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Résumé 

Le pヴoHlXﾏe du ヴeﾏplaIeﾏeﾐt d’uﾐe teIhﾐiケue CND ふCoﾐtヴôle Noﾐ destヴuItifぶ paヴ uﾐe autヴe est Ioﾏple┝e.  
En effet chaque technique ou méthode présente des avantages et des inconvénients et des performances 

différentes en termes de détection, localisation et classification et/ou caractérisation des indications détectées. 

La foヴﾏalisatioﾐ d’uﾐe dYﾏaヴIhe  peヴﾏettaﾐt d’appヴYIieヴ de ﾏanière la plus objective possible, la pertinence 

du ヴeﾏplaIeﾏeﾐt d’uﾐe teIhﾐiケue ou ﾏYthode CND est iﾐdispeﾐsaHle. 
 Eﾐ effet aujouヴd'hui le ヴeﾏplaIeﾏeﾐt de la gaﾏﾏagヴaphie à l’Iヴ ヱ9ヲ ヴetieﾐt l’atteﾐtioﾐ d’uﾐ ﾐoﾏHヴe d’aIteuヴs 
toujours croissant et le remplacement des méthodes de contrôles de surface va également se poser dans 

certains secteurs industriels du fait de Directives Européennes environnementales (REACH et 

électromagnétisme) plus contraignantes.  

L'appヴoIhe OPC Ioﾐsiste, daﾐs le doﾏaiﾐe d’uﾐe faHヴiIation soudée donnée, à effectuer une analyse 

s┞stYﾏatiケue  Ioﾐsistaﾐt à Y┗alueヴ: l’OIIuヴヴeﾐIe des dYfauts susIeptiHles de suヴ┗eﾐiヴ loヴs de l’opYヴatioﾐ de 
soudage, la Performance de détection de ces défauts par chacune des techniques/méthodes CND employées, 

la ou les Conséquences susceptibles de résulter de  la non-détection de ces défauts par chacune des technique 

CND daﾐs le Ioﾐte┝te d’e┝ploitatioﾐ de la IoﾐstヴuItioﾐ ou Yケuipeﾏeﾐt soudY. L'Y┗aluatioﾐ fiﾐale Ioﾐsiste à 
dYteヴﾏiﾐeヴ le ヴisケue de ﾏise eﾐ œu┗ヴe et à  le comparer entre la technique alternative et la technique de 

référence. L'influence des règles applicables sera discutée et un exemple d'application sera présenté. 

 
Abstract 

Replacing a NDT (Non Destructive Testing) technique with another one can be complicated. Actually, each 

technique or method has its advantages and drawbacks, as well as different performances in terms of 

detection, location and classification and/or characterisation of the detected flaws. 
Formalising an action allowing to assess as objectively as possible the relevance of replacing a NDT technique 

or method, is becoming more and more necessary. 

 In fact replacing Ir 192 gammagraphy has been focused on by an increasing number of users. Replacing surface 

methods is becoming more and more topical for several industrial sectors due to the next application of new 

binding environmental European  directives (REACH and electromagnetic) 

The said OPC approach consists (in welding construction) in assessing a systematic analysis taking into account: 

the occurrence of flaws liable to appear while welding, the detection performance of such flaws for each of the 

used NDT technique/method, the consequence(s) liable to result from the non-detection of these flaws by the 

NDT techniques applied considering the scope of application of the welded construction. 

 Finally, risks are assessed combining parameters by means of set of rules allowing to compare at least 

qualitatively the NDT techniques to each other. The influence of the rules applied is discussed and a case study 

is described. 

 
 
 
 
 
 
 
 
 
 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

16
20

7



2 

 

1- Introduction 
 

Replacing a NDT (Non Destructive Testing) technique with another one can be complicated. Actually, 

each technique or method has its advantages and drawbacks, as well as different performances in 

terms of detection, location and classification and/or characterisation of the detected flaws. 
Formalising an action allowing to assess as objectively as possible relevance of replacing a NDT 

technique or method, is becoming more and more necessary. In fact replacing Ir 192 gammagraphy 

has been focused on by an increasing number of users in Europe and several important documents 

have already been published in France. [1],[2],[3]. 

