IARJSET ISSN (0) 2393-8021, ISSN (P) 2394-1588

[,;m? International Advanced Research Journal in Science, Engineering and Technology .
’@/} International Conference on Interdisciplinary Global Research in Adaptation, Transformation & Engineering R
- INTEGRATE 2025 INTEGRATE

Geetanjali Institute of Technical Studies (GITS)
Vol. 12, SPECIAL ISSUE 2, NOVEMBER 2025 DOI: 10.17148/IARJSET/INTEGRATE.2025.12243

Non-Destructive Testing Methods In
Civil Engineering

Ajay Nagda!, Vishal Sukhwal?
Assistant Professor- Civil Engineering, Geetanjali Institute of Technical Studies, Udaipur, Rajasthan, India!

UG, Civil Engineering, Geetanjali Institute of Technical Studies, Udaipur, Rajasthan, India?

Abstract: In civil construction, non-destructive testing (NDT) is a crucial method for assessing a structure's strength, durability,
and integrity without causing any damage. NDT techniques aid in the early detection of any interior defects, cracks, and weaknesses
in bridge construction and maintenance. The most popular NDT methods, their uses in bridge inspection, and comparisons of their
accuracy and cost-effectiveness are all covered in this study. The study emphasizes how integrating many NDT techniques
guarantees increased dependability when evaluating structural health, fostering sustainability and safety in civil infrastructure. This
study emphasizes how NDT is becoming a crucial part of contemporary civil engineering practice. The effectiveness of methods
like the Rebound Hammer Test, Ultrasonic Pulse Velocity (UPV), Ground Penetrating Radar (GPR), and Half-Cell Potential testing
in assessing material properties, finding hidden voids, and identifying corrosion in reinforced concrete structures is examined in
detail in this paper. By combining these techniques, engineers can create thorough structural health monitoring systems that lower
maintenance costs and avert catastrophic breakdowns.
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L INTRODUCTION

Bridges, buildings, and pavements are examples of civil constructions whose longevity and safety are greatly influenced by the
quality of their materials and construction methods. Conventional testing techniques are frequently damaging and necessitate
material removal, which erodes the structure. This problem is solved by non-destructive testing (NDT), which enables engineers to
evaluate internal defects, strength, and uniformity without causing structural damage. NDT is essential for contemporary civil
engineering applications because it guarantees sustainable monitoring and maintenance. This study emphasizes how NDT is
becoming a crucial part of contemporary civil engineering practice. The effectiveness of methods like the Rebound Hammer Test,
Ultrasonic Pulse Velocity (UPV), Ground Penetrating Radar (GPR), and Half-Cell Potential testing in assessing material properties,
finding hidden voids, and identifying corrosion in reinforced concrete structures is examined in detail in this paper. By combining
these techniques, engineers can create thorough structural health monitoring systems that lower maintenance costs and avert
catastrophic breakdowns.

II. OBJECTIVES & SIGNIFICANCE

NDT is used in civil construction with the following goals in mind:

e To assess the effectiveness of different Non-Destructive Testing (NDT) techniques like Rebound Hammer, Ultrasonic
Pulse Velocity (UPV), Ground Penetrating Radar (GPR), and Half-Cell Potential in determining the quality and longevity
of civil structures.

e To detect internal defects, fissures, gaps, and corrosion in reinforced concrete structures without inflicting any physical
harm.

e To evaluate the dependability, affordability, and precision of various NDT methods in practical scenarios like bridge
assessments and facility upkeep.

e To create a structure for structural health monitoring (SHM) by integrating NDT instruments for preventative maintenance
and ongoing infrastructure safety.

e To encourage sustainable building methods by decreasing the necessity for invasive testing and lowering material waste.

e To create actionable suggestions for field engineers, researchers, and students regarding the best NDT techniques for
particular civil engineering uses.

II1L. MAJOR NDT METHODS IN CIVIL CONSTRUCTION
Based on how they operate, NDT techniques may be roughly divided into mechanical, ultrasonic, electrical, electromagnetic,
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radiography, and thermal procedures. Every technique offers a different perspective on the behavior of materials and the state of
structures. The most widely used NDT techniques in civil construction are as follows:

o Test with a Rebound Hammer: One of the most popular techniques for determining the concrete's compressive strength
and surface hardness is the Rebound Hammer Test. The concrete surface is struck by a spring- driven mass, and the rebound
distance shows how hard the surface is. Despite being quick and easy, outcomes vary according to age, carbonation depth, and
surface moisture. This approach is perfect for quality control and first field evaluations.

o The Ultrasonic Pulse Velocity (UPV) test calculates how long it takes for an ultrasonic pulse to pass through concrete.
Material homogeneity and density have an impact on sound wave velocity. Good quality concrete is indicated by a high pulse
velocity, whereas fractures or cavities are suggested by lower values. This technique is often used to assess the homogeneity
of concrete and identify internal flaws.

o Core Cutting Test: To ascertain the true compressive strength, cylindrical samples are removed using this semi-
destructive technique. The information gathered ensures more trustworthy findings by calibrating and validating NDT results.
o Half-Cell Potential Test: This electrochemical method evaluates the implanted steel reinforcement's susceptibility to
corrosion. By measuring voltage variations, a reference electrode can determine the probability of corrosion activity. It works
especially well for maritime buildings and bridge decks.

