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ABSTRACT 
 
Fabricated welds on austenitic pipes are widely inspected utilizing radiographic testing (RT). The 
requirement of limiting the personnel’s risk to health induced by the expose of ionizing radiation and the 
demand for the avoidance of the security zone setup hindering other working activities close to the 
inspected component, gives reasons for establishing alternative volumetric inspection methods. It is well 
known that every non-destructive examination method possesses its strengths and its weaknesses. As a 
consequence replacing RT by an alternative method cannot be reduced to a comparison of the capabilities 
of RT with those of the considered substitute technique in general. The assessment of the applicability of 
an alternative inspection method should rather be adjusted to the actual task. This results in a justification 
including the reevaluation of input parameters and the comparison of the results expressiveness achieved 
by the application of RT and the alternative methods. 

In this article we present an example of a practical approach for the non-destructive control of thin 
austenitic pipe welds beginning with the process definition, continuing with the possible defect 
identification and the evaluation of ultrasonic testing (UT) methods with respect to the recognized 
detection targets up to the substitutability decision of RT by UT. 
 
INTRODUCTION 
 
If a radiographic examination (RT) should be replaced by an ultrasonic examination (UT), at first the 
question arises, which procedure should be chosen. The attempt of proving, that the targets to be found 
utilizing RT can be detected with UT, falls short for two reasons. First, although RT and UT are both 
volumetric non-destructive inspection methods the used physical interactions are different. Second and 
much more important, non-destructive testing aims proving the integrity of the component with sufficient 
task-specific reliability, so the question whether the flaws, which are detectable with the aid of RT can 
also be found by the application of UT needs to be regarded as irrelevant. 

From these basic considerations it can be concluded, that replacing RT by UT must include all steps 
of a qualification. Due to economic reasons the complex qualification process of an alternative test 
method should be preceded by a feasibility study verifying the performance of the UT methods to be 
implemented in terms of their flaw detection and sizing capability against the considered defects. 

If it is planned to perform such a feasibility study, the question arises how to implement a 
structured and effective process, which delivers measures allowing objective decisions. Whereas many 
publications dealing with the use of UT in lieu of RT do not focus on the methodology, Chauveau et. al. 
presented an approach /1/ to develop a task related process resulting in a measure composed of the three 
contributions occurrence, performance and consequences (OPC), i.e.: 

 
1. the frequency of certain flaws (occurrence),  
2. the ability of the test method to detect these flaws (performance) 
3.  and the expected impacts if  an existing fault is not found (consequences). 
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Hence the OPC-method comprises of component production, in-service usage, non-destructive 
inspection and component functioning aspects. To assign values to these items we need to investigate 
them: 
 

1. The expected flaw types including their locations, orientations, sizes and probability of 
occurrence can be found during the development of the welding procedure qualification and 
by lessons learned gained in similar manufacturing processes. 

2. An assessment of the performance of the examined non-destructive testing method for finding 
the expected flaws can be found by evaluating the probability of detection /2, 3/, by modeling 
or by a technical justification. In any case these examinations have to be carried out for all 
individual flaws types, sizes and orientations, in order to assign a quantity, which measures 
the reliability of the non-destructive examination method with respect to a certain defect type. 

3. For the evaluation of the possible consequences caused by undetected flaws mechanical 
strength calculations are needed to gain information about the component state in the case of a 
defect induced fault condition. This examination should also include the consequences of 
such an event for man and environment. 

The objective quantification of these three determinants, defining the acceptance of the considered 
method, represents a considerable expense. Within the feasibility study the concept of the OPC-
method is applied as well, but instead of quantifying these determinants qualitative statements and 
derivations are taken into account. 

If the feasibility study gives reasons for the assumption, that the chosen UT-method exhibits 
sufficient performance, the qualification process following the feasibility study will provide one of the 
following three results, where the probability of the third result can almost be treated as zero, due to 
the successful feasibility study. 

 
1. The inspection can be executed with the chosen UT method completely without any 

restrictions. 
2. The chosen UT method complements the established RT and improves, when used together 

with the established RT method, the detection and sizing capability of expected flaws that 
affect the integrity of the component. 