 

2 – Analysis principle and failure criticality 
 
FMECA (Failure Modes, Effects and Criticality Analysis is a working security tool (as well as a quality 

management one). 

For each failure mode, the following is identified 

 Its cause (s); 

 Its frequency index (occurrence classification); 

 Its effects; 

 Seriousness index ; 

 Measures set up to detect the failure; 

 Its detection index (detection probability classification). 

 

Product : (frequency index) × (seriousness index) × (detection index) results in criticality.  For some 

applications, probabilities are used instead of indexes. 

 
3- Description of the proposed « OPC » actions 
 
3.1 Principle 

 

The « OPC » actions come from the AMDEC principles but proposes a formalisation adapted to non 

destructive testing method problematic. 

 

For a specific weld on a given welded construction, the proposed actions are to carry out a 

systematic analysis said OPC consisting in assessing: 

 

- The Occurrence of flaws liable to appear while welding (in the conventional risk assessing 

analysis, this represents the probability of the feared event). 

- The detection Performance of such flaws for each of the used NDT technique/method,  

- The Consequence(s) liable to result from the non detection of these flaws by the NDT 

technique applied and the alternative one when using construction weld or welded 

equipment.  

 

After this analysis, risks are assessed combining parameters by means of set of rules allowing 

comparing at least qualitatively the NDT techniques to each other. This approach is of advantageous 

as it is global and allows a better assessment of the criticality resulting from a non detected flaw and 

thus to compare the risk induced by the NDT method change. 

 

3.2 The welding flaw Occurrence analysis 
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Occurrence analysis of the welding flaws liable to occur is the welding eﾐgiﾐeeヴ’s field.  
The welding engineer can, for the considered welding process, the materials, the filler products, the 

welding position, the experience feedback from the previous fabrication: 

 

- determine  the flaw type liable to occur in each of the concerned pass, 

-  assess qualitatively the occurrence of these defects rating  from 1 to 5 (1 being the lowest 

level and 5 the highest one). A more precise rating is possible through intermediate values. 

 

The proposed scale is the following:  

1 : Unlikely 

2 : Rare 

3 : Occasional  

4 : Frequent 

5 : High   

 
3.3 Detection performance analysis 

 
This analysis  can be carried out through advice from a NDT expert for each of the NDT 

techniques/methods (or group) to be compared on the basis of experience and /or the approach 

referred to as POD (Probability Of Detection) with or without recognised simulation tools. 

Whatever the used means, each weld defect must be the object of an assessment as to its 

detectability by means of a rate from 0,1 to 1 according to the following scale: 

 

0,1 / 0,2 : very weak 

0,3 / 0,4 : weak  

0,4/0,6 : moderate 

0,7/0,8 : high 

0,9/1    : very high 

 
3.4 Consequence analysis 

 
What follows is not an engineering critical assessment based on codes which consider a crack and a 

gas cavity as involving the same risk level, but a qualitative risk assessment.  
This analysis is performed taking into account all the stresses applied on the weld, and the 

propagation risk of the original defect. It aims at ranking into a hierarchy the consequences on the 

structure behaviour, resulting from non detection of any type of welding flaw. Just like for 

occurrence, a rating system has been defined with a scale from 1 to 5 : 

1 : negligible 

2 : marginal 

3 : moderate 

4 : critical 

5 : catastrophic 

 
3.5 Proposal for risk weighing rules to be applied on OPC values 

 
3.5.1 : Rule R1 

 

The simplest rule is to calculate a criticality factor as follows: 

 

R1  = (O x C) /P 
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In fact, risk is increasing according to occurrence and its consequence but is decreasing with the 

detection performance. Under these conditions, factor R1  is going to vary from 250, at worst,  to 1 at 

best. 

 

The drawback is that this rule cannot be rated by means of a linear scale. It enables to figure out on 

the basis of threshold values to realise whether the techniques are equivalent or not. If necessary, a 

linear system can be established from 1 to 100 [4]. 

