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ABSTRACT 

When there is a failure or damage seen in the structure, there is a need in investigation which helps in 

finding the reasons and causes for the failure. Forensic engineering is one of the applications in 

engineering sciences which gives the report of the failure by doing the forensic investigation. Forensic 

investigation not only comes into existence when there is a failure in civil engineering construction 

works. Its presence is seen when there is property damage, personal injury or death and also during the 

economic losses. In this paper importance of forensic engineering in civil works, some of the reasons 

which causes for the failure in the structure, process involved during the forensic investigation and some 

non-destructive tests that can be done as a part of investigation in the damaged structures are discussed. 
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INTRODUCTION 

Forensic engineering is one of the application of art and science of engineering in solving the risk 

problems by investigating and analyzing the performance of the structure, materials used structural 

design of the building and many other parameters. 

Few researchers’ works are Kamaluddin et al In the research, forensic engineering analysis in bridge 

structures and forensic engineering application in Indonesia were discussed. A study on Mahakam ll 

Kutai Kartanegara bridge collapse was carried out and found that because of the failure during the 

construction of vertical hanging cable which connects the main cable collapse was seen. Improper 
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maintenance, construction materials quality, errors in design process, implementation errors and 

improper supervision are some of the few causes for the failure which are mentioned [1].Devesha et al 

the main aim of the writers was to showcase the importance of forensic engineering study by the 

engineering students so that by investigating the failure there would be lifelong learning progress which 

would help the engineering’s in designing the future projects in an efficient manner. The steps followed 

during the investigation like preliminary survey of failure; collecting the data of materials, documents, 

and through interviews; studying all the collected data and identifying the main reason for the failure 

and preparing the final report are discussed. Several empirical and theoretical methods which can be 

followed and conducted during the investigation were detailed [2].Shen-En Chen et al The paper 

recommends and suggests forensic engineering as a tool for communication base for the problem 

solving and must be included in the curriculum studies. Several arguments and reasons for why forensic 

engineering must be included in comprehensive curriculum, why it is not a mostly known field not seen 

the important need to include failure analysis and no demand in market are mentioned. Proposed 

curriculum along with different types in modes of failure is detailed [3]. Krishnamurthy et al Here the 

author reviews regarding the importance of forensic engineering and the qualities required becoming 

forensic engineer. The paper details the various numbers of failures and reasons for those. Briefing 

regarding the procedure to be followed during analysis, investigation and report submission is done. 

Reasons and causes for Hyatt Regency Walkway failure and Ronan point collapse along with Hartford 

Civic Center Arona Roof collapse case studies which were carried out were detailed in this research [4, 

6].In this way forensic engineering plays a major role in all the civil engineering construction works 

when failure or damages are seen. The various types of forensic engineering investigation are fire and 

explosion, structural forensic, materials engineering, drone analysis and many others. The various 

incidents where forensic engineer presence is seen are during structural and civil failures, electrical 

failures, geotechnical investigations, material failures, transportation accidents, environmental disaster 

investigations. During all these circumstances forensic engineering importance is seen and the 

investigation done during this process provides the results with proof which helps the engineers in 

gaining more knowledge and in planning process for the future projects where performance and its 

efficiency would be high. 

FORENSIC ENGINEERING INVESTIGATION AND ITS IMPORTANCE  
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Failures: 

Failures need not focus on the meaning structure collapses it might be deficiency in structure. Different 

types of failures occurred during construction, due to improper maintenance which was observed during 

investigation. 

 Safety failure: during this type of failure injury, risk or death to the people might occurwhen 

there is collapse in formwork during concrete placement, slip, flat slab collapse, and falling on 

wet floor. 

 Functional failure  

 Ancillary failure 

These failures are seen due to  

 Carelessness and negligence 

 Errors and mistakes during construction 

 Insufficient knowledge 

 Design errors and errors in structural analysis 

 Mistakes in preparation and planning of work 

 Errors in drawings and specifications [5] 

FORENSIC INVESTIGATION 

The forensic engineers who does the investigation must have formal education, experience, must be 

technically competent, be a detective, have good communication skills, must be ethical. During the 

investigation process forensic kit must be carried by engineers which contains lens, graphs, paper, 

pencil, pen, warning signs, camera, sample containers, safety helmets, gloves, shoes, flash light, 

measuring tap, data collection forms, calculators and other required items depending on the complexity 

of damage. 

