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What is NDE/ NDT? 

Non-Destructive Testing (NDT) or Non-Destructive Examination (NDE) is a set of procedures used for 
carrying out inspections of various items or object, without affecting the properties or the future 
usefulness of the object. 

 

What all items can be inspected using NDE/NDT? 

Except for living animals and living human beings, anything and everything can be inspected by NDE. 
This includes components of various systems – such as automobile components, entire systems – such 
as power plants, and anything in between. 

 

What fields are included? 

Various fields include oil and gas, aerospace, infrastructure, art and culture, heritage, research and 
development, civil, pharmaceutical etc. Except for medical and veterinary, any other field can be 
included. 

 

What is the use of NDE in the field of heritage conservation? 

NDE can be effectively used in the field of heritage conservation. It involves determination of properties 
and the integrity of various items of heritage importance, without damaging them in any way. 

NDE is useful for determining properties of items such as textiles, parchment, papyruses, metals, rocks, 
stones and so on. 

 

Is it something like medical diagnosis? 

Yes. It is exactly similar to medical diagnosis, just that it is done on heritage items. 

 

Why should NDE of heritage items be carried out? 

Items of heritage importance are thousands of years old. Such items cannot be recovered if they are 
damaged or lost. In case of modern items, such as a car, any damage can be repaired or the item can be 
bought new. But heritage items do not have that possibility. Any damage or loss would lead to permanent 
loss of thousands of years of information. 

Conducting regular NDE enables detection of any problems that may occur well in advance. It also 
enables determination of the present condition of such items. The information obtained can then be used 
to determine conservation strategies. 
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What are some of the important advantages of NDE? 

Some of the most important advantages of NDE are: 

1. Immediate results – results of NDE inspections are obtained almost immediately. They can be 
obtained within fractions of a second, with the maximum amount of time required being one 
minute. Apart from certain specific cases, almost all NDE results are obtained in seconds. 

2. Portability – in case of medical testing, a person is required to go to the centre for testing. In 
case of NDE, it is the other way around. Almost all the NDE machinery and equipment is 
portable and can be carried by one or two people by hand. As such, it can be taken to any remote 
site situated in any location and the inspection can be carried out. This eliminates the need for 
transporting the samples to a laboratory, which in turn eliminates the need for various 
permissions. Since the samples do not need to be transported, there is no risk of damage 
occurring to the samples during transit. 

3. Reliability – usually, samples are sent to a laboratory for inspection. In such cases, the 
laboratory may take a lot of time to conduct the inspections and submit their reports. Also, 
unless clear instructions are given, the exact location, nature and extent of inspections may be 
completely different from actual requirements. Since NDE is portable, the samples can be 
inspected in front of the concerned people. Also, the exact location, extent and nature of 
inspections can be witnessed. Any errors or difficulties in performing the inspections can easily 
be indicated by the inspector to the client, who can then figure out other means of carrying out 
inspections. The entire process improves reliability of the information obtained. 

4. Accuracy and repeatability – when it comes to inspections, accurate results are required. Any 
deviations between the results and the actual conditions could result in wrong steps being taken 
for conservation, which could end up damaging rather than preserving the items. The readings 
should also be repeatable. This would mean that the same test conducted on the same spot under 
the same conditions should always provide the same results. This is essential since it may be 
necessary to verify or re-determine some values or conditions at a later date. If repeatability is 
not achieved, different readings would be produced, leading to confusion and inaccuracies. 
NDE equipment is electronic in nature, with the ability to store information digitally. As such, 
it is highly accurate with a great deal of repeatability. 

5. Planning and strategy – NDE results provide hard empirical evidence of the condition of the 
sample being inspected. This data could then be used to formulate conservation strategies, 
develop various plans and allot budgets. Without empirical data, all calculations and planning 
would be under an assumption. Such assumptions could turn out to be wrong under actual field 
conditions. The availability of hard data eliminates such issues, leading to concrete strategizing 
of the conservation process. 

