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1 IRNTRODUCTION

The Design and Construction Codes are a set of rules, which were set
together because they were the best ones when the Code was issued. A
permanent objective must be to complete and improve these rules. This
objective can be reached as a result of an industrial experience and by
means of research and development activities.

Until recently, high risk plants (e.g. nuclear plants) were designed and
built on the basis of different Codes and Standards ie. the Codes and
Standards of the country in which the plant was to be built and operated.
This caused many disadvantages, among which additional costs due to a
lmited international competition.

On the contrary, the use of common Codes and Standards offers many
advantages: for example, a given plant could be built and erected in any of
the member countries; the expenses for the improvement and bringing up
to date of this Cede could be shared. Thus a general objective can be to
compare Codes in orcer to identify differences in national rules and
Standards.

Particularly, in the frame of the technical national Standards, the flaw
acceptance criteria, as provided for by the NDE Standards, aim ati finding
out defects in the structures and at defining some conditions to accept or
reject a defected componerit.

The logic which is at the basis of Non-destructive testing acceptance
criteria is of the "yes/mno" type. The discrimination between the two
situations is substantially justified by the national experience which
underpin each Standards, and the intrinsic conservativeness of choices.
The differences among the acceptance criteria of the Nationa! Standards
different are thus justified.

A direct comparison among the defect acceptance criteria from
Standards to Standards and within the Standards, by the NMon-destructive
technique utilized, dces not give meaningful results and may involve many
arbitrary assumptions. An objective comparison and a quantitative analysis
can be made when considering that the real aim of Non-destructive testing
is to reject these deiects which are considered to be potentially dangerous
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in a structure and, similarly, to consider as %@cmaHe those defects which
do not prejudice its reliability, i.e. its capacity of bearing Gperau@r;hi loads
in any operational condition for a set time, The ﬁ@b@ptﬂnbc criteria for the
different techniques of Non-desiructive testing do not represent mmyihmﬁ
else then the translalion, in terms of an ‘nswumemal answer, of such
prerequisites,

The acceptability of a defect means, thus, to consider as acceptable the
level of damsage induced by the presence of the defeci; to compare the
Standards is to compare this maximum level of damage which, in more or
:ess explicit way, the Standard accepis. The damage level can be evaluated
by means of Fracture mechanics.

In this way it is possible and relevant to meke comparisons, identify
hierarchies and to find the real weight and significance of choices. This
approach is of general characier, iniroducing in the NDE field the jfitness
Jor purpose, and the evaluation of this acurdme to Fracture mechanics,

2 METHODOLOGY

In this activity are compared and evaluated the flaw ﬂ«:mpfamce criteria of
the Non-destrucilve inspections according to the Standards in which the
BEuropean community is concerned. The paper takes into consideration
the Standards adopted in France, Germany, Italy and the Unitzd EKingdom.
As far as Non-destructive te ‘Umg t@chvﬂques are concerned, uvltrasenic and

radiographic mspmcuuﬂs have been selecied.
The considered Standards are Le RCC-MR (ELECTRICITE' DE FRANCE
L)'”’“‘), the DIN (AD Merkblatter 1975], the ASME (ASME 19583) and the
I (BSI 1388).

EM tackling the preblem of the evaluation of the Non-destructive testing
flaw acceptance criteria through Fracture mechanice it ig advisable (o
consider that the problems related to Non-destructive inspections are
substantially determined by the definition of the local geometrical condiiion
of the area subject to the inspection, whereas an evaluation by means of
Fracture mechanics implies definitions of a functiona! nature, such as the
definition of the collapse conditions and the knowledge of the operating
conditions of the structure.

Therefore it is necessary to define a reference structural unit and
associated b@mdary conditions which are internally consistent while
correctly reflecting the geometry and function of the reference component.

The activity male reference to a Clazs 1 component of a Liguid Metal Fast
Breeder Reactor: ground f{ull-penetration butt weld joint in austenitic
stainless steel. T@ extend the uﬂvesubatmp and provide comparisons low-
alloy sizel welded joints were also taken into Lomsmeratwn, Thicknesses
between 10 and 70 mm are taken into consideration, as they are
significant. The study is carried out for normal operating conditions. Both
room urmera ture and approximate operating ernmeraturf are considered
(370 °C for austenitic stainless steel :md 260 OC for low-alloy steel).

The application of Fracture mechanics criteria would reguire a quantity
of information, including a detailed anzlysis of the stresses in ithe flaw-
bearing zone, a Ppmawlffdge of the Standard mechanical pmperti@c of the
material and of the eritical value of a parameter caracterizing the fracture
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behaviour as well as information of the type and lccation of the flaw. In
order to the reference conditions it was considered appropriate to refer to
a whole body of material characteristics and siress states which are
verisimilar irom an engineering point of view, where verisimilar means a
set of data in conformity with mean experimental data and with design
Standards. Such a set of data is representative large number of real
situations and, due to its internal consistency, suitable for use in making
the required compariscns.

