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Abstract 
 
In recent decades, enormous efforts have been made to increase the capacity of high- 
value and high-risk assets leading to their more intensive utilization. Besides this 
commercial goal, the health, safety and environmental management system is equally 
important. NDT Integrity Engineering supported by academic and educational systems 
will evidently serve these purposes. NDT Integrity Engineering primarily focussing on 
non-destructive methods encompasses all disciplines to establish any integrity related 
decision. Core knowledge includes the physical bases, the possibilities and limitations 
of major NDT methods; the evaluation principles of NDT results; the current tendency 
to provide early detection of material degradation; the structural health monitoring 
strategies and techniques; the impact of the development of information technology and 
microelectronics on NDT and technical diagnostics. Its knowledge should also cover the 
awareness of the physical field arising in the component during operation, including the 
basics of analytical and numerical calculation methods. As a result, operation and 
accident loading, stress / strain status, stress intensity factor, and other operational 
conditions can be calculated. The properties of structural materials belong to here as 
well: „material’s response” to loading and the environment, i.e. the potential ageing 
processes such as embrittlement, loss of toughness, fatigue, corrosion, creep, wear and 
some more, as well as their effect on component integrity. Expected knowledge 
outcomes include all technical, scientific and social aspects involved in NDT quality 
chain and maintaining the integrity of materials and products.  
 
 
1.  Introduction 
 
The Heads of European States and Governments informally discussed education and 
training at the Gothenburg Social Summit in November 2017; after that the European 
Commission (EC) set out its vision to create a European Education Area by 2025. 
Within this activity, the first European Education Summit was held in Brussels on 25 
January 2018. The second one will follow in the fall this year. These very promising 
events clearly underline the role and importance for the need in general to increase the 
level of competency in engineering disciplines, in particular in the field of non-
destructive testing and component integrity. 
 
In a broad perspective, NDT has two major objectives. One is to save the general public 
as well as the natural and built environment in case a structure or component fails due to 
a non-detection of a failure, and the failed structure or component can jeopardize its 
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environment. This objective may be called social objective. Second, NDT is performed 
to optimize the productivity of assets (i.e. component or structure of a facility) being 
inspected, which is clearly a commercial objective (1).  
 
NDT profession belongs to STEM (Science, Technology, Engineering and 
Mathematics), a family collecting the most important areas in emerging technologies. 
NDT requires to join other professions also aiming to adjust their educational programs 
to the needs of those requiring advanced knowledge, skills and the right attitude. If we 
look back in NDT history some 50 years ago, the need for NDT engineering as a new 
profile among engineering professions was suggested in a keynote address at the 29th 
National Fall Conference of the American Society for Nondestructive Testing (ASNT) 
(2). Within this new profile, the following items were primarily emphasized: academic 
recognition, interdisciplinary relationships, cost and profit awareness, and preparedness 
for change. Later, also in an ASNT event – in a somewhat narrower scope – the non-
destructive evaluation (NDE) engineer was described as the missing subject matter 
expert (3). This suggestion limited the focus on the design phase of structures and 
components, primarily on material properties, degradation, manufacturing processes and 
NDE capabilities. 
 
NDT related high education is among the highest priority tasks of the Academia NDT 
International. Based on the experience of the Academia members in education of 
various engineering disciplines and many years spent in harmonization of NDT 
qualification and certification, the needed profile of the NDT integrity engineer will be 
emphasized in the current paper.   
 
2.  Non-destructive testing – non-destructive evaluation 
 
In order to give a comprehensive explanation to the subject, this section summarizes the 
evolution of NDT from its early industrial stage until today, and then, the two main 
areas, i.e. the quality control type NDT and the fitness for service (FFS) type NDE are 
introduced. 
  
