number of in situ stress
measurements for Fennoscandia itself (Hast, 1969, 1973) also point towards
a somewhat complicated stress pattern. In a critical review of the avail-
able data for this area, Ranalli and Chandler (1975) found that the prin-
cipal compressive stress axis is roughly NW-SE in southern Fennoscandia,
while in northern Fennoscandia the axis gradually changes towards a
northerly direction.

The types of stresses discussed above are tied to past movements of
the Eurasian plate and to the opening of the North Atlantic. In this
respect we cannot ignore the possible stress effects due to loading and
unloading of the lithosphere by the Tertiary oblique uplift of particularly
western Norway, the sedimentation off the western coast and the most re-
cent glacial episode in Fennoscandia. Remnant stress, i.e., stress locked
in the rock during a previous episode of tectonic deformation, may also

be of some importance for the present stress distribution within a certain
region.

Evidence on tectonic movements such as locations of dominant fault
lines is relatively scarce for Fennoscandia, with the exception of Finland
where the picture is quite blurred (Tuominen et al, 1973; Kukkamaki, 1963).
The trend direction patterns, however, are dominantly parallel and per-
pendicular to the Caledonian folding axis. Numerous seismic profiling,
gravity and magnetic surveys have been undertaken in Fennoscandia (for
general references see Der and Landisman, 1972; Massé& and Alexander, 1974,
Ramberg, 1975; and Am, 1975) but this kind of information has seemingly
no direct bearing on the seismic activity.

The seismicity pattern of Fennoscandia is somewhat diffuse, which is
normal for intraplate earthquake occurrence (Sbar and Sykes, 1973). We
found it convenient to subdivide the Fennoscandian earthquakes in 3
primary zones: namely, the western Norway zone, the Telemark-VAnern zone

and the Bothnian zone; plus a weaker one called the Lappland zone (Fig. 1).

The western Norway seismicity belt is in northern Norway confined t8 the
coastal area while the epicenters become more dispersed south of 64°N. The
west coast area of Norway is relatively prominent seismically and also
geophysically (Husebye et al, 1975). Also, in-situ stress measurements
discussed by Ranalli and Chandler (1975) indicate a complex stress field
in this area. A characteristic feature here is that this zone is within
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the Caledonides and its strike direction is parallel to the folding axis,
this can be taken as evidence for the importance of remnant or locked-in
stresses from the above mountain folding period. Another feature is that
the epicenters are mainly confined to the coastal areas where the relief

is very pronounced due to the Tertiary oblique uplift (Torske, 1972), which
in turn may indicate additional loading stresses and/or zones of weakness.
A geologic boundary line of faults in this area has been suggested
(Holtedahl, 1933), although neither seismic profiles nor other geophysical
observations are confirmative in this respect.

The Telemark-Vdnern seismicity zone which represents a geographical
envelope of earthquake epicenters in this area is typified by graben
structures. The most prominent one is the Oslo Graben (for geological and
geophysical descriptions, see Oftedahl, 1960; Ramberg, 1975; and Aki et al,
1975) which is the northern chain in Stille's (1925) MitgelmeeS-Mj¢sen
zone. According to Lind (1971) the Lake Vittern area (58°N, 15°E) is a
minor graben, while graben-like structures are also hypothesized in the
Lake Vanern area (I. Ramberg, personal communication). A slight cluster-
ing of epicenters can be found around these graben structures, pointing
towards a causal connection between these structures and earthquake oc-
currence, possibly through release of locked-in stresses. An alternative
explanation is, however, that the orientation of the Telemark-Vanern
belt is in fact tectonically significant.

The Bothnian seismicity belt, parallel to the Caledonian folding axis,
goes from Lake Vattern to the northern end of the Gulf of Bothnia. The
latter area has the most pronounced earthquake activity, and there may be a
correlation between the relatively strong glacial uplift and the earthquake
occurrence in this particular area (Kjellédn, 1903; B&th, 1953). Also, this
zone is characterized by block faulting (I. Ramberg, personal communication).

. The Lappland seismicity zone is only weakly defined by the data avail-
able to us, but a series of earthquakes in 1973/74 was entirely within

this zone (Porkka and Korhonen, 1975). It should also be noted this area
always has been thinly settled, so the macroseismic information available
would necessarily be scarce. Geophysical evidence in support of this zone
is the pronounced Malangen-White Sea lineament based on Nimbus satellite
imagery data (Tuominen et al, 1973) and the change in orientation towards

a NS-direction of the in-situ stress measurements (Ranalli and Chandler,
1975).

The above seismic zones account for most of the seismic activity in
Fennoscandia during the last five hundred years. The seismic activity is
typical for intraplate earthquake occurrence, by neither exhibiting a
too clear spatial zoning nor an obvious correlation with geological
and geophysical information pertinent to the area. The likely reason for
this is that Fennoscandia has been through several tectonic cycles, which
in turn is reflected in the present complex stress distribution. Conse-
quently, an improved understanding of the on-going seismic activity here
and at the same time a better assessment of dominant stress sources re-
quires more in-situ stress measurements. Equally important would be focal
mechanism solutions for earthquakes occurring within Fennoscandia.
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Probability model for peak ground accelerations in Sweden
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Summarx

From the statistical distribution of the earthquakes, estimated
from observations, and from a relation between peak ground
acceleration, earthquake magnitude and distance between site

and hypocenter, the probabilities of exceeding given accelerations
at the site can be computed. A conservative method of estimating
the earthquake distribution around the site is discussed. The
method is used to estimate the probable ground accelerations in
the three biggest cities Stockhom, Gothenburg and Maims. The
computations show that the rare earthquakes having M>6, are the
major contributors to the seismic risk.

1. Introduction

In this paper we present and apply a simple but general method of estimating the seismic
risk in terms of probability of having peak ground accelerations exceeding a given level,
or, equivalently, the accelerations that will be exceeded with a given probability.

In most low seismicity areas, as in Sweden, very little is known about the earthquake
processes. The data, especially concerning the large and rare earthquakes, is often

very meagre. At the same time these large earthquakes are important for the risk
analysis. This means that the estimated probabilities will necessarily be uncertain.

We want however to show how a straight forward probability computation works in a case
study based on available knowledge of the earthquakes and of the wave propagation of

the area. We will look at the seismic risk at three sites Stockholm, Gothenburg and
Malmo, the three biggest cities in Sweden. In figure 1 we show the location of the sites

together with the epicenters of observed earthquakes in Scandinavia during the period
1891-1950 (Bath, 1956).

-27-



2. Methods

2.1 The principle

We assume a very simple earthquake model where the earthquakes are completely described
by 5 parameters, their epicenters (2 parameters), depths, magnitudes and times of
occurrence. Furthermore we assume that the peak ground acceleration at the site due

to a given earthquake is a function of only the earthquake magnitude and hypocentral
distance from the surface site. If the function relating acceleration to magnitude and
hypocentral distance is known together with the Jjoint statistical distribution of the
earthquake parameters the probability ofexceeding an acceleration a_ can be directly
computed. This is done by integrating the joint frequency function ofer the volume of
the 5-dimensional earthquake space containing the earthquakes giving acceleration
greater than a_ at the site. This volume is determined by the acceleration a_, the
relation betwe&n acceleration, magnitude and hypocentral distance and the tife period
we are talking about when discussing probability. The main problem with the method is

the estimation of the earthquake distribution and the acceleration dependence on magni-
tude and distance.

2.2 Acceleration as a function of distance and magnitude

No relations between ground acceleration, distance and magnitude in Scandinavia have
been published. Furthermore not one acceleration measurement in the epicentral area

of a Scandinavian earthquake has been made. We thus have to rely on theoretical con-
siderations and results from other regions. We have calculated the distance dependence
for SH-waves using a crust model chosen in agreement with profile studies (Vogel, 1971)
by a method outlined by Bullen (1963). The result is ‘shown in figure 2. Note that the
distance used is the hypocentral distance as then the same curve can be used for all
source depths with good approximation.

As the definition of the magnitudes of the Scandinavian earthquakes introduced by
B&th (1953) based on macroseismic observations roughly coincides with the Richter

magnitude, we decided to use the magnitude dependence found by Guthenberg and
Richter (1956)

log a = C+ 0.81M - 0.027M2
where C is a constant.

This relation defines together with the distance dependence of figure 2 the variation
of the ground acceleration due to distance and magnitude.

The level of our acceleration function remains to be determined, that means the value
of the constant C. As the large earthquakes are the major contributors to the seismic
risks we want to determine the constant from observations of a large Scandinavian earth-
quake (M>6). Due to the lack of direct acceleration measurements we have to use macro-
seismic observations. The observations of the large 1904 earthquake, M = 6.5 (Bath
1956), have been reported by Svedmark (1908). Estimating the modified Mercally
intensity on bedrock from the reports and making use of the correlations between
modified Mercalli intensity and peak ground acceleration found by Trifunac and Brady
(1975) we can estimate the constant C. By this procedure we get the resulting function
relating acceleration to magnitude and distance to fit the macroseismic observations of
the largest shock for at least two hundred years, the 1904 earthquake. In figure 3 we

have plotted the resulting relation between magnitude and distance for some bedrock
acceleration levels.
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Figure 1. The epicenters of the earthquakes 1891-1950 based on macroseismic
observations. The three sites for which the seismic risks have been
calculated and the epicenter of the M=6.5 event of 1904 are also shown.
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Figure 2. The theoretically achieved distance dependence of SH-waves using a -

Scandinavian crust and upper mantle model.
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Figure 3. The relation between peak acceleration on bedrock, magnitude and
hypocentral distance used in the calculations.
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Figure 4. The resulting observed mean number of earthquakes , N, greater than M
per year and square kilometer around the Stockholm site. For each magnitude

value the points in the figure represent the highest value found for any
radius around Stockholm assuming uniform distribution within the circle.
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2.3 The earthquake distribution

The earthquake distribution is for M< estimated from the data by Bath (1956) covering

the period 1891-1950 and for M>6 estimated from earthquakes observed during the period
1650-1975.

We assume epicenter, depth, magnitude and time of appearance to be independent variables.
We can thus discuss these parameters one at the time.

Then we make the assumption that the distribution in time is a Poisson distribution with
different mean value for different magnitudes.

The epicenter distribution is very essential when discussing seismic risks. For the
sites discussed here we decided to use the following conservative estimate: Calculate
for circles of different radius centered at the site the number of earthquakes with
magnitude greater than M per year and square kilometer within the circle by using the
earthquake catalogue. Take the highest value found for any radius less than 600 km and
let this value represent the epicenter distribution around the site. This means that we
assume a uniform epicenter distribution around the site. If we have no linear or point
clustering close to the site this surely gives a conservative estimate. Note that for
different magnitudes we can get different radii of the circles. In figure 4 we have

plotted the resulting numbers of observed earthquakes per year and square km for different
magnitudes around Stockholm.

As the earthquake data are based on macroseismically observed earthquakes, the non
uniform population distribution means that small earthquakes may pass unobserved. In
the calculations we want the acutal number of earthquakes and not only the observed
number. This is achieved by taking the detection probability for the different magni-
tudes into account. Figure 5 shows the detection probability function used in the
calculations. As the small magnitude earthquakes contribute very little to the seismic
risk the results are very insensitive to variation of the curve of figure 5.

Finally we need the depth distribution. No depth determination based on close recordings
have been made in Sweden. By using the macroseismic data of the earthquakes 1891-1950,
the maximum intensity and the radius of perceptibility, together with the distance
attenuation of figure 2 and the assumption that three intensity levels correspond to

a factor 10 in acceleration (Trifunac and Brady, 1975) we estimated the depths of the
earthquakes within 600 km of the site Stockholm. See figure 6. The calculations were
made for two values of the rather uncertain value of I., the intensity Timit of percep-

tion. In the figure we have also marked the uniform diltribution between zero and 36 km
depth used in the calculations.

2.4 The computations

As we for each magnitude assume a uniform distribution within the crust around the site
the probability calculations are very simple. When calculating the probability of
exceeding the acceleration value a_ at the site we determine for each magnitude M.

the volume of the upper 36 km of tRe crust within which the earthquake must be lolated
to exceed a  at the site, This volume multiplied by the number of earthquakes per year
and volume Unit gives then the number n. of magnitude M. earthquakes per year exceeding
a . By summing the contributions from all magnitudes up to the assumed largest possible
egrthquake (in our case M = 6.8) we get the total number n of earthquakes per year
exceeding a_ at the site. As we assume the earthquakes to be Poisson distributed in

time the p?obabi]ity per year, p, of having one or more earthquakes giving acceleration

3, is given by

p=1-¢",
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3. Results and discussion

The resulting relations between peak ground acceleration and the probability per year
to exceed that acceleration is shown in figure 7. It turns out by the computations that
the large earthquakes (M>6) are the major contributors to the seismic risks. For

instance at Stockholm 80% of the probability of having 0.1 g peak acceleration is due
to shocks of magnitude above 6.0.

The much higher risk level at Gothenburg is mainly due to that site”s smaller distance
to the 1904 earthquake with M = 6.5. The difference between Malmé and Stockholm is
very much dependent on the M = 4.5 earthquake within some 40 km of Malmg in 1930.

The three relations of figure 7 are conservative estimates at each site. As a consequence
of the conservativity these three relations can not be realistic at the same time. This
is so.becquse we make different assumptions about the epicenter distribution of the

However this inconsistency means that in general if one wants the probability of having
a certain acceleration at any of several sites one have to make new estimates of the

epicenter distribution and go through the computations to get consistency and a
reasonable estimate of the probability.
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The UK approach to hazard assessment
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Summarz

This approach takes account of the limitation of total
magnitude range for UK events, as revealed by Gumbel's Third
Distribution, and derives an estimate of the combination of
magnitude and distance which is most likely to produce any
given value of intensity. It thereby avoids some of the
problems of defining real hazards in terms of historical
intensity, and of extrapolation to very long return periods.

’

The earthquake history of the United Kingdom since AD1800 has been processed
(Lilwall 1976) to yield a map of earthquake epicentres, a map showing the estimated
maximum intensities in the period under review, and a map of the maximum intensity to be
expected over a 200-year return period. These maps show limited areas of relatively
high activity which closely represent. maxima of short-term hazard, but it is not clear
how far the distribution of epicentres over the rest of the country can be linked to
permanently active tectonic regions as compared with strain release distributed at
random. In particular, it is not possible to say whether the areas which have suffered
the least disturbance since 1800 are the ones which can be expected to remain aseismic
in the future, or whether they are the ones in which the largest earthquakes are to be
expected when release eventually takes place. The fact that two of the largest earth-

quakes on record have occurred in comparatively inactive areas tend to support the latter
hypothesis.

The subsequent approach has therefore been to concentrate long-term statistical
analysis on the whole history of background seismicity, regarded as a single population,
by fitting the parameters of Gumbel's third distribution, (Gumbel 1958). In this
approach, P is the probability that the largest known value of a parameter A is not
exceeded in a time interval T. The observed extremes of A within each sampling interval
are ranked in increasing order of magnitude, and the value of P for the jth sampie is
given by

P(Aj) = j/(N+1)

where N is the total number of samples. Gumbel's theory then yields
K
W-A
P = exp |- w=u
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where W,K and U are constants to be found from the distribution. In particular, we
see that W is the limiting value of A.

On the assumption that the Gumbel distribution could represent the parameter P for
the land area of Britain, Lilwall found W =5.75 as the limiting value of m_and calculated

annual probabilities for events of lower magnitude within an epicentral distance d as
follows:-

m % 4.0 P =4 x 10 %42
m 4.5 P =2 x 10 %°?
m % 5.0 P=7x10 42
m 5.5 P=5x 10 842

Clearly, the expectation of an event near the limiting value of m becomes highly unstable.

Lilwall used the relationship
I= -2.5+ 3.1mb - 1.9logeD

to define the intensity in terms of a modified hypocentral distance D, where

D2 - h2 . d2 . k2,
h is the focal depth and k is an empirical factor (introduced by Esteva, 1967) which can
allow for the lateral extent of the focal region. Eliminating D2 for any given value
of k, we can plot the annual probability of occurrence against earthquake magnitude m
for any given value of I. Preliminary results are plotted in Fig 1.

If we assume that an earthquake of any magnitude can be represented by a point
focus at the surface, we find that the curves all peak for a value of m_of about 5.1.
If the earthquakes are taken to have an average depth and extent for which h2 + k2 = 500
the probabilities of experiencing all intensities are depressed, and maximum hazards,
particularly for higher values of intensity, occur for somewhat larger magnitudes.

The method is cléarly extensible to other spatial distributions of earthquake foci.
It has the advantage of transferring dependence to some extent from the exact definition
of the concept of Intensity towards the situation in which an earthquake of given
magnitude can be adopted as the one most likely to cause damage. This provides a
relevant criterion for the selection of an appropriate strong-motion seismogram, to
which techniques of spectral analysis in relation to resistance of proposed structures
can be applied. In so far as the highest intensities are most likely to arise from

source tends to zero.

This work has been supported by the Natural Environment Research Council of the

United Kingdom and is published by permission of the Director of the Institute of
Geological Sciences.
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First draft of an earthquake zoning map of Northwest-

Germany, Belgium, Luxemburg and the Netherlands

L. AHORNER, J.A. FLICK, J.M. VAN GILS, G. HOUTGAST, A.R. RITSEMA

Erdbebenstation, Bensberg, Germany

Laboratoire Souterrain de Géodynamique, Luxembourg
Observatoire Royal, Uccle, Belgium

K.N.M.I., De Bilt, Netherlands

Since several years seismological agencies are asked by national governments as well
as by building contractors, to provide the seismic parameters of importance for the
consideration of the safety of nuclear power plants. The answer to such requests involves
a detailed study of historical events, of present-day records, of the tectonic environ-
ment and of the ground conditions, apart from the relevant theoretical background
necessary for a correct interpretation of these data in terms of risk.

Seismic effects are tied to the regional seismo-tectonic system, which is not
confined to areas within or outside national borders. This is the reason that, especially
in the region concerned, international co-operation is a necessity. The realization of
this need, in the course of 1975, led to successive work-meetings of the authors in
Heerlen (Netherlands), Uccle (Belgium) and Bensberg (Germany) in order to reach homo-
geneity of the basic materials of the different countries. At these work-meetings the
methods used were discussed, national catalogues were compared and brought into agree-
ment, and uniformity in the presentation of micro- and macro-seismic data was established.

From earlier and present work it has become clear that the seismic activity in the
region is localized along two main axes: one pointing to the West through Belgium near
the Northern edge of the old Cambrian Brabant massif, and the other one in Northwest
direction into the Netherlands following the tectonic graben of the river Roer. At the

intersection of these two zones along the Northern edges of the Eiffel massif in Western
Germany the seismicity is greatest.

As a conclusion of this joint study the construction and compilation of a series of
seismic maps (scale 1:1.000.000), covering the domain inside of 49°N to 54N and 1°E to
10°E, and an earthquake catalogue for the region are planned. The accompanying figure
is a first draft of a seismic zoning map, giving an insight in the maximal intensity
(MMS scale) that at any locality of the region may be reached. Apart from the known
seismic data this map is also based upon the local trend and intensity of tectonic
structures. Ground conditions have not been considered, which means that for any site

in the region additional local studies have to be executed before a complete risk
evaluation is possible.
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It is the intention to produce the following types of maps:

5.

epicenter map of known earthquakes in the period 1500-1975 of magnitude m > U,
with an indication of magnitude and accuracy of location;

map of observed maximal intensities (MMS scale);

tectonic map vith Quaternary (and Tertiary) faults, depth of base Pleistocene
and outcrop of Paleozoic basement;

map of expected maximal intensities (MMS scale V-VIII) based on historical
seismicity and tectonic structure (= seismic zoning map); and

map of recurrence periods or annual probabilities.

The catalogue will comprise the known earthquakes of the region with magnitude > 33
and/or intensity 2> V for the period 1500-1975.

An explanatory guide will be joined to maps and catalogue.
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SEISMIC ZONING MAP OF NORTHWEST-GERMANY, BELGIUM, LUXEMBOURG
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Probability distribution of earthquake accelerstions for

sites in Western Germany

L. AHORNER and W. ROSENHAUER

Erdbebenstation Universitidt K5ln, Bensberg

Abstract

Based on the observed earthquake activity in the period of 1750-1970 and the distri-
bution of neotectonic structural activity (Ahorner 1970, 1975) a regional seismicity model
has been established to calculate the earthquake risk for sites in Western Germany and the
adjoining regions of Belgium, Luxembourg and the Netherlands by a computer progrem.

The calculation procedure makes use of Gumbel's extreme value theory (Gumbel 1967)
and gives the recurrence intervals of various earthquake magnitudes for finite volume
elements of seismoactive regions and, in interdependence herewith, the probability
distribution of earthquake accelerations at the earth surface as a function of distance
from the entirety of finite focal volumes.

Numerical calculations were made for more tham 220 sites distributed regularly over
an area of 160 000 square km. From the results, earthquake risk maps have been drawn,

which give isolines of annual probabilities for earthquake accelerations higher than 100
and 300 cm/s2 (Fig. 1).

The highest earthquake risk has been found in the western part of the Lower Rhine
graben between KG1ln and Aachen, where two seismoactive zones, the Rhenish and Belgian

earthquake zones, are intersecting. The probabilities for exceeding a distinct earthquake
acceleration b near this intersection point are:

v

W (b2 100 em/s2) = 4,0 x 1073 per year
W (b 2 200 em/s2) = 5,8 x 10" per year
W (b > 300 cm/s2) = 1,4 x 107" per year

v

These results are in good agreement with more qualitative seismological concepts
about earthquake risk which have been used up to now (Ahorner, Murawski & Schneider 1970,
Ahorner, Flick, Van Gils, Houtgast & Ritsema 1975).

In spite of considerable uncertainties, which have been calculated numerically by
Monte-Carlo simulation using random numbers, the presented methods and results will help
to improve the earthquake risk analysis in regions with minor seismicity such as Central
Europe on a consistent basis and will make possible comparisons with other risks.