 

A more complicated rule can be taken into account in the case one of the factors is to be given 

weight, for example:  consequence more important than occurrence:  

 

 

R1nmk = (O 
n
 x C 

m
)/ (2

P
) 

k 
x P 

 

3.5.2 : Rule R2 

 

M.HOUARI [4] proposes to use the following: 

 

R2 = O
 
 /P  + C

 
 /P

  

 

With this rule, the criticality factor R2 is going to vary from 100, at worst, to 2 at best. The scale is not 

linear either, but in that case the effect of occurrence and consequence are uncoupled, which 

enables, for instance, to better take into account the consequence of a serious defect with a weak 

occurrence. It is also possible to draw a linear scale from 1 to 4. [4].   

 

Just like for R1, a possible means is also to take a more complicated rule to give more weight to one 

of the factors: 

 

R2nmk = (O
 n

 /(2
P
) 

k 
x P) + (C

 m
 /(2

P
)

k 
x P) 

 

 

3.5.3 : Rule R3    

 

It could appear more logical that,  if detection probability equals 1, risk equals 0. In that case, the 

following can be used: 

 

R3 = O * C * (-10*log(P)) 

 

Or under its more complex form: R3nmk = (O
 n

  * C
 m

) * (-10* log (P)
 k
) 

 

3.5.4 : Rule R4 

 

Another rule which besides is the more often used one under its simple form, consists in considering 

that risk is directly proportional to non detection, i.e. to the factor 1-P, therefore:  

 

R4 = O * C * (10*(1-P)) 

Or under its more complex form  R4nmk = (O
 n

  * C
 m

) * (10*(1-P))
 k
 

 

3.5.4 : Influence of exponents n,m, 

 

For example m can be chosen to multiply the most serious consequence (rated 5) by a factor F  by 

means of the equation: 
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m = Ln (5) / Ln (5*F) 

 

F 1 2 3 4 5 

m 1 1,431 1,683 1,861 2 

Weight of the most 

serious consequence 

1 10 15 20 25 

 

The same occurrence can be used for occurrence. 

 

3.5.5 : Weight of non detection according the detection probability P and to the chosen rule 

 

For k = 1, using rule R3 comes to give rate 10 to the weakest performance and 0 for the highest 

performance. The table hereunder compares the rates given according to P for rules R1, R3, R4 

 

P  0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 

1/P R1 10 5 3,3 2,5 2 1,7 1,4 1,3 1,1 1 

-10*log(P) R3 10 7 5,2 4 3 2,2 1,5 1 0,5 0,0 

10*(1-P) R4 9 8 7 6 5 4 3 2 1 0 

 

3.5.6 : Definition of levels by means of the threshold values and according to the rules 
 

In order to compare risk between NDT methods, it is sound not to compare the absolute result of the 

applied rule but to match the result to a level defined according to a variation interval of the OPC 

parameters. 

The following tables illustrate, for the 3 levels, the values liable to be taken in this interval by: 

- the factors R1 and R2 calculated with n and m = 1 and k = 0, and  

- the factor R3 with  m = 1,683, n = 1 and  k = 1 . 

The さ┘oヴst Iaseざ sIeﾐaヴio is a highl┞ fヴeケueﾐt oIIuヴヴeﾐIe of the defeIt, a ┗eヴ┞ weak NDT 

performance and a catastrophic consequence. 
 

Level C : the worst case 

High 

boundary 

Low 

boundary 

Occurrence  5 5 5 3,5 3,5 3,5 

NDT performance 0,1 0,1 0,1 0,3 0,3 0,3 

Consequence  5 5 5 3,5 3,5 3,5 

Factor 

25

0 

10

0 

75

0 41 23 

15

1 

                (R1)  (R2)  (R3) (R1)  (R2)  (R3) 

 

The さﾏediuﾏ Iaseざ scenario is an occasional occurrence of the defect, a moderate NDT performance 

and a moderate consequence. 