o Infrared Thermography: This technique records changes in heat radiation to identify subsurface flaws. Defects that alter
surface temperature profiles include vacancies, delamination, and moisture. For fagade inspections, this method is perfect
because it is non-contact and swiftly scans big surfaces.

o Ground Penetrating Radar (GPR): GPR detects changes in the subsurface by using electromagnetic radiation. It is
helpful for locating voids, layer thicknesses, and rebar placements. This approach is becoming more and more common for
assessing pavement and inspecting bridge decks.

o Radiographic Testing: To see interior defects in dense materials, radiographic testing uses X-rays or gamma rays. Despite
being pricey, it provides accurate findings, particularly in welded connections and metallic constructions.

o Acoustic Emission Testing: This technique finds momentary elastic waves that are emitted as a crack spreads or when a
material deforms. It allows for the real-time tracking of the progression of stress in crucial structures.

o Digital imaging and laser scanning: Laser scanning captures even the smallest deformations and provides precise 3D
measurements of structures. It enables extensive structural mapping for study when combined with drones and digital images.

IV. COMPARATIVE ANALYSIS AND CASE STUDY

Several NDT techniques were used in a thorough case study on a concrete bridge. While internal flaws and corrosion levels
were evaluated using the GPR and Half-Cell Potential tests, compressive strength was estimated using the Rebound Hammer
and UPV tests. By combining these techniques, thorough structural health data was produced, lowering the possibility of
unanticipated failure.

Table 1: Comparison of NDT Methods and Observed Conditions

S. No Test Type Parameter Measured Observation
1. Rebound Hammer Surface Strength Moderate (2428 MPa)
2. UPV Test Pulse Velocity 3.8-4.3 km/s (Good Quality)
3. GPR Test Voids/Rebar Depth Minor Voids Detected
-280 mV (Active Corrosion
4. Half-Cell Test Corrosion Potential Zone)
V. APPLICATIONS IN REAL PROJECTS

Non-Destructive Testing (NDT) is now a crucial part of checking, upkeep, and ensuring the quality of civil engineering buildings.
It is used throughout different construction phases, from checking materials at the start to keeping an eye on a structure's health over
time. NDT methods are commonly used in these main areas in real civil engineering projects:

1. Checking and Maintaining Bridges: NDT tools like the Rebound Hammer, Ultrasonic Pulse Velocity (UPV), Ground
Penetrating Radar (GPR), and Half-Cell Potential tests are often used to check the soundness of bridge surfaces, beams,
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and support columns. These tools can find cracks on the surface, rust in the reinforcing bars, layers coming apart, and
empty spaces inside, all without stopping traffic. Regular checks using NDT help spot problems early, making bridges last
longer and keeping people safe.

2. Protecting Old Buildings and Monuments: Old buildings and monuments need to be checked regularly without causing
any harm to their structure. Methods such as infrared cameras, ultrasonic pulse testing, and digital photos are used to find
hidden cracks, water damage, and material breaking down. These checks help create good plans for repair while keeping
the original look of the buildings.

3. Checking Building Quality During and After Construction: NDT methods are used during construction to check how
uniform concrete is, how well materials are packed down, and where reinforcing bars are placed. make sure designs are
followed. This makes quality checks better for projects in government and private companies.

4. Tunnel and Road Checks: Ground Penetrating Radar (GPR) and Infrared Thermography are very good at measuring how
thick road layers are, finding empty spaces, and seeing water leaks or weak spots in tunnels. These fast, hands-off
inspection methods collect information quickly for planning repairs without stopping work.

5. Finding Rust in Concrete with Steel Bars:We often use the Half-Cell Potential test and resistivity checks to see how
likely the steel bars inside concrete are to rust, especially near the ocean or where there's a lot of salt. This helps us fix
things before they get too bad, making buildings last longer.

6. Checking Industrial and Power Buildings: Non-destructive testing (NDT) is very important for checking cooling towers,
smokestacks, storage tanks, and platforms in the sea. Methods like listening for sounds, measuring thickness with sound
waves, and using X-rays help make sure these important parts are strong and safe, no matter the weight or weather.

7. Checking Buildings After Disasters: After things like earthquakes, floods, or fires, NDT quickly tells us how strong a
building still is and how much damage there is. By using sound waves, ground radar, and laser scans, engineers can decide
what to fix first and if it's safe for people to go back inside.

VI FUTURE ADVANCEMENTS IN NDT

For real-time data analysis, NDT is being combined with emerging technologies like machine learning, artificial intelligence (Al),
and the internet of things (IoT). Drone-mounted sensors and Al-based flaw detection are making structural monitoring quicker,
safer, and more precise. Autonomous bridge health assessments and predictive maintenance will soon be possible with smart NDT
instruments.

VII. CONCLUSION

A fundamental component of quality control and maintenance in civil engineering is non-destructive testing. It offers crucial
information about overall stability, corrosion, and material integrity for bridge structures. A comprehensive assessment of structural
health is ensured by the combination of the Half-Cell Potential, GPR, and UPV tests. Using NDT techniques in civil infrastructure
improves safety, lowers maintenance costs, and encourages sustainability.
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