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1 - Eue to my lack of knowledge in many fields, I am only able to 
speak about a few topics concerning nuclear pressure vessels. There 
are a lot of pressure vessels in nuclear industry, but my v.ork is 
only related to the vessels and piping of the primary cooling circuit 
of Nuclear Steant Supply System. Many different technologies are involved 
in manufacturing of pressure vessels, but I am only connected with 
design and analysis and, having a better knowledge of french practices, 
I shall often speak about them. As you know, we, in France, are consi
dering two types of nuclear reactors = the Pressurized Water Reactor 
(22 reactors in operation or construction) and the Liquid Metal Fast Breeder 
Reactor (of the pool type). 

2 - It is interesting to consider the particular characteristics of nuclear 
pressure vessels, m my opinion, three important points must be kept in 
mind. 

First of all, in non nuclear industries there are a lot of types of 
pressure vessels, different in material, shape or operating conditions. 
Therefore, the codes and standards applicable to conventional vessels 
mast be of general purpose. On the contrary there are a few types of 
nuclear pressure vessels, and more specific codes and standards can be 
considered for them. 

Secondly, being the enveloppe of the primary cooling system, vessels and 
piping must be the strongest and most reliable barrier put against the 
escape of radioactive materials. From a safety point of view, sophisticated 
analysis is needed to make sure of their safe behavior in operation. 
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Thirdly, computer industry is as recent than nuclear industry. As a 
new industry, .. - •"~-.A nuclear industry uses computers 
more likely than conventional industries. 

3 - As far as design by analysis is concerned, it is no longer possible 
to use criteria straight based on elastic analysis. With modern cottpu-
tationnal methods, accurate elastic analysis is possible, and very high 
stress levels are obtained in local areas. N m elastic material behavior 
must be taken into account. Codes and standards require the classification 
of stresses in different groups such as primary stresses, secondary 
stresses ... This is a good way, but not always an easy one. In many 
cases it is difficult to make the distinction between primary and secondary 
stresses, and the choice is often a matter of good engineering judgement, 
if not of designer's taste. 

Therefore, modern computation tools are not well suited to many of the 
current practices. I think that the good way to avoid these drawbacks, 

. is to refer to modes of failure. Comparison between failure load and 
operating load gives a realistic safety factor. 

9 

4 - Such a philosophy has been choosen in the french regulation concerning 
pressure vessels for water reactors. The designer has to prcove that 
sufficient margins exist against the following modes of failure : 

excessive distorsion 
instabilities 
progressive distorsion 
cracking by fatigue 
fast fracture 

the application of these regulations to the reactors new build in France 
gives a practical example of this new way. In many cases, the application 
of ASME code Section III is sufficient for the analysis. But there are 
cases where straight appraisal is needed. As a consequence, many clastic 
plastic analysis vere made. They are often expensive, but in our opinion, 
are necessary to get a good idea of the vessel safety. 



As an example of thes3 cases this one may be given : "Is the shakedewn 
always assured by the requirement concerning the limitation of the pri
mary plus secondary stress range ?". 

5 - Mien clastic plastic analysis are made, more naterial characteristics 
are needed. I would like to insist on that point : the more the ana
lysis is sophisticated, the more the choice of the material properties 
is difficult. Sample tests are needed, but good choice of conservative 
values is of prime importance. 

6 - Other purposes are the fatigue behavior ana the risk of fast fracture. 
Ws are trying to secure the fatigue analysis by considering the effect 
of operating conditions like hot water and stress biaxiality. In our 
opinion a good evaluation of fatigue behavior is essential for nuclear 
vessel safety. In nuclear vessels, the in-service inspection is not 
so easy than in air planes, and the design analysis must be more refined. 
Obviously, a conservative loading history must be get in order to make 
the fatigue analysis. 

It is the current practice to use linear elastic fracture mechanics for 
fast fracture risk evaluation. IEFM is easy to use, but one must be abso
lutely sure that this way is always conservative. Stable crack propaga
tion can occur as a consequence of yielding, and it is not sure that such 
an event is always négligeable. 

7 - 1 would like to leave the design problems and mention the hydrostatic 
tests of the vessels. In our opinion, these tests are of prime importance 
to improve the safety evaluation. They are a general check of the state 
of the vessel. Not only a preoperationnal test is useful, but hydrostatic 
tests are valuable from time to time. Our practice is to have tlic second 
test during the first fuel reloading with a pressure equel to 1.2 the 
design pressure. A comprehensive inspection must be made at the same time.. 

8 - Not to speak about liquid metal fast breeder reactor would be unfair. 
As a matter of fact, in the french design, there is no pressure vessel, 
but nuclear vessels. In normal operation the pressure is so low tint the 
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primary stresses are caused by dead «eights. Moreover, most of the 
vessels are operating at a temperature range where secondary creep 
dees not occur. 

We think tliat our design rules must specifically meet these features. 
Therefore, we do not intend to write specifications applicable to any 
vessel operating at elevated temperature range. As a consequence of 
that point of view, the material specifications are very stringent, 
comparing to conventional specifications. Furthermore, only few materials 
are considered for this application. 

As you Know the CEA (that is to say the French Atomic Energy Caimission) 
has been working on this type of reactor for years. As far as nuclear 
vessels for 1MFBR are concerned, guides have been written for design 
analysis. These guides are known as RAMSES guides (Rules - Analysis -
Mechanical - Structures - Elevated temperatures). At the present time, 
they are considered as a commercial property, but it is my personal 
opinion that in the near future, rules would be extracted from them 
and released. 

Experimental work on important problems connected with these specific 
rules has been in progress for years. Due to the low pressure, vessel 
thickness is small and non elastic buckling must be carefully examined. 
lests are made on vessel heads in order to validate the computational 
methods. Important are the rules concerning shakedown, tests are made 
on tubular samples with primary tensile stress and cyclic secondary tor
sional stress. The evolution of incremental deformation and effect on 
fatigue are studied in that way. 

U-

As a conclusion I would like to point out the following considérations : 

(1) For nuclear pressure vessels, Cedes and Standards can be and must be 
more specific than for conventional vessels. 

(2) Stress analysis is not always sufficent to get a good appraisal of the 
vessel behavior. Therefore, direct comparison between operating loads and 
failure loads is sometimes needed. Such a practice is mandatory Jn Frnnœ. 

(3) In the pool type IUFBR, structural problems are less dus to temperature 
itself than to oenponent shape, «nail thickness and large 
stresse range, , 
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