 

Are there any other advantages of NDE in general? 

Yes. Certain other advantages include: 

1. Issues identified – any issues, either existing or potential, can be easily identified, usually well 
in advance. This is similar to medical diagnostics and how regular health checkups enable early 
detection of issues. 

2. Harmless to humans and the environment – if done correctly, the testing is completely harmless 
to humans and the environment. It is necessary to take certain precautions, which is true in any  
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3. walk of life, such as running on a wet surface. As long as correct procedures are followed and 

precautions are taken, the entire testing is harmless to humans and the environment. 
4. Utility of items not compromised – the testing does not alter the properties, damage or obstruct 

the utility of the item being inspected in any way. The item continues to remain in the exact 
same condition that it was prior to it being tested. 

5. Offers reassurance – regular testing and inspection of items provides data which can be seen 
and understood. Knowing the exact condition of an item provides reassurance that the item 
would last for a particular period of time, or would behave in a particular way. Not knowing 
the exact condition could cause confusion and mishandling. 

6. Cost effective – it is much more prudent to be proactive rather than reactive. Knowing the 
condition of an item enables formulation of strategies to conserve or protect it well in advance. 
Waiting for things to go wrong before rectifying them would cause excessive expenses, along 
with loss of time and value of the priceless items. Similar to how regular health checkups enable 
early detection of health issues, which can be tackled before they go out of control, the same 
can be done with heritage items by detecting any issues well in advance and adopting strategies 
that reduce the time and money involved in their conservation. 

 

What about some of the limitations of NDE? 

Anything that had advantages also has limitations. 

Certain such limitations include: 

1. Cleaning required – some amount of cleaning and surface preparation is usually required. In 
some cases, it may be possible to not clean the object and inspect.  

2. Results dependant on surface condition – better surface condition would give more accurate 
results. 

3. High investment in equipment – service providers require to purchase expensive equipment for 
high quality results. This increases the corresponding rates for services. 

4. Maintenance expenses and time – any equipment requires maintenance, which leads to 
monetary expenses and time consumption. 

5. Proper training required – the equipment needs to be operated properly and safely, to give 
accurate results in a reliable manner. Proper training of concerned operators is essential for the 
same. 

 

What are some of the applications of NDE in the field of heritage conservation? 

1. NDE provides information about the integrity (internal condition) of the items. 
2. NDE helps in determining remaining life – for how many months or years an item would 

continue to remain in its present condition or would last if no conservation is carried out. 
3. NDE helps in formulation of action plan for conservation – the information obtained can be 

used to determine a concrete plan. 
4. NDE provides information regarding the history of an item. 
5. NDE provides information regarding the properties and constituents of an item – the properties 

of an item vary as the constitution varies. Study of the constitution could provide an idea 
regarding the properties of the item. 
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6. NDE helps in reconstitution or regeneration of damaged artefacts – various information 

obtained from NDE can be effectively used to find out the original condition of an item. This 
can then be used to reconstitute or regenerate the damaged artefacts. 

7. NDE is useful in age determination – similar to how it can determine the history, it can also 
help in determination of the age of an item. 

8. NDE is useful in authenticity verification – whether an item is authentic or duplicate can be 
determined through the information obtained. 

9. NDE is useful in valuation determination – the value of an item depends upon its originality, 
its constitution, its properties and so on. NDE can provide information which can be used to 
determine the value of an item. 

 

What sort of items can be inspected by NDE? 

Certain items that can be inspected by NDE include: 

Statues and sculptures. 

Lithics and stone tools. 

Fossils. 

Paintings. 

All metallic items. 

Papers and papyruses. 

Textiles. 

Civil Structures. 

Weapons and armour. 

Leaves and plants. 

Fruits and vegetables. 

 

What are the different methods of NDE that can be used for inspection of items of heritage 
importance? What are the features, advantages, limitations and applications? 

