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Abstract: 

Non-destructive testing (NDT) is a broad category of analysis methods of engineering sector to assess a 
material's, component's, or system's qualities without causing harm. Non-destructive evaluation (NDE), non-
destructive inspection (NDI), and non-destructive examination (NDE) are other words that are frequently used 
to refer to this technique. In product evaluation, troubleshooting, and research, NDT is a very useful technology 
that can save time and money because it doesn't permanently change the item being inspected. Specimens are 
not destroyed in the process of obtaining material properties and specimens through non-destructive testing 
(NDT). Additionally, structural health is checked using it. Techniques for tracking structural health include 
vibration base analysis, electric resistivity meter testing, ultra pulse velocity, and rebound hammer. It is possible 
to analyse the performance structure of laboratory and field tests, NDT, and visual inspection. These tests have 
been reviewed for the purpose of evaluating the structural health of an RCC construction. Examining existing 
buildings and using visual inspection is the simplest and most basic approach. Explaining NDT methods using 
different method and test. This study explores the field of non-destructive techniques (NDT) and investigation 
of the wide range of different concrete structures. The concepts and workings of both conventional and 
contemporary NDT procedures are examined in this study. The article highlights developments and emerging 
trends, offering information on how important NDT is to ensuring the dependability, safety, and structural 
integrity of materials and components. By exploring practical applications, the study highlights the value of 
NDT in sectors like manufacturing, aerospace, energy, and healthcare. Lastly, the study emphasizes how crucial 
NDT is to enhancing quality control, lowering risks, and boosting operational effectiveness. 
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1. Introduction: 

Evaluating and maintaining steel and concrete structures, non-destructive testing is essential to check 
the life span of structure before to destroy any structure. Reliable evaluation techniques are essential as 
infrastructure ages, experiences rising loads, and degrades due to environmental factors. NDT techniques offer 
a cost-effective way to evaluate a structure's strength, durability, and integrity without causing any damage, 
increasing service life, lowering maintenance costs, and guaranteeing safety.  

 
Steel and concrete are essential building materials, each with special qualities that call for particular 

NDT methods. Due to its composite nature, concrete is susceptible to flaws including cracks, voids, and 
delamination. For a comprehensive assessment, methods like impact echo testing, ground-penetrating radar 
(GPR), ultrasonic pulse velocity (UPV), and rebound hammer testing are required.  However, steel can have 
problems including corrosion, fatigue, and welding faults, which are often evaluated with the use of techniques 
like radiography testing (RT), eddy current testing (ECT), magnetic particle testing (MPT), and ultrasonic 
testing. 
 
in this study analyse the result of different properties and case study related to concrete and steel structure. The 
most recent developments, uses, and application of some of the test of NDT methods for steel and concrete is 
studied. In order to demonstrate the efficacy of different NDT techniques in guaranteeing the structural integrity 
and safety of built environments, this study will analyse existing methodologies and new technologies. 

 
2. Literature Review  

 
1. Yasser El Masri and Tarek Rakha have studied, A scoping review of the literature on specific Non-

destructive Testing (NDT) methods for building envelope scanning and surveying for thermodynamic 
diagnostics is presented in this research. The inquiry examines six NDT methods in particular: Through 
Wall Imaging Radar (TWIR), Ground Penetrating Radar (GPR), Light Detection and Ranging (LiDAR) 
/ Laser Scanning, Ultrasound, and Close-Range Photogrammetry. Each method's ability to collect various  
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pertinent information was assessed using predetermined categories taken from the American Society of 
Heating, Refrigerating, and Air Conditioning Engineering (ASHRAE) Standard 211. 
 

2. Kuldeep Sharma studied the advancement of NDT technology raises the prospect of quantitative in-situ 
monitoring and inspection of both contemporary and historic structures. The application of NDT 
techniques for material surface characterization and detection is growing. The most popular NDT 
techniques for surface characterisation are covered in this article. The main contribution of this research 
is an in-depth analysis of NDT technology application in India. The results of an overview survey that 
was distributed to all Indian states' Divisions of Transportation (Specks) served as the foundation for the 
objectives and analyses discussed below. The primary findings gathered from the states are displayed 
and covered in detail in this report, which was processed by a total of 28 state agencies. Furthermore, 
continuing research into creating novel NDT techniques and inspection-hard-to-find bridge faults were 
examined. 
 

3. This research explores the realm of non-destructive techniques (NDT) and the wide range of sectors in 
which they are used. The concepts and workings of both conventional and contemporary NDT procedures 
are examined in the text. Insights into the crucial role of NDT in ensuring the structural integrity, safety, 
and dependability of materials and components are provided by the study, which focuses on 
developments and emerging trends. By exploring practical applications, the study highlights the value of 
NDT in sectors like manufacturing, aerospace, energy, and healthcare.  

