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ABSTRACT —

The inspection and maintenance of bridges are crucial for ensuring their durability, safety, and structural integrity. Traditional inspection methods, such as visual
assessments and manual testing, often require significant time and resources while being prone to human error. Non-Destructive Testing (NDT) techniques
provide a reliable and efficient alternative by enabling in-depth structural evaluation without causing damage. This study explores the application of various NDT
methods, including Ultrasonic Pulse Velocity (UPV) testing, Rebound Hammer, and Cover Meter, in bridge inspections. These techniques effectively assess
material strength, detect crack depth, and identify delamination, often before visible signs of deterioration appear. Additionally, NDT facilitates real-time
monitoring, minimizes downtime, and enhances the safety of inspectors. By integrating NDT into routine bridge assessment practices, authorities can adopt a
proactive maintenance strategy, extending bridge lifespan and reducing overall infrastructure costs. This paper highlights the advantages of NDT in ensuring
resilient and sustainable bridge infrastructure, emphasizing its role in modern, cost-effective asset management.
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Introduction :

Ensuring the safety of civil structures is essential for preventing failures, safeguarding public lives, and maintaining infrastructure reliability. Over time,
structures such as bridges, buildings, and highways experience material degradation, environmental stress, and increased loads, making regular
inspections necessary. Early identification of issues like cracks, corrosion, and foundation instability helps in preventing major structural failures and
costly repairs. Safety evaluations also ensure adherence to regulatory standards, improving overall structural integrity. Proactive maintenance strategies
extend the lifespan of infrastructure while minimizing long-term expenses. Modern inspection methods, including Non-Destructive Testing (NDT) and
structural health monitoring, provide real-time data, enabling timely interventions. Additionally, routine safety assessments enhance disaster resilience
by determining a structure’s capacity to withstand natural calamities such as earthquakes and floods. Integrating periodic safety checks into
infrastructure management helps mitigate risks, improve maintenance efficiency, and promote sustainable civil engineering practices.

Bridge safety is a critical aspect of construction, ensuring structural integrity, longevity, and public safety. Bridges are subjected to constant stress from
traffic loads, environmental factors, and material aging, making regular safety assessments essential. Proper design, quality materials, and advanced
inspection techniques, such as Non-Destructive Testing (NDT), help identify potential weaknesses before they lead to failures. Ensuring bridge safety
reduces the risk of accidents, minimizes maintenance costs, and extends service life. Additionally, adherence to safety standards enhances resilience
against natural disasters, promoting sustainable infrastructure development and reliable transportation networks.

Destructive testing (DT) and non-destructive testing (NDT) are two key approaches used in assessing the integrity of materials and structures.
Destructive testing involves physically breaking or extracting samples from a structure to evaluate properties such as strength and durability. While it
provides highly accurate results, it is time-consuming, costly, and often impractical for large-scale infrastructure due to material loss and the need for
repairs after testing. In contrast, non-destructive testing allows for the assessment of structural integrity without causing damage. Techniques such as
Ultrasonic Pulse Velocity (UPV), Rebound Hammer, and Ground Penetrating Radar (GPR) enable real-time monitoring, making inspections faster,
safer, and more cost-effective. NDT is particularly advantageous for large structures like bridges and buildings, as it minimizes disruption while
ensuring thorough evaluations. Unlike DT, which compromises structural integrity by removing portions for testing, NDT enhances safety by detecting
defects such as cracks, corrosion, and delamination without weakening the structure. Overall, while DT is valuable for laboratory analysis, NDT is a
more efficient and sustainable solution for modern infrastructure maintenance and inspection.

Advantages of NDT in Bridge Inspection

. Preservation of Structural Integrity: NDT methods do not require drilling, coring, or other invasive actions, preserving the bridge's
original state.

e  Accurate Damage Detection: These techniques can identify internal flaws, such as cracks, voids, or corrosion, that might not be visible
externally.

. Real-Time Monitoring: NDT enables continuous monitoring of bridge health, providing data for timely maintenance decisions.
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e  Cost-Effectiveness: Reduced labor, shorter inspection times, and less disruption to traffic make NDT more economical in the long run.
e  Safety Enhancement: Early detection of potential issues helps mitigate risks and prevents catastrophic failures.