The complete paper is in press in "Journal of Geophysics - Zeitschrift fir Geophysik" »
Vol. 41: 581-594, Ahorner & Rosenhauer 1975.
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SEISMIC RISK MAPS OF SWITZERLAND
Description of the Probabilistic Method and Discussion

of Some Input Parameters

D. Mayer-Rosa
Schweizerischer Erdbebendienst,E.T.H. Zirich

and

H.A. Merz

Basler + Hofmann, Ziirich

Summary

The probabilistic model used in a seismic risk mapping
project for Switzerland is presented. Some of its advantages
and limitations are spelled out. In addition some earthquake
parameters which should be carefully investigated before
using them in a seismic risk analysis are discussed.

A probabilistic model for a seismic risk analysis

There is no doubt that the effects of potential earthquakes must be incorporatedin
the design of nuclear power plants. However, designing for earthquakes can be costly,
and earthquakes are but one of the external hazards that have to be considered. The

crucial question is, for which parameters values of an earthquake loading a particular
plant should be designed.

A general design philosophy of choosing the largest possible or credible event as
a design-basis is often impossible and rarely feasible. A balanced design strategy for
all potential hazards should take into consideration the probabilities of various load
levels, their effects on the plant and also the cost for protection. In such a strategy
the optimal decision on the design value is always coupled with a decision on an accept-
able probability, that this value will be reached or exceeded during the life-time of

the plant. It should be clear, that such an approach is the only rational one, when dea-
ling with loads of probabilistic nature.

If earthquakes are accepted as more or less random events, both with respect to
time, location and size, then the effects of earthquakes at a particular site are of pro-
pabilistic nature. Methods which assign a "probable maximum" or a "maximum cre-
dible' earthquake to a particular site do not account for this probabilistic nature and
therefore cannot be used in a balanced design strategy. A seismic risk analysis as des-
cribed later offers the opportunity to assign probability values to each earthquake-
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intensity, for example, at a site, and has successfully been applied to single. sites of
proposed nuclear power plants.

An over-all seismic risk mapping project, using such a probabilistic seismic risk
analysis, has been started a few months ago in Switzerland. Results, which cannot be

expected before the end of 1976, will be in the form of different maps for different pro-
pabilities showing intensity isolines.

The purpose of seismic risk analysis is to establish a relationship between earth-
quake or ground motion parameters and a probability of occurrence for a specified
time period at a particular site. In contrast to approaches of deterministic nature this
kind of seismic risk analysis only yields a probability distribution for an earthquake
intensity, for example, at a site and not a final design value. The latter has to be deter-

mined on the basis of an acceptable probability on which the regulatory authorities have
to decide.

Seismic risk analysis must not be considered as an earthquake forecasting tool,
but as a statistical evaluation and modelling of the observed earthquake history of a
region and the observed relationships between various parameters. It allows to extra-
polate the observations from a limited time period (say 200 - 1000 years) to time pe-
riods relevant for safety purposes (say 10000 - 20 000 years) by assuming that the past
is representative for the future. Considering the time periods of tectonic and geologic
changes, this assumption seems not to be unreasonable. But it has to be pointed out,
that this method cannot account for instance for sudden changes in the seismic activity
of a region in the near future, when this region has been relatively quiet in the past.

The probabilistic model used here is in many respects a simplification of the actu-
ally observed behavior.It is primarily tied to the needs of engineers, whose interest
usually focusses on the larger earthquakes. In this respect the model has been checked
against real data and a reasonable fit has been observed. For more scientific use, how-
ever, the applicability has to be checked for each case.

The mathematics of the probabilistic model are described in detail in several pa-
pers by Cornell and Merz and others. It can shortly be summarzed as follows ( see Fi-
gure 1). The region surrounding a site is divided into seismotectonic provinces. For
computational reasons each province is again divided into a grid of smaller areas for
which a constant distance to the site can be assumed. In a first step the probability is
computed that an earthquake of particular intensity occurs in one of the small areas.
For the occurrence of earthquakes in time a Poisson-model is used, which assumes
independence between succeeding events and a constant average rate of occurrence.
Even though the Poisson-model contradicts for instance the elastic (strain) rebound
theory, it is an acceptable model for earthquakes of engineering interest (say Inten-
sity V and larger). The probability distribution of the earthquake intensity is derived
from the Gutenberg-Richter relationship between intensities and their frequency of
occurrence, or similar relationships. Since indefinitely lare earthquakes are physi-
cally not possible, the probability distribution is truncated at an upper bound, which
should reflect the largest earthquake, a seismotectonic province is able to produce. Of
course, all parameters in this step can vary from province to province,

In a second step the probability distribution of the earthquake intensities at the site
produced by the earthquake, assumed in the first step, are computed. A correlation
between epicentral intensity or ground motion parameters and epicentral distance is
used as transfer-function. Thereby an attenuation - correlation instead of a function
seems to be more appropriate due to the considerable scatter of the observed data.
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The seismic risk is finally obtained by integrating over all earthquake intensities
and all areas. The results yield a smooth relationship between intensity and probabi-
lity of occurrence, and are in the form of a type I extreme value distribution.

The seismic risk calculated by such a method is influenced by a number of para-
meters and parameter relationships, whose values and forms are known with various
degrees of certainty. A change in the values of critical parameters can easily change
the risk values in a significant way. So, the major problem of such an analysis is pri-
marily not the statistical model, but the right choise of input-parameters. The diffi-
culties can best be illustrated by picking out some special problems which are of more
seismological nature.

Discussion of some earthquake parameters

Of the great numbers of earthquake parameters, magnitude, intensity, peak-accel-
eration, -velocity and -displacement are used most frequently to establish quantitative
relationships between the "size'' of an earthquake and its "destructiveness'' at a certain
site. The problem is that the seismologically determined measures for the size or ener-
gy-release of an earthquake (like magnitude or intensity) cannot be used directely by
engineers for design-purposes. On the other hand, peak values are well defined in en-
gineering practice, but very often only weakly dependent on magnitude or intensity,
€.g.. Some special problems in this respect will be discussed later in this paper, It
also can be put to question, if peak values - especially the most widely used peak
acceleration - are indeed a relevant measure for the destructiveness of an earthquake.
Despite the fact, that earthquake intensity is a qualitative and subjective measure, it
probably is best related to what engineers want to know about the destructiveness of an
earthquake. It also is the only information about historical events and therefore must
play a central role in seismic risk evaluations which should take into account seismo-
logical earthquake-data of the past. In Switzerland a program is currently under way
to compile all available data about historic earthquakes. Because of the basic diffi-
culties and uncertainties, as described above, it was decided, that the first set of seis-
mic risk maps will display the seismic risk in the most unchanged way,namely inten-
sities versus probability of occurrence for a specified time-periode. It seems not to
be advisable to convert intensities beforehand into other parameters. Conversion-in-
accuracies and personal judgement would then be involved, without increasing the re-
liability of the data.

A cross check between relationships using magnitudes and intensities is inevitable
as soon as instrumental data are available for recent times. In any case, the basic
maps should show the original data interpreted as little as possible. From these maps,
conversions into engineering parameters must be done.

From the engineering point of view, the peak acceleration is still the most useful
ground-motion parameter. Besides that (or better because of that) most strong motion
instruments produce accelerograms. Relationships between peak-acceleration and mag-
nitude as well as intensities were investigated by many authors. In general they show
great scatter and rather unclear correlation with ground-properties. Nevertheless a
number of systematic relations could be derived for distances greater than several
tenths of kilometers from the source. (Page etal 1975, Donovan 1973, Coulter etal 1973
Trifunac et al 1975). Despite of this , the question is still open, if peak acceleration
is a characteristic value for the intensity of an earthquake. It seems to be more reason-
able to relate it to the magnitude, since the definition of the latter is also based on ma-
ximum values of the amplitude in a seismogram. For design procedures, the maximum
acceleration should probably better be taken merely as a sort of "'anchor-value" for the
calculation of response-spectra. Ground motion parameters, which are more repre-
sentative in these respects, are the peak-particle velocity and the duration of shaking,
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or a combination of both.

Within the seismic engineering literature, no single measure of duration of shak-
ing is in common usage and discussion . A crude but useful measure of duration is the
time interval between the first and last peaks equal or greater than .05 g on the acce-
lerogram (see Figure 2). This measure roughly corresponds to the intense or strong
phase of shaking witnessed close to an epicenter during moderate sized earthquakes
and defines one time-interval during which significant damage results from shaking.
Duration usually increases with magnitude and decreases with distance. The dependence
of duration on magnitude reflects the increase in fault-length with magnitude and the
finite velocity of rupture-propagation. Relationships between earthquake intensity and
duration seems to be a very useful one and should be investigated in detail, even, if
we don't fully understand at the moment the meaning in terms of engineering application.

Another problem in seismic risk calculations is connected with the determination
of the "'maximum magnitude or intensity'', which a region or province is capable to pro-
duce. This value has an important influence on the calculation of extreme values with
very low probability of occurrence, for example 10-4 / year, as currently proposed for
nuclear power plants in Switzerland. Different approaches seem to be possible, two of
them are depicted in Figure 3. A bi-linear fit was adopted by the authors in a seismic
risk study for Nicaragua, and a Gaussian fit was apparently more appropriate for the
Central California-data displayed, also because of is lower trend at higher magnitudes.

The "maximum values" of magnitude are derived by more or less arbitrary trun-
cation of the curves. A probably more reasonable approach to this problem must take
into account (also) geophysical and seismotectonic considerations and depends not di-
rectly on the largest experienced event in the past. Correlation of the dimensions of
crustalblocks, which behave tectonically uniform and a careful study of the active faults
of the area and their possible extension should give an idea about the maximum possible
length of a source and hence the maximum possible magnitude. Successful pattern-re-
cognition studies, as shown by Press and Keilis-Borok, also should give an independent
estimate on the maximum possible earthquake of an area.

Another problem, which should be addressed here, concerns strong motion data
in the nearfield of an earthquake. Figure 4 shows the maximum peak accelerations for
a distance of about 10 km from the causing fault as a function of magnitude. Vertical
lines, connecting two or more symbols denote multiple observations of the same earth-
quake. Prominent earthquakes are indicated, also included are very recent data of the
Oroville-earthquakes in Northern California. The figure shows, that peak ground acce-
lerations at a distance of about 10 km are only weakly dependent on magnitude. Much,
if not all of the observed dependence on magnitude can be attributed after Hanks (pers.
comm.) to the effects of faulting duration, anelastic attenuation and instrumental re-
sponse,

Most of the accelerograms used for the study in Figure 4 are recorded by accelero-
meters which have a frequency-range of up to about 25 Hz. It should be clear, that these
nearfield data do not contradict the empirical relations between peak-acceleration and
larger distances as found by many investigators. The new data merely show, that extra-
polation of such curves, into the nearfield of earthquakes should be avoided without
measured data. Following the implications of Figure 4 it is not advisable to calculate
seismic risk in the nearfield of a possible earthquake source only on the basis of peak
acceleration as a design value.
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. servations for the same event.

& = 2 kbar is an estimate of
the maximum shear stress
differences likely to be sus-
tained by active fault zones
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(see Hanks, in press)
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On the Principles of the Determination of the Safe Shut-Down Earthquake

for Nuclear Power Plants in Austria

J. DRIMMEL

Zentralanstalt flir Meteorologie und Geodynamik, Wien

Summarz

At present no legal guiding lines exist in Austria for the
determination of the Safe Shut-Down Earthquake. According to ex-
perience the present requirements on the site of a nuclear power
plant are the following oness

It must be free of marked tectonic faults and it must never
have been situated within the epicentral region of a strong earth-
quake. — The maximum earthquake to be expected, and the Safe Shut-
Down Earthquake respectively, are fixed by the aid of a map of
frequency of strong earthquakes and a map of extreme earthquake
intensities in Austria, based on macroseismic data since 1201 A.D.
The corresponding values of acceleration will be prescribed ac-
cording to the state of science, but must at least be 0.10g for

the horizontal and 0.05g for the vertical component of accelera-
tion at the basement.

At present in Austria no legal guiding lines exist for the determination of the
Safe Shut-Down Earthquake for nuclear power plants, but there are principles of proceed-
ing which are followed by the people concerned with this problem. According to my expe-

rience as an official expert concerning earthquakes I am able to tell about this subject
the following:

The site of a nuclear power plant in Austria must be free of marked tectonic faults
and it must never have been situated within the epicentral region of a strong earthquake,
i.e., an earth e with an epicentral intensity of at least 6° according to MEDVEDEV-

SPONHEUER-KA. . Systems and components important to safety must not be founded in Allu-
vium,

The maximum earthquake to be expected at the site, and the Safe Shut-Down Earth—
quake respectively, are fixed by the aid of a map of frequency of strong earthquakes in
Austria and a map of extreme earthquake intensities, with regard of the seismotectonic
structure. These maps framed by DRIMMEL and GANGL (presented on the occasion of the EGS-
Meeting at Ziirich, 1973) and revised by DRIMMEL are basing on sound macroseismic data
since 1201 A.D., which were treated essentially and published by TOPERCZER and TRAPP
(see TOPERCZER and TRAPP 1950, TRAPP 1961 and 1973). To consider the earthquake activ-

-53-



wyon o8 09 0 @ oo

o€l oll oll J.0

0Z'0l1'S'SZ’'I=N sauljos
"MSW o9 =1
Yim sxooys 103 N Aouanbaiy

SL6l - 1021 Powuad ay; Jo; DIDP
JWSIIS0IODW YIIM II2UDPIOIID Ul
W 00§ PUD SiDak pgo) 03 patjddo
VIdISAV NI SINVNOHLNV3I
ONOYIS 40 AIN3INOINS : 161y

_ |
. . ] ot 7] R

-54-



oSl

wy 004

08 09

0.0

i

0y 02

o Sl

o¥l

ofl ol oll

30!

MSW.0L> S MSW .6 [EH
MSW 6 >1 s3SW .8 [l
MSW.8 >1SHSW.. B
MSWel >1SHSW 9 [1:1]
SL6L-10Z1 Pouad ay; o)

M e
% ~,
~7 .f(ij - Buipi023p dow pazipisulg
o zvfwnhx VINISOV NI S3ILISNIINI
INVNOHLIYVI 3IWIYIX3 : 2 by
] o9l 6 e T, X

Foll

o9l

-55-



ity and its effects in the confines, too, macroseismic material of our neighbouring coun-
tries was also used.

As shown by the map of frequenoy of strong earthquakes in Austria (see fig. 1), the
highest earthquake activity is concentrated as well to the region of Innsbruck as to the
zone striking from the Vienna Basin to the Semmering Pass and along the valleys of the
river Mirz and Mur. All the earthquakes ocouring there have their foci within the upper
crust. - In the Innsbruck area (47.3'!, 11.4°E) there are 21 autochthon strong earth-
quakes applied to 1000 years and 500 km? and in the sowthern Vienna Basin as well as in
the Miirz valley there are thirteen each. It is true, the strongest Austrian earthquakes
1ill now ocoured outside the regions with the maximum seismic activity, namely near
Villach (46.6°N, 13.8°E), where in 1348 and 1690 destructive shocks with a magnitude
M = 6 or more demanded major victims. - In Austria within 10 years on an average one
earthquake with an epicentral intensity of at least 7° MSK and in the same period five
earthquakes with an intensity of 6° MSK and more occur (see DRINNEL et al. 1971).

The generalized map of extreme earthquake intensities in Austria shows clearly (see
fig., 2) that the highest earthquake intensities, namely 9 to 10° MSK, occured in the re-
gion of Villach (46.6'N‘ 13.8'E2 while intensities of 8° MSK and more were observed on-—
ly at Neulengbach (48.2°N, 15.9°E) near Vienna, in the southerh Vienna Basin, in the
Mirz valley, near Murau (47.1°N, 14.2°E) and in the Innsbruck area (47.3°N, 11.4°E). -
At the preparation of this map the shape and the extent of the shaken areas of histo-
rical earthquakes were estimated carefully by the aid of experiences collected by Aus—
trian scientists within the last ocentury in the East Alpine region.

Thue the Safe Shut-Down Earthquake for muclear power plants and the maximum scale
intensity are fixed conservatively by the aid of the two maps showed, and the correspond-
ing values of the maximum ground acceleration will be prescribed according to the state
of science, but must at least be 0.10g for the horizontal and 0.05g for the vertical
component of acceleration at the basement. These lower threshold values result from the
fact that in Upper Austria - aside of the known zones with strong earthquakes - in 1967
and 1972 unexpectedly the first strong earthquakes in the history of Upper Austria oc-
cured (see DRIMMEL and TRAPP 1975), which came up to an intensity of about 6.75° Msk. By
means of the introduction of the mentioned minimum values of the ground acceleration
harmful effects of unexpected shocks will be prevented.

The type of design response spectra and the envelopes of the temporal progress of
the acceleration amplitudes will be determined in such a way that they are adequate both
to the stratification of the subsoil and to the epicentral distance of the supposed Safe
Shut-Down Earthquake.

The arrangements recommended to protect the environment against endangering by
power plants as a consequence of earthquakes will be accepted as a rule without modifi-

cation by the authority for radiologiocal protection and prescribed obligatory to the
power plant companies.
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Risk analysis against earthquake damage

on a seismotectonic basisg

G. SCHNEIDER

Institute of Geophysics, Stuttgart, Germany

!hnnnngz

Engineering calculations against future probable earth-
quake hazards have to be based on a sufficient large number
of seismic spectra or time functions. The probable variations
of the used functions in the frequency or in the time domaine
should be estimated according to the seismicity and the seis-
motectonic situation of the area under study. First, the
intervall between the smallest event with technical relevan-
ce and the largest thinkable earthquake of the studied unit
has to be estimated. In a second step a certain number of va-
riations have to be chosen regarding fracture velocity and
stress drop as function in time and space distributed over
the focal area. Limits are given by the time intervall bet-
ween origin and stop time of the focal process.

Methods

"For time history calculations the seismotectonic parameters can only be used to form
a certain number of selective characteristics to choose from the existing ensamble of
strong-motion records such seismograms which can be considered as typical for a certain
site situation (SCHNEIDER, 1975). The advantages of working in the frequency domaine, if
one studies seismic wave phenomena, has been demonstrated extensively by St. MUELLER
(1962). Also important engineering methods are based on a frequency domaine input (re-

sponse model analysis, power spectra analysis considering energy dissipation inside the
structure).

Regular and izgggglgr patterns in seismotectonics

All geo-processes including meteorological and oceanographic phenomena are showing
a certain degree of conservative behavior in space and time. This tendency is increasing
with the viscosity of the material. The tectonic stress-strain field which may-be regar-
ded as causative for all kinds of tectonic deformations shows a long-time persistency al-
8o for geological time spans. ‘ .
If we regard especially the dislocations along existing faults having sufficient extension
to produce earthquake motions with effects felt on the Earth's surface then we have to
take into account irregular influences on the single different processes taking place
along a fracture zone. Two inhomogeneous blocks are dislocated in the same sense, rela-
tively to each-other, over long time intervalls (miRions of years). From this follows that
this process is irreversible. No situation will occur a second time. For the seismic
risk of a definite area these two contradictory characteristics have important consequen—
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Fig. 2: Schematic seismic focal spectrum .
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cies: Events and their records observed in the past can only be representative with re-
gard to the "coarse" dimensions and parameters of the focal process: The small dimensio-
ned proporties will show a different character as soon as the neighboordhood conditions of
the blocks are changing (Fig. 1). Since rheological conditions along the fault-surface

are controlling stress accumulation, stress drop, critical value of stress before a dis-
location event and the fracture velocity we can observe inside the same area creep phases
or high velocity ruptures with radiation of seismic waves. At the same Mg-level we can
find "blue" and "red" quakes if we compare the high frequency - end of the spectrum (Fig.
4). The wandering of activity inside larger seismotectonic units and the changing Mb/Mg
proportions are demonstrating the possible range of variations.

Tectonic and seismotectonic research as well as studies on the seismicity in the past
will deliver us an estimation of the "coarse" and conservative parameters of a certain
area: distribution function of magnitudes (Mg) or seismic moments (Mo), the average dis-
location~ velocity by the moment-methods of BRUNE (1968) or from repeated geodetic measu-
rements (KUNTZ el al., 1970), radiation patterns and orientation of axes of principal
stress acting in the focal volume as deduced from fault-plane solutions and in-situ-stress
measurements (RITSEMA, 1960). For parameters as fracture velocity and stress drop we ha-
ve to assume a variation intervall inside the limits set by theory and experiment.

Seismic focal spectra

The different physical models describing the focal process, as published during the
last decades are showing in spite of important differences, some common features (AKI,
1967; BRUNE, 1970; RANDALL, 1973). If we take a look at a displacement focal spectrum
(Fig. 2) we are remarking the following important characteristics:

a. The static as well as the long-period part of the spectrum is controlled by the seis-
mic moment My = fL.Fo~do (M = shegr-modulus = 3.1011 dyn/cm?; F, = fracture area =
Lo-Wo = focal length.focal width; do = dislocation amount averaged over Fg). The ampli-
tudes are modulated by the radiation pattern Ro (Fig. 3) and diminuished by geometric
spreading (4;ceve3s)~1(¢ = density; vg = S-velocity; s = hypocentral distance).

b. The spectral intervall between Twc) and Twe2 is mainly influenced by the fracture
propagation in Lo or vk, direction (¥ o ™ vector of fracture velocity).

c. The high-frequency part (Tw & T wec2) forms the most interesting intervall since natu-
ral frequencies of normal buildings are situated here. The spectral behavior depends
on the build-up functions of the focal pulses when the fracture spreads in perpendicu-
lar direction related to the fracture velocity vector. The parameters mainly determi-
ning the build-up function are the focal width and the fracture velocity . Proposed

forms for the FOURIER-transform of build-up function can be taken, for example from
HASEGAWA (1974):

4
Lo =l (1 +aws2 7 o2)- h (n

To is related to rise~time of the source function, to‘dbl?po (SAVAGE, 1972). To demon-
strate the importance of fracture velocity, geometric spreading and absorption in the
near-field three exemples are given in Fig. 4. The lower part shows the schematic beha-
vior of the displacement focal spectra for two different hypocentral distances ( s = 5
and 10 km, respectively). The upper part shows the according aceeleration response spec-

tra for zero damping. The spectrum is compared by the different factors as described be-
fore (see also Fig. 2):

| A5l = A0.8o- [o. e (2)
Ao = Mo.Ro- (uc,v,3.g)"4 3)
® = £ (Lot Vg, , ) (4)

CFO =amunt of fracture velocity averaged over the time intervall between ori;}d time t,
and stop time for the source process. For a unilateral fracture it equals Lo/VFgy; b =
angle between Lo and the direction toward the observer. SAVAGE (1972) proposes for Bo:

@o - sin (WTo/2) /wTo/2, (5)
To = Lot(vs/é‘ro) - cos&]/v; (5a)
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Fig. 3: Radiation pattern for S-waves for different relation N /Lo = wave length/
focal length (above); horizontal strike slip and thrust fault (below left and
right, respectively). A thrust quake of the same magnitude Mg as a horizontal
strike slip motion, both having near-surface focus will cause a high damage

for a small area. The strike slip is showing a narrow pleistoseismic zone of
large extension and lower damage concentration.
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Fig. 4: 3 different response spectra for a seismotectonic situation as in Central
Europe (Mg = 5.5, My = 6.3-1024 dyn cm; vg = 3,4 km/sec; 3. 00;
Lo = 20 km; W, = 10 km). )
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T =¥ Lo/v¥,

For the factor an example is given in equation (1). To consider absorption a Q-value of
50 has been chosen for the near-field (HASEGAWA, 1974).

