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Abstract— The forensic engineering and failure case studies 

as a part of civil engineering education. The study of 

engineering failures can offer students valuable insights into 

associated technical, ethical, and professional issues. Lessons 

learned from failures have substantially affected civil 

engineering practice. For the student, study of these cases can 

help place design and analysis procedures into historical 

context and reinforce the necessity of lifelong learning. Three 

approaches for bringing forensics and failure case studies into 

the civil engineering curriculum are discussed in this paper. 

These are stand-alone forensic engineering or failure case 

study courses, capstone design projects, and integration of 

case studies into the curriculum. Some of the cases have been 

developed and used in courses at the United States Military 

Academy and the Univ. of Alabama at Birmingham, as well 

as at other institutions. Finally, the writers have tried to 

assemble many of the known sources of material, including 

books, technical papers, and magazine articles, videos, Web 

sites, prepared PowerPoint presentations, and television 

programs. 
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I. INTRODUCTION 

Forensic analysis in civil engineering involves scientific and 

legalistic investigations and deductions to detect the causes 

as well as the process of distress in a structure, which are 

attributed to geotechnical origin. Cases of remedied 

installations where the analysis and evaluation of adopted 

remedial measures with regard to their effectiveness and 

economy may be subjected to judicial scrutiny also fall under 

this purview. The normally adopted standard procedures of 

testing, analysis, design and construction are not adequate in 

the forensic analysis in majority of cases. The test parameters 

and design assumptions will have to be representative of the 

actual conditions encountered at site. The forensic 

geotechnical engineer (who is different than the expert 

witness) should be able to justify the selection of these 

parameters in a court of law. Hence he has to be not only 

thorough in his field, but should also be familiar with legal 

procedures. This paper presents principles of planning and 

executing a forensic investigation. 

Forensic engineering can be considered to be “the 

investigation of materials, products, structures or components 

that fail or do not operate or function as intended, causing 

personal injury or damage to property. The consequences of 

failure are dealt with by the law of product liability. The field 

also deals with retracing processes and procedures leading to 

accidents in operation of vehicles or machinery. The subject 

is applied most commonly in civil law cases, although may 

be of use in criminal law cases. Generally the purpose of a 

Forensic engineering investigation is to locate cause or causes 

of failure with a view to improve performance or life of a 

component, or to assist a court in determining the facts of an 

accident. It can also involve investigation of intellectual 

property claims, especially patents.”[1] 

II. HISTORY 

First, the field of engineering has evolved over time so has 

the field of forensic engineering. Early examples include 

investigation of bridge failures such as the Tay rail bridge 

disaster of 1879 and the Dee bridge disaster of 1847. Many 

early rail accidents pioneered the use of tensile testing of 

samples and fractography of failed components. With the 

prevalence of liability lawsuits in the late 1900s the use of 

forensic engineering as a means to determine culpability 

spread in the courts. Edmond Locard (1877–1966) was a 

pioneer in forensic science who formulated the basic 

principle of forensic science: "Every contact leaves a trace". 

This became known as Locard's "exchange principle". 

III. THE PROCESS 

Materials and structures behave in predictable ways, and 

when subjected to loads and stresses greater than what they 

have been designed for will fail – partially or completely. 

Human beings and organizations, on the other hand, behave 

in unpredictable ways, and therein lies a major problem for 

the investigator when he has to find out who was responsible, 

why and how. 

Every failure ultimately has one of immediate cause 

which precipitated the failure, which may be the resultant 

culmination of multiple contributory causes. The effects can 

be minor, major or disastrous and the consequences can have 

deep and lasting impact on the people and on the profession. 

The term “failure” - whether accidental or intentional is 

understood in its broadest sense which could include a failure 

of structure, component or even performance which results in 

damage to, or loss, of life,  property or money. 

The process of forensic engineering investigations 

requires one to follow a series of steps, working backwards 

from the failure. These steps would involve, in simplified 

terms, the following: 

1) Describe or ”define” the failure 

2) Collect evidence – physical, material, photo/video, oral 

(through interviews), and documentary 

3) Analyze the evidence – which itself would involve 

several activities including material testing 

4) Hypothesize the possible sequence of events that led to, 

and the root causes for, the failure 

5) Validate the hypothesis through structural analysis, 

model testing, research, literature review etc. 

6) Arrive at a conclusion regarding the cause(s) that 

resulted in the failure 

7) Prepare the final report fully describing the process 

adopted, with supporting documentation, and the 

conclusions reached.  If required the forensic engineer 

may also have to make an estimate of loss. How thorough 
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this is done will play a crucial and vital role in a court of 

law or in any settlement between the involved parties 

This process is graphically illustrated in the 

flowchart shown in Fig. 1. 