During the investigation process forensic engineering has to follow few steps:  

a. Defining the failure  

b. Collecting the evidences like materials, videos, photos, by interviews and through documentary 

c. Analyzing the evidence  

d. Finding out the root causes for the failure 

e. Validating by model testing, research, through structural analysis, IS codes 
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f. Obtaining the conclusion regarding the root causes that resulted in the damage 

g. Preparing the final report which includes all the details with the proof.[2]. 

 

 

 

 

The process followed during forensic investigation is shown graphically in Fig.1 
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Fig.1 Process followed during the forensic investigation [5] 

The framework stages of forensic includes 

 Preliminary stage; where the required information related to the damaged building is collected 

and the review of documents is carried out. 

 Evidence collection stage; where site visits, visual inspection, eye witness information, and 

sample collection process is carried. 

 Failure hypothesis and analysis stage; where testing methods, interviews are done. 

 Conclusion stage. [5] 

TESTS PERFORMED DURING THE INVESTIGATION PROCESS 

During the forensic engineering investigation to determine the strength and durability of hardened 

concrete several tests are performed [7-18]. It’s highly needed to evaluate the entire structure or 

construction.  Role of Non-destructive testing in evaluation of failure starting from cracks to heavy 

damages is predominant. 

 Non-destructive testing methods like Surface hardness test, Rebound test, Ultrasonic pulse 

velocity method, Ultrasonic pulse echo method, Dynamic tests, Radioactive, Magnetic, nuclear, 

electrical methods andresonant frequency method. 

 Semi-destructive testing methods like Penetration techniques, Pull out and pull off tests, 

Chloride content test, Carbonation and pH value test.  

1. Rebound hammer test (Fig.2) many researchers prefer Rebound hammer test due to its simple 

handling and unique features [19-21]. It comprises of a helix control hammer that slides on a 

plunger within a tabular housing. When the plunger is hard-pressed against the concrete surface, 
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the mass rebound from the plunger. If the average rebound number is >40 the quality of concrete 

is said to be very good hard surface, if the rebound number is <20 then the surface is poor 

concrete. 

 

Fig.2 Rebound hammer apparatus and the graph showing compressive strength for the rebound number 

[2]. 

 

2. Ultrasonic pulse velocity method (UPV) (Fig.3) It consists of measuring the time of travel of an 

ultrasonic pulse passing through the concrete to be tested. Pulse velocity of concrete can be 

measured in three techniques namely; direct transmission, indirect transmission, surface 

transmission. Many researchers prefer UPV due to its technical benefits and they have used this 

various civil engineering applications [ 22,23] 
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Fig.3 Ultrasonic pulse velocity measuring instrument and different techniques of pulse transmission . 

3. Carbonation test (Fig.4)This test is performed using phenolphthalein indicator. The test is 

conducted by drilling a hole on the surface of concrete to different depths and the indicator is 

sprayed. The change in color is observed. Carbonated concrete exhibits no change in the color 

and the surface which is not carbonated exhibits pink color. The depth of carbonation is 

calculated based on the change in color profile. 

 

Fig.4 Carbonation test performed on the concrete surface [24]. 
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SUMMARY 

Forensic investigation in civil engineering pays way to detail investigation of damages in all fields using 

advance equipments [25, 26].  Awareness on structural health monitoring should be done. Periodic 

monitoring may protect the buildings from heavy damages and modern technology such as internet of 

things is employed in structural health monitoring [27]. Condition assessment of structures plays a vital 

role is damage assessment, the investigation on entire structure, part of structure example parts of 

bridge, building and components are the important factor should be considered during investigation [28-

30]. Forensic investigation gives better idea about defect, damage, causes and solution for different 

failures of structures. The process of forensic engineering for investigation of various damages caused 

by fire, cracks, etc has been performed by many researchers [31-40]. 

CONCLUSION 

In recent days forensic engineering is gaining recognition as a field of professional engineering practice 

in many parts of the world. The forensic engineering study must be included in the engineering 

curriculum so that the engineers will get in touch with the investigation of damage structures and 

understands the importance of forensic investigation. Forensic engineering investigation helps a lot in 

the civil structure failure works to find out the main reasons and causes for the damaged occurred. Low 

quality construction materials, improper maintenance, errors in design and its detailing, poor 

communication management, lack of team work are some of the few causes observed for the failure of 

any structure. In view of all this, forensic investigation helps in improving the efficiency and 

performance of the structure. 