 
4. J. Helal et.al studied and examines the most widely used non-destructive testing (NDT) techniques for 

concrete structures in the structural engineering sector.  The basic principles of non-destructive testing 
(NDT) procedures are examined in relation to their potential, constraints, inspection methodologies, and 
interpretations.  The success of NDT techniques is examined, and strategies for mitigating their impact 
are suggested.  Standard criteria are supplied for the implementation and interpretation of the NDT 
techniques that are presented. Concrete NDT is becoming more and more popular as a way to assess the 
strength, consistency, longevity, and other characteristics of already-existing concrete buildings. 
Construction materials and NDT techniques themselves were not well understood, which led to 
perceptions of NDT inadequacy. By identifying and outlining the most popular and effective NDT 
techniques for concrete structures, this study aims to allay these worries. 

 
 

5. Joyraj Chakraborty et.al studied related to uses a no decimate discrete wavelet transform to detect cracks 
in the reinforced concrete reference structure by fusing signals from several ultrasonic sensors. A 
reinforced concrete structure's behaviour under operational modifications is taken into account. The new 
sensor fusion technique serves as the foundation for the changes/damage detection process. Based on the 
tested objects, a number of benefits of the suggested method utilizing the sensor fusion method were 
demonstrated and described with regard to features from a single pair of sensors. To extract damage-
sensitive features, a CWT feature-based method is taken into consideration. According to experimental 
results, the suggested method has a detection probability of over 94% for cracks caused by quasistatic 
force. The suggested method's broad efficacy and minimal computational complexity allow it to be used 
to significant real-world structural damage assessment issues. 
 

6. E W J Santos et.al, studied and presenting a metrological methodology to ascertain the relationship 
between the longitudinal ultrasonic pulse velocity (UPV) and the compressive strength of concrete 
specimens after about a year of curing is the aim of this work. Two sets of transducers with center 
frequencies of 54 kHz and 500 kHz were employed to receive excitation signals that were transmitted 
via the direct transmission method through a tunable square wave. The relationship between the 
waveform's length and propagation duration within the concrete test specimens determines the UPV.  

 
 

7. Olga Zabelina has studied and discuss the primary non-destructive quality control techniques used for 
inspecting concrete structures that are still under construction as well as those that are already in place 
are covered. In order to determine the key components of the organization of non-destructive quality 
control that need to be considered when creating a site work execution program, the work aims to 
compare various non-destructive testing techniques and examine a real-world example of their use in the 
survey of a building undergoing reconstruction. The use of non-destructive testing techniques, separation 
with spalling, and the ultrasonic surface sounding approach are all thoroughly examined. The findings of 
the ultrasonic surface sounding method and separation with spalling methods for inspecting structures 
are shown, together with the test circumstances, fundamental requirements for accurate data 
interpretation, and the required computations. At the organizational and technological stage of 
construction preparation, suggestions are made for organizing the quality control of concrete structures. 
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3. Different Method used for NDT:  
 

1. Ultrasonic pulse velocity Testing: 

Ultrasonic testing (UT), a type of non-destructive testing, uses ultrasonic waves to pass through the material 
under examination. Materials are exposed to ultrasonic pulse waves between 0.1 and 15 MHz in order to find 
internal flaws. [15] The receiver receives the ultrasonic waves that are reflected back from the component's 
surface after being transmitted through it by the ultrasonic probe. An internal flaw causes the ultrasonic wave 
to be interrupted and reflected back. Faults in the specimen can be identified and their locations determined by 
the amplitude of the reflected energy and the time needed to return. [4] 

When measuring the wave time to travel between transmitting and receiving sites, ultrasonic pulse velocity 
techniques take into account the spread of ultrasonic waves in solids. A substance's composition, shape, 
elasticity, density, and geometry can all be described by its propagation properties by utilizing preexisting 
patterns, similarities, and mathematical correlations. By examining the diffusion of ultrasonic waves, this non-
invasive method is frequently used to characterize and identify material flaws and the extent of their damage. 
The varying characteristics of ultrasonic pulses applied to concrete are caused by additional characteristics, 
cement forms, water cement levels, admixtures, and concrete age. According to the Concrete Institute of 
Australia (2008), pulse velocity measurements may also be significantly impacted by integrated pulse path 
strengthening. [10][02] 

Pressure vessels, pipelines, gas holders, and chemical storage tanks all have their walls measured for 
thickness. These evaluations give a precise assessment of the impacts of wear and corrosion without having to 
disassemble the plant. Examined are welded joints in industrial liquid and gas containers, pressure vessels, 
pipelines, steel bridges, steel or aluminium columns, frames, and roofs (during manufacture, pre-service, and 
in service). [03][04] 