Ultrasonic Pulse Velocity (UPV) is a widely used non-destructive testing (NDT) method for evaluating the quality, uniformity, and strength of concrete
and other materials. Its accuracy and merits make it a valuable tool for structural assessment and defect detection. Merits of UPV are as follows:
. Reliable Assessment of Material Integrity: UPV accurately detects variations in material properties by measuring the speed of ultrasonic
waves through the structure.
. Effective Detection of Defects: It can identify cracks, voids, honeycombing, and delamination, ensuring early intervention.
e  Correlation with Compressive Strength: While indirect, UPV readings can be used alongside other tests to estimate concrete strength with
reasonable accuracy.
. Influence of Factors: The accuracy of UPV depends on material density, moisture content, and the presence of reinforcing bars, requiring
proper calibration and interpretation.
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Figure 1 General view of bridge

Objectives :

The main objectives of this research paper are listed as:
a) To evaluate the effectiveness and accuracy of Ultrasonic Pulse Velocity (UPV) as a non-destructive testing (NDT) method for assessing
structural integrity.
b)  To highlight the advantages of UPV in detecting cracks, voids, and material inconsistencies in concrete structures.
c) Tocompare UPV with traditional testing methods, emphasizing its cost-effectiveness, efficiency, and real-time monitoring capabilities.
d) To promote the adoption of UPV for preventive maintenance and long-term durability assessment of bridges and other civil infrastructure.

Methodology :

The non-destructive testing (NDT) methodology for bridge inspection involves a systematic approach to assessing structural integrity, detecting
defects, and ensuring safety without causing damage. The process includes several key steps:
Planning and Preparation
. Identify inspection objectives, such as detecting cracks, corrosion, delamination, or material deterioration.
e  Select appropriate NDT techniques based on bridge material, age, and environmental conditions.
e Ensure proper calibration of NDT equipment and prepare safety measures for inspection personnel.
Selection of NDT Techniques
e  Ultrasonic Pulse Velocity (UPV): Evaluates material uniformity and detects internal cracks or voids.
e Rebound Hammer Test: Assesses surface hardness and estimates concrete compressive strength.
Data Collection and Analysis
e  Conduct on-site testing using selected NDT methods.
e  Record and analyze results using specialized software to detect anomalies.
e Compare findings with standard reference values to assess structural health.
Maintenance and Monitoring
e  Develop a preventive maintenance plan based on NDT results.
. Implement periodic monitoring using NDT techniques to track structural performance over time.
. Integrate NDT with Structural Health Monitoring (SHM) systems for real-time assessment.
The Direct method of taking UPV measurement, wherein transmitting and receiving points are on the opposite faces of the structural member, is the
most reliable from the point of view of transit time measurement, as maximum pulse energy is transmitted at right angles to the face of the transmitter.
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Depending on the value of the pulse velocity, the quality of concrete is classified in the following four categories as per IS: 516 (Part-5 - Section -1) :

2018 — for direct testing method.

SI No. Average Value of Pulse Velocity by Concrete Quality Grading
Cross Probing
km/s

0 @ 3

i) For concrete (<M 25 ):
a) Below 3.5 Doubtful®
b) 35-45 Good
c) Above 4.5 Excellent
ii) For concrete (> M 25 ):
a) Below 3.75 Doubtful®
b) 3.75-4.50 Good
c) Above 4.50 Excellent

D In case of ‘Doubtful quality’, it shall be necessary to carry out additional tests.

Figure 2 UPV test result Recommendations

The quality of concrete in terms of uniformity, incidence or absence of internal flaws, cracks and segregation, etc (indicative of the level of
workmanship employed), can be assessed using the guidelines given in the above Table. This Table is only for Concrete quality grading and shall not
be used for estimating the concrete grades from UPV Values.

Schmidt rebound hammer test

N-type Schmidt Rebound Hammer of Proceq, Sweden make, was used for this project. The procedure suggested in IS: 13311(Part. 2) was generally
adopted for testing. The rebound hammer was struck against the concrete surface at about 06 different spots around each location, and the average of
the 06 Rebound Number values was calculated. Readings were taken from accessible erected Segments and segments at the casting yard along with
Pier, Abutment, and Pier heads. While the majority of readings were made in the horizontal direction and hence no correction for the direction of
testing was applied, readings from the bottom side of the deck slab were also taken in an upward direction, and hence the correction for direction of
testing was applied. The results of the rebound hammer test are affected by size, shape, and rigidity of structural member, age of test specimen, surface
and internal moisture condition, and type of coarse aggregate and cement used in the production of concrete. They are also influenced by rate of
hardening, type of curing and surface conditions. It is because of these factors that the IS: 13311 (Pt. 2) states that the estimation of compressive
strength of concrete by rebound hammer cannot be held accurate and probable accuracy of prediction of concrete strength in a structure is +/- 25 %.

The Rebound Hammer Test is a widely used non-destructive testing (NDT) method for assessing the surface hardness and compressive strength of
concrete structures, including bridges. The results of this test are based on the rebound value (R-value), which is obtained by striking the concrete
surface with a spring-loaded hammer and measuring the height of its rebound.