 

REFERENCES 

1. Kamaluddin, Wahyono, A., & Iskandar, T. (2019). FORENSIC ENGINEERING ANALYSIS 

OF BUILDING STRUCTURES IN INDONESIA: A CASE STUDY OF THE COLLAPSE OF 

THE MAHAKAM II KUTAI KARTANEGARA BRIDGE IN EAST BORNEO. Russian 

Journal Of Agricultural And Socio-Economic Sciences, 85(1), 375-385. 

https://doi.org/10.18551/rjoas.2019-01.46 

https://doi.org/10.18551/rjoas.2019-01.46


         International Research Journal of Education and Technology 

Peer Reviewed Journal , E- ISSN 2581-7795 

Impact Factor 5.007 

INTERNATIONAL CONFERENCE ON CORE ENGINEERING AND TECHNOLOGY '2024 (ICCET'24),  PERI INSTITUTE OF 
TECHNOLOGY, CHENNAI-48;  ISBN: 978-93-340-4983-1             © 2024, IRJEdT Volume: 06 Issue: 06 | June-2024 Page 162 

 

2. Devesha Y, Pavan H D, Darhsan C G, Kiran M, Ravikumar BS (2017)  “A review on forensic 

civil engineering”. International Journal for Scientific Research & Development, Vol. 5 (04). 

3. Chen, Shen-En, and Rajaram Janardhanam. 2013. "Forensic Engineering Education 

Reform". Proceedings Of The Institution Of Civil Engineers - Forensic Engineering 166 (1): 9-

16. doi:10.1680/feng.11.00034. 

4. Fang, Z.X. 2011. "Progress And Challenges Of Forensic Structural Engineering-Focus On 

Mainland China". Procedia Engineering 14: 1212-1218. doi:10.1016/j.proeng.2011.07.152.. 

5. Mohammed Arafa, Husam Wadi, Mamoun Alqedra (2018) “Developing a forensic framework 

for the failures in reinforced concrete buildings”. International journal of engineering and 

technical research, Vol. 8 (12). 

6.  Hobbs, Brian, and Mohamed Tchoketch Kebir. 2007. "Non-Destructive Testing Techniques 

For The Forensic Engineering Investigation Of Reinforced Concrete Buildings". Forensic 

Science International 167 (2-3): 167-172. doi:10.1016/j.forsciint.2006.06.065. 

7. Krishnamurthy, Dr. Natarajan (2007) “Forensic Engineering in Structural Design and 

Construction” Structural engineering world congress. 

8. Natarajan K (2007) Forensic engineering in structural design and construction. Proceedings of 

the Structural Engineering World Congress, 2–7 November, Bangalore, India. 

9. Christoph Kohl, Doreen Streicher, (2006) “Results of reconstructed and fused NDT-data 

measured in the laboratory and on-site at bridges”, Cement & Concrete Composites, 2006, 

pp.402-413. 

10. Mitchell, C. A., Carew, A. L., & Clift, R. (2004). The role of the professional engineer and 

scientist in sustainable development. Sustainable development in practice: Case studies for 

engineers and scientists, 29-55. 

11. Sezen, H., Whittaker, A. S., Elwood, K. J., & Mosalam, K. M. (2003). Performance of 

reinforced concrete buildings during the August 17, 1999 Kocaeli, Turkey earthquake, and 

seismic design and construction practise in Turkey. Engineering Structures, 25(1), 103-114. 

12. Maierhofer C. (2003) “Nondestructive Evaluation of Concrete Infrastructure with Ground 

Penetrating Radar”, Journal of Materials In Civil Engineering, ASCE, MayJune 2003, PP. 287-

297. 