 
Level B : the medium case       

   Occurrence  3 3 3 2 2 2 

NDT performance 0,6 0,6 0,6 0,4 0,4 0,4 

Consequence  2 2 2 3 3 3 

Factor 10 8,3 21 13 15 51 

 

                 (R1) (R2) (R3)  (R1) (R2) (R3) 
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The さHest Iaseざ sIeﾐaヴio is aﾐ iﾏpヴobable occurrence of the defect, a very high NDT performance 

and a negligible consequence. 

 

 

Level A : the best case       

Occurrence  1 1 1 2 2 2 

NDT Performance  1 1 1 0,8 0,8 0,8 

Consequence 1 1 1 2 2 2 

Factor 1 2 0 5 5 6,2 

 

                (R1) (R2) (R3) (R1) (R2) (R3) 

 

Upon this basis and as an example, we propose to define thresholds as follows 

 

For rule R1: 

Le┗el A: ヱ ≤ R1 ≤ 7,5 

Level B: 7,5 < R1 ≤ ヲヲ,5 

Level C: 22,5 < R1  

 

For rule R2: 

Le┗el A: ヲ ≤ R2 ≤ 7 

Level B: 7 < R2 ≤ ヱ5 

Level C: 15 < R2  

 

For rule R3: 

Le┗el A: ヰ ≤ R3 ≤ ヱ5 

Level B: 15 < R2 ≤ 70 

Level C: 70 < R3  

 

3.5.7 : Definition of levels and  thresholds  by means of critically matrices  

 

The levels and thresholds can be determined according to critically matrices related to a given 

probability of detection. Example is given in table 2 and 3. The coefficients and threshold values are 

adjusted in order to obtain the target level values for a given couple of occurrence/consequence 

 

4 –Case study 

 

4.1 Introduction 

 

Hereunder is an illustration of the application of this type of approach on a theoretical case study in 

which the reference test is ensured by RT intended to be replaced by UT (phased array and TOFD 

combination). In a true approach and depending on the stakes, the ranking should be more or less 

argued. In the case of a multi-pass welding, It could be possible to limit oneself to an analyse 

grouping several welding passes. 

 

4.2 Description of the welded construction 

 

In this case study, we consider the case of small pressure vessel, working at 20 bar, at an ambient 

temperature being always positive and submitted to fatigue. This device is composed of a shell and 2 

bottoms with 2 nozzles. It is manufactured in P235GH steel, (thickness 8 mm, diameter 6 m and 

length 1 metre). It is welded by means of metal arc welding with covered electrode in flat position in 
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3 passes, (PA)  in a V bevel. The electrode used has a basic covering (E 424 B 32 H 5). Its diameter is  

3,2 mm for the root pass  and 4 mm for the filling pass. 

 

4.3 Illustration  of the OPC application 

 

The approach is to be applied for each weld on the device. In this case study, we will illustrate the 

results possibly obtained by means of the OPC approach for longitudinal weld on this small vessel (cf. 

table 3). We are giving only some basic arguments. 

 

Defects liable to occur during welding have been listed in table 3 with the assessment of their risk 

occurrence. For example, the risk to generate isolated, linear and worm hole porosities has been 

assessed as weak whatever the passes may be. Welding is performed in a workshop with controlled 

hygrometry. The stick electrodes used are dried and kept at the right temperature, and the quality 

assurance system guarantees the drying process traceability.  

 

Likewise, the cracking risk is assessed as extremely low due to the parent metal and filling metal 

grades. Cracking risk is actually limited to a crater crack during arc extinction. The transverse cracking 

is deliberately rejected due to the steel grades and the chosen testing procedure.  

 

Concerning lacks of fusion and penetration, the risk has been assessed more significant for the first 

pass, than for filling passes. Concerning inclusions, the risk is lowering as the passes are in progress in 

the bevel. Concerning the lacks of fusion between passes, the risk is assessed as low due to the 

welding position. 

 

The detection performance of a RT technique, being the one use so far is given in table 3. This RT 

technique is thought to be replaced (only one shot according to EN 1435) by a UT image technique. 

