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ABSTRACT  
 
Efforts in recent decades have focused on increasing the capability of engineering structures, 
leading to more intensive utilization. Assets of high value and high risk are ageing, resulting in a 
gradual reduction in the safety margins of structures, yet there is a need for their continued use. 
At the same time, the world’s understanding of safety has been changing. Society is less willing 
to accept risk, and this forces regulator to make safety regulations progressively more serious. 
NDT plays an important role in assessing the safety of engineering structures through delivering 
an essential input to structural integrity analysis.  
This presentation covers the major trends that characterize recent changes, discussing 
developments in structural integrity analysis, fracture mechanics, the appearance of life 
management as an independent discipline, and the consideration of risk in a broader sense. It 
presents elements of technical development that respond to the challenges triggered by change. 
Almost all can be connected to the development of information technology and microelectronics, 
and they contribute to improvement in flaw detection, characterization and sizing. Among the 
solutions are some whose goal is a reduction in cost and examination time. Examples include 
ultrasonic testing, digital radiography, and testing simulation. 
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1. Introduction 
   
Non-destructive testing (NDT) is not an end but a means. Once we accept this statement then it is 
also obvious that, to achieve the end, proper means are necessary. This paper analyses NDT as a 
means to achieve aims or challenges. Challenges we understand as the needs of “environment” 
using NDT. First, we analyse the current and future challenges, and then we search for the 
answer, i.e. how the NDT community (research, development, equipment provision, and testing) 
responds to the “environment’s” challenges. We have limited our analysis to engineering 
structures and their components and materials. We can say, in general, that the goal of NDT is to 
detect deviations in an engineering structure from the condition suitable for its use. Deviations 
can be flaws (cracks, inclusions, lack-of-fusions, etc.), inhomogeneity in microstructures, loss in 
thickness, deformation, and so on. 
 
NDT is performed with two different objectives. The first is to safeguard the general public and 
the environment against failure of the structure due to non-detection of a deviation, where the 
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failed structure/facility could jeopardize its environment. This can be called a “social” objective. 
The other objective is to use NDT to optimize the productivity of the asset being inspected, i.e. a 
“commercial” objective. These two objectives are often in competition, which makes it difficult 
to evaluate the real value of NDT. This can leave the facility operator unsure of innovative NDT 
applications. The entire picture is more complicated if we consider the conflicting interest of the 
regulator (who prescribes NDT) and the operator (who performs NDT), particularly if a detected 
deviation (flaw) needs repair. Not finding a flaw will have no consequences, regardless of 
whether there actually is a flaw or not. Thanks to the conservatism of the standards, if nothing 
breaks it is often simply impossible to know whether a flaw exists or not. Introduction of new 
NDT techniques will lead to an increase in examination sensitivity and consequently the ability 
to find more flaws, which upsets the balance of interest between the parties. 
These preliminary thoughts illustrate that many factors influence the development of NDT (see 
[1] for further discussion). This paper is focused mainly from the aspect of the facility 
owner/operator with overall responsibility for safety and productivity, but it should not be 
forgotten that NDT service providers and/or NDT equipment producers may have different 
motivations. 

  
 

2. Needs analysis 
  

2.1 Increase of productivity 
In recent decades one of the fundamental goals has been to increase the productivity of 
engineering structures, leading to their better utilization. In parallel with productivity 
improvement ‒ or as its consequence ‒ the weight of structures has significantly decreased. As 
an example from the automotive industry, Fig. 1 shows the weight-saving potential from 
replacing the σY = 200 MPa steel with high strength steels (micro-alloyed with Nb or Mo) for 
various loading conditions [2]. This on the one hand increases the requirement for NDT, and on 
the other defines new NDT tasks (the appearance of novel materials, e.g. light metal alloys, 
composites, and ceramics).  
 

 
 

Fig.1: Weight-saving potential from the application of high strength steels for various 
loading conditions [2] 

2.2    Plant ageing 
Assets of high value and high risk are ageing, but there is a need for their continued use. This 
may lead to a gradual degradation of the safety margins of structures. The average age for oil 
refineries and associated pipelines in the USA is more than 40 years, and these assets are 
required to run at high capacities [3]. It is obvious that corrosion ‒ and other ageing mechanisms 
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‒ is a leading degradation mechanism at this age. Looking at the age of nuclear power plants in 
operation worldwide, it can be seen that 50% of the operating reactors are older than 27 years; 
approaching and sometimes reaching their design life (see Fig. 2). 
 