A comparison between the three examples of spectra in Fig. 4 should give a first impres-
sion how parameters, as fracture velocity in the source are influencing the high frequen-
cy part of the spectrum, Different assumptions about the size of average fracture velo-
city VF, , the form of §o and Lo will result in a variety of spectra for the same seis-
motectonic situation.

The assumptions made about the dynamic process are, of course, still very far from being
a realistic picture of the source. Egpecially the time-space behaviaor of fracture velo-
city will allow a much larger number of probable variations in source spectra and time
functions. We know that the fracture velocity has to be zero at the begin and the end of
the focal process. Inside this intervall a more or less strong modulation according to
the physical situation along the very fault-zone has to be assumed. Therefore one can
observe displacement spectra with different 8 "~decrease at the high end of the spectrum,

Variations of n ranging between 1 and 3 (SCHICK, 1970; STOCKL, 1975) have been observed
or derived from focal process theory.

New developments of source modells have to consider these shortecomings of the present
forms of source spectra, especially the variability of vp, in time and space, For con-
struction of artifical time spectra the study of phase spectra has to be considered.

Time dependent spectra are requested for power spectra analysis of buildings. Synthetic

spectra are a useful, but still poor beginning to produce a sufficient number of rea-
listic field spectra.

References

AKI, K., 1967: Scaling law of seismic spectrum.
Journ., Geophys. Res. 72, p. 1217 - 1231,

BRWNE, J.N., 1968: Seismic moment, seismicity, and rate of slip along major fault zones.
Journ. Geophys. Res. 713, p. 777 - 784,

BRUNE, J.N., 1970: Tectonic stress and the spectra of seismic shear waves from earth-
quakes. '

Journ. Geophys. Res. 75, p. 4997 - 5009,

HASEGAWA, H.S., 1974: Theoretical synthesis and analysis of strong motion spectra of
earthquakes.

Can. Geotechn. Journal 11, p. 278 - 297,

KUNTZ, E., MKLZER, H., SCHICK, R., 1970: Relative Krustenbewegungen im Bereich des Ober-
rheingrabens.

Graben Problems, International Upper Mantle Projekt, Scientific report No. 27,
E. Schweizerbart'sche Verlagsbuchhandlung (Nigele u. Obermiller), Stuttgart,
p. 170 - 177.

MUELLER, St., 1962: Systemtheoretische Synthese seismischer Ausbreitungsvorginge mit
normaler Dispersion.

Dissert. TH Stuttgart, 230 pp.

RANDALL, M.J.,'l973= The spectral theory of seismic sources.
Bull. Seism. Soc. Am. 63, p. 1133 - 1144,

-62-



RITSEMA, A.R., 1969: Seismo-tectonic implications of a review of European earthquake
mechanisms.

Geol. Rundschau 59, p. 36 - 56.

SAVAGE, J.C., 1972: Relation of corner frequency to fault dimensions.
Journ. Geophys. Res, 77, p. 3788 - 3795,

SCHICK, R., 1970: Untersuchungen {iber mégliche Zusammenhdnge zwischen Magnitude und
Herdldnge von Erdbeben.
Proc. of the 10 the Assembly of the ESC, Vol. II, Moskau, p. 10 - 19,

SCHNEIﬁER, G., 1975: Seismotectonic parameters as a basis for seismic risk evaluation.
Proc. Fifth Europ. Conf. Earthqu. Eng., 5 pp.

STOCKL, H., 1975: Personal commmication.

-63-



Contour mapping of seismic areas by numerical

filtering and geological implications

M. CAPUTO and D. POSTPISCHL

Istituto Nazionale di Geofisica, Roma

Istituto di Geofisica, Universitd di Bologna

Summary

A method is described that makes possible the
identification of the independent seismic units of a given
area.

The seismic information is treated as a bidimensional
signal disturbed by a certain background noise. The filtering
of this noise makes it possible to delineate the seismic
areas objectively and to draw their contours.

An indirect check on the method was made by the
estimating with respect to the various regions identified
the a and 8 parameters of the law
-8y

N = qa.e
y

which gives the number of earthquakes with magnitude
(intensity) greater than or equal to y; the B coefficients
are the same for all the rings of each seismic zone.

(Appearing in Annali ai Geofisica, vol. XXVII, N.3 - L4, 197k)
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Mechanical models of earthquakes and their statistics

M. CAPUTO

Istituto di Geofisica, Universitd di Bologna
Istituto Nazionale di Geofisica, Roma

Summary

From observed data we find that, for each magnitude
range M, M + M and for a given time interval sufficiently
long, the total area of the faults interested in the earth-
quakes is nearly independent of M. Then with elementary
models we tentatively treat the problem to determine the
density function of the number of earthquakes as function
of the magnitude and the density function, of the number
of faults which caused the earthquakes of a given area,
as function of the area and direction of the faults. We
find also that the log n(M) (n(M) number of earthquakes per
unit area and time in the range M, M + AM) is a linear
function for magnitudes M <M_ (where M is a critical
magnitude which can be determined both gxperimentally and
theoretically) and is concave upwards for M >'M°, with

a finite asymptotic value for Q_l&gﬁgiﬂl .

The theory is checked in general for the seismic
zones of Mediterranean area, Europe, the Middle East and
in more detail for the Appennines; in this case the
distribution function of the faults of this area as function
of the area and the value of Mo are estimated tentatively.

Introductipn

The brief discussion of the models presented in this note should be considered only
as the beginning of long research that the laboratory research and the observation of
natural phenomena suggest to begin since long. In other words, we should begin a
systematic and scientific treatment of the numerous data on earthquakes as it was done
for the perfect gas, for the atom and for other physical entities. The problem can be
set as follows: let 1 be the linear dimension of faults of area S, also let

W=w(1, xi) (1)
ﬁ = E (lg yi’ W) =E (ls xii yl) ) (2)
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be the energy stored in the elastic medium before the earthquake and that radiated as
elastic energy, where x. and y. are parameters which characterize the two energies. Let
also n(1l) be the number of faults of linear dimension in the range between 1 and 1 + 41
vwhich caused earthquakes. The total area A of the faults of the earthquakes occurred in
a given time interval T, sufficiently large and in a given seismic region and the total
elastic energy Eg are

A= lf12 n(1) 12 & (3)
1

EO = 1{12 n(l) E(l’ xi. yi) dl (h)

vhere 1) and 1; are the minimum and the maximum linear dimensions of the faults which
caused the earthquakes. It is also assumed that the para.meters,xi and y. are constant
in the considered time interval and seismic region. 1

The energy E, can be observed on the surface of the earth, whereas the functional
A cannot be observed and should be discussed taking into account the laws of physies.

Models in one dimensional phase space

In statistical seismology a very simple empiric formula is used which gave good
results approximating the number of earthquakes which occurred in a given region and
in a given time interval. The formula expressed as function of the magnitude M is
(Ishimoto M., Iide, K. 1939)

log An = ;i - b;M + log AM (5)

where AM is a magnitude range and An is the number of earthquakes of magnitude in the
range_between M and M + AM which occurred in a given area and in a given time inter-

val: a. and b, are parameters vhich represent given seismic region in the given time
interval.

It is known that there are various definitions of magnitude, but they are related
linearly, therefore it is irrelevant which definition we use in formula (5). The data
quoted in this note are referred to the definition based on surface waves. In this
case, if the time interval is one year and the unit is 1000 km? we have for the regions
of Europe, North Africa and the Middle East (Karnik 19T1)

0 <a, < 3.5 s 0 < bi < 1.2 (6)

Formula (5) has been used by all seismologists, however, to my knowledge, there
is no mechanical model to back it.

In this note, we shall briefly discuss & physical model of statistic distribution
of tectonic earthquakes and we shall compare the results with (5) and obtaining some
interesting results.

At this point, we should make clear that it has been understood that tectonic
earthquakes, which are the most numerous, are believed to be caused by the relaxation
of elastic energy, accumulated in the interior of the earth, by means of slipping along
fractures which occur inside the earth itself. The fractures occur on planes which are
called faults and have areas which could be tens of km2.
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The statistical model considered here is based on the mechanism of tectonic earth-
quakes and on their energy which is given by the formula (Keilis-Borok 1959)

R p2 g3/2
W= ELIch——- (7)

where K is a coefficient of form which is near to unity, u is the rigidity of rocks,
P the relaxation relaxed of elastic stress and S is the area of the fault which caused
the earthquake. The associated radiated elastic energy E is

E=nW (8)

where n is a parameter which is estimated to lie between 1/3 and 1. Let Wo and E, be

the total energy and the elastic energy of the earthquakes of a given region in a given
time interval, then it must be

1{12 n(1) EL%%1£-13d1 = E,, 1{12 n(1) 1241 = A' (9)
Let us set

13 n(1) = § (1) | (10)
then

[}
e

1, ¢ (1)
o ! (11)

1, - n K p? _
1{ ¢ (1) " dl = E_ (12)

and the problem is to determine ¢(1) which has on area Eo/Kp2 between 1, and 1,; or
to determine the functional A under the condition Eo.

To solve the problem it is necessary to find the extremals of A. For this purpose,
we find that the Euler's equation associated with (11) and (12) is degenerate. However,
a direct analysis shows that the extremals are

_ E, u
#(1) = =g S(1-1,) (13)

for the maximum, and
Eou
o(1) = s(1 -1 14
$(1) % ( 2) (14)
for the minimum. From these one obtains

EO]J S(l -ll)

n(1) il ) ——1';— (15)
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for the maximum and

Eo p S(1 - 13)
n(l) = -2 S ve (16)

for the minimum.
Both solutions are far from the experimental results and therefore are they un-

acceptable. They prove that the mechanism of energy release does extremize the functional
A which represents the total area of the faults associated with the earthquakes.

Experimental checks

The empiric formula for E and n as functions of M are

12+ 1.4k B+ yM

E=10 (17)

n=10%"P"M (18)
from which follows

n= 10% 102"E 1%12 (i:fﬁ)‘ o/ (19)

E =10 (-12—&) v (20)

and substituting (11) we obtain

3
2 -5

A=1 (21)

We can see that for b < 0.96, A is increasing function of 1l; for b = 0.96, A is
constant; and for b > 0.96, A is decreasing function of 1. These results which are
valid with the hypothesis of constant P, are also valid if p is independent of 1 and
has a uniform distribution for all the values of 1.

We may now discuss the observed values and the theoretical results. According to
formula (15) and (16) one should expect that the elastic energy stored in rocks be
released preferably by means of faults with largest area, in fact in these the ratio
of the work done in the slipping fractures, which is proportional to the area of the
fault S, to the energy released, which is proportional to S3/2, ig minimal.

The observations instead give (19) which represents & different distribution.
Moreover, laboratory experiments on rock samples subjected to compression, have shown
that the elastic energy stored is released by fractures whose area follows a law
similar to that of earthquakes (Mogi 1962).

The figure 1 shows the distribution of the ai, b; values and it may seem that they
are linearly related, in the most active areas the values of bj would tend to be larger.

But a more detailed analysis shows that this is due to the variation of AM as we shall
discuss later.

Concerning the laboratory experiments, one should keep in mind that rocks are
formed by aggregates of crystals which are Joined together along their faces. These
are the weak points where fractures are and which condition the formation of slips.
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The analysis of the value of b; for Europe, North Africa and the Middle East
shows that 0.50 < bj < 1.17; the average value is 0.94 very close to the value of
the equipartition of energy, which is 0.96.

Models in the two dimensional phase space

The statistical distribution of earthquakes can be studied also from & geometric
and mechanical point of view with an elementary model which gives results very close
to reality. In this model earthquakes are represented with a system of faults of area
Si and direction of unit vectors 1lj;, 1li,, li3 in a solid (the earth crust) subject to

uniform force f per unit area of direction d), 42, d3 and intensity linearly increasing
with time

P = ndt = nt(a)1; + dply + d3l;) (22)

Given the friction coefficient fa between the faces of the faults, each fault
will release energy when the component of the force parallel to the one of the fault

Sint { 1 - (d;1i; + 414, + dglig)}i (23)
will be larger than the friction between the two faces
FS4{ + Sifant (lildl + 15045 + li3d3) (2L)

where F is a frictional constant which depends on the contact between the faces of the
faults. Assuming

fo = fa {(1{;d4) + 13,4, + 1;3d3)t,t} = £ {t cos a,t} (25)

this will occur when
nt {sin a}; = nt cos a £ {t cos a,t} + F (26)

In this mechanism the elastic energy released by a fault of area S in a given time
interval T,, depends on Ty, on F and on the angle between the unit vectors lj;, 1lj;, 1lj3,
and d), d;, d3; the energy should be released periodically, and always in the seme
amount, with a period given by equation (26).

Given the vector d;, dp, d3, the coefficient n of (22), F, and the frictiog mechanism,
the value of T and the energy released by a fault of direction 1i;, 1525 1i3, will be

inversely proportional to the value of 1i) d) + 1j7 dp + 133 d3.

To explain this with other words, let us consider two feults with the same area
and with directions given by the unit vectors 1315 1125 13 &nd 154, 15, 1,3 such that

111 d; +1)2 dp + 13 d3 = w(ly; 4) + 1p; dp + 1,3 d3) (27)
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then the number of earthquakes released by the two faults will be about in the ratio w.
If the elastic energy is supplied to the earth crust continuously the energy will be
released periodically and in quanta, but the total elastic energy released by the two
faults will be nearly the same. In a system of N faults of different area and directions

one should find that the energy is released with N frequencies which are generally
different.

In this model, the swarms of earthquakes are represented by systems of faults
whose directions are very close. Also the energy released by a system of faults with
the same area should depend only on_n(d;Ij + dpI, + d3is). In the case of a system of
faults with the same area, if 1,;, 1;,, 113 is the unit vector of the direction of the
fault vhich releases the maximum energy Egp, assuming I11d) + I15d; + I)3d3 = 1 for any
other faults, it will be

Eg = Egp (11,d) + 1354, + 1)3d3) (28)

The distribution of earthquakes in a given time interval as function of the energy
should be given by the distribution of the cosinus of the angles between the directions
of the faults and the direction of the acting tectonic force. If one introduces the
return period T of the earthquakes of energy Eg, in a given time interval To, the number
of earthquakes with energy Eg will be n (Eg)

n (Eg) = Egy (1)7d) + 115dp + 1y3d,) -Téi (29)
where T is given by (26).
As an example let it be

cos @ = 137d) + 1jpdp + 1;3d3 (30)

fg = £ (a) (31)
then substituting into equation (26) one obtains

nt sina =71 (a) nt cos a + F (32)

from which the return period and the released energy result

F

t= n(sin a - £ (a) cos a) (33)
=z o3/2
E = ﬂﬁiéyl_ﬂfﬁi (3k)

u

Since we assume that the faults of the system have the same area, the stress drop
P, assumed to be equal to the energy accumulated, is proportional to the time of accumu-

lation and given by (33); then the number of earthquakes of a given energy in a given
time interval T, is

To Ton
n == (sin a - £ (a) cos a)

3200 ; (35)
E = DE;ZD-E = %3 (sin o - f(a) cos a)
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If we consider that also 1 is variable in nature, than the number of earthquakes
of a given magnitude M and therefore given energy E; in assigned area and time inter-
val Ty, are obtained from (35). For this purpose one should consider the polar
coordinate system a,l in a plane and the region Q defined by @) < a < %, 0<1c<1,
where a) is the largest zero of t given by (33), in the raige«0, 5 . To each point of
this region, through (35), corresponds a given energy and & given“return period; we

should therefore consider the line Qg of Q for which E is constant and integrate n (E)
over that line.

=

This can easily be obtained by expressing o as a function of 1 by means of the

second of (35), substituting in the first of (35) and then integrating on the path
given by the second of (35):

n(R) = Ton DFR'™ / U(u)du =

2v i
3 _1- i - 2 + L(co +8ina
=T D(ﬂ)3R’“f 8in a -~ cos da
°F |sin a - cos al ¥
(36)

The factor D1~ ° has been introduced to take into account the number of faults of
linear dimension 1 which are present in the system. The interval of integration is

— 32 -
0,1 if E> Ey = MIZE 0 o [ BFZ 11/3 20 b C B for the integral in dl.
2 0 u uE 'o

For the integral in da, instead, the range of integration is (ay,a2); where
az = 7/2 vhen E < E, and a; is given by the second of (35), with 1 = 1,, when E > Eo

If f(a) = £ = const., the behaviour of log n (M) ean be found by differentiating

(36), one finds that 4 log n (M) is alvays negative. Also
dM

dlogn (M) _ dR 4E dlogn (R -
adM E M d R
(37)
1; 1z
dR 4 E A log e
2 == == {]1-y- }
dE a 1,/R
S U(u)du
0
1, 123'-\ K F? +
When § = 1 and therefore E, = ve have for the limit E,
d log n (M) X ey - (5-2v)(11-2v)
[ a M =3l -v- 18T ey ! (38)
+
E-Eo
vhile the limit E5~ is
d logn SM)]g h (
1 -v)
[ dM 3 (39)
E,~

-79-



We see that there is a discontinuity in the derivative for E = Eo.
1z 1z
When E >> Eg, then =< if T < 0,6 we have vith satisfactory approximation

dlogn (M) _ _x
2

a M (ko)
These results are valid also when £ # 1.
For E < E, we obtain from the integral (36) in da (and £ (a) = const.)
dlogn (M _1-v
aM 3 Y (1)

The second derivative of log n (M) shows that for E > Eo the curve is concave upward.
When v tends to the limiting value of 2.5 then

d log n (M) _

aM

- X
2
for all values of M.

The observed data suggest that E—AQEHE—LMI is constant for M < 5, also they
suggest that the function is decreasing with M for M > 5; since the data are effected
by relevant errors, we shall assume v = 2,3 for our tentative model. We have:

[d log n §M2] = -0
dM = = ‘77

Eqt
[——-5—-)-‘1 LT (M] = - 0.62
Eq-

(42)

By plotting fig. 2 the values of bj and Mjo resulting from the table 1 we may see

that b is related to M;jp therefore assuming that log n (M) is a quadratic function
of M for M > My

7log n (M) = wg M2 + wy M+ w, (13)
o
Then the values of table 1 allow to estimate wj (j = 0,1) from the system
1 ' d log n .
Mi?"Mil / da M aM = 'b1,1.1,2,.,.., (hh)
or
- bi = wo (Mjp *+ Mjq) + w (45)

With the least square method we obtain wo = = 0.179, wy; = 1.99;
the equation (43) is then

log n (M) = - 0.179 M2 + 1.99 M + w, (46)
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TABLE

Region N '32 b2 M1 M2
1 83 5.52302 0.76 4.4 6.5
2 133 4.79839 0.64 4.3 7.4

14 ,15 | 118 5.07731 | 0.70 4.3. 6.6

16 162 6.58448 | 0,96 4.3 6.3
17 55 5. 35070 0.81 4.2 549
18 180 6. 40600 0.92 4.3 6o
19 398 6.82069 0.93 4.3 6.8
20 176 6.00649 0.84 4.3 7.3
21 81 5.70163 0.85 4.3 6.4
22 523 7. 32653 1,01 4.3 6.3
23 74 4.23564 0.58 4.4 7.0
24 223 5.08512 0.65 4.3 7.8
25 244 6.30129 0.83 4.8 6.7
26 1105 6.90602 0.82 4.8 7.0
26a 634 5.36460 0.62 4.8 7.0
26D 157 6.39173 0.87 4.9 5.9
26¢ 314 6.20430 0.78 4.9 7.0
27 80 4.51564 0.58 4.9 7.3
29 86 4.03978 0.51 4.9 73
32 151 6.93898 0.97 4.9 6.2
33 144 4.89036 0.60 5.0 8.0
34 107 5.00175 0.66 5.0 743

- List of the Ei and b, of formula (6) for Europe, the Mediterranean

and the Middle East according to Karnik (1971) (data with variance
larger than 25% of the value are omitted).
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Apart from the constant wy, equation (43) is in agreement with the theory presented
in this paper.

The d log n (M)

Mio + Mjq
a M may be obtained by using the correlation between bj and ————

2
which is less strong because of the small range of M;q, but is physically more
significant fig. 4

i%‘;-&f—l& = - 0.282 M + 2.37 (7)

Equation (U47) should tentatively suggest the values of bj in the various ranges of M,
for Central Europe, the Mediterranean and the Middle East.

The estimate of n allows an estimate of D, or the number of faults of a given
seismic area. In fact {36) can be written

TonD 1,/R B+yM
= . R} = o2H, = 10
-1 o’ U(u)du; R :ﬁ%{ -:EFTJi (L8)

The factor nK can be assumed in the range 12 To is known, the other parameters

3 ]
B, Y, u can be estimated with satisfabtory3ap3r011mation, while n and F should be
estimated from various sources.

By comparing then formula (48) with the experimental results one may have & rough
estimate of D.