The first step in the analysis of the Non-destructive testing flaw
acceptance criteria is to {ranslate the prescriptions inte geometiric
characteristics of the maximum allowable defect, where maximum allowable
defect means the maximum flaw that can be deemed 1o be present in a
structure which has passed inspection by Non-destructive iesting methods.
The second step is to requalify those data in order to make them
manageable in terme of a Fracture mechanics approach.

The procedure chosen for the evaluation was developed in United
Kingdom by CEGE and is known as R6 (Milne et al. 1985, 1987). This
procedure was chosen for its characteristics and structure and because of
ite international diffusion particularly in Europe. The procedure provides
methods to assess, for a given combination of flaws, material characteristics
and loading conditions, the integrity of structures and the margirs between
the specified conditicns and failure.

For every NDT Standards, considering the conditions of accepiability of a
flaw, it is possible to obtain the dimensiong of the acceptable flaw. After
defining the reference conditions (type of structure, locading conditions,
mechanical characteristics of the material] and the Fracture mechanics
approach {the RS approachy}, it is possible to evaluate the induced damage,
or the safety margin, of the siructure being examined in which the
allowable flaw is hypothesized to be present. All other conditions being
equal, the safety margin, of such a flaw-bearing siructure can be considered
as an index characterizing the flaw and therefore, all things considered, the
specification and its acceptance eriteriz. The margin factor thus provides a
basis for comparison and evaluations of the various Non-destructive
inspection Standards.

3 RESULTS

To characierize a single situation through RE, implies the calculation, from
the input data, from the reference conditions and by the algorithms of the
procedure, the coordinates (Lr, Kr) of its representative point on the
Failure Assessment Diagram (FAD}. Similarly, to characterize a single case
from NDE involves plotting on its own FAD a cloud of the representative
points which constitutes the case.

It is evident, from a preliminary examination of the outputis that the large
quantity of resulis available and the abundance of information containec
therein makes difficult a simple and exhaustive synthesis. [nn this activity
have been developed and used several techniques to analyze the meaning of
the data and then able to point out particular aspectis of the NDE
comparisons [Alicino et al. 1990].

As already mentioned, the most meaningful comparison can be made
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through the evaluation of the damage levels induced by the presence of
aliowable defects in a structure according to the Non-destructive Standard.
Following the chosen approach RS, in the analysis we adopted as parameter
to be correlated to the level of damage the reserve focior.

Conseguently, any index chosen to characterize the set of damage levels
that may be asscciated with each cloud, musi be consistent, as regards
significance and variability range, with R6 and therefore with the reserve
factor. Thus each point of the cloud has iits own significant parameter
(reserve factor). To improve characterization of the cloud of the points, the
index should be ¢btained in such a way that additional weight is given to
points closer to the Assessment Line and also a polarized parameter
distribution should be obtained.

This can be done by passing, first of 2ll, from the cloud of points forming
the single case to the reserve factor values corresponding io each point,
evaluated in conformity with the prescriptions of R6. It is then possible to
pass from the wvalues of the reserve factor (fl) to the corresponding
utilization factors (fu= 1/1fl) and, from these, o the safety margins (d=1-fu).

The safety margin represents in the FAD the distance from the
operational point of the defected structure to the Failure Assessment Line,
and thus is a measure of the complement of the induced damage level. A
suitable harmonic mean:

[5 1/d°
N
provides an index suitable to characterize synthetically the distribution of
the safety margin values.
The reserve index RI

H =

1
oL
takes H into the range oc - 1 typical of the RG reserve factor.

Fig. 1 displays sequentially, in graphic form, the distributionn of the
parameters in the phases of the evaluation of RI. Fig 2 shows, as an
example, the RI values for the analyzed NDE Standards in the case of
internal and surface defects.

4 COMRMMENTS

The body of the RI graphs allows to compare the NDE flaw acceptance
criteria and gquantify their differences. This activity has been performed in
the frame of the Commission of the Eurcpean Community - Nuclear Science
and Technology - Working Group Codes and Standards {Alicino et al. 1991).
The componets of the Group have analyzed the results and found they
significant and able to adequately represent the national Standards.

The procedure employed represenis an example of how to operate, and
it ig therefore a possible starting point and an operational tool for a wider
critical analysis of the acceptance criteria of other or different Standards.
Thus, this approach may also be considered as a useful instrument to
answer (o the need felt for harmonization of the standards in the European
Economic Communiiy,
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Fig. 1 - Distributions of the parameters for the evaluation of the reserve index
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