 
 

Fig. 2: Operational reactors worldwide by age, 2011, December [4] 
 
Extending the life of nuclear power plants has become a worldwide trend, the key condition of 
which is ensuring the structural integrity of components until the end of the extended lifetime. 
For both industrial segments, the eminent and gradually increasing role of NDT is obvious. Let 
us demonstrate this with a concrete case. Fig. 3 shows the rupture of the feed water pipe in the 
Japanese nuclear plant Mihama that occurred in 2004. The event caused the death of four 
workers and injuries to others. The wall thickness of the pipe decreased from the original 10 mm 
to 1.5 mm due to flow-accelerated corrosion. The degradation process could have been detected 
in due time if the critical part of the pipe (in the vicinity of a flow measuring flange, see Fig. 3) 
had been included in the in-service inspection (NDT) program. It was not. 
Our current knowledge and experience allow for the detection, retardation and mitigation of 
known ageing mechanisms (corrosion, fatigue, and erosion). NDT methods and techniques are 
selected and qualified on this basis. It should, however, be taken into consideration that, as plants 
age and their service lives are extended, unknown and unexpected phenomena of ageing can 
occur. We need to be prepared for these. 
 

 
 

Fig. 3: Rupture of a nuclear plant feed water pipe, Mihama, Japan, 2004 
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2.3.   Change in relation to safety 
The world’s understanding of and relationship with safety has been changing. The level of risk 
accepted by society is decreasing, and this forces regulator – whose task is an independent 
verification of safety – to make safety regulations progressively more serious. Again, this 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 in accordance 
with their risk. This could even result in a reduction in the amount of NDT; however, in the 
examination of high risk areas the conventional NDT procedures and equipment are not more 
suitable, a matter of quality not quantity. Consequently, risk-based or risk-informed inspection 
brings new requirements for NDT. As an example, Fig. 4 shows the result of a USA project that 
analysed the risk associated with the technological systems of nuclear plants (risk is proportional 
to the probability of occurrence of failure and the seriousness of failure consequences). It should 
be noted that NDT can have an impact only on the probability of failure occurrence; it is 
irrelevant regarding consequences. 
 

 
 

Fig. 4: Risk associated with nuclear plant systems 
 
To summarize the changes and trends in past decades, the present and the near future, it seems 
clear that new quantitative and, especially qualitative requirements relating to NDT are 
increasing. NDT’s tasks are the reliable detection and quantitative characterization of the impact 
of degradation mechanisms ‒ in some cases still unknown ‒ in new areas of engineering 
structures and in ageing assets. For these, an effective response is required. 
 
 
3. Opportunities offered by technical and scientific development 
 
3.1.   Fracture mechanics 
Although referring back to an earlier period, the field of fracture mechanics cannot be excluded 
when discussing technical opportunities that have an outstanding impact on NDT. These days, 
fracture mechanics has become a proven tool for design and structural integrity assessment in 
such industries as aerospace, rail, energy generation and supply, chemicals, etc. 
The concepts of damage tolerance in design and fitness-for-service in integrity assessment have 
been established. The appearance of fracture mechanics has demanded a quantitative description 
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of NDT capability. Conventionally, we expect NDT to detect the “smallest flaw”. This 
expectation is related to the sensitivity of NDT techniques, and in terms of fracture mechanics it 
may even be the initial flaw size. However, what may actually be more important is “the size of 
the largest flaw which is not detected by NDT”. 
 
3.2.   Quantitative NDT 
The fracture mechanics’ demand led to a research program initiated and sponsored by NASA, as 
a result of which the first database and procedure for probability of detection (POD) was drawn 
up [5]. Today, the POD concept is an inherent part of engineering design, alongside risk and 
lifetime assessment. Since POD is often considered as NDT reliability, it should be noted that 
there are other elements of reliability such as reproducibility (calibration) and repeatability 
(stability of the NDT system). POD strictly refers only to NDT capability. Fig. 5 shows one of 
the POD curves from the NASA program, where a special simulation (bootstrapping) generated 
new data from the original (parent) information and thus the confidence intervals of the curve as 
a function of flaw size could also be determined [6]. 
 

 
 

Fig. 5: POD curve as a function of flaw size (for flaw depth a=3mm: POD = 90%, 
confidence level = 95%) [6] 

 
3.3.   Information technology and microelectronics 
There has been considerable development in the fields of information technology and 
microelectronics. Today’s development architectures are able to integrate different technologies. 
Dividing lines between software and hardware tools have tended to become indistinct due to the 
increasingly “intelligent” microelectronics elements. Effects of quantum physics are possible to 
measure due to developments in thin film technology using embedded sensors (sensor-in-chip). 
As an example, Giant Magnetoresistance (GMR) sensing is the latest in eddy current testing (ET) 
technology. These sensors are quantum mechanical devices based on ferromagnetic spin effects 
and they change their resistance by as much as 10 percent when a magnetic field is present or 
absent, a huge effect. The Nobel Prize was given in 2007 for this discovery. A sensor array 
consisting of 32 x16 elements has been developed for ET (see Fig. 6), resulting in a significant 
improvement to the flaw image in a shorter time [7]. 
 

a90/95=3 mm 
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Fig. 7: GMR array layout and system [7] 
 
3.4.   Numerical simulation 
Numerical simulation plays an increasingly important role in NDT in high risk industries 
(aerospace, transport, electricity generation, energy supply, etc.). Recent integrated simulation 
platforms allow the use of complex geometry (CAD design) and inhomogeneous structural 
materials, and have a direct link to the NDT interface. The simulation covers ultrasonic testing 
(UT), including guided waves, ET and radiographic testing (RT); it is not limited only to wave 
propagation (ray tracing) but manages flaw/wave interaction. This serves industry’s needs 
completely both for representativity and for the speed and simplicity of the simulation. 
 