For the Appennines one may assume y = 2.7.107 1} while B = 12, y = 1.4k result
from (27) (Bath 1973), n can be estimated from the stress accumulation relative to a
strain accumulation 4.10-8years-l, which is comparable to the strain accumulation in the

compre§sion belts of the continental plates, with A + 2 y = 1.3,10" we obtain n = 5.2.103
years-1,

F represents the minimum stress drop, corresponding to a = % » and can be assumed
tentatively 0.5 bar.

The value of 1, can be assumed around 16 km due to the geological nature of the
crust and the depth of the hypocentres in the Appennines.

For M large we have from (48) and from Karnik (19T1)
w08 * 82 3 (F-by
= e M

- 10 = 2,108
QTOHVT] K 1,

From this value of D we could infer that in the central part of the Appennines there
should be the distribution of faults given tentatively in table 2.

D

The estimate of the value of E_, where Q—lgsﬁg—ﬁﬁl is discontinuous, with the
estimates of the parameters given above is Eo = 1.9.10192, according to (17) this
corresponds to M = 5.1 in agreement with the seismic data of the Appennines which
is complete for magnitudes larger than 4 and also with the data of Karnik (1971).
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16,0

km

- Tentative estimate of density distribution of the faults of the Appennines. -
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Summary

The two approaches, probabilistic and determi
nistie, to the determination of seismic risk of nu
clear power plants, are applied to a particular ca
se in Southern Spain., The results obtained by both
methods when varying the input data are presented
and some conslusions drawn in relation whit the
applicability of the methods, their reliability
and their sensitivity to such change.,

Introduction

It has been common practice, in the study of seismic risk of propo

sed nuclear power plant sites, to follow what has been termed a determi
nistic approach.,

Doubts always arise however in the application of such methods in
relation with the validity of some of the hypothesis involved, namelys

- The data extends to a time interval long enough as to define the
limiting value of the M.M. Intensity of the zone under study.

— The catalogued values of Epicentral Intensities are correct.

- Seismicity is time stationary.

A probabilistic approach has been suggested as an alternative solu

:

tion as it cen take into consideration some of the problems quoted above.

The purpose of the present paper &s to compare both methods as
applied to a practical example in order to derive some conclusions on
their applicability.
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Basic Data

The example refers to a site in the South of Spain near the coast
of the Golfo de C4diz. Seismioc data has been taken from the Spanish ca-
talogue. Such a catalogue is presently under revision but for the purpo
se of this analysis no correctioms have been introduced. Only maximum
values of the recorded epicentral intensity of some large historic earth
quakes have been changed and this only with the purpose of comparing the
sensitivity of both methods to such changes.

Isoseismal maps and attenuation laws have also been taken from the

archive of the Seismological Service as compiled ahd prepared by D. Mu-
fioz Sobrino (1974).

Tectonic data was obtained from maps published by the Spanish Geo-
logical Survey.

The Deterministic Method

A deterministic approach to a problem involving uncertainty on the
basic parameters consists of taking the "best values®™ and finding the sa
Iution which corresponds to these previously fixed values. For the pro-
blem of seismic risk, basic factors of the problem are?

-~ Zone partitioning into homogeneous areas.

~ Maximum value of epicentral intensities for each homogeneous area.

~ Attenuation laws.

The maximum vglue of epicentral intensity for each area has to be de-
terminedeither from the catalogued intensities or on the basis of the

tectonic features of the region. Attenuation laws are also decided from
catalogues. :

For our particular problem two different zone partitioning have been
considered as given in Figs 1 and 2, The first one is based only on tec-
tonic information whereas the second one has been obtained modifying the
first on the basis of seismic data.

Two different sets of epicentral intensities have been also conside-
red; the first one accepting the catalogued values and the second one
changing some of the largest intensities to more reasonable values on
seismotectonic considerations. No change was introduced in the attenug-

tion laws, as it was felt that a variation in them would affect in the
same way to both methods,

The type of attenuation law used is

2 2
EEReAC n
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The Probalistic Method

A probabilistic approach to problems involving uncertainty on the
bagic parameters consist of defining the input to the solution not as fi
xed values but ag random variables with known statistical distributions.,

For the problem of seismic risk the basic data consist of:

- Zone partitioning into homogeneous areas.

Distribution law of the epicentral intensities for each area.
- Earthquakes time distribution.

Attenuation laws,

The data needed are, therefore, similar to those for the determinis
tic approach; this time however zone partition has to be homogeneous not
only with regard to maximum epicentral intensities and attenustion laws
but for the distribution of epicentral intensities and the earthquake ti
me distribution as well.

The probabilistic method, as it has been used here, estimates the
probability that at a given site and within a given period of time the
intensity of ground shaking will equal or exceed apreviously fixed level,
Such probability is the same as that of having an earthquake, at any
source area of such a size as to produce at the site considered an inten
sity larger than the one being analyzed.

By use of the attenuation law, this method estimates, for each po-
tential source, what shall be the earthquake size in order to exceéd the
fixed intensity value at the site.

The product of the mean rate of occurrence of earthquakes of a gi-
ven size and the probability of exceeding the fixed site intensity gives
the mean rate of occurrence of events ot interest, which is very closely
the probability that, at the site and during the unit time interval, the
previously fixed intensity value will be exceeded (Cornell, 1968).

These computations, made for different values of site intensity, ha
ve been carried out by means of a computer program which integrates the
probabilities for each source area. Data to this program are the geome—
tries of the different areas, which are later divided into small pieces
by the program, rate of occurrence of events and its size distribution,
and the attenuation correlation given as an analytical law plus a mean

zero error term which is assumed normaly distributed and whose standard
deviation is given.

The application of the method to this particular problem has been
made for the same two zone partitions previously described.

To estimate the statistical distribution of epicentral intensities

for each zone a computer program was prepared to divide and classify the
data of the general catalogue into this zones.

Histograms of the distribution of epicentral intensities were prepa

red for each individual zone. The study of these histograms provided so-
me insight on the problem. First, data of earthquake with epicentral in-
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tensity smaller than M.M. III, were highly incomplete, so they were ex-
cluded from the analysis.

Secondly it was observed that the shape of the histogram changed
significantly when only modern data was considered; this meanly due, to
incompletness of old data on moderate size earthquake. Figure 3 shows
histograms of the catalogued data for different periods for a particular
zoney all of them normalized at a M. o intensity of III., The relative
frequency of large events is higher when old records are included.

Having these kind of insight in the catalogue the distribution of
epicentral intensities was aproximated by a truncated quadratic exponen-
tial distribution as that described by Cornell (1974).

According to a quadrate exponehtial distribution the probability
that the epicentral intensity Io exceeds a value X can be written,

P (I, > x)a exp {31 (x - x5) + 8, (x2 = x02)} (2)

where xo is the tﬁeshold value of M.M, intensity III considered for this
problem.

Truncation on the right of the distribution is obtained by assig-
ning zero probability to the maximum possible epicentral intensity.

The truncated distribution becomes

P |[I>x5] = 1-x {1- exp ()} ;5 xu<x< X, (3)

where (.) stands for the exponent of equation (1) and K is given by

K= {1-exp} 8 (x; - Xo) + B, (x;2 - xoz)}-l (4)

Fig. 4 shows thig type of distribution law. Values of 8, and 82 were ob-
tained by specifying the initial slope of the distribution and the inten

sity with a probability 1/100 of that corresponding to xp, to be the sa-
me as those of the histogram,

nistic approach, These velues are on the other hand in agreement with;
the maxima obtained by analysis: of the catalogue by the third Gumbel's
extreme value distribution (Lépez Arroyo and Stepp, 1973).

Agreement of the distribution law and the histograms of the data is
shown in Figure 5 and 6 for two different zones.

Mean rate of occurrence of earthquakes(M.M. III) for each zone was
estimated by computing the relative frequency of those events for diffe—
rent periods af time. It was observed that the rate of events per year,
in each zone was larger for the more recent part of the catalogue and
these values were chosen,
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Attenuation laws were the same & those used for the deterministic
analysis except for the added error term. This term was assumed to have
a standard deviation of half a degree of the M.M. scale for R 20 xm -
and a standard deviation of one fifth of a degree when R 20 km,

The main parameters used for the analysis are summarized in Table 1.

Results of Analxsis

Three cases have been analigzed:

Case I, Maving the first (tectonic) zone partition and maximum epi=-
central intensities equal to those of the catalogue. Results of the pro-
babilistic analysis for this case are summarized in Table 2, The return
period for a M.M. site intensity of VIII is about 300 years (or the Pro=-
bability of exceeding this value in one year period equal to 1/300.). For
a M.M, intensity of IX the return period is about 3.000 years.

The deterministiec analysis, for this case, gave a maximum site in-
tensity of XI since the site was located at the border of g zone for
which that intensity was considerd to be the maximum,

As a result of this part of the analysis it was observed that the
influence of the Guadalquivir fault zone (zone 3) was very important as
shown in the lower part of Table 2. Only one particular earthquake, the
1504 Carmona earthquake, had intensity XI. Since this particular datum
is presently under debate, its intensity was changed to X and the analy-
sis repeated. This is named Case II.

For Case II the returm period corresponding to a M.M. site intensi-
ty VIII changed from 300 years to about 800 years. However the result of
the deterministic approach for this analysis did not change since the ma
gimum intensity was determined by seismicity of the Golfo de C4diz (Zone

Case III, was then considered, the differences being the zone parti
tioning (mainly, Guadalquivir fault was assumed as a line source and zo-
ne 6, which included the site, was enlarged) and maximum epicentral in-
tensities were lowered by about half a degree, For this case the probabi
listic analysis showed a return period for M.NM, intensity VIII of about

2.000 years, and the deterministic analysis gave a maximum site intensi~
ty of VIII.

Results of the deterministic analysis for these three cases are gi-
ven in Table 3 and those of the probabilistic analysis plotted in FigeTe

Conclusions

A comparison of the probabilistic and deterministic approachs to de
termining the seismie risgk of g particular site in the Southern coast of

Spain has been carried out and the analysis yields the following conclu-~
sions: '

- The probabilistic method behaves better under changes of the basic da-
ta than the deterministiec method, The results of the first are modera-
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tely affected by those changes whereas the results of the second are
either not affected at all or largely modified.

The information obtained during the analysis of the seismic risk by
means of the probabilistic method is very valuable to get insight on
facts such as completness of the basic information, validity of some
particular data records, seismic characteristics of different zones,
etc. which could not be obtained by a purely deterministic approach,

- The result of the probabilistic approach gives a more complete picture

of the seismic risk of a given site than the one obtained by the deter
ministic method, '

Although for thisa particular problem the deterministic analysis turned
out to be in general pesimistic as compared to the probabilistic ap-

proach, we feel that this will not always be the case for other situa-
tions. : v

-~ As a final conclusion it seems to us that the probabilistic approach
is a better way to handle the uncertainties involved with the determi-
nation of the seismic risk and it should not be omitted in the analy-
sis of nuclear power plant sites.
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TABLE 1- INPUT PARAMETERS

EVERTS
2R DISTRIBUTION LAW | ATTENUATION Law
ZONE “IEOA:ETE A, By I(')‘(‘.a ) ¢ (Km)

1 1 0.200 -0.113 8 5 80

2 (o)) ~0 187 -0.029| [N 8 50

3 05 -0.032 —0.0404 [N ] 50

4 3. -0012 -0078 9 7 10

L 6. -0.143 -0.057 10 A 10

6 1. 0.208 ~0 124 ] 7T 10

7 65 — 0334 -~ 00394 [N} s, s

8 2. - 0810 0. [N} 7. 10,

9 59 - 0.051 -0.0723 [N] 8. 3

10 - - - - - -

I 22 -0.129 —~00428 [N} 5. ]

2 - - - - - -

(M. M)

(YEARS)

TABLE 2- RESULTS OF PROBABILISTIC ANALYSIS

(CASE I)

e Y | w | wm |wm | x| x
F;S:l)gg 10 28 60 295 [2.860 {50.000
CONTRIBUTIONS TO THE RISK. (%)

28| ¥ | W | woo(vm | | x

] [} - —_ —_ - -
2 30 25 20 10 - -
3 . 80 63 73 85 98 100
. | - I e
s | - | - - -1 _ 1.
s ) . 2 2 - | -
2 R U B R SR
8 3 3 2 2 - -
9 3 I 1 - - -
10 - - - - - -
T | .
12 - - - - - -
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Seismic risk determination including local

soil conditions for two possible nuclear

pover plant sites in Turkey

A. GURPINAR and P; GULKAN

Middle East Technical Univeraity, Ankara, Turkey

Summarz

This article contains a case study for two potential sites
in northwestern Turkey under consideration for the construction
of nuclear power plants. A global seismic risk evaluation as
well as a geodynamical study were carried out for either site.
It is determined that in terms of acceleration on "firm" soil,
site A has greater seismic risk than site B. However when local
geological formations are introduced into the study, it is found
that site B amplifies oncoming ground motion to a greater degree
than site A. In conclusion, the importance of incorporating

local soil conditions in seismic risk calculations is pointed
out.

Introduction

Two sites (which will be referred to as sites A and B, respectively) in highly seismic
northwestern Turkey had been selected earlier by the Turkish Electricity Authority for
consideration to build nuclear power plants. Inasmuch as the selection was based on criteria
which did not include seismic considerations, members of the Earthquake Engineering Research

Past Seismic Activity

The purpose of all seismic risk studies is to use available data on past seismic
activity in making "rational" estimates of expected future activity. An important ‘step is
the determination of areas or subareas which contribute to the potential earthquake risk
at the site. In order to preserve the homogeneity of the available data derived from
References (2), (3) and (4), it was decided to draw a circle with a radius of 120 km for
site A, and 200 km for site B with the proposed sites at the center. Since it is the rate
of seismic activity that influences risk studies rather than absolute numbers, the shorter
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radius region did not unfavourably alter the results.

Allearthquakes'with magnitude equal to or larger than 4.3 and which occurred after
1900 were included in the ana1y51s. Quadratic cumulative frequency-magnitude relationships
for the two sites are given in F1g 1. The quadratic form was chosen over the linear
relationship inasmuch as this gives much too conservative values in risk analysis, and in
this highly seismic area further conservatism would yield totally unrealistic results,
especially at low risk levels (1).

Seismic Risk Analysis

Firstly a test of statistical independence was made for the magnitudes of earthquakes
including after-shocks. From a chi-square control chart, it was determined with a
probab111ty of 0.999 that successive events are actually statlstlcally independent for both

regions. Thus the assumption of a Poisson process in the seismic risk analysis was
justified.

Rather than identifying those subregions within both regions that would contribute to
the total risk for sites A and B, it was decided to obtain an upper bound of the level of
seismic risk that could be expected for them. For this reason all seismic activity which
took place during the observation perlod was ascribed to one s1ngle fictitious fault within
each circular region located at various distances to the potential sites. Using the
quadratic frequency-magnitude relationship, Esteva's attenuation formula for acceleration
(5) and the method developed by Mertz and Cornell (6) seismic risk curves were obtained
for the two sites. These curves, referred to different hypocentral distances, are given in
Figs. 2 and 3 for sites A and B, respectively. Obviously, hypocentral distances less than
10 km do not have much practical significance. For both regions, the maximum "credible"
earthquake was assumed to have a magnitude of 8.3. The North Anatolian Fault which extends

between these sites (about 25 km from each) has in fact generated an event with a magnitude
of 8.0 in 1939 (2)

Although the risk values for site B are lower than those for site A, neither rates
well when a standard risk level of, say, 10 " is imposed on the evaluatlon.

Geodynamical Considerations

The idealized subsoil profiles for the two sites are given in Figure 4. Using a power
spectrum simulation method developed earlier (7,8) the S-wave power spectra were computed
and are plotted in Figure 5 for both sites. It is seen that site B gives a higher power
spectrum than site A for all T. It was also calculated that the rms value for the expected

acceleration at site B was about 2,5 times greater than that of site A within a frequency
band of 0 - 30 rad/sec.

Conclusion

Incorporation the rms increase of site B into seismic risk curves, it can be concluded
that both sites are expected to receive similar ground motion amplltudes in-the future. It

is generally advisable to incorporate this effect into risk analysis in order to obtain a
consistant risk measure.
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Current UNESCO Programmes in Seismology

This text, as a part of a review by Dr. E.M. FOURNIER D'ALBE
on Current UNESCO programmes in seismology and volcanology,
with approval has been extracted from "Nature and Resources"
Vol. XI, 3, p. 13-15, July-September 1975.

Since the early 1960s, Unesco has been engaged in a long-term programme aimed at
improving our knowledge of natural hazards and our means of protection against them.
Within this programme, attention has been concentrated mainly on earthquakes and volcanic
eruptions. In the following special attention is drawn to the seismic programmes.

As an intergovernmental organization, Unesco is concerned less with promoting
scientific research for its own sake (this, at the international level, is the task of the
international scientific unions and associations), than with the application of scientific
and technical knowledge to the improvement of methods of risk assessment, warning systems
and protection measures. Efforts have therefore been focused on (a) seismic zoning, and
the estimation in statistical terms of the risks to life and property within these zones;
(b) the development of improved monitoring systems and of methods of forecasting seismic

activity; and (c) the refinement and wider application of earthquake-resistant design and
construction.

In pursuing these objectives, Unesco's main functions are to provide opportunities and
means for international consultation and co-operation by convening conferences, symposia,
meetings of working groups on particular topics and to assist developing countries in
carrying out research and training in the appropriate scientific and technical disciplines.

Seismology and earthquake engineering

During the 1975-76 biennium, the principal event will be the Intergovernmental
Conference on the Assessment and Mitigation of Earthquake Risk that will be held at Unesco
Headquarters in Paris from 10 to 19 February 1976. The main themes of this conference will
be: the assessment of earthquake risk (zoning, microzoning, prediction, etc.); engineering
measures for loss reduction (buildings, utilities, urban plans, etec.); implications of

earthquake risk (human, social, economic, etc.).

For each item of this agenda, a basic working document will be prepared in advance
of the conference, to serve as & point of departure for the discussions. Governments will
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persons concerned with the human and social aspects of the earthquake problem, with civil
defence, insurance, etc.

An aspect of Unesco's regular activities which should be mentioned is the sending
of reconnaissance missions of experts to the sites of destructive earthquakes immediately
after their occurrence. Several such missions have visited Latin American, Asian,
African and South European countries. Their scientific value is widely recognized.

In addition to the above activities which are financed from Unesco's own budget, the
Organization acts as the Executing Agency of the United Nations Development Programme
(UNDP) in a number of projects aimed at developing seismology and earthquake engineering

in various parts of the world. Among the most important projects in operation at the
present time are:

1. Survey of the seismicity of the Balkan region.
Five Balkan countries (Bulgaria, Greece, Romania, Turkey and Yugoslavia) are co-
operating in this survey, which commenced in November 1970 with a total UNDP contri-
bution of about $850,000. The results achieved so far include: (a) the compilation
of a regional catalogue of earthquakes, covering a period of about 2,000 years and
including the instrumental data acquired since 1900; (b) the improvement of the
observatory network by the establishment of new stations and the modernization of
existing ones; (c) the preparation of a seismotectonic map of the region, synthesi-
zing all available seismological and geological data; (d) a statistical analysis
of magnitude-frequency and magnitude-distance-focal depth-intensity relations for
earthquakes in the region; (e) the preparation of maps of maximum expected magni-
tudes and intensities for various return periods; (f) the preparation of maps of
seismic risk, showing ground accelerations and velocities and their probabilities
of occurrence during various periods of time; and (g) a comparative study of various
seismic microzoning methods in selected urban areas.

2. Soil dynamics research at the National Autonomous University of Mexico (UNAM).
The principal objectives of this project, which began in May 1971, are (&) to
improve understanding of the engineering implications of socil dynamic phenomena.,
and particularly the behaviour of soils and foundations during strong earthquakes;
(b) to refine Mexican earthquake building codes; (c) to produce new design recom-
mendations for engineering structures; (d) to provide consultant services in soil
dynamics; and (e) to train engineers and architects in this subject.

A network of strong-motion accelerographs, with radio-telemetry to the project
headquarters, has been installed in the Valley of Mexico and in surrounding areas.
A well-equiped soil dynamics laboratory has been installed, especially for the
study of soil liquefaction problems. A vibrating table taking models up to 15 tons
can simulate earthquake motions or harmonic vibrations of specified type, with
accelerations of up to 1 x g.

The results of the research now under way will have, of course, direct applications
in seismic microzoning.

3. Regional seismological network in South-East Asia.
This project, which commenced in November 1973 and will continue for five years,
is aimed at building up an efficient network of seismological observatories in
Indonesia, Malaysia, the Philippines and Thailand. The UNDP contribution of approxi-
mately $900,000. is being used mainly to supply standard sets of seismogrephs,
specially designed for operation in difficult tropical conditions, and to finance
a long-term training programme for station operators and professional seismologists.
Arrangements are alsc being made for the processing, within the region, of the large
volume of data which is expected to flow in as soon as the new equipment is
installed. At a later stage in the project, a beginning will be made in the use of
the data to define the patterns of seismicity in each of the participating countries.

At the present time, plans are being discussed for other projects in South America

and.the Hindu Kush-Himalayan region, similar to the Balkan and the South-East Asian
projects described above.
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Seismology and public safety

Seismologists have an inspiring task, and one of great social responsibility, in
attempting to define seismic risk, both in time and space, as accurately as possible.
Scientific progress in this direction has been rapid in recent years, and we may hope
with some confidence that it will continue to be so in the future.

There are still, however, many obstacles to the full practical application even
of the scientific knowledge which already exists. To overcome these, an effort will
be required not only on the part of the public authorities to understand what scientists
can tell them and to act accordingly, but also on the part of the scientists themselves.
In his research, a scientist must necessarily detach himself from the world of practical
realities; he is obliged to abstract from a welter of detail the essential parameters of
the problem he is studying; he must, to some extent, forget about external social factors.
But when it comes to drawing the practical conclusions from his research, he also must
make an effort to understand the constraints under which those responsible for public
safety have to work. In so far as he can give advice in situations involving human lives
and livelihood, he must necessarily assume some of their heavy responsibilities. In the

opinion of Unesco this is a challenge and a test to which many scientists are glad to
respond.
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(i) Earthquake reconnaissance missions

Buyin-Zara (Iran), 11 September 1962; by N. N. Ambraseys (internal report)

Barce (Libya;, 21 February 1963; by J. K. Minami (WS.0B65.76-AVS)
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Mudurnu (Turkgy), 22 July 1967; by N. N. Ambraseys and others (622, BMsS.RD-AVS)
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Luzon Philippines), 7 April 1970; by I. Skinner and M. Watabe (2220.BMB.RD—SCE)

Huaylas Valley (Peru), 31 May 1970; by L. Lliboutry and others (2208.BMS.RD-SCE)

-102-



Earthquake reconnaissance missions (continued)
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(ii) Earthquake study missions
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installation. §. Crampin, Institute of Geological Sciences, Edinburgh, September 1971.