 
Fig. 1: Flow chart of forensic process  

It is not the role of the forensic engineer to fix 

culpability or responsibility. He only presents facts, and it is 

for the court to rule on responsibility, culpability and 

damages. 

IV. QUALIFICATIONS OF A FORENSIC ENGINEER 

The particular skill-sets required to qualify as a forensic 

engineer will depend upon the specific engineering discipline 

or field of forensic investigation. There are however some 

common skills that will be required in all forensic engineers. 

A. He must be technically competent 

A forensic engineer must be technically competent and 

proficient in his field of specialization. Active membership of 

professional organizations, and authorship of articles in 

professional journals point him out as a professional in good 

standing amongst his peers greatly add to his credibility and 

acceptability in court as an expert witness. But he must also 

be a generalist with a broad knowledge of science and 

engineering as a whole with the ability to understand the 

relationship between cause and effect. His services are called 

on after a failure and are presented with its aftermath. 

B. He must be a detective 

He must patiently and diligently collect all the evidence that 

can be found and be able intelligently to interpret the data 

before him. With his experience and engineering knowledge 

he has to become a detective and glean from the mass of 

seemingly disjointed and sometimes unconnected pieces of 

evidence before him the plausible cause and build a strong 

case that can stand up under close scrutiny in a court of law. 

This takes a lot of time and effort for the pieces to be fitted 

together, much like solving a jig- saw puzzle, for theories to 

be tested and proved and for the final picture to emerge. He 

must be able to reconstruct what happened and provide solid 

scientific and engineering bases for his conclusions 

C. He must be articulate with good communication skills 

A successful forensic engineer will possess the valuable 

ability to articulate and communicate well, both orally and in 

written reports and presentations, comprehensively and in 

simple language (without losing focus) the essence of the 

methodology and findings to what would be essentially a lay 

audience (the court, in particular, and to a lesser extent the 

public, in general). He should be able to interact effectively 

with the media and use the opportunity to educate the public.  

These communications may be required, not only to facility 

owners, contractors and other professional engineers, but also 

in reports to lawyers and statutory bodies, in expert witness 

statements in legal proceedings, and in statements to the press 

and the public. In many cases, the expert’s report may be 

confidential or protected by legal professional privilege. It is 

probable that only a low percentage of cases for which 

forensic engineering investigations are undertaken and expert 

witness reports are prepared; actually reach the courts (e.g. 

Brookes, 2006). 

However, the information contained in the reports 

may be protected by legal privilege and remain confidential 

so that the results cannot be published and the potentially 

valuable information that the reports contain never reach the 

engineering profession. 

D. He must be skilful in court 

In all those cases which reach the court and the forensic 

engineer are called as an expert witness, it is essential that he 

is not only able to clearly enunciate his thoughts but also more 

importantly, be able to maintain his composure and self-

confidence, especially under cross-examination. A diffident, 

nervous and flustered witness who does not have a full 

command over his subject will be considered unreliable and 

could jeopardise the outcome of the case and even destroy the 

reputations of the people involved. But he must also not be 

dogmatic, assert his position or be arrogant. 

E. He must be ethical 

Above all, and this cannot be overemphasized, the forensic 

investigator must maintain the highest standards of honesty 

and integrity. He must be absolutely objective and impartial 

in all that he does and use his “education, training, 

experience, skill and knowledge” in the most professional 

manner. Most importantly he must not be swayed by 

extraneous pressures and inducements, which inevitably will 

come into play. Thus the forensic “expert” engineer must be 

a person who has great integrity with exemplary ethical 

standards. This is amplified later in this article. 

V. TOOLS AND TECHNIQUES 

The forensic engineer needs to use many different kinds of 

tools and techniques for a complete analysis of the evidence 

gathered by him. These include both empirical and theoretical 

methods. 

A. Empirical Methods 

It cover essentially physical testing in materials testing 

laboratories and include such varied techniques as optical 
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microscopy, scanning electron microscopy, X-ray diffraction, 

physical and chemical analyses, fracture mechanics, non-

destructive tests (NDT) such as X-ray and Gamma-ray 

radiography, magnetic particle testing, liquid penetrant 

testing  and so on. These are all well-established and well-

known methods, and so will not be elaborated on further in 

this paper. [7] 