         International Research Journal of Education and Technology 

Peer Reviewed Journal , E- ISSN 2581-7795 

Impact Factor 5.007 

INTERNATIONAL CONFERENCE ON CORE ENGINEERING AND TECHNOLOGY '2024 (ICCET'24),  PERI INSTITUTE OF 
TECHNOLOGY, CHENNAI-48;  ISBN: 978-93-340-4983-1             © 2024, IRJEdT Volume: 06 Issue: 06 | June-2024 Page 163 

 

13. Lewis GL (2003) Guidelines for Forensic Engineering Practices. ASCE, Reston, VA, USA. 

14. Delatte NJ and Rens KL (2002) Forensic and case studies in civil engineering education: state 

of the art. Journal of Performance of Constructed Facilities 16(3): 98–109. 

15. Ron Shepherd, “Investigation of the Seismic Response of Welded Steel Moment Frames”, Proc. 

of 2nd ASCE Forensic Engineering Congress, 21-23 May 2000, San Juan, Puerto Rico, p. 483-

492. 

16. Rens KL, Rendon-Herrero O and Clark MJ (2000) Failure of constructed facilities in civil 

engineering curricula. Journal of Performance of Constructed Facilities 14(1): 27–37 

17. Krause M, Barmann R, Friedlinghaus R, Kretzschamar F, Kroggel O, Langenberg K, 

Maierhofer Ch, Mu¨ ller W, Neisecke J, Schickert M, Schmitz V, Wiggenhauser H, Wollbold F. 

(1997), Comparison of pulse echo methods for testing concrete’ NDT& E International 4 

(special issue), 1997, pp. 195–204. 

18. M.S. Shetty (1982) “Concrete technology theory and practice” first edition. 

19. Tamer Eljufout, Nidal Hadadin, Assal Haddad & Fadi Alhomaidat (2022) Correlation models 

for utilising rebound hammer technique in evaluating weathered limestone walls, Australian 

Journal of Structural Engineering, DOI: 10.1080/13287982.2022.2087845 

20. Kumavat, H. R., Chandak, N. R., & Patil, I. T. (2021). Factors influencing the performance of 

rebound hammer used for non-destructive testing of concrete members: A review. Case Studies 

in Construction Materials, 14, e00491. doi:10.1016/j.cscm.2021.e00491 

21. A. Hussain and S. Akhtar, “Review of nondestructive tests for evaluation of historic masonry 

and concrete structures,” Arabian Journal for Science and Engineering, vol. 42, no. 3, pp. 925–

940, 2017. 

22. Butt, J.; Bhaskar, R.; Mohaghegh, V. Non-Destructive and Destructive Testing to Analyse the 

Effects of Processing Parameters on the Tensile and Flexural Properties of FFF-Printed 

Graphene-Enhanced PLA. J. Compos. Sci. 2022, 6, 148. https://doi.org/10.3390/jcs6050148 

23. Nainggolan, C. R., Wijatmiko, I., Suseno, H., & Firdausy, A. I. (2022). STUDY OF 

DISTANCE AND NUMBER OF REBARS ON VELOCITY MEASUREMENT USING NON-

DESTRUCTIVE TEST. GEOMATE Journal, 22(94), 121–127. Retrieved from 

https://geomatejournal.com/geomate/article/view/1747 

https://doi.org/10.1080/13287982.2022.2087845
https://doi.org/10.3390/jcs6050148


         International Research Journal of Education and Technology 

Peer Reviewed Journal , E- ISSN 2581-7795 

Impact Factor 5.007 

INTERNATIONAL CONFERENCE ON CORE ENGINEERING AND TECHNOLOGY '2024 (ICCET'24),  PERI INSTITUTE OF 
TECHNOLOGY, CHENNAI-48;  ISBN: 978-93-340-4983-1             © 2024, IRJEdT Volume: 06 Issue: 06 | June-2024 Page 164 

 

24. Structure inspection manual. Part 5- NDE and PDE testing. 

https://wisconsindot.gov/dtsdManuals/strct/inspection/insp-fm-pt5ch22.pdf. 

25. Srinivasan, P., Ravisankar, K., & Thirugnanasambandam, S. (2013). Forensic evaluation of a 

large reinforced concrete specimen using radar and ultrasonic pulse echo. International 

Journal of Forensic Engineering, 1(3/4), 198. doi:10.1504/ijfe.2013.053562 

26. Tosti, F., Alani, A.M., Benedetto, A. et al. Guest Editorial: Recent Advances in Non-destructive 

Testing Methods. Surv Geophys 41, 365–369 (2020). https://doi.org/10.1007/s10712-020-

09592-7 

27. Mayank Mishra, Paulo B. Lourenço, G.V. Ramana,Structural health monitoring of civil 

engineering structures by using the internet of things: A review,Journal of Building 

Engineering,Volume 48,2022, 

https://doi.org/10.1016/j.jobe.2021.103954. 