2, Travel-time curves and computor programme for earthquake epicentre location in the
Balkan region. J. P, Rothé, B.C.I.S., Strasbourg, 1972. 114 pp.

3. Proceedings of the Seminar on the Seismotectonic Map of the Balkan Region, April 1973.
Chief editors: G. P. Gorshkov, V. Karkik, B, Sikosek. 350 pp., 60 maps.

4. The earthquake mechanisms of the Balkan Region. A. R. Ritsema, K.N.M.I., De Bilt,
1974. 87 pp.

5. Catalogue of Earthquakes: Part I, 1901 - 1970; PartII, prior to 1901; Part I11,
Atlas of isoseismal maps. Editors: N, V. Shebalin, V. Karnik, D. Hadzievski, Skopje,
May 1974. 600 PPy, 492 maps.

6. Maps of seismic drigin zones and maps of maximum expected intensity. A. V. Drumea
and others, Institute of Physics of the Earth, Moscow, and Institute of Geophysics
and Geology, Kishinev, May 1975. 40 PP., T maps.

T. Seismic risk evaluation of the Balkan region. S. T. Algermissen and others, U.S.
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8. Microzonation of Thessaloniki using the Sherif-Bostrom method. M, A. Sherif,
August 1973, 88 pp.

9+ Report on the Seminar and on the Third ‘Meeting of the Working Group on Microzoning,
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Problems in evaluating low probability ground motion

Dimitri J. Papastamatiou

Dames & Moore, London.

Summasx

Current approaches in evaluating low pProbability seismic
risk follow either of two general methods, i.e. probabilistic
or limiting seismic risk analysis. It is suggested that the
two methods of analysis model different aspects of the praoblem
with vastly different time factors, and complement each other.
A seismic study is briefly described where both approaches
were considered.

Introduction

In evaluating seismic risk at a site, one isolates a critical crustal volume
relevant to the site and tries to understand a large scale fracture process within this
volume. The underlying physical brocess evolves through a long term strain history,
inside the critical crustal volume, interrupted by short term fracturing along crustal
discontinuities (tectonic faults) and leads to a fracture critical to the site. (Critical
fracture). The difference in scale between the long and short term Processes is very
large and difficult to bridge: the long term process of engineering interest is of the
order of the life of the structure (tens of years) whereas the short term process is of
the order of the duration of an individual earthquake (tens of seconds).

The engineering decision necessary to define a critical fracture is graded into two
levels: the structure is designed to feel a moderate rather frequent earthquake without
major damage (low level) and to survive a major rare earthquake (high level). The
corresponding terms introduced in nuclear technology are quite descriptive of the philo-
sophy underlying the two design criteria: the OBE (low level) is related to the normal
operation of the network of the power generating units and constitutes an optimisation
problem, whereas the SSE (high level) is defined for each individual nuclear power plant,
on the basis of safety consideratioms. This paper is concerned with the low probability
ground motion associated with Safety Shutdown Earthquake.

The critical crustal volume is defined by optimisation of the available information.

In order to arrive at a critical crustal volume one starts from global tectonics con-
siderations and focuses on the site by decreasing geographic areas. Methodology branches
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off after the definition of the critical crustal volume (Plate No.l):

One approach follows a probabilistic evaluation of the long term process inside the
critical crustal volume. In this evaluation earthquakes are described by a single para-
meter (their magnitude) and are assumed to be Poisson's events deprived of memory. The
model takes as input a probability distribution for magnitudes (Cornell, 1968). This
distribution is obtained from events in the critical crustal volume. The size of the
statistical sample defines the critical crustal volume, i.e., in order to obtain an
acceptable statistical sample and since the length of the earthquakes record is limited
in time, one has to collect information from a larger geographic area.

An alternative approach models stochastically the short term critical fracture and
may be termed as limiting analysis. One arrives at the critical fracture subjectively
starting from the critical crustal volume and approaching the site through seismotectonic
correlations. In this case, one seeks information from the near field of large rare
events and this requirement is again crucial in defining the critical crustal volume.

In this presentation the two approaches are discussed separately. It is suggested
that they do not constitute alternative approaches. They rather complement each other
in describing the long and short term characteristics of seismic activity. In the last

section an example is given from a seismic study of the City of Tehran, Iran where both
approaches were considered. .

PROBABILISTIC SEISMIC RISK ANALYSIS

The basic quantitative input to this analysis is a probability distribution of
magnitudes within the critical crustal volume. This distribution is bound by a limiting
magnitude which should not be confused with the critical fracture; it is obtained by
fitting a Gumbel III distribution to an enlarged set of data (Yegulalp & Kuo, 1974).

The probability distribution obtained from statistical processing of events within
the critical crustal volume is channelled to seismic sources arranged in space on the
basis of seismotectonic correlations. This procedure is bound to be subjective since
by definition subsets of data inside the critical crustal volume do not form adequate
statistical samples. Moreover, since events in this analysis are assumed independent,
the probabilistic seismic risk analysis does not model the physics of the slow, long
term, crustal strain time-history and may lead to a wide range of subjective conclu-

sions, particularly in the low probability range (Cornell & Vanmarcke, 1969; Cornell &
Mertz, 1974).

The short term fracture is taken care of by an attenuation relation (with incorpo-
rated uncertainties) which links point seismic sources of magnitude M to the particular
site. It has been shown that most of the risk comes from near sources (small or large).
(Cornell & Vanmarcke, 1969). Since ground motion in the near field depends more on

seismic source parameters than magnitude, (Trifunac & Brady , 1975) representation of
earthquakes as optical sources is inadequate.

The final results are presented in the form of recurrence curves for peak ground
motion, i.e. description is shifted through the attenuation relation from the cause
(seismic sources) to the effects (peak ground motion). Obviously, peak ground motion
does not sufficiently describe expected ground motion, particularly since in the course

of the analysis tracks of the seismic sources that produced this peak ground motion are
widely dispersed.

LIMITING ANALYSIS

This analysis concentrates on the short term crustal rupture associated with an ex-
pected individual earthquake. Describing ground motion produced by the critical fracture
involves many uncertainties. Even if we had a complete physical model of seismic source
it would be impossible to determine the parameters of the model. Hence the need for a
stochastic generating model describing ground motion around the critical fracture.
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The stochastic generating model describes a physical model, i.e. the seismic
source mechanism and the overall crustal Properties encountered on the path of seismic
waves. In most of the cases the amount of available information does not justify the use
of more elaborate than simple dislocation and layered crustal models.

A simple dislocation model is shown on Plate 2 (Brune, 1970): a sudden stress drop
Zké(from a peak to a residual strength on the tectonic fault) produces an instantaneous
average dislocation over a rupture area A. The Source parameters may be computed either
from field evidence or from processing of distant instrumental records. The near field
average particle velocity may be computed from the radiation formula:

ﬁ.:»Zl%g
where P average crustal material density
p = average crustal shear wave velocity
and the factor of 2 accounts for
the doubling effect of a free surface.

Unfortunately, no major effort has so far been made to either document earthquakes
in terms of source parameters and overall crustal properties or to analyse strong motion
records on this line. Stochastic generating models have been checked against limited
seismotectonic configurations (Jennings et al, 1969; Trifunac, 1971). Hence the best one
can do is to work through similarity to the conditions for which a generating model has
been validated. This procedure may indicate a good model which may be called to produce
one or more time histories representative of expected ground motion at the site.

EXAMPLE

In conclusion, the two approaches model stochastically two different aspects of a
complicated problem and complement each other. The probabilistic approach evaluates
quantitatively the long term process (tens of years), whereas the limiting analysis
models the short term process (tens of seconds) .

Both probabilistic and limiting approaches were considered in evaluating the seismic
risk associated with the city of Tehran, Iran.

The crustal volume was defined on the basis of the plate boundary between Iranian
and South Caspian plates (McKenzie, 1972). This plate boundary is a broad one of com-
pression between continental plates. The extent of the crustal volume was chosen large
enough to provide sufficient data for both approaches (150 events larger than M=4 for the
probabilistic risk analysis, 5 large earthquakes with magnitude exceeding 6% for the
limiting analysis).

The critical fracture was identified with the North Tehran fault running at 15 Km
from the centre of the City (GSI, 1974). This major tectonic feature can accommodate an
event of the size of the Buyin Zara, September 9, 1962 earthquake, (the most recent one of
the two largest events that have occurred in the critical crustal volume within the period
of instrumental seismology). The model Buyin Zara earthquake was compared to Californian
events against which stochastic generating models have been validated. This comparison was
carried out on the basis of the simple dislocation model (Table 1). Since all earthquakes
considered in this comparison were accompanied by surface faulting, seismic source para-
meters were obtained from field data. The comparison indicated that the Buyin Zara earth-
quake, although a deep thrust similar to the San Fernando, was associated with source para-
meters similar to El Centro, 1940 earthquake. Now, the El Centro earthquake formed the
basis for fixing the parameters of the stochastic generating model developed by Jennings,
et al (Jennings et al, 1969) in their case B (which corresponds to the near field of a
magnitude greater than 7 Earthquake). Therefore, it was concluded that the artificial
records Bl and B2 may be considered representative of expected ground motion associated
with a rare large event close to Tehran.

A parallel probabilistic study was conducted which led to the peak acceleration re-
currence curves shown on Plate 3. These curves reflect the long term regional seismicity
characteristics and provide a quantitative evaluation of the critical fracture considered
in the limiting analysis. The mean acceleration of 35%g of the Bl and B2 records corres-
ponds on Plate 3 to a return period of about 5,000 years. This period constitutes a lower
bound since probabilities computed from the probabilistic analysis are cumulative.Moreover,
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PLATE 2.Simple dislocation model.

TABLE 1. Comparison of the Buyin Zara,

My, Mg M, u
(@yn-cm) (cm/sed
San Fernando 6.4 1.35 1026 144
Feb. 9, 1971
El Centro 6.7 7.1 4.9 1026 60
May 18, 1940
Buyin Zara 7.3 4.9 1026 40

Sept. 1, 1962

Iran to two earthquakes in California*

u L D

(bars). (m) (Km) (Km)
62 1.50 15 20
25 1.25 65 20
17 .90 90 20

* Values computed from field evidence

Assumed:

B=3.5 Km/sec

M= 3.3 10* dyn/cm2
D= 20 Km
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the probability corresponding to 5,000 years is only indicative. For instance,

Tchalenko has pointed out evidence on earthquake migration within the crustal volume

(GSI, 1974). This migration alone may result in a decrease of return periods by a factor
of 3. Finally, the response spectra of Bl and B2 records are compared on Plate 4 with
the USAEC general purpose spectrum (Newmark, Blume & Kapur, 1973) one would have con-
structed on the basis of peak acceleration alone obtained from the probabilistic analysis.
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Soil-Structure Interaction for
Nuclear Power Plants

J.R. Hall, Jr., J.F. Kissenpfennig

E. D'Appolonia Consulting Engineers, Inc., European Operations
Brussels, Belgium )

Summary

This paper reviews some of the basic principles of
soil-structure interaction, and discusses the advantages and
limitations of the lumped parameter and finite element
approaches. An approach is presented for extending the
lumped parameter model to include deeply embedded foundations.
Finally, the State-of-the-Art of field and laboratory measure-
ments of dynamic subsoil properties is briefly presented.

1.0 INTRODUCTION

One of the most complex aspects of seismic analysis is the topic of soil-
structure interaction. The present State-of-the-Art provides the means for accurate
solutions through two general approaches. One approach is to develop a lumped para-
meter model, as described by Richart, Hall and Woods (1970), utilizing information
derived from elasticity solutions such as shown in Fig 1 and from finite element
solutions for various boundary conditions such as shown in Fig 2. The other approach
is to solve the problem using a dynamic finite element solution. The finite element
approach affords greater capability to handle complex boundary values but requires
considerable expenditures of manpower and computer time.

2.0 COMPARISON OF FINITE ELEMENT AND LUMPED PARAMETER ANALYSES

Several recent publications and reports have attempted to compare the
results of a lumped parameter analysis based on elastic half-space theory with those
of a finite element analysis. In most instances, large apparent differences in
results have led to inferences that the finite element analysis is the "correct"
solution, and that either the lumped parameter method is too conservative, or the
results provide the peak response at the wrong frequency. Seldom has an attempt been
made to explain the differences in the solutions or to justify the choice of parameters
used for each analysis. Each method is of course, best suited for particular
applications, and erroneous results have been obtained through either misuse or lack
of understanding of fundamental concepts related to both techniques.
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One of the most significant characteristics of the interaction phenomenon
is the radiation damping associated with the Propagation of wave energy away from the
foundation. For translational modes of vibration, the damping ratios are very high
compared with those normally encountered in mechanical vibration problems. While
those unfamiliar with the half-space theory have tended to reject theoretical pre-
dictions for damping and have arbitrarily assumed a maximum value of 10 percent, they
have often accepted stiffness parameters associated with the same theory. Usually,
the material damping (associated with the hysteresis stress-strain characteristics of
a soil) alone ranges from 5 to 15 percent, depending on the strain levels. Thus,

choosing a damping ratio of 10 percent has the effect of completely neglecting
radiation damping.

In the finite element technique, the material damping is often sufficient
to prevent the reflection of significant wave energy to the foundation from the
artificial boundaries of the finite element mesh. Radiation damping, therefore, is
automatically included in such a finite element analysis. However, if no material
damping were included in the soil elements, then a "boxed" system would exist, thereby
introducing natural frequencies that are totally unrelated to the real system, unless
special boundary elements are prescribed to prevent artificial reflection of wave
energy. This particular problem has been considered by Lysmer and Kuhlemeyer (1969),
Waas (1972), and others by the use of non-reflecting boundaries. Lysmer, Udaka, Seed
and Hwang (1974) suggest, however, that such boundary conditions are not required as
long as sufficient material damping is included.

3.0 DEEPLY EMBEDDED STRUCTURES

In this section a numerical illustration is presented of an approach to the
analysis of soil-structure interaction for deeply embedded foundations. The results
show that a deeply embedded foundation can be adequately modelled using a lumped
parameter system by including as input the variation of free field ground motion as a
function of depth below the ground surface.

Three cases, as shown in Fig 3, were analyzed using a two-dimensional plane
strain finite element model. Case A represents a rigid structure, 10 meters in
width, supported on the surface of a soil layer 20 meters in thickness. Case B
represents the same structure with an embedment of 5 meters. Case C is with an
embedment of 10 meters.

3.1 Lumped Parameter Model

For the lumped parameter model the stiffness and damping parameters associated
with the horizontal and rocking modes of vibration of the structure were considered.
The stiffnesses were computed using the results presented by Johnson, Christiano and
Epstein (1975). 1In their publication, a procedure is presented for computing the
horizontal and rocking stiffness of a foundation embedded in a layer of finite thick-
ness. In addition to the horizontal and rocking stiffness, a stiffness coupling
parameter is also included. The coupling parameter as illustrated in Fig 4 defines
the location of the resultant horizontal stiffness in terms of the distance from the
base of the foundation. For simplicity the coupling term may be removed from the
stiffness matrix by defining the location of the horizontal spring as shown in Fig 4,
The rocking stiffness may then be adjusted to account for the convenient change in
coordinates.

Finally, to account for the variations of free field soil motions with
depth a one-dimensional soil column is introduced having the same dynamic characteristics
as the free fld as shown in Fig 5. The horizontal soil interaction springs and
dampers are distributed and connected between the nodes of the 80il column and the
sides of the foundation. These parameters are distributed by connecting the surface
horizontal stiffness at the bottom of the foundation and linearly distributing the
stiffness representing embedment to the other nodes of the free field soil model such
that the resultant satisfies the coupling between horizontal and rocking motions.
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3.2 Finite Element Model

The computer program LUSH (Lysmer et al. 1970) was used for the finite
element study, to compare with the results obtained with the lumped parameter approach,
described above. The vertical element size was chosen on the basis of one-fifth the
wave length of the shortest wave.

3.3 Results of the Analysis

In each case the harmonic response at three points on the structure was
computed relative to the free field surface motion.

Due to space limitations only the results of the finite element and lumped
parameter analyses for Case B are illustrated in Fig 6. The results from Case A
showed better agreement while Case C showed slightly poorer agreement above 10 Hz.

Several conclusions are drawn relative to the results indicated. First, the
predominant soil interaction frequency is accurately predicted using the lumped
parameter approach. It is noted that the influence of embedment increased the pre-
dominant soil interaction frequency from approximately 4.5 Hz to 8.75 Hz from Case A
to Case C. At the same time, the peak response at the top of the structure decreased
as a result of the increase in radiation damping. The good agreements at the peak
responses indicate that the radiation damping, plus 157 material damping accurately
represents the total damping. It also illustrates that the radiation damping is
automatically included in finite element analyses.

In view of the accurate representation of the predominant soil interaction
frequency, and since soil interaction effects are controlled primarily by the pre-
dominant soil interaction frequency, it is concluded that the lumped parameter model
as described herein provides a simplified but accurate tool for including the influence
of deep embedment on soil-structure interaction. Of particular importance is the
fact that the parameters associated with soil interaction in a lumped parameter model
may be adjusted to account for variations in the soil stiffness properties as well as
the magnitude of radiation damping. By applying a reduction factor to the radiation
damping, it is possible to introduce conservatism into the analysis. Since a finite
element analysis automatically includes full radiation damping, it is not possible to
introduce conservatism of the damping parameters into the finite element procedure.

4.0 DETERMINATION OF SOIL PROPERTIES

At the present time, field and laboratory measurements have been advanced
to the point where relatively accurate shear moduli and damping characteristics for
soil and rock may be measured. If the mass density and shear and compression wave

velocities are known, the shear modulus and Poisson's ratio of a soil may be calculated
from the following equations:

2
G st

v = (1-28%)/(2-28%)

where Vs = sghear wave velocity,

Vp = compression wave velocity, and
R = V /v
s p

In the field, the cross-hole technique to measure shear wave velocities has
been developed from the basic method described by Stokoe and Woods (1972). 1In addition,
laboratory torsional resonant column tests on undisturbed samples are used to obtain
modulus and damping properties for shear strains ranging from those that occur during
the cross-hole field measurements to those that would occur during a strong earthquake.
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The cross-hole technique and the laboratory resonant column method are described
briefly in the following paragraphs.

4.1 Cross-Hole Technique

As illustrated in Fig 7, the cross-hole technique consists of striking the

top of a drilling rod thus triggering a storage oscilloscope and sending an impulse
down through the drilling rod. This impact is then transmitted through the soil, and
body waves arriving at the listening hole are displayed on an oscilloscope screen,
from which the time for compression and shear waves to travel between the holes is
measured. The primary advantage of the technique is the ability to obtain clear and
accurate measurements of shear wave velocities.

4.2 Resonant Column Testing

The shear wave velocities derived from cross-hole measurements reflect the

elastic behavior of soil at shear strains on the order of 1074 percent. To obtain
the strain dependent soil characteristics of shear modulus and material damping, the
resonant column test is performed using a procedure developed by Hardin (1970).
Briefly, a column of soil fixed at the base with a rigid mass attached to the top is
excited torsionally with the Hardin oscillator until resonance occurs. The shear
wave velocity is then determined from the frequency at resonance, the dimensions of
the specimen, and the calibration constants for the apparatus.
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Exemples de surveillance sismique

par des réseaux de stations d faible ouverture

H. HAESSLER, P. HOANG-TRONG et G. WITTLINGER

Institut de Physique du Globe, Strasbourg, France

Résumé

On fait une rapide description de deux réseaux de
stations sismologiques & faible ouverture (inférieure &
10 km entre deux stations) installés en France: légereté
du matériel, souplesse de fonctionnement, facilité
d'exploitation .....

Les documents obtenus depuis deux ans environ, ont
permis la mise en évidence des phénoménes intéressants,
en particulier, une activité sismique remarquable dans
les zones &tudiées. On montera ensuite quelques recherches
fondementales qui peuvent découler de ces données.
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Seismic noise investigations -

@ method for seismic microzoning in

areas of nuclear power plants

M. STEINWACHS

Geological Survey of Lower Saxony, Hannover, Germany

Abstract

In Europe and USA freguently standardised seismic data
are used for designing nuclear power plants, which are secure
from effects of earthquakes. Not considered in the standardised
date are generally the seismic soil amplification; i.e. the
amplification of the earthquake waves by the near surface
layer. The soil amplification can be estimated by means of
recordings of explosions, micro-earthquakes or microseismic
noise.

The author considers the "noise method", which requires

exact study of the noise at the site relative to the position
of the noise sources. Procedures and an example are given.

1. Introduction

The earthquakeproof construction of nuclear pover plants involves the interaction of
many technical disciplines including seismology, engineering seismology, engineering
geology, and civil and mechanical engineering. Each discipline is involved with a part
of the path which the seismic waves take in reaching and entering the plant (Fig. 1).
Mostly a simple model of the geologic setting of the site was used. For example assumed
here is an infinitely thick layer of consolidated rock overlain by a cover layer of
unconsolidated sediments. The major geophysical difference between the two layers is in the
seismic shear velocity v_ and the density P. Vg and P should be lower in the sedimentary
cover than in the underlying rocks.

Because of the requirement for large quantities of water, nuclear power plants are

mostly built in river valleys. Since river valleys are usually filled with young sedi-
ments, our assumed geologic model is a good approximation for such locations.
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2. Soil amplification

The discussion in this paper will be restricted to the seismic effects of the cover
layer. Here, because of so-called "soil amplification", there are amplitude increases in
the seismic signal. This work is based on the studies on soil amplification by KANAI
et al. (1961), KUDO et al. (1970), ALLAM et al. (1967) and FAGCIOLI (1971).