3.5.   Novel methods 
These opportunities are supplemented by novel solutions based on details of already known 
physical principles. One is the utilization of the nonlinear behaviour of ultrasound. If defects are 
acoustically transparent (at least partially) due to compressive stresses, the performance of linear 
UT will be limited. Tight defects such as fatigue cracks behave as transmitting layers, and so 
reflection- and diffraction-based UT techniques suffer from crack transparency. More 
information on crack behaviour and thus a better POD may be achieved by using nonlinear 
effects (harmonics) generated by the crack [8]. Another novel methodology is dynamic 
thermography, whereby energy (mechanical, electrical, and thermal) excites a component and 
this energy generates heat in the immediate vicinity of the flaw, amplifying its detectability. It is 
possible to detect around 0.1°C [9]. The terahertz technique should also be mentioned as one of 
the developments of the last decade. The terahertz band is defined by frequencies between 3 
GHz and 3 THz, corresponding to wavelengths between 3000 and 100 microns. This is an area 
of the spectrum that is hard to generate, which is one of the reasons why this has never been 
attempted prior to the last ten years. Terahertz’s major field of application is security control 
(e.g. in airports) because its energy is low enough not to cause damage to human tissue. One of 
the most interesting and important applications for terahertz imaging was the inspection of foam 
insulation on the space shuttle [10]. Signal processing is expanding through various methods of 
artificial intelligence (neural networks, and fuzzy logic) [11]. 
In summarizing the opportunities provided by technical and scientific developments, it is clear 
that these allow quantitative flaw characterization that meets the needs of fracture mechanics, 
and moreover an assessment of risk for the component with the flaw. Technical solutions are 
becoming more sensitive, and the signal processing more rapid and comprehensive. The number 
of task-specific NDT solutions is increasing; some integrate more than one NDT method. 
Simulations accelerate and simplify the examination procedure development and the 
interpretation of results. Examples in the following sections will illustrate these points.  
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4. Examples of state-of-the-art NDT solutions 
 
4.1.   POD generation 
The basic problem of POD is that the statistics need a large quantity of relevant flaws, and this is 
extremely costly and time consuming. Various methods have been developed to overcome this 
problem. The bootstrap simulation method [12] mentioned earlier enables the generation of new 
data from the parent database. Another method is the so-called POD generator [13], a numerical 
model consisting of three modules: a degradation module, inspection module and integrity 
assessment module (see Fig. 8). 
 

 
 

Fig. 8: Scheme for a POD generator 
 
The degradation module is based on a statistical model that simulates any possible degradation 
process in the component as a function of time; this creates the input for the inspection module. 
The inspection module simulates the NDT itself by varying the major technological parameters 
(e.g. UT probes, examination frequency) of the NDT procedure and other examination 
conditions, and delivers the “examination” results. Evaluation of the results either manually or 
by automated means will provide the simulated POD curve. 
The integrity assessment module ‒ using a selected integrity criterion ‒ performs the integrity 
assessment. The most effective tool is POD curve generation supported by numerical simulation. 
One example of this is the Model Assisted POD (MADOP) [14]. A similar principle is applied in 
the European Commission’s PICASSO project [15].  

 
4.2.   Simulation 
Simulation is applied across a much broader spectrum than POD curve generation. The most 
obvious area is flaw characterization and sizing. One of its prospective solutions is the model 
based inverse method, which actually complements the manual evaluation. Simulation penetrates 
into NDT qualification. As with POD curve generation, cost and time can dramatically be 
reduced if practical trials are simulated as a whole or in part. A prominent field of simulation is 
the proof of new technologies and/or techniques, especially in the development of phased array 
(PA) UT techniques. This allows the optimization of arrays and computing the delay law for 
different flaw geometries and positions. Fig. 9 shows the optimization of a flexible (smart) PA 
UT probe to detect a radial fatigue crack in a nozzle radius. The difficulty here is that the UT 
beam has to pass through the anisotropic and heterogeneous structure of the dissimilar metal 
weld. Undoubtedly, simulation has become the “virtual examination” in NDT design, also 
enabling the design of NDT-friendly components. 
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Fig. 9: Optimization of a phased array UT probe [16] 
 