2.1 The evolutionary process 
 
Initially, NDT was used in the industry as a quality control tool (Quality Control NDT, 
QC-NDT). NDT performance details and requirements were usually set out in standards. 
The flaw detection capacity of the procedures was mainly unknown. Despite this fact, the 
application of various NDT methods was widely accepted because they demonstrated 
their effectiveness in practice: they were able to detect flaws (non-metallic inclusions, 
pores, lack of fusions, cracks, etc.). Their success might also be supported by the fact that 
substantial design margins were applied to address many uncertainties in design, 
manufacturing and operation processes. The result was mainly expressed as “allowable / 
non-allowable” and was strongly dependent on the skills of the NDT personnel.   
 
Over time the technological development required quality improvement in the 
production and in the operation. This development process was led by the aircraft 
industry, the space programs (mainly in USA) and the nuclear industry. New structural 
materials were applied and new methods in design were introduced as a consequence of 
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the development of fatigue and fracture mechanics theories. Risk assessment, condition 
monitoring and life management as new disciplines were developed (4). The “safe life” 
design was substituted by the concept of “damage tolerance” (5). Figure 1 shows an 
example of the application of damage tolerance concept in nuclear power plant 
construction and operation. In accordance with Figure 1, the recommendation of the 
ASME Boiler and Pressure Vessel Code (BPVC) Section III is a postulated surface flaw 
for a given wall thickness (102 to 305 mm), the depth of which should be 25% of the 
thickness. Actually, this was considered the largest flaw which could be missed by 
ultrasonic testing with the technique available at the time the code was written. Figure 1 
also shows the size of the allowable flaw during in-service inspection (ISI) defined by 
Section XI of the ASME BPVC. 

 

Figure 1. Maximum postulated flaw (Section III) and allowable surface flaw (Section XI) [6] 
 
These changes were revolutionary in the overall engineering practice and they had a 
similar revolutionary impact on NDT. The acceptance criteria for a quantitative flaw 
detection moved the QC-NDT practice into the new world of reliable detection and 
sizing of flaws. R&D activity was accelerated by the need of NDT methods 
development. The concept of quantitative non-destructive evaluation (Q-NDE) was born. 
 
2.2 The main areas of NDT / NDE 
 
It is possible to distinguish between two types of NDT/NDE: quality control (QC-NDT) 
and fitness for service (FFS). In recent decades, the relative importance of the latter has 
been continuously increasing. Testing methods and techniques are usually the same in 
both types, but there may be significant differences between the two areas in competence 
of the NDT personnel. 
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2.2.1 Quality control type NDT 
In QC-NDT the basic task is a decision on compliance or non-compliance with the 
requirements. Here, the deviations are usually expressed as analog signals because the 
requirements are also given in this form. Visual testing is an exception, where there is a 
possibility of determining the actual flaw size (length); in this case the acceptance 
standards are also expressed as real dimensions. In ultrasonic testing, the flaw indication 
is compared with the indication originating from an artificial reference reflector. 
Reference reflectors are typically flat bottom holes (FBHs) or side drill holes (SDHs). 
Comparison accuracy strongly depends on the closeness of the reflecting surface (e.g. 
crack) morphology to that of the artificial reflector. It has to be noted that these two are 
usually far from each other. The flaw type can be estimated from the nature of the 
indications.  
 
The registration level depends on the testing method. For dye penetrant or magnetic 
testing, the level can be determined by taking the size of the penetrant fluid or magnetic 
particles into account. In the case of radiography, registration level can be selected 
depending on the X-ray film sensitivity, and for ultrasonic or eddy current testing it can 
be fixed arbitrarily. Flaw allowability, i.e. the acceptance level is determined based on 
both product criticality and NDT method. The difference between registration and 
acceptance levels should be determined in a way that will not lead to the registration of 
too many disturbing signals (noise) and its value should be large enough to register 
signals close to or exceeding the acceptance level. 
 
2.2.2 Fitness for service type NDE 
With FFS type inspection of an operating structure, the most important input information 
is the bounding rectangle or square (i.e. the size) and the location of a flaw present in the 
structure. Close to the registration level, the evaluation of analog signals is allowed, 
similarly to QC-NDT. This is usually done with the assumption of degradations 
requiring long incubation time. This area should be decreased to zero if the incubation 
time is short (e.g. corrosion). The analog evaluation area is also reduced if the operation 
induced flaws give a significant contribution to the risk of catastrophic component 
failure (e.g. planar flaws perpendicular to the component surface). If sizing is necessary, 
it starts from 20% of the primary reference response (PRR) defined by the standard. 
 