B. Theoretical Methods 

There are several modern, well-established and formal 

analytical tools, techniques and procedures which are 

commonly used to carry out forensic engineering and major 

accident investigations, which occur due to several connected 

and interrelated causes. These methods can be used for 

different kinds of investigation, and complex accidents and 

failures may require the use of more than one technique to get 

a complete picture of the nature, number, sequence and 

severity of the underlying causes. Specific techniques include 

Causal Analysis [including Root Cause Analysis (RCA) and 

Events and Causal Factors Charting (ECFC)], Event Trees, 

Fault Tree Analysis (FTA), Barrier Analysis, Change 

Analysis, Management Oversight and Risk Tree (MORT), 

Sequentially Timed Events Plotting(STEP),  Human Error 

Analysis (HEA)/Human Reliability Analysis (HRA), 

Integrated Accident Event Matrix, Failure Modes, Effects and 

Criticality Analysis (FMECA), etc. Specific techniques can 

be incorporated into more integrated analytical methods such 

as Incident Cause Analysis Method (ICAM) and more 

comprehensive methods such as the System Safety Accident 

Investigation (SSAI).10These are based on the methods 

adopted for hazard identification, risk assessment and 

management and reliability engineering and can be 

categorized into Qualitative Methodologies and Tree Based 

Techniques, and provide a logical and structured system to 

investigate failures and enable a sequential procedure to 

identify the causes for the failure. 

C. Non Destructive and Semi–Destructive Tests [5]  

Several instruments are used for conducting Non-Destructive 

testing of concrete. The readings of the instruments are 

calibrated with reference to the results obtained by 

conducting tests on concrete samples in the laboratory. In 

addition to Non-Destructive testing some Semi-Destructive 

testing may also become necessary to arrive at the probable 

strength of concrete. The paper discusses the usefulness of 

various instruments of Non-Destructive and Semi-

Destructive testing of concrete and also their limitations.  

The commonly adopted NDT methods are: 

1) Rebound Hammer test  

The most commonly used method employs Schmidt Rebound 

Hammer, which consists of a spring controlled hammer that 

slides on a plunger. The hammer impacts against the concrete 

surface and the spring controlled mass rebounds, taking a 

rider along with it along a guide scale which is used as 

rebound number.   

The Schmidt hammer is simple and the method 

provides a quick and inexpensive means of checking 

uniformity of in-place hardened concrete. However, the 

results of the tests are affected by smoothness, degree of 

carbonation and moisture condition of surfaces, type of 

coarse aggregate in concrete. If properly calibrated hammer 

is used, the accuracy of predicting concrete strength is ± 25 

percent. 

The Rebound Hammer tests are conducted generally 

for the determination of uniformity of quality concrete, 

strength development monitoring, in-situ strength estimation, 

testing of precast elements prior to erection, relative strength 

determination of structural members, determining stripping 

time of formwork etc. 

The most popular equipment used for this test is 

Schmidt Rebound Hammer of Proceq, Switzerland.[2] 

 
Fig. 2: Rebound hammer test on RC member 

D. Method of Testing 

For assessment of surface hardness & strength of cover / 

surface concrete, rebound hammer test will be conducted on 

the concrete surface at five different positions depending on 

the location of the concrete surface. 

1) Test Positions 

 Horizontal    

 Vertically upwards (+900)   

 Vertically downwards (-900)  

 Inclined upwards (+450)  

 Inclined downwards (-450) 

After discarding the freak values and applying 

correction factor for position of Rebound Hammer average 

rebound number will be worked and the same is correlated 

with standard values for estimation of in-situ strength of 

concrete near to surface. 

a) Ultrasonic Pulse Velocity test  

The Ultrasonic Pulse Velocity method consists of measuring 

the time travel of an Ultrasonic wave passing through the 

concrete. The times of travel between the initial onset and 

reception of the Pulse are measured electronically. The path 

length between transducers, divided by the time of travel 

gives the average velocity of wave propagation. The 

relationship between pulse velocity and strength are affected 

by a number of variables such as the age of concrete, moisture 

condition, aggregate / cement ratio, type of cement and 

aggregate, location of reinforcement etc. The method is 

therefore normally recommended for the purpose of quality 

control apart from use of this method for detecting the 

presence of voids, honeycombing, detecting cracks, and 

determination of modulus of elasticity of concrete.[6] 

 
Fig. 3: UPV instrument – PUNDIT lab 

b) Cover meter test 

Cover meters are electromagnetic devices consisting of a 

search head and a control box. The Cover meter test is used 

for assess the concrete cover and mapping of rebar’s. It can 
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also be used for estimating the size / dia of rebar. The rebar’s 

which are close to surface can be detected however, it may 

not detect second layer of rebar if any. Further, if rebar’s are 

closely spaced / congested then the estimation of number of 

rebar may not be reliable. 

 
Fig. 4: Cover meter – Profometer, Proceq 

c) Half-cell Potential Measurement test 

The Half-cell Potential measurement test essentially consists 

of measurement of absolute potential at the concrete surface 

with a reference electrode. The measured absolute potential 

considered to be the best criterion for assessing the corrosion 

status of the embedded rebar. 