2. Rebound hammer: 

The concrete is struck by the test hammer using a spring-driven pin at a predetermined energy. This then 
calculates the rebound (in units of rebound). The rebounds are dependent on how hard the concrete is. It is 
measured using test apparatus. It is important to hold the hammer perpendicular to the surface during the test, 
which should be smooth. It will leave markings and perform poorly on tiny samples. The rebound value can be 
used to determine the compressive strength with the use of the conversion tables. The original makers of 
Schmidt hammers provide them in a variety of energy ranges. [13] [14] 

Rebound measurements are taken at 16 testing locations spaced 3 cm apart on each of the specimen's three sides 
(lateral, bottom, and top). The rebound was determined using measurements for every concrete mix. To get a 
table for Experimental compressive strength and estimated compressive strength. The results have shown that 
he rebound hammer test alone can be used to measure the compressive strength of concrete in a structure. [01]  

 

 

 

 

 

 

Fig. Experimental compressive strength and estimated compressive strength  

3. Pull-out resistance method: 

Techniques for measuring pull-out resistance gauge the amount of force needed to remove common implanted 
inserts from the concrete surface. The amount of force needed to extract the inserts gives an estimate of the 
concrete's strength characteristics. Both cast-in and fixed-in-place insert types characterize the two pull-out 
method types. Prior to placing the fresh concrete, an insert must be placed inside it for cast-in testing. Fixing- 
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in-place tests, which insert an insert into a drilled hole in hardened concrete, needless planning.  
The non-destructive yet invasive pull-out resistance methods are frequently employed to measure the concrete's 
compressive strength characteristics. Developed by Kierkegarrd Hansen in 1962, the LOK test is the most 
widely used pull-out test method (Kierkegaard-Hansen, 1975). [06] The main advantage of pull-off test methods 
is that they are simples, quick and could be used to test a wide range of construction settings. A significant 
limitation is the curing time required for the adhesive, which is generally around 24 hours. Another limitation 
relates to the human error in surface preparation which may cause the adhesive to fail. 
 

4. Pull-out resistance method: 
  
A disc glued to the concrete surface can be pulled with an in-situ pull-off test to determine the concrete's 
strength.  Through the use of known scientific correlation tables, the pull-off force gives an indication of the 
concrete's tensile and compressive strength. The 007 Bond Test is the pull-off test that is most frequently 
utilized. Force gauges, bond discs, an adjustable alignment plate, and a hand-operated lever make up the test. 
A screw secures the disc to the hand-operated lever after it has been glued to the concrete surface using a strong 
adhesive. Once the adjustable alignment plate is level, the lever applies tension force, which is then measured. 
The factors that most contribute to the variability of results are the size and type of coarse aggregates. 
 

5. Radiographic testing: 
 
Materials are inspected for hidden defects using radiographic testing (RT), which uses high-energy short 
wavelength electromagnetic radiation(photons) to pierce a variety of materials. It is possible to measure and 
identify the quantity of radiation coming from the material's other side. The changes in this quantity (or 
intensity) of radiation can be used to calculate the thickness of the material. The portion of the electromagnetic 
spectrum with wavelengths smaller than around 10 nanometres is where penetrating radiations are limited. [10]  
 
5.1 x-ray method: 

In this method for inspection purposes x rays of high frequencies are used. Benefits: Metals, non-metals, 
composites and mixed materials can be tested. Used on all shapes and forms; castings, welds, electronic 
assemblies, aerospace, marine and automotive components. [11] [07] 
Owen (1998) produced high energy X-rays (1.5–6 MeV) using a high-energy linear accelerator. This technique 
produces pictures of the steel and RC structures. However, a structure's depth and overlay cannot be captured 
by plane radiography images. According to Weng (1984), the depth of colour of films can be used to calculate 
the void thickness. Tomography has advanced thanks to Heiskanen et al. (1991) and Stein et al. (2004), who 
used X-rays to create three-dimensional images.  
 

6. Thermography method: 
 
Mapping an object's surface temperature profiles is known as thermography. The method's non-contact dryness, 
safety, speed, and accessible visual display of inspection results make it appealing for operating component 
inspection. as well as vegetation. A novel technology called pulse thermography makes it possible to do a quick, 
accurate, and high-resolution NDE of broad areas of coated surfaces. This method uses a heat source that 
generates a distinct heat impulse. Either a single or continuous modulation of this impulse is possible. An 
infrared camera records the reflected signal when the impulse is directed towards the surface under examination, 
which is then processed by a computer. The intensity of the signal is significantly different by variations in 
coating thickness, coating and adhesion flaws, microstructural alterations, pore aggregation, and oxide or 
metallic inclusions. Consequently, they are found. Defects in thermal spray coatings as little as 20 to 100  m 
can be found using pulse thermography. This technique's capacity to be used for the early detection of 
developing faults is another benefit.  [16] [17] [19] 
  
Conclusion: 
 
 In order to assess the safety, longevity, and integrity of concrete and steel structures without causing 

damage, non-destructive testing (NDT) techniques are essential. These methods guarantee structural 
endurance, lower maintenance costs, and aid in the early identification of flaws. 