The bounding flaw sizes have to be compared with the allowable flaw sizes defined in 
FFS standards (e.g. ASME BPVC XI or similar), usually as a function of a/t, a/l and Y; 
where a = through wall flaw size, l = flaw length, t = wall thickness, Y = coefficient 
expressing flaw/surface interaction. If the flaw size measured by NDT is smaller than the 
allowable flaw defined by the standard, the structure or component is suitable (i.e. fit) for 
further operation. If this is not the case, i.e. there is a defect, an analytical evaluation may 
be carried out. Figure 2 illustrates the different features of evaluation in the two different 
types of NDT / NDE. 



 5 

Registration level

Reference level
(recording level)

Acceptance level
(quality control)

Acceptance level
(fitness-for-service)

In
di

ca
tio

n 
si

ze

F
la

w
 s

iz
e

LEVEL

Evaluation based on 
flaw characteristics

Recording

Repair/replacement or
fracture mechanics 

analysis

100% PRR (FBH)

+12 dB

20% PRR (SDH)

100% PRR (SDH)

si
zi

ng

Critical

Not-allowable

Allowable
si

zi
ng

QC-NDT FFS

 
Figure 2. Evaluation differences between QC-NDT and FFS NDT/NDE 

 
3. The need for NDT integrity engineering 
 
3.1 Economic drivers 
 
In recent decades one of the fundamental goals is to increase the productivity of 
engineering structures, which leads to their better utilization. Parallel with productivity 
improvement the weight of structures significantly decreases. As an example of the 
automotive industry, Figure 3 shows the weight saving potential by replacing σY = 200 
MPa steel with high strength steels (micro-alloyed with Nb and Mo) for various loading 
conditions (7). This overall tendency on one hand increases the requirements against 
NDT, and on the other hand it defines new NDT tasks (appearance of novel materials, 
e.g. light metal alloys, composites, ceramics).  
 
High-value and high-risk assets are ageing, yet there is a need for their further use. 
Materials ageing may lead to the gradual degradation of safety margins of structures. 
The average age for oil refineries and associated pipelines in the USA is more than 40 
years; these assets are required to run at high capacities (8). Besides other ageing 
mechanisms, it is obvious that corrosion is a leading degradation mechanism at this age. 
If we look at the age of nuclear power plants being in operation worldwide, it is evident 
that 65% of the operating reactors exceed 30 years approaching or sometimes reaching 
design life, see Figure 4. 
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Figure 3. Weight saving potential by applying high strength steels for various loading condition (7) 
 
 

 
Figure 4. Operational reactors of the world by age, December 31, 2016 (9) 

 
Life extension of nuclear power plants became a world tendency, with the key condition 
to ensure the components’ structural integrity until the end of the extended lifetime. In 
the case of both industrial segments, the eminent and gradually improving role of NDT 
is obvious. Let us demonstrate the importance of NDT with a concrete case. Figure 5 
shows the rupture of the feed water pipe in a Japanese nuclear plant in 2004. The event 
caused the death of four workers and injuries of more. Wall thickness of the pipe from 
the original 10 mm decreased up to 1.5 mm due to flow accelerated corrosion. The 
degradation process could have been detected in due time if the critical section of the 
pipeline (vicinity of a flow measuring flange, see Figure 5) would have been included in 
the ISI program; however, it was not. 
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Figure 5. Rupture of nuclear plant feed water pipe, Mihama, Japan, 2004 
 
The current knowledge and experience are sufficient to detect, slow down and mitigate 
ageing mechanisms (corrosion, fatigue, erosion).  NDT methods and techniques applied 
are selected and qualified on this basis. As engineering facilities age and their service 
life are extended, the occurrence of unexpected and perhaps unknown ageing 
phenomena should be considered.  
 