 

Assessing the performances of each NDT technique by an expert would involve in an actual case a 

minimum analysis of the testing procedures to be used. The detection performance given in table 3 

includes the risk of false calls. The detection performance of RT method is lower for misorientated 

planar defects than for volumetric flaws such as gas pores and inclusions. The detection performance 

for planar defects is mainly driven by the angle between the radiation beam and the defect normal, 

the defeIt thiIkﾐess … 

The crack detection performance has been considered at a higher level because the main risk 

identified is to generate crater cracks. These cracks have a favourable orientation compared to the 

radiation beam allowing a satisfactory detection. The performance for detecting the lack of fusion on 

bevels was rated lower due to their unfavourable orientation. Nevertheless, as they are often 

associated with a slag inclusion, their detection is not too low taking into account this specific feature 

by the radiographer. 

 

The UT procedure is based on a combination of TOFD and phased array and the validations made on 

representative test pieces would show that the embedded defects may be detected whatever their 

orientation is. However false call may be observed for root defect depending on their height and the 

reinforcement geometry. 

 

The pressure vessel works in an isotherm area near ambient temperature. The risk of brittle fracture 

is then disregarded due to the low thickness of the component. The sole fatigue risk is then 

considered. So planar defects generate a risk in service greater than volumetric ones. The notch 

effect is greater. The planar surface breaking defects are more harmful than the embedded ones due 

to the higher level of stresses. As a matter of fact, the welding process may have generated tensile 

residual stresses greater than those in the half thickness range. Taking into account the working 
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conditions of the longitudinal weld, it is also assumed that the bending stresses are greater due to 

the welding shrinkage. 

 
5 – Analysis method 
 

The final analysis is based on the application of the OPC approach for all the possible defects to be 

generated during the welding process. Then, the approach can be complemented as follows: 

- assess foヴ eaIh defeIt a Q ヴatio Het┘eeﾐ the IalIulatioﾐ ヴesult of the さcriticality faItoヴざ deteヴﾏiﾐed 
between the reference technique and the alternative one, 

- calculate for a given defect family (i.e: volumetric/planar), another Q ratio after summation of the 

individual criticality factor calculated between the reference technique and the alternative one 

- then, apply a truth table on the determined Q ratios. 

As an example, when a RT method is compared to a UT one, the following truth table taking into 

account the defect type (volumetric/planar) may be used. 

 
This truth table was applied after having selected the R3 rule. (cf. table 3) As a conclusion, the 

alternative UT technique is satisfactory for the porosities. As a matter of fact, the criticality factors 

determined are the same level, despite a quite high Q ratio obtained for the porosities family. 

The alternative UT technique as applied is satisfactory for all the volumetric flaws (porosities and 

inclusions) since the Q ratio calculated after summation is kept at a satisfactory level. On another 

hand the criticality factor is decreased for the inter-run and bevel lack of fusion located in the filler 

passes. 

Nevertheless, the approach highlights the weakness of the RT procedure applied for the detection of 

the root lack of fusion located at the bevel bottom.  

For that precise case, the risk taken by applying the alternative UT procedure is lower. 

Last but not least, the criticality factor is increased when the UT procedure is applied to detect the 

root face lacks of fusion. The UT procedure should be modified to improve the detection of this type 

of defect. 
 
6 – Conclusions 
 
Assessing the replacement of a NDT technique or method for welds by another is not only in the 

competence field of the NDT expert but involves several specialities. 

The advantage of the proposed approach is to compare for each possible weld defect, the position of 

the alternative technique regarding the reference one. This approach allows also highlighting the 

initial risk level when the reference technique is applied. 

This type of approach could also be applied for in service applications, provided the possible in 

service defects of the welded components have been identified. 

This approach has started being applied in the nuclear industry and issued [5]. More case studies are 

nevertheless needed to better define the rules and thresholds to apply regarding the applications 

and industrial sectors.  



9 

 

 
 
 

 
  
 
 

Table 2: R3 variation  for P =  0,1 and  n =  0,8 m =  3,2 and k =  0,7 
 

Table 1: Example of criticality matrices for the R3 rule with the following coefficients n =  0,8 / m =  3,2 / k =  0,7 
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Table 3 : Example of application of the OPC approach 

 
Level A Level  B Level C 
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