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ABSTRACT 

The leading aim of a seismic design is, besides protection against 
seismic impacts, not to enhance the overall risk in the absence 
of seismic vibrations and, secondary, to avoid competition between 
operational needs and aseismic structural design. 

This approach is supported by avoiding overconservatism in the 
assumption of seismic loads and in the calculation of the structural 
response. 

Accordingly the seismic principles are stated as follows: 
restriction to German or aquivalent low seismicity sites with 

-4 intensities (SSE) lower VIII at frequency lower than 10 /year; 
best estimate of seismic input-data without further conservatism; 
no consideration of OBE. 

The structural design principles are: 

1. The secondary character of the seismic excitation is 
explicitly accounted for. 

2. Energy absorption is allowed for by ductility of materials 
and construction. 

Accordingly strain criteria are used for failure predictions instead 
of stress criteria. 
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1 Introduction 

Earthquake protection had to be conceived in the early 
seventies for the fast reactors KNK II and SNR-300. Only 
comparetively rudimentary notions existed at that time 
about seismic events and their possible implications for 
nuclear plants at German sites. The design procedure was based 
upon response spectrum methods and stress criteria. Todays 
knowledge suggests a revised attitude towards aseismic 
design for SNR 2, the planning of which is based upon 

- a great seismological detabase which allows for 
classification and probability of earthquakes and 
characterization of the site 

- realistic methods for specification of the seismic 
loads 

improved structural calculation methods and judgement 
with respect to damage 

Most possible German sites and many European sites are 
characterized by low seismicity, which has to be accounted 
for by realistic seismic protection arrangements. Exaggerated 
precautions in this field may induce internal disturbances 
or hamper their control in the absence of seismic vibrations 
or compete with operational needs, thereby increasing the 
total risk of the plant. Examples of hardware precautions 
in this sense which cannot be called conservativ at all 
at low sismiclty sites, could be enhancement of the wall 
thickness, excessive use of snubbers or possibly core 
constraints. 
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Based on this knowledge, the leading aim of aseismic design 
for SNR 2 reactor block is 

prevention of seismic induced damage as a matter of 
course 
avoidance of overconservaties, which could increase 
the overall risk 
avoidance of competition between operational needs 
and earthquake protection 

2 Seismic principles 

The seismic information about the historical and 
prognostic future earthquake distribution in Central Europe 
has recently been compiled and processed into realistic and 
cross-checked results for a comprehensive number of sites. 
Magnitudes significantly exceeding M = 6.0 can be discarded 
for design purposes since the seismicity of the region is 
clearly low or more often extremely low compared to the active 
zones of the world. 

Seismic design and proofs have to be performed in a manner 
to guarantee that the conditional probability for severe 
radiological consequences (the seismic fragility curve of the 
plant) is near zero for the safe shutdown earthquake (SSE). 
This will ensure still small fragilities for improbable events 
exceeding the SSE and rule out damages for weaker earthquakes. 
In anticipation of the results of risk studies it may be 
supposed that a frequency of the SSE's intensity (Medvedev-
Sponheuer-Karnik scale) in the order of 

A ( > I S S E ) s 10"4/year ... 10"5/year 

(see Fig. 1) 
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will reduce the seismic risk to very small and tolerable 
contributions. A macroseismic and strongly site dependent 
description of the design earthquake is provided by this 
equation. A survey of potential site regions in Central Europe 
reveals only rather moderate loads, 

I S S E < V I 1 1 ° r e V e n ^SE** V I 1 1 { e' 5- ISSE = 7 ' 2 5 ) 

with the exception of well known and small special areas. Most 
relevant are in general flat near-site foci with magnitudes 
between M = 5.0 and M = 6.0 and within less than 20 km hypocentral 
distance. The duration of the SSE's strong motion is 
therefore expected to be shorter than four or five seconds 
at the majority of sites. 

Simpe technical provisions should be sufficient protection 
against these intensities, and it is definitely not required 
to consider still smaller events like an operating basis 
earthquake (OBE) or aftershock series and other eventualities 
because of their evident insignificance. The option for 
higher seismicity (e.g. Japanese or perhaps certain Italian) 
sites is best preserved by strictly seperate feasibility in
vestigations and is preferably not included in a detailed 
planning of a German plant lest these advantages be lost. 

The first step in the chain of design calculations is the 
defenition of the free field engineering ground motion 
parameters which has to be done by using best estimate 
methods without undue conservatism. Conservative inclusion 
of their large variation would be equivalent to higher an 
itensity than originally adopted for the SSE and would 
consequently result in damages whi.ch were not observed outside 
the plant. 
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3 Structural design principles 

The caracteristics of the seismic loading are a limited 
energy containt and a small number of load cycles. Due to 
its transiency their character is essentialy secondary, 
which means that structural damage can be limited not only 
by structural strength but also by energy absorption 
capabiltiy. 

The failure criteria are not force and stress, but displace
ment and strain, which call for non linear calculation with 
time history input instead of response spectrum. Large scale 
non linear FE-computations which would make the principle 
unpracticable can be avoided by small scale calculations on 
representative models. 

Secondary, the special qualities of LMFBR have to be 
accounted for, which are the elevated temperature level and 
low pressure systems. These call for thermically optimised 
structural design including e. g. small wall thicknesses, the 
classical seismic protection seriously interferes with. 
Because of this ductile design (material and construction) 
which take advantage of the energy absorption capabiltiy, 
should be preferred to the stiff design, which should be 
used only when there is no conflict between stiff and 
flexible design. 

4 Methods under Development 

The Methods under Development concern the whole chain of 
calculations from seismic input to realistic judgement of 
damage daused by strain, i. e. 
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Seismic input data: determination of site depentend ground 
motion time histories which are consistent with the 
assumed intensity values 

soil structure interaction: calculation of the free-
field movement by means of a soil model including the 
arrangement of layers (stratification) and coupling 
it to the model of the building. 

Fluid structure interaction: calculation of the added 
mass matrix due to the fluid inside the reactor vessel 

strain estimation: Description of the structural failure 
due to strain. Identification of representative para
meters to describe the energy absorption capability of 
the structure. Development of an economic conception 
for proofs and licensing procedure. 

Dynamic buckling: investigation of the stability 
failure due to dynamic loads. 
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