If no strong motion records are available at the site in practice the response
spectrum at the earth's surface is to be determined from a response spectrum on conso-
lidated rocks. In many cases the soil amplification has been considered as a frequency

independent effect.

The bedrock response spectrum is then simply raised without changing its form. The
amplification factor is taken from tables, such as those of Medvedev, in which the rock
type is correlated with the earthquake intensities or with the soil acceleration.

In actual fact, the soil amplification is dependent on the frequency. Its strength
differs for various frequency ranges depending upon the thickness of the cover layer.
The effect on the response spectrum at the earth's surface is that particular frequency
ranges are amplified. Consequently, it is desirable to estimate the frequency with the
highest soil amplification and to check this by field measurements.

The appearance of resonance frequencies for a seismic wave in a cover layer, which
was theoretically and empirically investigated by A.S. KATZ and others, can be explained

by multiple reflections of waves. For the case of a single cover layer, there is resonance

when the following simple relationship between wavelength A and thickness 4 of the cover
layer is fulfilled:

a= ifﬂiﬁf—ll A

with k = 1,2,3,.....

k=1:4=2\/k

The resonance frequency fr is calculated from the relationship:
v (2k - 1)
fr = d

where d = v/f and v is the seismic velocity in the cover layer. The values of v and d

necessary for the calculation of fr are determined by refraction seismic measurements
at the site involved.

3. Microzoning by using microseismic noise

The calculated resonance frequencies can be checked by recording seismic signals
generated by microearthquakes, explosions, or microseismic noise. Recording is done at
the relevant site and on outcropping rock or on bedrock in a borehole at one or more
reference points.

Microseismic noise is particularly suited for seismic microzoning because the noise
has a great frequency range and occurs naturally.We use radiotelemetric recording stations
with distances up to 10 km. The resonance frequencies can be determined by comparing the
spectra of the recordings at the site and at a reference point.

The application of the noise method requires careful study of the dominant frequen-
cies and positions of the sources of the microseismic noise. As part of a research program
vwe have investigated the seismic noise at numerous localities in the Federal Republic of
Germany.
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3.1. Some properties of microseismic noise

In interpreting records of noise for microzoning, only those components may be used
that were produced by sources with large areas. Examples are the effects of wind pressure
variations or oscillations in atmospheric pressure on the earth's surface. Unsuitable
for microzoning are those noise components produced by nearby local sources such as
vibrations caused by traffic and machines of all types. They distort the influence of
the subsurface on the spectrum of seismic noise.

Since nuclear power plants are generally located outside of municipal areas, the
component of the noise caused by traffic and machines is small. In addition, it becomes
even less at night which results in a reduction in the amplitude of the noise. For some

hours, it is reduced to the "residual noise", which, in most cases, is well-suited for
microzoning.

Simultaneous recordings with two closely spaced seismic stations show if the noise
contains seismic waves coming from a particular direction. If this is not the case, the

noise is "isotropic" and local noise sources are not present in the vicinity of the
station points.

According to STRICKLAND the isotropic characteristics of the noise can be found
using the correlation functions. Fig. 2 shows examples from two survey areas in Germany.
With ideal isotropy, the autocorrelation functions and the cross~correlation function

(KKF) are identical (upper part of Fig. 2). The lower part of Fig. 2 shows an area with
enisotropic noise.

3.2. An example of a study

The dominant frequencies in soil amplification were investigated in the vicinity
of the site of a planned nuclear power plant in South Germany.

We initially carried out at the site and at several reference stations refraction
seismic measurements using dropping weight equipment.

The result at one stationpoint in the site area (but not at the site of the planned
pover plant) is shown in Fig. 3. Using the previously mentioned formula, the P-wave is

found to have a resonance frequency (f ) of 7 Hz and the S-vave a resonance frequency
(fs) of 3.6 Hz. P

The results of the microzoning at the same point are shown in Fig. 4 and 5. Shown
in Fig. 4 is the trend of the noise throughout a single day. Plotted here are the maxima
of the spectral density functions versus the time at intervals of two hours. The minimum,
the residual noise, was reached at about 4 o'clock in the morning. Fig. 5 shows the
spectral density function of the residual noise on the cover layer compared with the
smoothed spectrum measured at reference points on consolidated rock (shown as a dashed
line in Fig. 5). The comparison shows a significant difference between the two spectra
in the frequency range from about 2 to 8 Hz. As the seismic noise contains S-waves,
surface waves and P-waves, there is, understandable, no sharp maximum in the spectrum.
fg and f are the resonance frequencies of the S- and P~-waves, which are computed from
the simple two layer model.
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Seismic risk studies for nuclear power plants

A. RAVARA

Laboratorio Nacional de Engenharia Civil, Lisbon, Portugal

Abstract

This paper summarizes the macro and microzoning seismic
risk studies carried out by LNEC in two places of the
Portugese coast as part of a vast site studies program, still
in course, aiming at a rational choice of the place where the
first nuclear power plant is going to be located.

The macrozoning studies consisted basically of a statis-
tical estimate of maximum ground accelerations liable to
occur during a given return period. Such estimate was based
on all the available data on epicenter location, magnitude
and MM intensity of earthquakes that have been felt in
Portugal since 1902. Seismic risk charts were thus established
for the two sites under consideration.

Microzoning studies mainly consisted in the analysis of
soil vibration records obtained by the National Meteorological
Service (SMN) in a campaign of field tests using strong TNT
charges blasted off-shore. Although these tests were performed
for earth crust studies, the results have proved very adequate

for the knowledge of wave propagation and dynamic characteris-
tics of the soil vibration.

The information provided by the macro and microzoning
studies was very useful for pPrescriting the seismic actions
(accelerograms, power spectra and response spectra of accele-
ration) tc be considered in the structural design of the plant.
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ISUNAMIS INDUCED BY SUBMARINE SLUMPINGS OFF THE COAST OF ISRARL "

H.L. Striem and T. Miloh

Israel Atomic Emergy Commission

Summarx

In the course of history several extreme changes
in the sea level along the coast of the Levant have
occurred. As these events have always been associated
with earthquakes they were often described as tsunami
or seismic sea waves.

Reviewing the historical descriptions of such
events at Israel's coast one finds more often a rece-
ssion of the sea than g flooding of the shore. Such
events may have been caused by slumpings on the con-
tinental slope. Based on data of actual submarine
8cars, a quantitative evaluation of this hypothesis
vas made.

It was found that the slumping of a mass 6 km
long, 2 km wide and about 50 m deep would cause the
formation of g shock~induced solitary wave of about
10 m in height at the edge of the continental slope.
The accompanying draw-down of the sea level at the
coast would last about } - 1} hours, and lay the sea
floor bare for a distance of about 4 - 1% km, in
agreement with some historical descriptions. Though
Possibly occurring only once or twice in a millenium,
earthquake-induced slumpings may constitute & danger
to nuclear power Plants, and not only to maritime
vessels and installations,

* Resumé of Research Report IA-LD~1-102, see
Bibliography.
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Israel intends to build a commercial nuclear power plant at its Mediter-
raneam coast, and has therefore to consider not only the general seismologi-
cal problems, which are weighty, but also the problem of tsunamis affecting
the coast,

Mostly, tsunamis are considered as Seismic sea waves, whose danger comes
from their suddemly flooding the coast. However, when studying the historical
record of earthquakes at our coast, we found more often described a recession
of the sea than a flooding of the shore.

Our prophet Amos, who prophesied "in the days of Uzziah, King of Judah,
and the days of Jerobeam, King of Israel, two years before the earthquake"
(about 760 B.C.) mentioned "the desert 8prings withered, and the Head of the
Carmel became dry".

The Greek geographer Strabo, who lived at the time of Christ, and who
described earthquakes, wrote: "while we were at Alexandria in Egypt, the sea
rose near Pelusium and Mount Cassius, invaded the land and the mount became
an island" (Mount Cassius is a 60 m high hillock on a lagoonar bar, off North
Sinai).

The great earthquake, which affected the entire Middle East, in July 551
caused much damage at the Levant coast, between Tyre and Tripoli, especially
at Betrys (Beirut). Theophanes, the Greek chronicler, relates that "the sea
receded a thousand paces (1 mile y consequently many ships submerged in the
deep"”, and Michael the Syrian scribe wrote that "at the time of the earth-
quake in Beirut and other Phoenician towns, the sea withdrew 2 miles, and
the sea bottom was exposed, laying bare sunken ships with much treasure.
People ran down to the ships, but the sea waves returned, drowning all",

On the great earthquake of 1034, the Arab chronicler, Abu Faraj,
reported, "half of Acre was destroyed, the sea receded 3 miles from the
coast, so that many who walked out to collect things were drowned when the
waters powerfully returned". Yahia Ben Said of Antiochia added "the wvater
within the port of Acre receded and disappeared for one hour",

The renowned Arab Chronicler, As-Soyuti, who specialized in earthquakes,
reported: "A severe earthquake affected Palestine on 18 March 1068. Ramle
(then the local capital) was destroyed ... the sea receded from the coast,
but soon returned to its Place". Ibn El1 Athir gave a very similar descrip-
tion and added "the sea fled a day's walk",

On 14 January 1546 another great earthquake, reported by Bernhertz
(1616) to have destroyed Ramle, also Nablus, caused "the sea at Jaffa to
recede a day's journey, one could walk dryly on the bottom, about 10 thou-

sand people came to pick up things from the sea (bottom), however, the sea
returned soon and all drowned".

The last mention of tsunamis effects was in connection with the severe earth-
quake in Palestine and southern Lebanon on 30 October 1759, when Acre was
reported to have its street flooded to a height of 10 feet.

The coast of Israel is almost straight, curving gently. The sea bottom
slope of the southern coast is shallow, at Ashqelon the 100 m depth is
reached at 18 km distamce. The continental slope begins at about the 200 m
depth (24 km from the shore) and decends to the 600 m depth at a gradient of
about 1:20 or less.
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On this slope were discovered several scars of submarine slumpings, at
about 30 km from the coast. We used ome of the larger niches to evaluate
the possible effects of its slumping. The scar is about 2 km vide, at least
6 km long, and about 50 m deep, its mass therefore, about one billion tomns.
Assuming the slumping mass to have its center ef gravity at 650 m depth and
to come to rest at the bottom of the continemtal slope, at about 1050 m, it
would release about 2 x 1022 erg, (on Iida's scale: a tsunamis of magnitude
1.5). Of course, not all the energy released would convert into gravity
water waves. In general, only 1-2% of the energy of the generating event is
converted into wave energy, however this would yet be about 2 x 1020 ergs,

The laboratory experiments of VWiegel, of Prins and of others have shown
that a sudden change in the bottom elevation can cause one large and a few
small solitary waves. It was foumd that when dropping an object in water,
the resulting wave amplitude depemded primarily on the energy of the fall-
ing object, the wave period depended mainly on the dimensions of the object.
Furthermore, when the object was sliding down rather.than fallimg in the
water, the wave amplitude decreased and the period imcreased,

Using the data of the scar mentioned, and applying the results of the
laboratory experiments, and some hydraulical reasoning (details in our
IA-LD~1~102 report), we found that for a 1% transfer ratio of the potential

energy, the height (H) and period (T) of a resulting solitary wave would be
as follows:

one wave two equal waves
at depth (m) 650 1050 650 1050
H 13 m 8 m 8 m 5 m
T 700 see 1400 sec 900 sec 1850 seec

These values were derived assuming a vertical travel of the slumping
mass, however, in fact, the mass did slide down a moderate slope, hence
Wiegel's results should be applied, i.e., the period would be four times
larger, the wave height compensatingly reduced by a factor of two (consider-
ing the shallow water wave energy to be proportional to H2T),

Considering that the decrease in wave height will be offset by the
shoaling effect, which would increase the amplitude by a factor of two, we
thus evaluate a wave period of about 1-13 hours, and a draw-down equal to
the wave height of about 10 m or more. We regard these values as realistic,
bearing in mind we used an energy transfer ratio of 1% only.

Thus, at our southern coast, such a slumping event would lay bare
about 1 km of sea bottom, and even a larger distance in the bay of Acre's
port, well in accord with the historical descriptions of one or two miles.

The only duration specifically mentioned was one hour, in good agreement
with our estimate.

From the historical evidence so far available, we do not think that
such events did occur at Israel's southern coast more often than once or
twice in a millenium, if that. The recurrence depends on various factors,
Ppossibly mainly on the frequency of the triggering earthquakes, and at
present we cannot evaluate the risk of such events.
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SAFE SHUTDOWN EARTHQUAKE AND OPERATING BASIS EARTHQUAKE
DETERMINISTIC AND PROBABILISTIC EVALUATIONS

W. J. Johnson, D. K. Shukla

E. D'Appolonia Consulting Engineers, Inc., European Operations
Brussels, Belgium

Summary

The paper reviews the current probabilistic and
deterministic procedures to determine the Safe Shutdown
and Operating Basis Earthquakes (SSE and OBE). Nuclear
practice establishes the SSE using a deterministic procedure
referring to past seismicity and the OBE as a fraction of
the SSE. The probabilistic procedures recently proposed
extrapolate recurrence rate data on past earthquakes. This
approach is not judged appropriate to establish rare events
such as the SSE because the limited data sample precludes
far extrapolation. Conversely, the probabilistic approach
has merit in determining the more frequent OBE event.

1.0 Introduction

Seismic loads for nuclear power plants (NPP) often govern design and therefore
the determination of basic design seismic inputs represents a fundamentally significant
aspect of NPP design. The design input motion is widely termed as the Safe Shutdown

Earthquake (SSE). The United States Nuclear Regulatory Commission (USNRC) provides the
following definition (1)

"The Safe Shutdown Earthquake is that earthquake which is based upon an
evaluation of the maximum potential considering the regional and local geology
and seismology and specific characteristics of local subsurface material...."

‘It is distinguished from the lower level Operating Basis Earthquake (OBE) by the USNRC
as follows:

"The Operating Basis Earthquake is that earthquake, which, considering the
regional and local geology and seismology and specific characteristics of local
subsurface material, could reasonably be expected to affect the plant site during
the operating life of the plant;..."

9
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The current practice requires that a plant experiencing an OBE should be
shutdown for complete inspection. The plant structure is designed to remain elastic
during an OBE, whereas yield stress are used for an SSE design.

Current procedures for SSE evaluation are generally based upon "deterministic"
concepts which account for the worst estimated seismic effects at the site in the
recorded history (1). This approach is considered present State-of-the-Art and is
briefly reviewed in Section 2.0. Another approach proposed in recent literature (2,3,4)
evaluates the problem using "probabilistic' theory and determines the SSE as a very
rare event, as discussed in Sections 3.0 and 4.0. Finally, Section 5.0 evaluates
merits and drawbacks of both approaches in determination of the SSE and OBE at nuclear
power sites. The paper concludes that a deterministic approach is required for defini-

tion of the SSE; while probabilistic considerations have merit for establishment of the
OBE.

2.0 Step-by-Step Procedure for Establishing the SSE and OBE - Deterministic Approach
Utilizing the above definitions and following the steps of the USNRC Appendix
A to 10 CFR 100, the following step-by-step procedure has evolved (5,6,7).

1. Review and summarize the basic geology and tectonics of the region of the site (200
miles or 320 kilo-meters radius) with particular attention paid to mapped faults
and the boundaries of the seismotectonic provinces. A tectonic province is defined
by the USNRC and International Atomic Energy Agency as a region characterized by a
relative consistency of the geologic structural features contained therein (1,5).

2, Conduct a review of the seismic history of the region including offshore areas;
locate the epicenters of all major earthquakes.

3. Relate these epicenters to mapped faults and/or seismotectonic provinces defined in
Step 1.

4. Based on the results of Step 3, postulate a group of conceivable SSE's by selecting
the most severe earthquake along each fault; or in each seismotectonic province, and
move these earthquakes to the point along the fault, or within the seismotectonic
province, that is closest to the site.

5. Develop a set of attenuation curves applicable to the region of the site.

6. Using the attenuation curves from Step 5 and the group of conceivable SSE's from
Step 4, along with the minimum distances to the site, determine the site Intensity
and classify this as the site SSE.

7. Through accepted correlations between Intensity and peak ground acceleration,
establish the peak ground acceleration that corresponds to the SSE for the site (8).

8. Select the OBE as an earthquake with peak ground acceleration equal to at least
one-half the SSE.

With minor exceptions, this process is generally used at most reactor sites
in the Western World. For sites where Magnitudes are available, a similar approach may

be adopted by making use of acceleration versus epicentral distance attenuation
curves (9).

3.0 Step-by-Step Procedure for Establishing the SSE and OBE - Probabilistic Approach

An alternate to the deterministic approach, is based on probabilistic concepts.
While the regulatory aspects of the probabilistic approach are not clear (1,5), the
probabilistic approach, nevertheless, may provide the engineer, the seismologist and
the regulatory group with additional quantitative insight into the safety aspects of
the plant design. Essentially this approach estimates the rate of recurrence at the

site of seismic events, and then the SSE or OBE is selected with a predetermined design
recurrence rate.

The analysis rests mainly on two assumptions. First, the seismic activity
within any seismotectonic province or along known major faults with characteristic
seismicity is uniformly distributed. Secondly, the recurrence rates for earthquakes of
a given Intensity in any seismotectonic province is assumed to remain the same as
observed in the past. Regarding the first assumption, it is noted that any one seismo-
tectonic province has a unit of geologic structure and equipotential seismicity. With
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regard to the second assumption, a review of the number of damaging events in the site

region over the past few hundred years needs to be made. Generally speaking, since the
projected life of a NPP is very small with respect to geologic, or even historic time,

one may reasonably expect this assumption to be valid.

The following steps briefly describe the general approach used in the probabi-
listic determination of SSE or OBE.

1.  The boundaries of the seismotectonic provinces are determined within a 320 kilo-
meter radius of the site and known major faults with characteristic seismic
history are defined.

2. Each contributory area is divided into a grid of small elements for purposes of
numerical integration. Similarly, the significant faults in the contributory
area are divided into linear source elements. The area or length of an element,

i, is denoted as Aj, and its distance from the site is denoted as Rj. The seismic
activity in each small element is assumed to originate at its geometrical center.

3. The recurrence rates for earthquakes are established by the well known empirical
recurrence relationship (10) given as:

log(N) = a +b, I (1)

where N is the number of earthquakes per unit area (or length per year of
Intensity I, or greater; I is the Intensity on the Modified Mercalli Scale; k
denotes the seismotectonic province or fault; and a(k) and b(k) are constants
characteristic of the earthquake recurrence rate for the provinces or faults.

4, For each element, j, in each seismotectonic province the seismic activity per
year is computed in small Intensity increments of the order of 0.2, using the
recurrence relationship given by Eqn 1. Thus, the number of earthquakes per year

in element j, between Intensity I-0.1 and I+0.1 denoted here as nj is obtained
as:

nj(I-0.1< I< I+0.1)=Aj (1o(ak+bk(l'°'1))—10(31(+bk(”°'1)) (2)

5. Due to attenuation of the earthquake ground motion, the ground motion, at the
site experiences a lower Intensity than the epicentral area. Thus, an earthquake

6. The seismic activity between Intensities I-0.1 and I+0.1 in the element j causes
nj (I-0.1<I<I+0.1) earthquakes of Intensity Is at the site. The contributions
from all the elements are computed and summed, which in turn yields the seismic
activity distribution for the site. From this, one derives the expected number of
earthquakes per year at the site with Intensity Is or greater, N(Is). The expec-—

ted return period, denoted as Rp(I) of an earthquake with Intensity I or greater
is obtained as:

Rp(I) = 1/N(1) (3)

7. The earthquake with design return period, i.e. approximately the inverse of the
probability of occurrence per year, is chosen as the SSE. Similarly an earthquake
with réturn period one to two times the life of the plant could be chosen as OBE.

8. The acceleration corresponding to the SSE or OBE Intensity is determined, using
accepted acceleration Intensity relationships (8).

If sufficient earthquake Magnitude data are available, the recurrence relation-
ships in Step 3 are represented in terms of Magnitude, and the attenuation curves 9)
then directly predict the postulated acceleration at the site, and Step 8 is not
needed.
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4.0 Discussion of Input Parameters
Several critical inputs to the probabilistic approach have not yet been

established thoroughly. Specifically, the following points deserve careful consid-
eration:

(1) Earthquake recurrence rate versus Intensity relationships.

(2) Maximum Intensity earthquake to be considered in the analysis.

(3) Choice of recurrence period for the SSE/OBE.

(4) 1Interpretation of seismic activity distribution in the near vicinity of the site.

4.1 Recurrence Rate Versus Intensity Relationships

As discussed above and illustrated on Figure 1, relationships between the
logarithm of recurrence rate and Intensity are usually represented as a straight line.
The recurrence data for medium Intensity earthquakes (say Intensity V, VI, VII, VIII
and sometimes IX) are plotted and a straight line is fitted through them.

The procedure seems justifiable, but in general it has been observed (11)
that it over-predicts the recurrence rate for high Intensity earthquakes. For example,
in a given region, no earthquake of Intensity higher than VII may have been observed
in the past 100 years and none higher than VIII may have been observed in the past 2000
years; whereas, the recurrence curves extrapolated from 50 year data may predict the
recurrence rate of four or five Intensity X earthquake per 1000 years.

Based upon the observed data, some researchers (11) have proposed that a
quadratic relation (curve 2 on Figure 1) be adopted, such that the recurrence rate
decreases more rapidly with increasing Intensity. In the authors opinion, an exponential
or extreme value type relationship (curve 3 of Figure 1) should be adopted, thereby
predicting a limiting recurrence rate of zero (or logarithm of recurrence rate to minus
infinity) for earthquakes with highest postulated Intensities. Another justification
for adopting quadratic or exponential type recurrence rate curves is also provided by
the observation that historicad records for low Intensity earthquakes tend to be incom-
Plete as documented by Stepp (12). Ultimately, the authors feel that Bayesian theory

should be used to evaluate the significance of all the proposed curves and their
associated SSE-OBE's.