3.2 Safety aspects 
 
Parallel with the tendency of life extensions the way the world understands safety is 
continuously changing. Risk accepted by the society is decreasing forcing regulators to 
render safety regulations progressively more serious. This again puts NDT in the 
foreground. On the other hand, regulators tend to take risk into consideration, which 
means that NDT efforts are focused on the higher risk areas, and components to be 
tested are prioritized according to their risk. This could even result in NDT volume 
reduction; however, for the examination of high risk areas, the conventional NDT 
procedures and equipment are not good enough, which is a question of quality, not 
quantity. Consequently, risk-based or risk-informed inspection brings new requirements 
for NDT.  
 
3.3 The missing link 
 
Industrial experience shows that in many areas during ISI, when a flaw exceeding the 
acceptance standard is detected, the operation manager automatically asks the NDT staff 
whether the operation with the given component can be continued. The reason is that 
operation managers typically do not have the detailed knowledge on stability and 
growth of crack like flaws. Even an NDT person with level 2 or 3 certification and 
extensive experience in the field NDT can rarely answer the question. Obviously, a gap 
can be identified between NDT personnel providing inspection results and managers 
being responsible for decision-making on fitness for continued service of structures and 
components having flaws. The NDT integrity engineer is the best solution to bridge this 
gap. 
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4. The overall structural integrity assessment scheme 
 
Structural integrity assessment of engineering structures and components means the 
evaluation of their resistance to strength and fracture. The assessment is based on three 
fundamental inputs, see Figure 6:  
(1) awareness of the physical fields (mechanical, thermal, magnetic, electric, 

electromagnetic) arising in the component during operation;  
(2) properties of the structural material applied (tensile properties, fracture toughness); 
(3) parameters of existing flaws (in worst case: cracks).  
All of these inputs may be subject to changes during component use (i.e. operation) due 
to the detrimental effect of materials ageing. Ageing can affect the material properties 
such as embrittlement (loss of toughness) and can contribute to propagation of cracks 
due to fatigue and / or corrosion. Consequently, in structural integrity assessment a 
continuous decrease in safety margin has to be considered. This decrease may 
jeopardize component’s availability.  For a reliable assessment, all three inputs are 
equally important.  
 

Change in material
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Figure 6. Scheme of structural integrity assessment and the interrelations of the elements 
 
Since the energy requirement for ductile failure is far greater than required for fracture in 
the brittle mode, the basic tool of structural integrity assessment is fracture mechanics. 
Fracture mechanics allows the calculation of the limit condition of the material, complete 
with intrinsic flaws (e.g. cracks, lack-of-fusions) without their unstable propagation. The 
assessment method can be both deterministic or probabilistic. 
 
Structural integrity assessment models and NDE are related in both directions. On one 
hand, NDE supplies the data about the presence of flaws in terms of dimensions, 
location within the component wall including ligament dimension, flaw characteristics 



 9 

and proximity to eventual other flaws, etc. On the other hand, structural integrity 
assessment formulates the requirements for NDE performance level, such as scope and 
inspection volume, flaw evaluation process, target detectable flaw size, sizing and 
localization accuracy, and the inspection interval. 
 
5. NDT integrity engineer competences 
 
We have recognized and briefly introduced the role and importance of NDT in a safety 
conscious world. Furthermore, we demonstrated the explicit need for ensuring the 
integrity of both high-performance engineering structures and components as well as 
structures and components of ageing assets, such as power and process plants, 
petrochemical and off-shore facilities. We have also recognized the gap between the 
NDT person delivering inspection results and managers making decision based on the 
results. We are strongly convinced that a subject matter expert called NDT integrity 
engineer can be added to the NDT quality chain and most importantly to the safe and 
reliable operation of high risk facility engineering structures and components. The 
specific position of the NDT integrity engineer is expressed by joining both NDT and 
integrity in its name. 
 