3. The UT method cannot be used for the evaluated task. 
 

This paper shows how a feasibility study, which estimates the likelihood of success of the 
envisaged qualification, can be implemented and carried out with moderate effort. We suggest making 
use of the available information to gain justified assumptions about the expected flaw types and about 
the acceptance criteria complying with the provisions taken from the applicable code. 

As it is shown below, the feasibility study process is based on the evaluation of all characteristic 
conditions defined in referenced documentations, like fabrication procedure specifications, codes and 
lessons learned acquired when performing such or similar inspections. A reasonable project design 
ensures a methodology exploiting such available information and minimizes the economic risks of the 
project. 

In this article hints are given for planning a feasibility study project in general. These are 
applied to the design of an implemented and ongoing project "feasibility study of replacing RT by UT 
on butt welds joining thin austenitic pipes". In that project we investigate whether RT after weld 
implementation, which is stipulated by the French RCC-M code /4/, can be replaced by UT. Figure 1 
shows a mockup of the weld to be implemented and inspected after welding. 

We experienced that the implementation of the project based on the conceptual ideas of the 
OPC-method /1/ provided an efficient process, so we present it here to provide a sample for similar 
tasks. 
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Figure 1: Mockup of the weld (ruler divided in cm) 
 
PROJECT DESIGN 
 
The effectiveness of a feasibility study aiming to prove whether it is possible to make use of UT in 
lieu of RT depends on proper project design. Such a process may be designed in the based on the 
OPC-method /1/ by identifying working packages, which can be assigned to the three major subjects 
of the method occurrence, performance and consequences. The creation of process accompanying 
documentation deliverables assures a close monitoring of the project. 

Since the likelihood and the harmfulness of the expected defects determine the required 
performance of the non-destructive inspection we start the feasibility study with the evaluation of 
these items denoted as Defect Occurrence and Defect Consequence. As discussed below, this can be 
done utilizing the welding procedure specification development documents, lessons learned reports of 
similar projects, literature and codes. 

The results of the evaluation of the Defect Occurrence and the Defect Consequence items are 
then used to examine the performance of the chosen UT method denoted as UT Performance working 
item. Based on the findings gained in the Defect Occurrence and the Defect Consequence items we 
build up the influential parameter list and to decide, which defects should be taken into account in the 
feasibility study.  The next step is to build mockups and to perform practical trials. By means of 
preceding UT-modeling the experiments may be restricted to those exhibiting the highest potential. 
Based on the achieved results it is decided whether it is worth starting a qualification process. 

Figure 2 shows the design of the project to prove the feasibility of replacing RT by UT on the 
thin austenitic butt weld. 

As outlined above we designed the process to be started by investigating the component, i.e. we 
planned to identify possible defects that are the inspection targets to be detected by UT. We 
implemented a working item where the defects are classified according to EN ISO 6520-1 /5/ and 
their frequency of occurrence is estimated roughly. 

The aim of the investigation of possible consequences, which may happen if a defect is not 
detected, is the definition of acceptance criteria for non-destructive examinations. These are given in 
the code. Although the RCC-M /4/ does not cover UT-inspections for the examined welds, such 
acceptance criteria can be derived from the acceptance criteria defined for RT. Hence we focused on 
code analysis for guidance of the acceptance criteria. 

With the information collected the investigation of the achievable performance could be started 
with the creation of the list of input parameters gathering details of the component such as 
dimensions, material, geometry and expected defects /6/. Since we need to make sure that the 
feasibility study reflects the inspection task, this group of the influential parameters needs to be 
identified. However a comprehensive study of influential parameters and determination of the 
essential parameters as described in /6/ is regarded as part of the qualification process. Taking both, 
the input parameters and the derived acceptance criteria, into account it is decided which defects 
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should be treated in the feasibility study. By means of UT-modeling the most promising techniques 
and their parameters are identified, which will be examined in practical trials. The results of these 
experiments serve as a basis for making the decision whether a qualification process is initiated or not. 
 
INPUT PARAMETERS 
 
In our sample process we specified the evaluation of input parameters as the first work package. In the 
widest sense this work package corresponds to the occurrence item of the OPC-method /1/, since the 
scope of this work package includes the evaluation of the expected defects. In addition we consider 
the component to be inspected in terms of its geometry and material. 
 