The various methods of NDE that can be used in heritage conservation, and their features and 
applications are as below: 

 

a. X-Ray Fluorescence Spectroscopy (XRF): 

X-Ray Fluorescence Spectroscopy (XRF) is useful in determining the constituents of any item, 
without causing any damage or loss of utility of the item. 

It is based on the principle that individual atoms, when excited by an external energy source, 
emit X-ray photons of different characteristic wavelengths. 
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Analysis of the intensity and actual wavelengths of these photons provides information 
regarding the composition and individual concentration of various elements in the item tested. 

Advantages:  

Simple. 

Inexpensive. 

Quick. 

Minimal sample preparation. 

No consumables. 

Highly accurate. 

Portable. 

Can be done in field. 

Limitations: 

Cannot analyse extremely light elements. 

Experience and training required. 

Different equipment required for different ranges of different constituents. 

Unable to detect carbon content non-destructively. 

Applications: 

Constitution determination of metals and alloys. 

Mineral determination in gemstones. 

Constitution determination of rocks, stones, lithics, fossils. 

Pigment determination in paints. 

Pigment determination in religious powders. 

 

b. Digital Radiography (DR): 

Digital Radiography (DR) is similar to medical X-Ray diagnostics. X-Ray and Gamma ray 
based images of the internal structure and condition of a component are determined, to provide 
an idea of the condition. Flaws such as cracks, internal holes etc. can be detected. It can also be 
used to determine whether the structure is a single piece, or made up of a number of sections 
joined together. 

Advantages: 

Internal structure of items seen, which cannot be seen by the naked eye. 

Flexible. 
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Portable. 

Time saving – fractions of seconds to get images. 

Allows processing of obtained images. 

Limitations: 

High investment cost. 

Require safety precautions for radiation use. 

Applications: 

Determination of internal structure and analysis of construction method of idols, statues, 
paintings, artefacts and other items. 

 

c. Infrared Thermography (IR): 

Infrared Thermography (IR) involves determination of the thermal signature and temperature 
characteristics of an item. The temperatures and signatures are segregated in the form of a 
colour palette. It is similar to how body temperature checks were carried out during Covid-19. 

Advantages: 

Large areas can be scanned. 

Fast. 

Inexpensive. 

Easy to use equipment. 

Non-contact and risk free. 

Real-time imaging. 

Limitations: 

Unable to penetrate large depths. 

Any covers may need to be removed. 

Susceptible to background conditions, especially in outdoor testing. 

Applications: 

Determination of heat signatures and internal flaws in artefacts, paintings, statues, idols and 
other items. 

 

d. Remote Visual Inspection (RVI): 

Remote Visual Inspection (RVI) involves inspection of remote or inaccessible areas. It also 
includes inspections of areas which can be accessed but are dangerous to do so. It involves the  
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use of borescopes and videoscopes, similar to medical endoscopy. It is possible to inspect 
underwater and inside tunnels and gorges. 

Advantages: 

Enables assessment of health and operability of assets. 

Safe and secure. 

Better detection of defects. 

Better analysis. 

3D measurement and stereoscopic measurement possible. 

Provides access to inaccessible or dangerous areas without harming humans. 

Limitations: 

Initial cost of equipment and maintenance. 

Slower than direct inspection. 

Limited degree of articulation. 

Distance of inspection limited by depth of field of camera. 

Applications: 

Inspection of inaccessible areas such as tunnels, gorges, burrows, small openings and holes. It 
also involves inspection of areas that are inaccessible due to inherent dangers or space 
restrictions. 

 

e. Surface Hardness Measurement: 

Surface hardness is the resistance of a material to surface penetration. Hardness depends on the 
material, surface condition, heat cycles etc. Various hardness readings are possible such as 
Brinell, Rockwell A, Rockwell C, Vickers, Knoop, Shore, Leeb and Mohs. All the readings are 
interchangeable with each other. 