4.3.   New NDT techniques 
Many examples of NDT techniques could be selected to illustrate its development. Regarding 
UT, the PA technique would be foremost. Also worth mentioning are the time of flight 
diffraction (TOFD) method, the application of guided wave (GW) or long-range UT (LRUT), 
and the expansion of electromagnetic acoustic transducer (EMAT). A substantial step in the 
development is the appearance and spread of digital (filmless) radiography. There is space in this 
paper only to discuss briefly the PA and LRUT techniques. 
The significance of the PA technique is that, instead of conventional monocrystal, arrays 
composed from a greater number of individual crystals (multicrystals) are used as a source of 
ultrasound. The wave fronts of the individual UT probes interfere with each other and create a 
common wave front. The individual probes can excite with a delay and can synchronize 
according to phase or amplitude, and thus a focused beam can be developed and its angle, focal 
distance and beam diameter in focus can be varied. Fig. 10 shows schematically the difference 
between mono- and multicrystals (i.e. PA). The beam from a monocrystal is uniaxial and 
divergent and thus there is a low probability of reflecting cracks outside the beam axis. In PA, 
the beam is focused and multi-axis and so there is a higher probability of detecting cracks in 
various orientations. 
PA technology was developed for use with sonar and radar systems during the Second World 
War. Since the 1970s it has been applied in medical diagnostics, and only in the last decades has 
its broken into NDT [17]. These days, PA is expanding quite quickly because recent UT 
equipment is easy to handle, portable and less expensive. 
The majority of UT is still carried out using an ultrasound beam of limited extension (i.e. in the 
conventional way), where the wavelength of the ultrasound is much less than the inspected 
component’s size, and the information gathered is relatively localized. However, the application 
of guided UT waves (GW) is a rapidly emerging field. The basis for this is that the wavelength 
of the applied ultrasound is of the magnitude of the wall thickness or even exceeds it, and the 
low frequency ultrasound propagated is “guided” by the component’s geometrical boundary. 
GW is effective over a long range, and it usually provides global information (Fig. 11) [18]. 
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mono-crystal                   multi-crystal 

 
Fig. 10: Detection of racks with various orientations by mono- and multicrystals 

 
Today, GW equipment is commercially available; the ultrasound is excited by piezoelectric or 
magnetostrictive sensors. A major area of application is pipeline inspection, especially the 
identification of areas attacked by corrosion. GW is a screening method and is not suitable for an 
exact characterization of the defect. Its remarkable benefit is its high examination speed. 
 

 
 

Fig. 11: Principles of conventional and guided wave UT 
 
 
5. The human factor 
 
A discussion of the opportunities given by technical and scientific development would not be 
complete without mentioning the weakest link in the quality chain of NDT, the NDT personnel. 
Their role has been made easier by automation of data collection and processing but it is 
impossible to eliminate. Fig. 12 shows the NDT infrastructure [19]. The four boxes on the left 
show the elements of NDT, and the rest shows the activities needed to achieve quality. 
Substantial elements of the quality system are training, qualification and certification. The need 
for unified personnel competence resulted in guideline ISO/TR 25107:2005 and the technical 
report CEN ISO/TR 25107:2006.  
In the field of personnel qualification and certification the need for harmonization of relevant 
standards (ISO 9712, EN 473 and ANSI-ASNT CP-106) is increasingly emphasized. These 
standards contain some differences from each other (e.g. in thematic structure, length of practice, 
or certification renewal), but these are not significant and can be managed through compromise. 
EN ISO 9712:2012 was issued at the end of 2012. The USA’s concept ‒ based on its industrial 
structure ‒ does not require third-party certification.  
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Fig. 12: The quality infrastructure of NDT 

 
 
6. Vision of the future 
   
As a result of the processes described above, a conceptual change can be recognized. Its 
substance is that conventional NDT – i.e. the earlier/current reactive “find and fix defects” 
strategy – is moving towards proactive management of materials degradation (PMMD) [20]. The 
fundamental elements of this concept are: the awareness of degradation mechanisms, the 
understanding of the stressors, aspects of life management, and the method of remaining life 
assessment. A scheme of this concept is shown in Fig. 13. 

 
Fig. 13: Strategy for development of a PMMD system 

 
This trend suggests that the well-established NDT will be replaced by structural health 
monitoring (SHM) [21]. SHM’s main feature is that the sensors (optical, UT, acoustic emission, 
electromagnetic, etc.) are embedded in appropriate positions in the structure (which may be 
identical with the current NDT sensors). Thus, the sensors collect data under real operating 
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conditions and convey these continuously to the data processor. The SHM system ‒ based on a 
learning process ‒ identifies the degradation mechanism, its position / area, and stage, and 
having evaluated these, forecasts the structure’s future. 
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