Component 
 
The input parameters of the component are discriminated in geometry and material. These parameters 
have strong impact on the consideration of expected defects, because many defects are related to 
geometry. In addition the applicability of UT depends on geometry and material. Whereas the 
geometric input parameters and the associated tolerances can simply gathered from the drawings 
using the checklist given in /1/, the material analysis requires additional effort. For austenitic welds 
one recommended source of information is the "Handbook on the Ultrasonic Examination of 
Austenitic and Dissimilar Metal Welds" /7/. 

In our project the creation of the welding procedure specification required a material analysis 
including microscopic investigations of the manufactured weld samples, which are perfectly suited as 
input parameter information. The forged components to be connected by welding and the weld filler 
consist of austenitic steel 316L. During welding the pipe axis are in vertical position, so the weld will 
be produced horizontally. This leads to a symmetrical grain structure with respect to the weld centre 
plane, if the weld preparations of both sides are symmetrical. In addition we can assume a constant 
grain structure in the weld cross section over the whole weld length. Figures 3 presents a cross 
sectional view of a weld sample. This figure shows the comparatively fine grained parent material. 
Close to the weld the structure of the parent material changes to the heat affected zone, where the 
grain size increases. Close to the bevel, in the welds volume the grains have an elongate shape 
perpendicular to the bevels of the weld preparation. In the weld center this orientation of grains cannot 
be observed, but the grain size is larger compared to the grain size of the parent material. The grain 
sizes according to EN ISO 643 /8/ were determined on the base of ASTM images. They are presented 
in table 1. In figure 4 a microscopic image of the transition between the base and filler material is 
shown. As mentioned above, the base material in that area, which is the heat affected zone, exhibits a 
larger grain size compared to the those grains lying in the unaffected material volume of the parts to 
be welded. The image especially presents the abrupt transition between the grain structure of the heat 
affected zone and the dendritic grains at the weld border. The direction of heat flow during the 
solidification of the weld bead is different at different positions of the weld. The heat flow mainly 
depends on the geometry of the weld preparation and is perpendicular to the bevel. At the edges and at 
the inner surface, where the weld preparation possesses a radius, the heat flow direction is more 
complicated. It can be seen that the orientation of the columnar grains reflects that process. Although 
the orientation of the dendritic grain structure differs in the cross section, we are able to detect areas 
with structural similarity as it is shown in figure 5. 
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Figure 2: Feasibility study process 
 

Table 1: Grain size of the component material 
zone ASTM grain size number grains / mm2 
base material G = 7 between 769 and 1536 
heat affected zone G = 3 – 4 between 49 and 192 
melted zone dentritic structure / impossible to measure 
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Figure 3: Cross sectional view of the weld 
 

Figure 4: Heat affected zone 
 

 
 

Figure 5: Identification of areas with similar grain size and orientations 
 
Expected Defects 
 
Which defect types, sizes, locations and orientations are to be expected needs to be communicated by 
the manufacturer of the component, who can use experience gained from similar productions or 
during the establishment of the component fabrication specification development. 

During the welding procedure specification development for the welds examined in the example 
project 60 test samples were welded and inspected by visual, penetrant and radiographic testing. In 
addition macroscopic inspections were performed. The results of this work were used to determine 
and evaluate the defects we need to be aware of. We classified these defects with respect to their 
morphology as planar, volumetric or shape deviation and gathered for every defect the minimum size, 
the orientation of the defect normal vector and the risk level of occurrence according to the 
manufacturer in a table. In addition we provided icons similar to those given in /5/ to illustrate the 
inspection targets. Two samples are given in figures 5 and 7. 
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Figure 6:Lack of fusion at the bevel Figure 7: Lack of fusion between the passes 

 
CODE ANALYSIS 
 
The second work package in our sample process was code analysis. At a first glance this package 
differs from the consequences item identified in the OPC-method /1/. However if we keep in mind 
that the acceptance criteria for non-destructive examinations given in the underlying code were 
chosen to honor the risks and consequences of certain defects the relation becomes clear. Hence code 
analysis gives measures for the acceptance criteria and helps to classify possible defects according to 
their harmfulness for the component. 