4.2 Maximum Intensity Earthquake on each Province

By definition, the maximum Intensity of the Modified Mercalli Intensity Scale
is XII. However, as discussed with a few examples in the last section, a maximum
Intensity of only VIII may have been observed in a region within the past 2000 years,
whereas the recurrence rate curves may predict a high recurrence rate of significantly
larger earthquakes. To avoid this obvious inconsistency between the observed historical
data and the predicted recurrence rates, the authors recommend that within a given
tectonic province or fault, a maximum Intensity of two degrees higher than the maximum
observed Intensity in that province or fault be adopted for probabilistic computation
(curve 4 on Figure 1). Using Magnitude data, the world-wide upper bound near M=9
appears appropriate and, within any province, the authors recommend a maximum Magnitude
of one unit larger than the maximum Magnitude observed.

4.3 Choice of Recurrence Period for the Basis of the SSE and OBE

Discussions with professionals and regulatory groups indicate that a recurrence
period varying between 1,000 and 10,000 years appears adequate for SSE determination in
NPP design. A check on the SSE for a few sites, derived using the widely accepted
deterministic procedures described above, seems to verify this opinion. The recent
USNRC Rasmussen Report (13) or WASH-1400, also indicates that an earthquake with a
10,000 year recurrence will be sufficiently conservative for SSE determination in NPP
design. The OBE is selected as a more frequent, lower level earthquake. The USNRC
definition (1) of OBE suggests that this event could be expected in the lifetime of the
plant and therefore a return period of 50 to 100 years is appropriate.

4.4 Seismic Activity Distribution Near Site
For high Intensity SSE values, the greatest contribution to the site SSE is
generally provided by the seismic activity in the area within approximately 25 to 50
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kilometers from the site. Since these nearby earthquakes are of great interest as
potential SSE values, it is important that the contributory area near the site be
carefully subdivided into an elemental grid (see Step 2 in Section 3.1). The site
itself should be assigned to the center of an area whose radius equals the distance for
zero attenuation. If the analyses uses a site element larger than the zero attenuation .
distance, an overly conservative event will be derived, since the local seismic activity
will be artificially concentrated at the site without any attenuation. Similarly, a too
small site element will result in an unconservative value. Generally speaking, a ten

. kilometer seismic contributory element should be assigned to the site. The element

size could be increased as the distance from the site increases.

5.0 Discussion of the Two Procedures

Whereas, the deterministic approach is based upon the most intense earthquakes
observed, the probabilistic approach is based upon the numerical count of various
Intensity earthquakes. The available historical data for Intensities lower than say
MMI VI is usually incomplete and the number of high intensity earthquakes observed is
usually not statistically sufficient, and thus the final results for a rare event such
as SSE are chosen using a substantial amount of engineering judgement and interpretation;
thereby losing the apparent exact "quantification" of seismic data. However, the
probabilistic approach seems more meaningful for OBE, since this event is more frequent.
Further, since the current USNRC regulations specify lower damping and allowable stress
for OBE analysis than for SSE analysis, and the loads combined with OBE are more
stringent, it is the OBE which sometimes governs the final design of some components of
nuclear power plants (15). For this additional reason, the OBE should be determined
with more care using probabilistic procedures, independently of the deterministic SSE.
Incidently, the authors experience indicates that these more detailed studies will lead
to OBE values smaller than the classical 0.5 SSE value.

6.0 Summary and Conclusions

This paper has summarized the present State-of-the-Art procedures for establi-
shing the basic seismic design criteria for nuclear power plants; the procedures use a
deterministic approach for the SSE and a probabilistic approach for the OBE. In the
authors opinion, a deterministic procedure for the SSE has the following advantages:

(1) Heavy reliance is placed on regional and local geology, tectonics and seismicity

(2) The end product depends more on the quality of the data, rather than the quantity
of the sample of data.

(3) The procedure in itself is logical, reflects the worst events observed, and can be
verified and understood with ease by the Applicant and the Regulatory Groups.

The probabilistic - statistical approach has also been illustrated. This
procedure may, at first, appear more attractive since it could provide a quantitative
insight into the safety aspects of nuclear power plant design. However, the
following pitfalls need to be considered:

(1) The procedure may lack an adequate sample of data and an adequate model of physical
mechanisms. The basic philosophy of extrapolating 50 to 200 years of statistically
significant earthquake data to predict rare 1000 to 10,000 year SSE events is
considered inadequate.

(2) The mathematical procedure is quite complex and one may easily lose touch with the

actual subject and artificially extract more information than exists im the source
material,

In summary, the authors believe that the extrapolation of earthquake data
should be limited to recurrence periods within one order of magnitude of the period for
which statistically significant earthquake data are available. Accordingly, probabilistic
determinations of SSE should be used with extreme caution and primary emphasis should
still be placed on geology and historical seismicity. On the other hand, the OBE could
be primarily determined from the probabilistic analyses, since the OBE recurrence

period compares with the period for which a reasonably complete sample of data is
available.

-144-



10.

11.

12.

13.

14,

15.

LIST OF REFERENCES

Part 50 ~ Licensing of Production and Utilization Facilities, and Part 100 -

Reactor Site Criteria, Federal Register, Vol. 38, No. 218, United States Atomic
Energy Commission, Washington, D.C. November 13, 1973.

Algermissen S.I., and D.M. Perkins, A Technique for Seismic ZoningliGeneral
Consideration and Parameters, NOAA Techinical REport no. ERL267-ESL30, Contribution
to Seismic Zoning, May, 1973.

Cornell, A.C. and E.H. Vanmarcke, The Major Influence on Seismic Risk, Fourth
World Conference on Earthquake Engineering, Santiago, Chili, Vol. 1, pp 69-83,
1969.

Esteva, L., Seismic Risk and Seismic Design Decision, edited by R.J. Hansen,
M.I.T. Press, 1970.

International Atomic Energy Agency, Earthquake Guidelines for Reactor Siting,
Technical Reports Series No. 139, Vienna, Austria, 1972.

Rizzo, P.C., Seismolqgig/Geologic Criteria and Considerations for Sitin
Surface and Underground Nuclear Plants, Antiseismic Design of Nuclear Power Plant,
Pisa, Italy, October 3-5, 1972.

Iansiti, E. and E. Iaccarino (CNEN-Divisione Sicu Rezza e Controlli - Rome),
The Definition of Design Basis Earthquake, Antisiesmic Design of Nuclear Power
Plants, Pisa, Italy, October 3-5, 1972.

Neumann, F., Earthquake Intensity and Related Ground Motion, University of
Washington Press, Seattle, Washington, 1954.

Schnabel, P.B., and H.B. Seed, "Accelerations in Rock for Earthquakes in the

Western United States," Bulletin of the Seismological Society of America,
Vol. 63, No. 2, 1973.

Guternberg, R. and C.F. Richter, Earthquake Magnitude Intensity, Energy and
Acceleration, BA, No. 46, pp 105-145, 1956,

Cornell, C.A. and M.A. Merz, Seismic Risk Analysis Based on a Quadradtic
Magnitude-Frequency Law, BSSA, Vol. 63, No. 6, December 1973.

Stepp, J.C., Analysis of Completeness of the Earthquake Sample in the Puget Sound
Area and its Effects on Statistical Estimates of Earthquake Hazard, Proc. of the
International Conference on Microzonation for Safer Earth~Construction, Research
and Application, Seattle, Washington, pp 897-909, Vol. II, 1972.

Reactor Safety Study, and Assessment of Accident Risks in U.S. Commercial Nuclear
Power Plants, United States Atomic Energy Commission, WASH-1400, August, 1974.

Freudenthal, M., Structural Safety, Reliability and Risk Assessment, School of

Engineering and Applied Science, The George Washington University, Washington D.C.,
Technical Report No. 20, May, 1974,

Stevenson, J.D., "Rational Determination of the Operational Basis Earthquake and
Its Impact on Overall Safety and Cost of Nuclear Facilities," Paper K1/11,
Proceedings of the Third SMIRT Conference, London, September, 1975.

-145-






Seismic Design Spectra for Nuclear Power Plants

State-of-the-Art

A.P. Michalopoulos, D.K. Shukla.

E. D'Appolonia Consulting Engineers, Inc., European Operations,
Brussels, Belgium

Summary

The State—of-the~Art of nuclear power plant design
involves the use of design response spectra together with a
modal analysis of a mathematical idealization of the actual
structure. The design response spectra give the maximum
response of a family of single degree of freedom viscously
damped oscillators to ground shaking usually described as an
accelerogram giving ground acceleration as a function of time.
The definition of a "standard" design response spectra is
reviewed and illustrated by data relevant to "hard" or rock
sites. Finally, the paper recommends a set of design response
spectra applicable to rock sites.

Introduction

Seismic analysis of nuclear plants is typically based upon the use of some
form of "standardized" design response spectra applied to a mathematical model of the
structure. Structural response may be based directly upon modal analysis techniques or
upon time history methods using an artificial time history derived to match the design
response spectrum. The scope of this paper is not to discuss these mathematical models,
but rather the philosophy which has evolved in arriving at "standard" design response
spectra. This philosophy is illustrated by data from additional research concerning the
shape of design response spectra applicable to "hard" or rock sites.

The concept of using response spectra to characterize the effects of ground
motion was first introduced by Biot in 1934.(1) With the beginning of nuclear
construction and computer-oriented analysis in the late 1950's, the number of papers on
the subject grew exponentially. In nuclear design, this vast body of research has been
reduced to the use of a relatively few "standard" design response curves.

The first attempt at establishing general seismic design criteria for nuclear
power plants appeared with the publication of TID 7024(5) by the United States Atomic
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Energy Commission in 1963. The basis of the design response spectra presented in

TID 7024 was the work by Housner(3) in studying the response spectra of four strong
motion earthquake records (El Centro 1940; E1 Centro 1934; Olympia 1949, and Taft 1952)
in 1959. Housner's work was summarized as seismic design criteria for nuclear power

plants in a paper presented at the Second World Conference on Earthquake Engineering in
Tokyo, Japan in 1960. (4)

The Housner spectra remained the "standard" design response spectra for
nuclear power plants until the results of a study by Newmark and Hall were presented at
the Fourth World Conference on Earthquake Engineering in Santiago, Chile in 1969.(6)

Statistical studies of an expanded number of earthquake records were performed
by Newmark(8) and Blume(2) which led to the 1973 Newmark-Blume-Kapur spectra(7) for
the seismic design of nuclear power plants. The Newmark-Blume-Kapur spectra then
became the basis of the present USNRC Regulatory Guide 1.60.(l1) In these studies, the

response spectra are normalized to peak ground motion parameters which are treated as
being deterministic.

Figure 1 shows a plot of (1) the Housner 1959 Response Spectra (TID 7024),
(2) the 1969 Newmark-Hall Spectra, (3) the 1972 Modified Newmark-Hall Spectra, and (4)
the 1973 Newmark-Blume-Kapur Spectra for two percent critical damping. As shown on
Figure 1, the trend in each iteration of design response spectra for nuclear power
plants has been to add more and more conservatism to the design criteria with present
day values a factor of two larger than the original Housner spectra.

The effects of foundation compliance received only limited treatment in the
Newmark and Blume studies. Regulatory Guide 1.60 is therefore considered to be
applicable to both soil and rock sites, with the exception of very soft sites. In this
paper, results of additional research with respect to vertical and horizontal response
spectra on "hard" or rock sites is presented. Blume and Newmark recognized that
response spectra for records made on rock may be less severe than for soil deposits.

The research reported herein is based on an analysis of 30 vertical and 58
horizontal recordings made on "hard" sites. Briefly, the results indicate design
response spectra for "hard" sites should be less severe than the recommendations of
Regulatory Guide 1.60 in the frequency range below 5-6 Hz for the horizontal spectra and
at all frequencies for the vertical spectra. In arriving at recommended design response
spectra, the approaches of Blume and Newmark are followed with minor differences. The
data base, however, is considered as representative of "rock" or hard sites.

Selection of Accerlerograms

One of the issues encountered in the study of strong motion records for "hard"
or rock sites is the classification of sites with respect to rock or soil. Several
records can be easily distinguished as being recorded on rock. These are the Helena,
Montana (October 31, 1935); Bear Valley, California (June 22, 1973); Blue Mountain Lake,
New York (July 29, and August 3, 1973); Koyna Dam, India (December 11, 1967);
Hsinfengkiang Dam, China (March 19, 1962); San Francisco, California, Golden Gate
(March 22, 1957); and San Fernando, California (February 9, 1971) Pacoima Dam and
California Institute of Technology Seismological Laboratory Records. For the remainder
of the records used in the study, the distinction between a "hard" or soil site is not
as obvious. As suggested by Blume in Reference 2, for considering the site
characteristics a ground impedance parameter of 4000 ft/sec, defined as the product of
specifiz gravity and shear wave velocity, was used in this study to define "hard"
conditions. Finally, for the 30 earthquakes chosen, the average horizontal acceleration
is approximately 0.141 g while the range is from 0.015 g to 1.17 g.

Data Processing Techniques
Strong motion time history records were corrected using standard processing
techniques for both long period baseline errors and high frequency instrument response
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errors. Baseline correction was performed by high pass filtering of data using a
digital filter with a cut-off frequency of 0.07 Hz. Instrument correction was performed
by low pass filtering of data with a cut-off frequency of 25 Hz and using a single
degree of freedom representation of the instrument to obtain ground motion. The cut-
off of 25 Hz was chosen on the basis of the observation that above this frequency,
errors resulting from low signal-to-noise ratios, and spurious instrument response can
lead to significant errors.(9) The algorithms and theoretical basis for these correct-
ions are discussed more fully in References 9 and 10, respectively. The resulting
corrected time histories accurately represent absolute ground acceleration over a
frequency band between 0.07 Hz and 25 Hz. This frequency band represents the practical

limits over which reliable information may be extracted using present recording and
digitalization methods.

In addition to using the baseline and instrument corrected time history to
determine response spectra associated with each strong motion record, the time histories
were integrated to determine the velocity and displacement time histories as well as
peak velocity and peak displacement. These peak velocities and displacements were then
used to calculate ground motion parameters associated with each record.

Development of Design Response Spectrum based on Velocity, Displacement and Acceleration
Normalized Spectra (after Newmark (8))

From the response spectra determined from each strong motion accelerogram,
three normalized response spectra were determined by normalizin§ to peak ground dis-
placement, velocity and acceleration as suggested by Newmark: (8 Displacement, velocity
and acceleration normalized spectra were determined by scaling each record to the
following peak ground motions; ’

Acceleration - 1.0 g

Velocity - 1.0 in/sec

Displacement - 1.0 in
The normalized spectra were then used to define spectral displacement, velocity and
acceleration amplification factors at each of the 125 frequencies at which response
spectra were computed. The displacement amplification factor is defined as the factor
by which peak ground displacement is multiplied to obtain spectral displacement;
velocity and acceleration amplification factors are defined similarly. Since the
purpose of the normalization is to determine amplification factors, the values of 1.0 g,
1.0 in/sec and 1.0 in mentioned‘above, to which responses were scaled, are arbitrary in
that they are only used for the numerical calculations of amplification factors.

Each of the normalized spectra were used to determine mean amplification
factors at each of the 125 frequencies at which the response spectra were computed by
averaging over all 30 strong motion records. In the same manner the standard deviation
of amplification factors was determined at each frequency point. Typical unsmoothed
normalized response spectra for the mean, mean plus one standard deviation, mean plus
two standard deviations and mean plus three standard deviations are shown on Figures 2

through 4. 1In addition, the upper and lower bound response spectra are also shown on
these figures.

Having determined the mean and standard deviation of the amplification factors
at each of the 125 frequencies, the means and standard deviations were averaged over
selected frequency ranges following Newmark. Acceleration amplification factors were
averaged over the range of 3 to 10 Hz; the velocity amplification factors were averaged
over the range of 0.3 to 3 Hz, and the displacement amplification factors were averaged
over the range of 0.05 to 0.3 Hz. Acceleration amplification factors were averaged over
the interval 3 to 10 Hz since acceleration amplification is relatively constant over
this frequency interval and among the three normalized spectra the acceleration
normalized data have the smallest variation and, hence, dependence on the normalization
procedures. Similar comments apply to the selection of frequency intervals over which
displacement and velocity spectra were averaged. These frequency intervals were chosen
by Newmark in Reference 8 for vertical motion at the sites represented therein and
since they qualitatively agreed with results obtained herein for rock, they were adopted
without modification.
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After assessing the amplification factors, spectrum bounds were then
determined by multiplying the amplification factor times the appropriate ground motion
parameters confirmed by this study.

As in the recommendations of Blume and Newmark,(7) design response spectra
are comstructed using amplifications corresponding to the mean plus one standard

deviation value. These design response spectra for 5 percent damping are shown on
Figures 5 and 6.

Design Response Spectra based upon Acceleration Normalized Spectra (after Blume (2))

Design response spectra were also derived based on the approach of Blume; i.e.
spectra were normalized only to peak ground acceleration. Of paramount importance in
establishing the vertical design response spectra is its level relative to the horizon-
tal spectra, i.e., the zero period or peak vertical ground acceleration. For the 30
events studied herein, the mean and median ratio of peak vertical to peak horizontal
acceleration was 0.51 and 0.39, respectively. In computing this ratio, the maximum
horizontal acceleration in the two horizontal orthogonal instrument directions is used.
In the design response spectra reported herein, a round figure of 0.5 was adopted for
the ratio of peak vertical to horizontal ground acceleration.

The Housner spectra originally adopted by the United States Atomic Energy
Commission in TID 7024 did not consider vertical earthquake motion in the seismic design
criteria. Newmark and Hall(6) suggested that vertical spectra be defined as two-thirds
of the horizontal where fault motions are Primarily horizontal and equal to the horizon-
tal where fault motions are expected to involve large vertical components. The Newmark-
Hall reference was the first appearance of the vertical excitation as part of the
seismic design of nuclear power plants and set the traditional 2/3 value used for
vertical which was maintained for the ratio of peak vertical ground acceleration to
peak horizontal ground acceleration until the USNRC Regulatory Guide 1.60 design spectra.

The. ratio of 0.5 presented in this study represents a departure from the
traditional 2/3 value and was a direct result of the statistical processing of peak
ground motion parameters for the 30 records considered in this study.

Also, for the records considered in this study for "hard" or rock sites, the
average ratio of the smaller to‘larger peak horizontal ground acceleration in the two
horizontal instrument directions was 0.80. In practice, the seismic structural design

is based upon triaxial excitation with equal response spectra in the two horizontal
directions.

As in Reference 7, recommended design response spectra are based upon the
mean plus one standard deviation response. In order to construct design response
spectra, the normalized mean plus one standard deviation spectra were fitted in a least
square sense with strai§ht line segments between the "control frequencies" as used in
Regulatory Guide 1.60.(I1) Tphe straight line least squares fit was applied on log-log
scales of amplification versus frequency as is normally plotted on tri-partite paper.
The least squares line was forced to a value of 1.0 g and 0.5 g at 50 Hz. for the hori-
zontal and vertical response spectra, respectively. Control frequencies were 0.25, 2.5,
9.0, 33.0 and 0.25, 3.5, 9.0 and 33.0 Hz for the horizontal and vertical spectra
respectively. Below 0.25 Hz, the least squares line was specified by a constant
displacement amplification. The resulting response spectra are compared to the
recommendations of Regulatory Guide 1.60 on Figures 5 and 6.

Comparison with Regulatory Guide 1.60
The recommended design response spectra for rock sites, for 5 percent .damping,
are shown in Figures 5 and 6 compared to the recommendations of Regulatory Guide 1.60.

As shown on the figures, the recommended vertical response spectrum is lower
than that of Regulatory Guide 1.60 at all frequencies.
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For the horizontal design response spectra, the recommended design response
spectra are somewhat higher than Regulatory Guide 1.60 for frequencies greater than 5-6
Hz and lower for frequencies less than 5-6 Hz. This reflects greater high frequency
content in rock ground motions.

Conclusions

The State-of-the-Art of definition "standard" design response spectra has been
reviewed and illustrated by data relevant to "hard" or rock sites.

Finally, this paper recommends a set of design response spectra applicable to
rock sites shown on Figures 7 and 8. The vertical spectra are consistently lower than

those of Regulatory Guide 1.60, while the horizontal spectra are somewhat higher at
higher frequencies.
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Earthquake Design of Nuclear Power Plants

Hans Joachim Kaestle
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Today's Nuclear Power-Plants are provided with a great amount of inherent
safety which exceeds by far that of non-nuclear plants.

Safety systems provided to cover a failure or a group of failures are
installed redundantly, in suchway that an additional failure which might
occur in one of these redundant systems does not lead to a dangerous state
of the plant (single-failure-criterion). Generally, this criterion is
fullfilled even if one of the redundant systems is being repaired.

Regarding to the low, probability , with which independent failures occur
simultaneously at two systems, it is seen, that a release of radioactivity

originating from failure of a component or system is not to be expected.

The further installation of redundant and diversified systems exceeding
today's standard will yleld a small gain only for the probability of the

non-occurence of accidents.

You see that the security of modern nuclear power plants with a sufficient
number of independent systems can be guaranteed as long as no events occur
which damage many of the security systems at the same time. But such events
are possible, they are called common mode failures. -
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To them belong events which come from_outside the plant, According to their
origin they can be subdivided into natural events like storm, flood, earthquake
and into civilization-impacts 1ike fire, airplane orash, chemical explosion.

The goal of the protection of a nuclear power plant against such events is
reached when

- the reactor can be shut down and can
be kept in safe condition

~ the emergency cooling and the after cooling systems
remain intact

- the inclosure of dangerous quantities of

radioactive material is guaranteed,

We are restricted here to the discussion of earthquake risk to nuclear power
plants and to the problems which might it make difffcult to reach the Just
defined goal of protecting nuclear power plants against earthquakes.

But at this point I would like to emphasize that even if we are only among
seismologists here, earthquakes are not to be seen isolated in their threat
to nuclear power plants. We have also to look for a general concept of
protection against external events. I mention the vibration of components
originating from an éirplane crash or chemical explosions which is a problem

very similar to earthquakes.

By earthquakes buildings and structures are shaken in their parts as well
as on the whole. In a building the earthquake-movements cause different
reactions from point to point and from floor to floor. That puts special
demands upon the buildings as supporting structures and upon the components
and systems which are fixed on them. Therefore 1t is necessary to get

- evidence of stability of structures

- knowledge about the movement and the

resulting stress and strain of components

- and the judgement of the influence of the

vibrations on the availability of components.