Advantages: 

Detects surface hardness. 

Enables estimation of surface condition. 

Enables correlation of properties based on hardness and constituents. 

Enables prediction of processes that may have been undergone. 

Limitations: 

Only for surface measurement. 

Rebound hardness may leave small (micron) indentations on extremely soft materials. 
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Number of points on a single sample required to get averaged value. 

Applications: 

Surface hardness measurement of stone, rock, metal, bone, fossils and all similar samples for 
property determination. 

 

f. Coating Thickness Measurement: 

Any metallic item has a tendency to corrode – go back to its original state. Such corrosion can 
proceed at a rapid rate once it starts. The best way to prevent this is to apply protective coatings 
of various types such as paint, epoxy, varnish etc. The effectiveness of the coating depends 
upon the type and thickness of the coating applied. 

Coating thickness measurement involves determination of the thickness of non-metallic 
coatings on metallic substrates. The metallic substrates can be either ferromagnetic or 
electrically conductive. The measurement of coating thickness can then be analysed to 
determine whether the correct thickness has been applied, and whether any changes need to be 
made. 

Advantages: 

Measures thickness of protective coatings. 

Helps determine type of coating applied. 

Helps determine how much more coating needs to be applied to prevent damage. 

Useful in corrosion mitigation. 

Limitations: 

Good surface preparation required. 

Proper access required. 

Difficult to measure conductive coatings on non-conductive bases. 

Applications: 

Determination of thickness of any non-metallic coating on any metallic substrate. 

 

g. Surface Roughness Measurement: 

Roughness is useful for gripping (by hand) purpose as well as for adhesion. Indeed, a 
completely smooth surface will not promote adhesion, meaning that coatings cannot be applied. 
Similarly, a smooth surface is difficult to grip. A controlled surface roughness is usually 
preferred. 

Surface roughness measurement involves manual comparison of the roughness of a given 
surface with that of a standard surface. The comparators can be of a contact type with a diamond  
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stylus or optical type. Values available include average of deviations from mean line (Ra) and 
maximum peak to valley height (Rz). 

Advantages: 

Enables determination of surface properties. 

Enables determination of potential use or differences in applications. 

Enables verification of surface roughness where manually prepared. 

Limitations: 

Only possible for surface measurement. 

Surface cleanliness required. 

Applications: 

Measurement of roughness of various surfaces. 

 

h. Material Thickness Gauging: 

Corrosion and wear of items causes their thicknesses to reduce. Reduction of thicknesses to 
below a certain value would make the item too thin and eventually fail. Thickness gauging is 
involves measuring the actual thickness of metallic items to determine their current condition 
and remaining life. 

Advantages:  

Enables determination of physical thickness value of an item. 

Enables prediction of remaining life of the item. 

Enables determination and prediction of corrosion of an item. 

Access from only one side necessary. 

Limitations: 

Material limitations – different materials require different systems and probes. 

Initial investment – material specific systems. 

Direct access to surface required. 

Surface to be uncoated / uncovered from both sides, although access is necessary only from one 
side. 

Applications: 

Measurement of actual thickness of metallic items to determine their current condition and 
remaining life. 
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i. Corrosion Mapping: 

Corrosion of metals is a serious problem that causes loss of material and permanent damage to 
an item. Corrosion mapping is used to determine the loss in metal in percentage values. It 
provides a reading based on how much percentage of the original thickness / dimension is 
remaining, in the form of a coloured image graph. 

Advantages:  

Enables determination of extent of corrosion. 

Enables determination of location of corrosion. 

Enables determination of remaining material thickness. 

Can be conducted without removing coatings / coverings. 

Limitations: 

Only suitable for metals. 

Values are comparative – wrong initial data input may cause erroneous readings. 

Affected by coating / covering thicknesses. Exact values of these must be accounted for.  