Depending on the applicable code, the acceptance criteria may be given in terms of geometric 
measures or as a method specific defect response, like amplitude, phase shift, etc.. For some 
applications only one method is treated by the code. If rules for RT are defined, but UT is not 
considered, we need to justify acceptance criteria on the base of those existing for RT. Since RT 
results are given as images, the acceptance criteria for RT are always given as geometric measures, 
which can be used to create test reflectors for the development of defect response related acceptance 
criteria for UT analysis. 

According to the RCC-M /4/ the volumetric inspection after welding of austenitic butt welds 
needs to be performed by RT. UT is not accepted for that weld type. The acceptance criteria defined 
by the code depend on the weld classification. The examined weld is an austenitic class 1 weld. It is 
interesting to note that the RCC-M /4/ gives acceptance criteria based on the amplitude ratio of the 
defect echo and a reference echo, which do not distinguish between the inspection of ferritic and 
austenitic components. Hence we can also apply the acceptance criteria given as long we make use of 
UT-methods covered by the RCC-M /4/. Since the RCC-M /4/ only treats pulse echo methods in a 
central frequency range between 1 MHz and 6 MHz, the amplitude ratio dependent acceptance criteria 
defined in the RCC-M /4/ can only be applied for these UT methods. If we involve other UT methods 
like TOFD, we need to derive acceptance criteria from those found for RT, because these are given as 
geometric defect measures. Since the code does not allow any planar defects like lacks of fusion or 
cracks to be left in the examined volume, we conclude that the feasibility study needs to focus 
especially on these defect types. 
 
EVALUATION OF THE PERFORMANCE  
 
After the input parameters are gathered and the acceptance criteria are derived, the list of input 
parameters can be compiled, which is used to select the defects to be examined in the feasibility study. 
This selection should contain the defects, which are most harmful for the integrity of the component, 
most likely. By means of UT modeling the UT methods exhibiting the highest potential are identified. 
These techniques are then applied in the experimental program to show their inspection capability. 
Based on the results of the practical trials it is decided whether a qualification program should be 
initiated or not. 
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In our ongoing project, which serves as a sample here, we followed exactly the path which is 
described above. The modeling was performed with the aid of the CIVA simulation software. Based 
on the findings in literature especially in /7/ and experience we selected the following techniques to be 
modeled: 0° longitudinal wave, 70° longitudinal wave, 70° vertically polarized shear wave, vertically 
polarized 45° shear wave and TOFD. Figure 8 shows a sample setup and figure 9 the modeling result 
for a simulation of 70° TRL applied to a specimen containing a 1 mm x 1 mm lack of fusion defect in 
the root area of the weld as an illustrative sample. The following defects were modeled: planar defects 
parallel to the bevel (15°), planar defects parallel to the surface (90°), planar defects perpendicular to 
the surface (0°), porosities and tungsten inclusions. Table 2 serves as a sample of qualitative potential 
estimations of the different techniques for the detection of certain defects expressed in the three 
degrees low, medium and high. 
 

 
 

 
Figure 8: Probe and mockup in CIVA Figure 9: Sample simulation of a 70° TRL probe 

 
Table 2: Qualitative potential estimations based on CIVA simulations 

Defect 45ET 70ET 70EL TRL70 TOFD TRL0 
Planar 0° medium high low low low low 
Planar 15° medium high low low low low 
Planar 90° low low low low low high 
Porosities low low low low low high 
Inclusion low low low low low medium 

 
Based on the modeling results and the influent parameters mockups were planned containing 

test reflectors corresponding to the identified defects. These mockups are currently produced. To 
prepare the practical trials we also completed the inspection system by ordering probes and by writing 
the procedure for the experiments. 

The next step of the ongoing project is the experimental verification of the result found by 
modeling. Based on the results we will decide whether sufficient performance can be achieved. 
 
SUMMARY 
 
It was found, that a feasibility project aiming to replace RT by UT for the testing of thin austenitic 
butt welds, can be implemented according to the OPC method published by Chauveau et. al. /1/. We 
showed how the recommendations given in /1/ can be applied to a feasibility study, in which the 
chances for success of a complex qualification project are evaluated to minimize the risk of such a 
project. We encourage using available information, which roughly corresponds to the three items 
occurrence, performance and consequences, to reduce the costs of such a study. 

If the feasibility study confirms the principle suitability of the UT method, a qualification 
process needs to be initiated to justify UT as a replacement or supplemental non-destructive 
examination technique. 
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