-158-



Out of that it is to be seen that earthquake design of a nuclear power
plant is the common purpose for mechanical engineers and civil engineers.
In general they intend to proove by calculations that any hazard to the

availability of components or systems by earthquakes can be excluded.

As in many cases of technical calculations in a first step it is necessary
to create a model. That means an idealized mathematically handable
simplification of the given structure, which allows the calculation of the
mechanical and physical properties as well as possible. The type of that
model deperds on the task of the investigation. For detailproblems for
instance for a loadbearing member it may be sufficient to calculate loads
or displacements, on the other hand for the evidence of stability of a
structure you have to make a model of the whole building including its
embedment in the soil. A general prescription how to transform a given

structure into a model handable for all tasks does not exist.

The most simple models are rigid bodies or rigid body systems with spring
and damping elements. For stiff buildings for which the forces within

the single structure are not to be calculated such simple models produce
very good results. The problem of stability or relative displacements

of neighbouring buildings can be handled with a great ammount of accuracy
too because in particular the buildings of a nuclear power plant are very
stiff,

For the treatment of more detailed problems you have to use methods with
grealt accuracy. Such a method is the universal applicable method of finite
elements. To calculate loadings of earthquakes in a loadbearing system
you may consider great elements if you have very detailed knowledge of the
material properties or you have to use a very high number of elements if
you have less exact material-data. For the design calculations you have to

choose an applicable method.

Hereby the goal of the calculations is, independent of the applied
calculation-method, to find out the maximum loadings for buildings, structures
and components in case of earthquakes. Then it is task of the design to make
the structures and components withstand these loadings without any damage.

As prescribed by rules and guidelines today three methods for these

calculations are usual:
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- Response Spectrum Modal Analysis
- Time History Modal Analysis
- Time History Analysis

First the Response Spectrum Modal Analysis:

The loading condition for earthquake is represented by a response spectrum,
The method is able to determine the maximum values of displacement. Velo-
city and acceleration of an idealized structure which the geometrical data
and the material data of the structure are to be known of. In a first step
the eigenfrequencies and eigen-vectors of the modal-structure are to be
calculated. In a second step the response of each mode of the modal struc-
ture to the response spectrum (the loading condition) are to be determined.
Out of' the given response spectra you can calculate - depending on eigen-
formen and damping - the maximum building responses for each mode, As a
third step the single responses of each mode are superposed to & whole
response of the system. For this superposition there exist different methods.
The most usual is the root-mean-square method, which may be used only if

the eigenfrequencies of the structure are not close to each other. The
Response Spectrum Modal Analysis does not say anything about the vibrations
as a function of time. The results are floor response spectra. For the
Response Spectrum Modal Analysis the volume of the calculations in respect
to other dynamic methods is small. The most work is to be done by cal-
culating the elgenformen. The method is very attractive because a great
number of earthquakes represented by one response spectrum can be considered

within one calculation.
Second the Time History Modal Analysis

Here the calculated structure is to be known with its material-data and
its geometric properties. As for the Response Spectrum Modal Analysis the
eigen-frequencies and eigenvectors have to-be determined. The loading
function is given - as you can see by the name of the .method - by a time
history record of an earthquake. Then the participation of each mode

in the motion are calculated under consideration of certain damping values
of the system and are sadded up for each given time interval of the time-
history. Then this calculation is to be done for all time intervals.

That means that the time intervals are to be choosen in a way to include
all relevant frequencies of the time history. The result are the time

histories of structure movement, for instance floor time histories. From
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these results you derive the relevant design values like forces and
strain as a function of time. The volume of calculation work is much
greater here than in the first case. It is very important advantage
of the Time History Modal Analysis that after determining the eigen-
formen you can calculate different time histories which is a necessity

for reliable results.
Third Time History Analysis:

The input function for the model structure is also a time history record
of an earthquake. With the Time History Analysis the equation of movement
of a system is solved by direct integration. The calculations are also
performed in certain time intervals. But, different from the Time History
Modal Analysis the movement is not examined for the modes of the structure
in each time step but the real response is calculated for é;ch time step

(by direct solving the equation of movement).

With this method the options for many calculations are given. Even problems
where stiffnes or damping are given as function of time can be solved.

The results are similar to those of the Time History Modal Analysis.

The volume of calculation work is dependent on the degree, to which the
great possibllities of the method are used but in most cases it is much
greater than for the other dynamic methods, expecially because naturally
each time history is tb be calculated from the beginning.

These shortly discussed calculation methods are the first step in the

design of a nuclear power plant. As I have emphasized the data from those
analyses are the basis for the design of structures and components as

there are size, kind and arrangement of reinforcement for concrete structures
or the dimensioning of maqhinery equipment. From the discussion of these

few general problems of earthquake design of nuclear power plants you see
that the civil engineer needs applicable data from the seismologist as

a loading condition. ’

The difficulties and the great responsibility which thus are imposed upon

the seismologist have been discussed in this conference very intensively.
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In the most european countries séismic networks do not exist which produce
data for the design of nuclear power plants and furthermore some parts in
Europe have relative low seismicity. The selsmologist has to use historical
data or has to make comparisons with other countries (1ike USA California)
when he has to give loading conditions for earthquakes.

It may be relatively simple to assesgintensities for any site, But as we all
know we need data like

- s80ll acceleration
- response spectra

- time histories.

The maximum soil accelera;ion may be calculated by empirical formulas (for
instance by Wiggins Blume Esteva). But for the applicability of those formulas
there are necessary much detailed data of the soil properties which are often
not yet available on time. In some cases.especially if only historical data
are available there are many uncertainties about 1t.

If response spectra are used for the design calculations there are also some
demands to be fullfildd. The spectra should base on time histories which
correspond with site properties. It means the earthquakes from which the
spectra are computed shduld be similar in respect to magnitude, focal depth,
focal mechanism, focal distance and so on to the expected earthquakes of
the site. If we compute such spectra we have to consider soil parameters,

expeclally soil amplification effects as we heard from Mr. Steinwachs.

If we use time history methods the records also have to be choosen under

consideration of the site properties so that we have similar conditions.

As known all these investigations are not necessary if we have original
earthquake records for a site. But as in the Federal Rep. of Germany in

most of the cases we have to use data from outside.
In the licensing practise of our country we often use data from California

earthquakes. The spectra which are given for the design, or advised time
histories come from California.
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Selsmologlists are always to answer the qQuestion, whether computed data

and data from outside are a conservative basis for earthquake design of
nuclear power plants, for instance: are spectra based on Californian
earthquakes applicable input functions for design calculations for nuclear

power plants in the Rhine Graben.
I hope that I could show up some aspects regarding the role of the

selsmologist for the assessment of the earthquake threats to nuclear power

plants.
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Towards more safety against earthquake hazards

for nuclear power plants

An introduction to the general discussion

A.R. RITSEMA

Koninklijk Nederlands Meteorologisch Instituut, De Bilt

Summarx

Attention is drawn to a number of unsettled questions
on the subject, most of which have been brought up during
the present Symposium. These items are briefly reviewed
and discussed.

does not exist. Moreover, there are divergent approaches for the solution of scme of the
separate part-problems. It has become clear that all these individual aspects need

careful study, and that ultimately they may possibly be solved only by an international
and multidisciplinary approach.

The present-time seismologist is confronted with the question: "What is the kind
of information the engineer wants from me, and what can I offer him?" (quotation VAN GILS).
Seismologists primarily are concerned with the seismic records and observations as the
basic data, the effects of the earthquake on the earth's crust and building structures,
and the theoretical background to explain the causes of earthquakes and the link between
the events and the effects. Important tools for the seismologist to reach conclusions of
value to the engineer are the models, the methods and the computer software to calculate
seismic risk. The question of the impact of an earthquaeke-disaster on society, communi-
cations and eéconomy cannot be answered by seismologists. This applies with greater force
to questions concerning nuclear power plants, such as if there exists at all an acceptable’
risk-threshold for the life-time of Ssuch an installation. Such aspects, therefore, will
not be developed here. In the following a non-exhaustive list of salient points, for the
greater part also raised during the Symposium, and to be solved by seismologists in answer
to the second part of the question mentioned above, is given.
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1. Input

What are the types of data to be gathered for the analysis of seismicity and the
calculation of earthquake risk? Of importance are lists of earthquakes, magnitudes,
seismic moments, intensities, spectral analysis of records, peak-displacement,
-velocity and -acceleration, frequency, duration of the signals, but also data from
geology, tectonics, seismo-tectonics, neo-tectonics and crustal movements, and of
geophysical anomaly fields such as gravity and magnetics. A good co-operation with
geologists and geophysicists of other disciplines is essential.

2. Extension of raw data

Raw, non-manipulated, data are considered to be of primary importance. Means to
extent the network of measuring instruments in Europe should be studied. As a base for
an improvement of the data interpretation the free exchange of records and the compi-
lation of summaries of station locations and instrument characteristics are stressed.

A possible extension of early data could be made by a careful study of the strong-
motion instrument records of the turn of the century at locations in different earthquake
regions of the world. ’

3. Homogeneity of data, transfer relations

The difference between modern and historical data is that for the latter only
descriptions of the earthquake effects are available that in favourable cases can be
transcribed into intensity values and in exceptional cases into seismic moments. For
an analysis of seismicity data homogeneity of the material is required. Therefore, it
is not justified as yet to omit the factor intensity as the only unified parameter for
both history and the present. For the solving of the transfer relations between
intensity and other parameters, such as acceleration and magnitude a special study is
recommended to be executed by seismologists active in this special field.

L. Earthquake effects on ground and structure

The study of the effect of seismic motion on ground and structures can only be
effectuated with the help of colleagues from groundmechanics and civil-engineering.
The purpose is the estimation of the probability of destruction due to shaking of
different intensity. The determination of the transfer functions between intensity or
- acceleration and epicentral distance, between the duration of shaking and the extent
of damage is of great importance. The general point of the choice of parameter
(displacement, velocity, acceleration, peak- or mean values, duration of shaking etec.)
optimally suited for a determination of possible damage needs considerably more attention.

5. Deterministic versus probabilistic approach

How to proceed with the input-data? Is one of the two, the deterministic or the
probabilistic approach superior to the other? In recent years the last approach is
clearly more in favour, but this does not take avay certain advantages in using the
deterministic method when possible. The respective results should be weighted by using
both methods simultaneous for one and the same region.

6. Statistical tools

Are the statistical tools used the most appropriate for the problems in question?
Recently Gumbel statistics have become very popular. How do the methods used here do
compare with others such as that being videly used in the USSR and not being represented
at the present Symposium?
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7. Computer software

The development of the mathematical tools and computer software, i.e. the programming
of an automatical risk determination with a certain set of input data, is essential.
This software has been developed in various directions by different groups of investi-
gators. Approved techniques do already exist and the initial problems of data handling
have been solved (see also this Symposium). Apart from the formal exchange of computer
software between groups of interested specialists, also other scientists should be
enabled to get acquainted with the work-methods of different groups. To this end a
one- of two-week work-shop could be arranged in which the mathematical tools are exposed
and explained, and in which individual workers are trained in using these programs. This

seems to be a clear-cut task for the Sub-commission on Seismicity of the European
Seismological Commission.

8. Output

What are the types of information to be used as basis for the construction and
presentation of the results in the form of seismic zoning or seismic risk maps? Homogeneity
again is one of the first requirements - no discontinuities at national borders! For
Europe one can think of a set of maps, scale 1:1.000.000, displaying (a) epicenters,

(b) maximal observed intensities, (c) young tectonics (faults), depth base Quaternary
and outline of Paleozoic and older massifs, (d) zoning map with maximal expected inten-
sities, and (e) recurrence periods of intensity VII, VIII or IX. Is this vhat the
engineer needs from the seismologist?

Apart from the above mentioned questions and problems there are three more general
points which should be raised:

9. A-geismic regions

How should the problem of the a-seismic regions, where no historical or other data
of local earthquakes are known, be solved? What are the probabilities for a sudden
earthquake in such a region? It is known from other similar areas that such totally
unexpected events may occur. How should the risk be evaluated in these cases? A rather
large portion of the European territory falls under this type of region, so suggestions
or directives for future use will be welcome!

10. Definitions, confidence limits

In any report clear definitions should be included of the used parameters. This is
often neglected, which may result in a wrong interpretation of the conclusions. The
parameter magnitude, of which a multitude of definitions exist to determine the proper
value, is a good example in this case. This point is stressed since it is of basic
importance. A related and equally important point is the necessity to add to each

presented conclusion a value indicating the confidence limits in vwhich the results
are valid.

11. Organizational matters

The work of seismologists in the field of seismicity and risk evaluation, if
properly executed, may be operative in the yearly saving of thousands of human lives
and the prevention of loss or destruction of building structures to the equivalent
value of tens of millions of dollars. The construction of nuclear power plants
only gives this statement an extra dimension. The feeling grows that some of this
potential in financial gain somehow should be made available to the seismic community
for the proper execution of their responsible tasks. If indeed, this could be
effectuated, some sort of a Consulting Board seems to be necessary which could guide
relevant work and could give advice to the individual workers in the field. Also,
it should be made responsible for the formulation of seismic risk in general, and
for the homogeneity in presentation of workresults. International bodies that are
candidates for the institutioning of such a Board seem to be ESC, IUGG and others.

-169-



The discussion of the points raised here, and the appropriate following action, are

to be considered as a mere minimal program for the near future if any real progress is

to be reached at all. The importance of international co-operation in this context has

not been brought up expressly as a separate point, it is a conditio sine qua non, to which
everyone will agree. In this respect also the invaluable impetus on seismology from
UNESCO/UNDP sponsored Projects, such as that of the Balkan region during the past five
years, should be stressed. And it seems a logical and straightforward task for us to
investigate the possibilities for the starting off of a new UNESCO Project, similar to
that of the Balkans, but now for the whole of Europe. The experiences gained during the

life time of the former Project could extremely well be used as a base for this new
and wider effort.

Acknowledgements

Professor V.I. Keilis-Borok, when reading this note, will undoubtedly recognize
several parts of it. Partly, it is indeed a reflection of the talk we had on these and
related matters in September 1975 during the IUGG General Assembly in Grenoble.
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OPEN DISCUSSION

as recorded by G. Houtgast and A.R. Ritsema

(éompleteness has been pursued, but is not claimed)

The discussion falls apart in & statement of Dr. Fournier d'Albve
on the preliminary stages of UNESCO Projects (A), the open
discussion proper (B), the formulation of some recommendations
(C), and some announcements (D).

A. Procedures UNESCO Projects

In answer to a question in the foregoing "Introduction to the Discussion"
Dr. E.M. Fournier d'Albe summarizes the Planning and organization preceding
the active period of the UNESCO/UNDP Balkan Project, which in all took a time

of four years! In future cases this planning-time could probably be reduced to
three or minimal two years.

If the European countries could decide that a Project similar to the Balkan
Project is useful and should be pursued, the first thing to do is to call a
Planning Meeting of representatives of interested nations. Such a meeting could
possibly be convened by UNESCO in Paris. An early consultation with, and support
of ESC, EAEE, UECD and IAEA is advisable.

In this first meeting it should be stated what the type is of the information

needed, and which type of maps should be produced. Moreover, a general planning-
schedule of the work should be adopted.

Next, a Governmental Co-ordinating Meeting should be called. It seems
questionable if UNDP will be willing to take part in the finances for such a

European project. The bulk of the expenses definitly will have to come from the
interested nations themselves.

If this meeting should make the way free for further action, the next step
will be the formation of technical working-groups to formulate the problems in
detail, and to contribute to the solving of particular questions. Naturally, ESC,

EAEE, and possibly IAC of Mathematical Geophysics should actively take part in
the work.

Preliminary discussions on the subject of a UNESCO/UNDP Project for the.

Seismicity of Eurcpe could take prlace at the Intergovernmental Meeting in Paris
of February 1976.
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B. Open Symposium Discussion

The following Agenda is adopted:

1. Definitions

2. Input Data

3. Type of approach

L. Theoretical background {software)

5. Transfer relations

6. Influence of distance, focal depth, magnitude,
frequency, source characteristics, region

T. Probability criteria

1. Definitions

For many parameters definitions are needed: OBE - operating base earthquake,
SSE - safe shutdown earthquake, acceleration (is the peak value of interest, or
is it a fraction, f.e. 2/3, that is critical?), velocity, displacement, free
field acceleration (as contrary to site acceleration), amplitude, period, magnitude
(many different scales are in use, such as - - M_), seismic moment, intensity,
duration, power spectra, return period T = 1/A (where®A = number of events per
year). This return period is not equivalent to the probability, but is often used
as such. The probability also depends on the lifetime t of the plant. Therefore
a risk factor should be introduced = 1 - e~t/T, with small t, vy -~ O, and for
great t, y + 1. It is also possible to define probability as probability per year.

For a review of different magnitude scales and some transfer relations see
8.0. papers by Karnik, 1969 and 1971. A list of definitions should be drawn up
for general use.

2. Input data

For historical events only intensity data are available, for recent events
magnitude, intensity, strong motion records, depth, site-accelerations, seismicity
maps, etc. An increase of strong-motion records is very much needed, the records
should be continuous and not only restricted to the instances that a certain
threshold has been surpassed. What the old records concerns, it should be made
clear beforehand what is wanted and expected from these records so that no useless
work will be done. A compilation of lists of seismic instrumentation and response
characteristics could be of use. Raw data are preferred to prepared or converted
data.

Some conversion, however, is needed when both historical and recent data are
used together. In the case of bigger earthquakes it is better to determine not
only Mg but also My. This gives a more homogeneous comparison with smaller shocks
for which only My, can be determined. Routine conversion from m, to Mg should not
be executed, errors than are unavoidable.

For a comparison of Tresponse spectra with intensity values more data are
needed; the range of accelerations measured for one intensity value is very large
indeed. Not all intensity values, however, are directly comparable. An Intensity
VI in the epicentral region has high frequency content, a VI at larger distances
has a completely different spectrum with lower frequencies dominant. A relation
between the power spectrum and magnitude is more likely to be found than one
between the spectrum and intensity or acceleration.

3. Type of approach

Are SSE deterministic or ORE provabilitic methods to be chosen? In other
words, do we work in the time domain or in the frequency domain? Both are
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recognized approaches, with a present slight preference for the probabilistic
approach or OBE. If possible, therefore, the probabilistic approach should be
used, better still simultaneous with the deterministic approach,

The extrapolation of, say, 200 years of data to a period of 1.000 or
10.000 years remains problematic; the future cannot be known better than the past,
whatever manipulation has been used on the known data of the past.

The goal ultimately is the production of a synthetic seismogram for the site
that is completely comparable to that which will be observed during an earthquake.
In principle this problem has been solved. The local and regional structure of the
foundation of the site should be known in detail.

4. Theoretical background (soft-ware)

The extreme value theory as used in the Gumbel statistics has been proved
to be very useful for the problem. Except this now widely used method also
attention should be directed to other methods, such as that developed by
Keilis-Borok and his group in Moscow.

5. _Transfer relations

Most important are the conversions of intensity I in magnitude M and in
acceleration a. Locally, other relations have been found empirically, such as
that between the radius of perceptibility r and magnitude M. Such relations depend
strongly on depth of focus and geological structure of the region, and they thus
cannot be transposed directly to another region.

Apart from these empirical relations, the mechanical models of the earthquake
brocess are of importance, since from them such relations also may be derived
theoretically. The influence or response of the soil model may be compared with
that derived empirically from artificial shocks (explosion) or noise studies.

In the high-frequency range the deterministic approach becomes difficult by
scattering on local structural inhomogeneities. A close co-operation with geologists
is needed for the interpretation of the data,

Good records are not easily obtained. In the USA with 3.000 instruments on
the average 10 year is needed for a good record of one instrument!

Magnitude M does not correlate well with peak acceleration a or other derived

values of the same, better with velocity v. For intensity I a combination of
velocity v and duration t seems to be optimal.

6. Dependence of distance

Several empirical relations do exist for the attenuation of acceleration a
with epicentral distance A. The influence of depth of focus is important, but not
very well known. The measurements through explosion experiments is very helpful.
The (a,A)-relation found for one region cannot without comment be used for another
region. However, with the existing lack of data this is often the only possibility
to get some impression of the effect of distance. The source characteristics are
also of great importance.

7. Probability criteria

This is not the field of the seismologist. In the case of nuclear power plants
the local governments should decide if a yearly probability for an OBE of 10-2 is used,
such as in Sweden,
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or 10'3 or otherwise. The probability precision, however, is something else. This
should be given by the seismologist. No general rules can presently be set. It is
known, for example, that the seismicity may shift considerably in the course of
historical time, the classical example being the seismicity of the past 2000 years
of the Middle East.

The difference between the purely economically determined measure of OBE
with SSE is also that SSE, unlike OBE, depends on the type of the reactor.

One of the difficulties with the higher acceleration thresholds is that the
buildings will be constructed stronger but also less flexible. For very near shocks
of high frequeney (20-30 cps) the wavelength may be as low as 30 meters if the
site is located on a foundation of loose alluvium. This is considerably smaller
than the overall size of the nuclear power plant structure itself, which is of the
order of 100-125 meter. It is clear than that the danger comes up for the developing
of distortion cracks in the structure.

C. General recommendations

a. The installation of more strong-motion instruments is strongly recommended
in order to produce a better input data set. The recording should be continuous,
or the threshold of recording should be lowered considerably. Instrument locations
outside the plant on geologically the same structure also should be occupied.

b. The transfer function between intensity I and magnitude M and/or acceleration a
and velocity v and duration t should be studied in more detail.

¢. The production of synthetic seismograms should get more attention.

d. A critical review of historical events should be undertaken.

D. Miscellaneous

The next ESC meeting on these problems will be the special symposium on
earthquake risk on September 25, 1976, convened by Dr. V. Karnik, during the
Krekow General Assembly of ESC, 22-28 September 1976.

The Intergovernmental Conference on the Assessment and Mitigation of

Earthquake Risk in Paris, 10-20 February 1976, will be a possibility to present
and test the results of the meeting in a wider circle.
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