Applications: 

Determination of loss of thickness in percentage values for ferromagnetic materials. Used to 
determine how much longer the item could last based on its current condition.  

 

j. In-situ Metallography: 

In-situ metallography is used to determine degradation of components under weather, 
temperature, pressure and corrosive atmospheres. This technique enables real-time component 
condition monitoring and health assessments. 

In-situ Metallography and replication is used for microstructural analysis while examining large 
components that cannot be easily moved or when destructive sample preparation is difficult or 
not permissible. The testing allows quick on-site evaluation of a component’s metallurgical and 
heat treatment condition and assists investigators in carrying out a remaining life assessment 
study or a failure analysis project. 

Advantages:  

Enables determination of microstructural condition of an item. 

Enables prediction of processes undergone such as heating, weathering. 

Enables prediction of properties. 

Limitations: 

Material limitations – only possible for metals. 
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Polishing and surface finishing required. 

Results need to be analysed by a certified metallurgist. 

Applications: 

Determination of metallurgical structure of various metallic components to determine various 
properties. 

  

k. Grain Size Measurement: 

Grain Size Measurement is useful to determine the grain sizes in various materials. Grain sizes 
depend upon a lot of factors such as heat treatment, alloy conditions, working conditions etc. 
Grain size measurement is useful for determining the processes that a particular item may have 
undergone during its production or subsequent use. 

Grain sizes can be measured by means of Ultrasonic Testing. Sound waves are reflected off the 
various grain boundaries. Depending upon the number and size of grains, the reflections and 
diffractions of the sound waves can be measured, thereby giving an indication of the number 
and size of grains present in the material. Grain size is then calculated. 

 Advantages: 

Enables determination of microstructural condition of an item. 

Enables prediction of processes undergone such as heating, weathering. 

Enables prediction of properties. 

 Limitations: 

Material limitations – only possible for metals. 

Polishing and surface finishing required. 

Results need to be analysed by a certified metallurgist. 

Applications: 

Microstructure determination, property determination, temperature variation measurement. 

 

l. Oxide Layer Thickness Measurement: 

Metals have a natural tendency to go back to the least-energy state. For most metals, this 
happens to be in the form of the ore in which they are usually extracted. As a result, the metals 
tend to form into oxides, which are the most stable state with the least energy. Commonly 
known as rust or patination, the thickness of the oxide layer determines various properties, 
including propagation or restriction of further corrosion and loss in thickness. 

Oxide layer thickness measurement utilises ultrasonic waves to determine the thickness. 
Ultrasonic signals are traversed through the layer, whereby they come in contact with the base 
metal eventually. Upon contact, they are reflected back, which are then received and analysed.  
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Determination of this thickness enables calculation of the depth till which the artefact needs to 
be cleaned so as to remove the scale, but not damage the original metal underneath. 

Advantages: 

Enables determination of extent of corrosion. 

Enables determination of remaining thickness of a metal underneath the oxide layer. 

Enabled prediction of failure time and conditions. 

Limitations: 

Only possible for metals. 

Requires access from the side opposite to that of the oxide layer. 

Oxide layer to be present only on one side of the item. Other side to be as bare as possible – 
oxide free. 

Applications: 

Determination of oxide layer thickness for various artefacts, determining the depth at which the 
original artefact begins, deciding the depth up to which cleaning needs to be done. 

 

m. Soil Analysis: 

Different locations around the world have different types of soils. The properties of each type 
of soil are dependent upon its constituent elements. These elements give the soil its unique 
properties, which further determine the use for that particular type of soil. For e.g. soil 
properties for agriculture, brick firing and other such operations would vary from each other. 

Any item lying in the ground for many years ends up picking some materials, and by extension 
properties, of the soil. This is especially true in the case of stone tools and lithics found in 
different types of soil. A layer of patination would form on an otherwise unpatinated sample. 
This layer would determine the properties, and in itself would be dependent upon the type of 
soil that the item is found in. 