 In general, non-destructive testing (NDT) offers a dependable and economical method of evaluating 
structures, facilitating preventative maintenance and lowering the possibility of disastrous breakdowns. 
The material, the kind of fault, and the particular structural requirements all influence the NDT method 
choice. 

 While the characteristics and range of application of a specific method, as well as the likelihood of 
measurement error, must be considered, the survey method can be used in combination with other ways. 
This decision is taken at the stage of developing a program for site work execution. 

 The safety and durability of steel and concrete structures are ensured by a thorough study that frequently 
combines a variety of NDT methods. 

 

Journal of Engineering and Technology Management 76 (2025)

PAGE NO: 1900



 
 

 
 
 
References: 
 
1. Ngoc tan Nguyen et.al, Assessing the spatial variability of concrete structures using NDT techniques, 

Construction and Building Materials 49 (2013) 240–250.    
2. Yasser El Masri and Tarek Rakha, A scoping review of Non-destructive testing techniques in building 

performance and diagnostic inspections, Construction and Building Materials, Elsevier 
https://doi.org/10.1016/j.conbuildmat.2020.120542 

3. Kuldeep Sharma, Analysis of Non-destructive testing for improved inspection and maintenance strategies, 
The e-Journal of Non-destructive Testing 2023- ISSN 1435-4934 

4. P. Sunil et.al, A Review: Non - Destructive Testing (NDT) Techniques, Applications and Future Prospects 
Journal of science and technology, ISSN: 2456-5660: Volume: 09, Issue No: 01, January 2024 

5. J. Helal et.al. Non-Destructive testing of concrete: A review of methods Electronic journal of structural 
engineering, January 2015, DOI: 10.56748/ejse. 141931 

6. Sreeshma P.S et. al, Non-Destructive testing of structures, International Journal of Engineering Research 
& Technology, ISSN: 2278-0181 

7. T. Jayakumar, Non-Destructive testing methods for investigation of surfaces of materials, INSURE-2001. 
8. Bibek Shrestha et. al, Study on concrete compressive strength through destructive and Non-destructive 

testing, International Journal of Science, Mathematics and Technology Learning 
ISSN: 2327-7971 Volume 31 No. 2, 2023 

9. Adan Bishar Hussein and   Mohamed Abdi Mohamed, Review Paper on non-Destructive testing and their 
accuracies to measure the mechanical properties of concrete kulmie, International Journal of Engineering 
Applied Sciences and Technology, 2021 Vol. 5, Issue 12, ISSN No. 2455-2143, Pages 1-9  

10. Pang-jo Chun and Shogo Hayashi, Development of Concrete Floating and Delamination system using 
Infrared Thermography 

11. Nandhini Kumar, Karthikeyan Jayakumar, Journal of Building Pathology and Rehabilitation) The early-
age prediction of concrete strength using maturity models: a review 

12. N N Kencanawit et. al, Study on robustness of rebound hammer and ultrasonic pulse velocity measurement 
in several concrete damage levels, 2nd International Conference on Disaster and Management, 
doi:10.1088/1755-1315/708/1/012069 

13. Ranjan Arora, Supervisor: Dr. Suresh Bhalla, Co-Supervisors: Dr. Suneet Tuli, Dr. Sudhakar) Project 
Report on Non-Destructible Evaluation of Defects in Concrete 

14. E W J Santos et. al, Correlating ultrasonic pulse velocity and compression resistance of dry concretes at 54 
kHz and 500 kHz, Journal of Physics, doi:10.1088/1742-6596/1826/1/012007 

15. Z.M Sbartai et.al, Decision making for concrete evaluation using fusion of NDT Techniques, 
https://doi.org/10.1142/9789814417747_0016 

16. Olga Zabelina, Application of non-destructive methods of control within the inspection of concrete 
structures, UESF-2021, https://doi.org/10.1051/e3sconf/202125809007 

17. Lisbeth M. Ottosen et.al, Non-Destructive Testing for documenting properties of Structural concrete for 
Reuse in New Building: A Review, Materials 2024, 17, 3814. https://doi.org/10.3390/ma17153814 

18.  Liu Qiuzhuo and Zhou Yunteng Review on Tunnel Concrete Invert NDT Methods, Materials Science and 
Engineering 741 (2020) 012004, doi:10.1088/1757-899X/741/1/012004 

19. Azarsa, Pejman et. al, Detection and characterization of surface cracks and defects in concrete structures 
using various NDTs, CSCE, 2017 

 

 

 
 

 
 

 

 
 
 
 
 
 
 

Journal of Engineering and Technology Management 76 (2025)

PAGE NO: 1901