 

28. Kilic, G. (2015). Using advanced NDT for historic buildings: Towards an integrated 

multidisciplinary health assessment strategy. Journal of Cultural Heritage, 16(4), 526–

535. doi:10.1016/j.culher.2014.09.010 

29. Caetano, E. Characterisation and assessment of damage in cable structures. J Civil Struct Health 

Monit (2022). https://doi.org/10.1007/s13349-022-00614-z 

30. Petty, S.E. (Ed.). (2021). Forensic Engineering: Damage Assessments for Residential and 

Commercial Structures (2nd ed.). CRC Press. https://doi.org/10.1201/9781003189305 

31. Lee, W. Y., Syed Husin, S. R., Thangaveloo, T., & Hejazi, F. (2019). Forensic engineering of 

fire damaged concrete structures – a review–. IOP Conference Series: Earth and 

Environmental Science, 357, 012021. doi:10.1088/1755-1315/357/1/012021  

32. Błaszczyński, T. Z., & Sielicki, P. W. (2019). The influence of design and contractor errors on 

the failure of a tenement building. Engineering Failure 

Analysis. doi:10.1016/j.engfailanal.2019.01 

33. Freddy Soman, Dr. Raveendranath P. K, 2021, Forensic Investigation of Concrete Structures 

and Structural Rehabilitation, INTERNATIONAL JOURNAL OF ENGINEERING 

RESEARCH & TECHNOLOGY (IJERT) NCIIE – 2021 (Volume 09 – Issue 06) 

https://doi.org/10.1007/s10712-020-09592-7
https://doi.org/10.1007/s10712-020-09592-7
https://doi.org/10.1007/s13349-022-00614-z
https://doi.org/10.1201/9781003189305


         International Research Journal of Education and Technology 

Peer Reviewed Journal , E- ISSN 2581-7795 

Impact Factor 5.007 

INTERNATIONAL CONFERENCE ON CORE ENGINEERING AND TECHNOLOGY '2024 (ICCET'24),  PERI INSTITUTE OF 
TECHNOLOGY, CHENNAI-48;  ISBN: 978-93-340-4983-1             © 2024, IRJEdT Volume: 06 Issue: 06 | June-2024 Page 165 

 

34. Shaikh, M. F., Pathak, R., & Pandey, A. (2019). Forensic structural engineering an overview. 

PROCEEDINGS OF THE INTERNATIONAL CONFERENCE ON SUSTAINABLE 

MATERIALS AND STRUCTURES FOR CIVIL INFRASTRUCTURES 

(SMSCI2019). doi:10.1063/1.5127130  

35. Baker, H. R., Smith, S. D., Masterton, G., & Hewlett, B. (2018). Failures in construction: 

Learning from everyday forensic engineering. In Forensic Engineering 2018: Forging Forensic 

Frontiers (pp. 648-658). Reston, VA: American Society of Civil Engineers. 

36. Lucia, P. C. (2012). The practice of forensic engineering. In Geotechnical Engineering State of 

the Art and Practice: Keynote Lectures from GeoCongress 2012 (pp. 765-785). 

37. Forensic Practices Committee of the Technical Council on Forensic Engineering. (2012, 

September). Guidelines for forensic engineering practice. American Society of Civil Engineers. 

38. Detwiler, R. J., Taylor, P. C., Corley, W. G., Klemm, W. A., & Johansen, V. C. (2000). 

Engineering and science in structural forensic work. In Forensic Engineering (2000) (pp. 152-

161). 

39. Etemadi, A., & Balkaya, C. (2020). Collapsed-RC Building Failure Mechanisms with a 

Forensic Engineering Approach. Journal of Performance of Constructed Facilities, 34(5), 

04020086. 

40. Womble, J. A., Mehta, K. C., & Adams, B. J. (2007). Automated building damage assessment 

using remote-sensing imagery. In Forensic Engineering (2007) (pp. 1-10). 

 

 

 

 

 

 

 