Advantages: 

Enables determination of soil constituents. 

Enables determination of soil properties. 

Enables determination of properties of various artefacts found buried in the particular soil. 

Limitations: 

Proper sample preparation required. 

Accuracy affected by contaminants in the sample itself. 
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Applications: 

Determination of constituents of different types of soils for analysis of properties and uses. 

 

n. Colour Determination: 

Each colour found in the world, whether natural or artificial, has its own signature parameter. 
Various scales can be used, such as R,G,B; L*,a*,b* and so on. Under each different scale, 
every unique colour has its own dedicated parameter value. For example, under the RGB scale, 
Green has a parameter of 0,255,0 or white has a parameter of 255,255,255. 

Determination of the actual colour can be useful in determining the original colour that was 
used. It can also be used to determine whether a new colour being applied matches with the 
original one. This is especially useful while conducting conservation of paintings, frescos and 
other items where originality of colour is essential. 

Advantages: 

Enables determination of actual colour – hue, intensity and saturation. 

Readings possible in various scales. 

Easy to feed readings in a software to get actual colour samples. 

Enables comparison of existing colour and shade to standard samples. 

Limitations: 

Glossy and shiny surfaces not possible. 

Repeatability difficult to obtain. 

Requires access to surface. 

Affected by surface condition and contamination. 

Only possible for surface. 

Applications: 

Determination of colour in paintings, paper, frescos, textiles, wood, metals and so on. 
Comparing two colours and determining the exact difference in shades of the same colour. 

 

o. Aerial Inspection by Drones: 

Large areas need to be surveyed in short periods of time. These could include for studies of the 
land, structure, rock formations etc. Likewise, inspections of various items located at heights 
may be required. In such cases, physically climbing to the said height may be tiresome and 
dangerous. 
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Aerial inspection by drones, or Unmanned Aerial Vehicles (UAV), can be effectively used for 
quick scanning of large, inaccessible or dangerous areas, saving time and effort. The scans can 
be seen live on various screens. The data can be saved, transferred and analysed as required. 

Advantages: 

Enables surveying of large areas. 

Remote inspection – no need to be present at physical site. 

Various features available such as video recording, photography, thermal imaging, distance 
measurement etc. 

Limitations: 

High investment in equipment. 

Trained and certified pilots required. 

Affected by atmospheric conditions – cloud cover, weather, wind, visibility etc. 

Applications: 

Inspection of large, inaccessible or dangerous areas in a safe and quick manner. 

 

p. Raman Spectroscopy: 

Raman Spectroscopy is a non-destructive chemical analysis technique which provides detailed 
information about chemical structure, phase and polymorphy, crystallinity and molecular 
interactions. It is based upon the interaction of light with the chemical bonds within a material. 

Typically, a sample is illuminated with a laser beam. Electromagnetic radiation from the 
illuminated spot is collected with a lens and sent through a monochromator. Elastic scattered 
radiation at the wavelength corresponding to the laser line is filtered out by either a notch filter, 
edge pass filter, or a band pass filter, while the rest of the collected light is dispersed onto a 
detector. 

A Raman spectrum is a distinct chemical fingerprint for a particular molecule or material, and 
can be used to very quickly identify the material, or distinguish it from others.  

Advantages: 

Can analyse unknown samples. 

Can analyse mixtures. 

Can determine chemical composition and structures 

Requires little sample preparation 

Can pass through transparent packaging – bottles, plastic bags – eliminating need for removal 
of samples from the packaging. 
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Limitations: 

High investment in equipment. 

Limited sensitivity. 

Poor repeatability. 

Material limitations – cannot be used for metals and alloys, or intensely coloured materials 

Fluorescence can mask Raman readings. 

Difficult to do on uneven samples. 

Applications: 

Identify which compounds were used to create a piece of art prior to restoration.  

Enables study how the piece is degrading. 

Identify the components of old artefacts. 
 
 
 
 
 

 

 