5.1 Non-destructive testing  
 
NDT integrity engineer must understand and speak the entire “NDT language”. It is 
based on a clear understanding of non-destructive testing and non-destructive 
characterization, i.e. what can we expect, what are the possibilities and what are the 
limitations of this type of testing and some practical experience in some of the major 
NDT methods. The most important competence areas are the following:  physical bases of the major NDT methods (traditional and up-to-date);   application areas of the various methods and limitations (depending on geometry, 

material, manufacturing and safety requirements of the component);   reliability of NDT (applicability, reproducibility, repeatability and capability of the 
method);  current tendency concerning high risk components to provide early detection of 
materials degradation;   structural health monitoring strategies and techniques (hardware, software);   impact of the development of information technology and microelectronics on NDT 
and technical diagnostics;   NDT modelling and simulation methods and their use;  NDT system qualification (performance demonstration);  globalization of NDT (standardization, personnel qualification and certification);   and many other issues. 

 
5.2. Materials science / material properties 
 
The most important material items are the following:  fundamental manufacturing processes of the usual engineering materials (not limited 

to metallic materials); 
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 potential failures associated with manufacturing with special regard to welding 
defects;  mechanical properties of structural materials (tensile properties, fracture mechanics 
properties focusing on but not limited to linear elastic fracture mechanics, low- and 
high-cycle fatigue and creep properties);  microstructural characterization of materials and their condition (behavior of typical 
phases, phase transformation, metastable states);  the „material’s response” to loading and environment, i.e. service induced 
degradation processes and their effects (fatigue crack initiation and growth, 
localized corrosion processes such as pitting, crevice corrosion, stress corrosion 
cracking, creep, erosion, wear, embrittlement and loss of toughness due to 
temperature or irradiation etc.);  possible synergy of degradation processes such as environmentally assisted fatigue, 
irradiation assisted stress corrosion cracking. 

 
5.3 Loading and environment conditions 
 
The knowledge in this area should cover the following:  awareness of the physical fields (mechanical, thermal, magnetic, electric, 

electromagnetic) arising in the component during operation, including off-normal 
and accident conditions;   basics of analytical and numerical methods of physical field calculations, based on 
these, operation and accident loading, stress / strain status, stress intensity factor and 
other operational conditions can be calculated (structural mechanics);  consequences of degradation processes, e.g. wall-thickness reduction, unstable crack 
growth, loss of loadbearing cross-section;  basics of fracture mechanics including its engineering approaches such as using 
failure assessment diagrams for the assessment. 

 
5.4 General engineering competences 
 
Beside the specific competencies described above, the NDT integrity engineer should be 
in possession of general engineering competencies. Some of them are listed here:  awareness of the wider multidisciplinary context of engineering;   general ability to solve engineering problems in the field of activity by applying 

relevant analytical, computational and / or experimental methods;  ability to consult and apply codes of practice and safety regulations;   awareness of economic, organizational and managerial issues such as project 
management, risk and change management;    ability to effectively communicate information and solutions with engineering 
community and society at large if necessary;  ability to function effectively in a national and international context, as an individual 
and as a member of a team, and to cooperate with engineers and non-engineers 
effectively.  
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6. Conclusions, summary 
 

The main intention of the paper was to draw attention to the emergency of the 
profession of NDT integrity engineer to ensure the correct and needed applications of so 
powerful NDT methods in materials and products / components integrity assessment 
and safety. The economic development tendency, the severity of safety requirements as 
well as the apparent gap between the knowledge of NDT personnel and decision-maker 
contributed to develop the competencies of the NDT integrity engineer.  
 
The Bologna Declaration helps in the adoption of a system of easily readable and 
comparable degrees in European Higher Education area. However, there are differences 
in bachelor-level degrees; for example, the bachelor degree in the USA mostly includes 
significant amount of liberal arts content and elective in related areas providing a good 
basis for lifelong-learning, while the European bachelor degree is characterized with 
more professional-specific content. It should be decided which one is more promising 
for the NDT integrity engineering profession in the rapidly changing technology 
environment. These questions should be first discussed and everyone wishing to 
contribute is welcome to support the efforts of Academia NDT. 
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