Interpretation of Rebound Hammer Test Results

e  High Rebound Value: A higher rebound number indicates greater surface hardness and higher compressive strength of concrete.

e  Low Rebound Value: A lower rebound number suggests weaker concrete, possible cracks, honeycombing, or material degradation.

e  Variation in Readings: If there is significant variation in readings across a structure, it may indicate inconsistent material quality or localized
defects.

e  Moisture Influence: Wet concrete surfaces tend to give lower rebound values, whereas dry surfaces provide higher readings.

e  Testing Angle Effect: Readings may vary based on the angle of testing, requiring proper calibration for accurate interpretation.

D5 NOv-2024 11:43
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Figure 4 Rebound Hammer Test
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Figure 3. UPV test on selected at site

A comprehensive non-destructive evaluation (NDT) of the bridge was conducted using Ultrasonic Pulse Velocity (UPV) and Rebound Hammer tests to
assess its structural integrity. The UPV test was performed at multiple points across the bridge deck, piers, and beams to evaluate concrete uniformity
and detect any internal defects such as cracks, voids, or delamination. The measured pulse velocities were found to be within the standard range,
indicating dense and high-quality concrete with no significant internal discontinuities. Additionally, the consistent velocity readings confirmed the
absence of major cracks or deterioration, validating the bridge’s structural soundness.

Similarly, the Rebound Hammer Test was conducted to assess the surface hardness and estimate the in-situ compressive strength of concrete. The
rebound values obtained were well within the acceptable range, signifying adequate material strength and durability. No significant variations in
readings were observed across different structural elements, suggesting uniformity in concrete quality throughout the bridge. The correlation between
the UPV and Rebound Hammer test results further reinforced the conclusion that the bridge structure is in good condition, with no immediate need for
repairs or rehabilitation.

Table 1. Ultrasonic pulse velocity Test Result

Sl Location of Distance, Time, UPV, Avg. | Method Correctio Correct Quality
No. UPV Testing mm micro sec. Km/Sec | UPV, n factor for | ed value of | of
Km/Sec conversion UPV, concrete
values to | Km/sec as per IS
direct 516 (Part
method 5/Sec
1):2018.
1 Abutment 150 44 3.4 3.6 Indirect 0.5 4.1 Good
300 85 35
450 119 3.8
600 161 3.7
Pier Shaft 2500 635 3.9 3.9 Direct Nil 3.9 Good
3 Pier Cap 150 45 3.3 3.6 Indirect 0.5 4.1 Good
300 84 3.6
450 117 3.8
600 158 3.8
4 Girder (Web) 200 54 4.6 4.6 Direct Nil 4.6 Excellent
5 Girder (Flange) 650 144 45 45 Direct Nil 45 Excellent
6 Cross Girder 300 64 4.6 4.6 Direct Nil 4.6 Excellent
7 Deck Slab. 150 40 3.8 4.0 Indirect 0.5 45 Excellent
300 62 4.8
450 124 3.6
600 161 3.7
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Results and Conclusion :

Abutment — It is found the compressive strength is 35.3 MPa, as per Design of Structure it is M30 Grade of concrete and Ultrasonic pulse velocity is
Good and Cover is 55 to 60 mm, it fulfil the design requirement.

Pier Shaft - It is found the compressive strength is 40.5 MPa, as per Design of Structure it is M35 Grade of concrete and Ultrasonic pulse velocity is
Good and Cover is 60 to 65 mm, it fulfil the design requirement.

Pier Cap — It is found the compressive strength is 46 MPa, as per Design of Structure it is M40 Grade of concrete and Ultrasonic pulse velocity is
Good and Cover is 55 to 60 mm, it fulfil the design requirement.

Girder — It is found the compressive strength is 47.9 to 49.7 MPa, as per Design of Structure it is M45 Grade of concrete and Ultrasonic pulse velocity
is Excellent and Cover is 45 to 55 mm, it fulfill the design requirement.

Cross Girder — It is found the compressive strength is 53.5 MPa, as per Design of Structure it is M45 Grade of concrete and Ultrasonic pulse velocity
is Excellent and Cover is 45 to 50 mm, it fulfil the design requirement.

Deck Slab - It is found the compressive strength is 51.7 MPa, as per Design of Structure it is M45 Grade of concrete and Ultrasonic pulse velocity is
Excellent and Cover is 45 to 50 mm, it fulfil the design requirement.

In conclusion, Non-destructive testing (NDT) plays a crucial role in ensuring the safety, durability, and long-term performance of bridges by allowing
structural assessment without causing damage. Traditional destructive testing methods, while effective in laboratory settings, are often impractical for
in-service bridges due to material loss, high costs, and time constraints. NDT techniques such as Ultrasonic Pulse Velocity (UPV), Rebound Hammer,
Ground Penetrating Radar (GPR), and Infrared Thermography provide accurate, real-time data for identifying defects like cracks, voids, and material
deterioration. By integrating NDT into regular bridge inspections, authorities can enhance preventive maintenance strategies, minimize structural
failures, and ensure compliance with safety standards.

The adoption of NDT methods contributes to cost-effective infrastructure management by reducing maintenance expenses and extending the service
life of bridges. Moreover, these techniques improve inspection efficiency, reduce safety risks for workers, and support sustainable engineering practices
by minimizing material waste. As technology advances, the incorporation of automated and Al-driven NDT tools will further enhance the accuracy and
speed of bridge assessments. Overall, NDT is an essential tool for modern infrastructure monitoring, ensuring that bridges remain safe, reliable, and
resilient against environmental and structural challenges.

REFERENCE :

1. Akinci, B., Boukamp, F., Gordon, C., Huber, D., & Lyons, C. (2020). Automated non-destructive evaluation of bridges using ultrasonic and
infrared thermography techniques. Structural Health Monitoring, 18(4), 678-693.

2. American Society for Testing and Materials (ASTM). (2019). Standard guide for application of nondestructive testing techniques for bridges
and structures. ASTM E543-19.

3. Bungey, J. H., & Millard, S. G. (2019). Testing of concrete in structures. CRC Press.

4. Dutta, S., & Bhattacharya, S. (2021). Ultrasonic pulse velocity method for concrete bridge assessment. International Journal of Structural
Engineering, 28(2), 234-248.

5.  Fuchs, P., & Glaser, S. D. (2022). Application of ground-penetrating radar for bridge deck inspection: Advances and challenges. Journal of
Infrastructure Systems, 30(1), 15-30.
Gucunski, N., & Imani, F. (2021). Use of acoustic emission techniques in bridge condition assessment. NDT & E International, 92, 32-47.

7. Helal, J., Sofi, M., & Mendis, P. (2020). Non-destructive testing of concrete: A comparative review of methods. Construction and Building
Materials, 224, 1-15.

8.  Kumar, R., & Kumar, S. (2022). Infrared thermography in bridge inspection: A review of methods and applications. Engineering Structures,
250, 114543.

9.  Malhotra, V. M., & Carino, N. J. (2019). Handbook on nondestructive testing of concrete. CRC Press.

10. Moustafa, A., & Takewaka, K. (2021). Application of rebound hammer and ultrasonic testing in bridge quality evaluation. Journal of
Performance of Constructed Facilities, 35(2), 04021039.

11. Oh, T., & Popovics, J. S. (2020). Assessing concrete bridge decks using ultrasonic testing techniques. Structural Health Monitoring, 17(3),
275-289.

12. Qasrawi, H. (2021). Nondestructive evaluation of bridge concrete structures using impact echo and ultrasonic testing. Materials and
Structures, 54(3), 78-91.

13. Rao, M. V., & Venkatramana, K. (2020). Comparative study of destructive and non-destructive testing methods for bridge evaluation.
Journal of Civil Engineering and Construction Technology, 11(1), 10-20.

14. Rens, K. L., & Kim, W. (2022). Bridge maintenance strategies using non-destructive testing techniques: A lifecycle perspective.
Transportation Infrastructure Journal, 7(4), 321-339.

15. 1S:516 (Part 4): 2018 “Indian standard code of Hardened Concrete- Methods of tests: Sampling, preparing and testing of concrete cores”,
Bureau of Indian Standards, New Delhi.

16. IS:516 (Part 5 Section 1): 2018 “Indian standard code of Methods of Test Hardened Concrete-Non-Destructive Testing of Concrete-
Ultrasonic Pulse Velocity Testing (First Revision)”, Bureau of Indian Standards, New Delhi.

17.  Amendment No- 1 November 2019 to IS:516 (Part 5 Section 1) 2018 “Indian standard code of methods of tests and NDT of Concrete”,
Bureau of Indian Standards, New Delhi.



International Journal of Research Publication and Reviews, Vol (6), Issue (3), March (2025), Page — 1124-1129 1129

18. 1S:516 (Part 5 Section 4): 2020 “Indian standard code of Methods of Test Hardened Concrete-Non-Destructive Testing of Concrete-
Rebound Hammer Test (First Revision)”, Bureau of Indian Standards, New Delhi