The measured values are correlated with standard 

values for determination of corrosion in rebar for RC 

members. However, the corrosion of rebar’s shall be 

confirmed by chloride and pH value tests by conducting 

further chemical analysis of concrete for determination of pH 

value, chloride and sulphate content in concrete. 

 
Fig. 5: Corrosion analyzer 

d) Impact echo / pulse echo test 

In this method, the impacting device such as hammer will be 

struck on the concrete surface. The sound waves that reflect 

off or other features are picked up by a recovery receiving 

probe and conveyed to signal processor.  From this, the wave 

form is analyzed at the signal processor and amplitude and 

travel time of waves are evaluated for determination of 

homogeneity and integrity of concrete.[4] 

 
Fig. 6:  Amplitude and travel time of wave in Echo test 

e) Ground Penetrating Radar test 

‘GPR’ is a non-destructive testing method that can be used to 

gather information on sub- surface elements in roads, bridges, 

sports grounds, golf coarses, cemeteries and all reinforced 

concrete structures. It can accurately locate metallic and 

nonmetallic reinforcements and pipes below concrete slabs. 

In addition, GPR detect flaws in concrete structures. It is a 

geophysical method that uses radar pulses to image 

subsurface. GPR uses high frequency polarized radio waves 

for transmitting them into ground. When the wave hits a 

buried object or a boundary with different dielectric 

constants, the receiving antenna records variations in the 

reflected return signal. The GPR equipment normally consists 

of a transmitter and receiver antenna, a radar control unit and 

suitable data storage and display devices. 

GPR is well suited for structural investigations. The 

high frequency system is capable of generating high 

resolution 2D and 3D representations of features of scanned 

surface. [3]  

 
Fig. 7: The Penetradar Integrated Radar 

The commonly adopted SDT methods are:  

f) Concrete core test  

Cores test is one of the most appropriate methods to assess 

the strength, homogeneity and quality of interior concrete. 

Electrically driven motor provided with diamond/TC 

segment core bit are generally used for extraction of cores. 

The maximum size of coarse aggregate used in concrete 

decides the criteria for selecting the diameter of core to be 

extracted. Core will be extracted after scanning the concrete 

surface for avoiding existing rebar’s interference during core 

extraction. The both ends of the extracted cores will be 

trimmed and capped with sulpher / high strength free flow 

grout or epoxy to ensure the ends are even and horizontal. 

After ensuring the strength of capped material, the core shall 

be subjected to compressive strength test in a testing machine. 

 
Fig. 8: Computerized CTM 

g) Capo test  

In this type of Semi-Destructive test, appropriate dia and 

depth of hole are made using a special tool.  The specially 

designed tool with enlarged mouth will be driven into the hole 

and thoroughly fastened. Then the insert will be pulled off 

with hydraulic system.  The   required   force to   pull   the 

inserts   along with concrete is measured and correlated with 

calibration chart furnished by the manufacturer for the test 

equipment for assessment of strength of concrete. This test is 

generally conducted when the core test cannot be conducted 
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Fig. 9: Capo test meter 

h) Windsor probe test 

In this type of Semi-Destructive test, a standard steel pin is 

driven into the surface of concrete with a special tool (gun) 

operated by spring charge. The depth of penetration is 

measured. Since the depth of penetration is inversely 

proportional to compressive strength, the device provides a 

fast and safe way of determining the strength of concrete. The 

device can also be used for testing of mortar in masonry 

joints. 

 
Fig. 10: Windsor probe test 

i) Load test for flexural member   

If the NDT and SDT results fail to give satisfy information 

regarding the strength and quality, then load test will be 

conducted and it is most acceptable method of test for flexural 

member only. The structure is subjected to load equal to full 

dead load of structure plus 1.25 times the imposed load for a 

period of 24 hours and imposed load shall be removed. The 

deflection due to imposed loading shall be recorded and 

recovery of deflection is calculated. 

 
Fig. 11: Measurement of deflection 

VI. CONCLUSION 

Some particularities of risk issues in civil engineering have 

been presented and illustrated. Obviously, their importance in 

terms of risk is probably not completely integrated in the 

Society. Natural hazards that may threaten civil engineering 

structures are difficult to predict, but engineers progressively 

managed in ensuring a satisfactory level of safety of the 

structure. For various reasons described in the text and that 

also include the effects of human behavior, periodic 

catastrophes occur. The conclusions drawn from their 

detailed analysis. 

Allow to improve the safety of structure in an 

attempt to reduce the level of risk “as low as reasonably 

achievable”. 

Forensic evaluation in the civil engineering for 

reinforced members Ground Penetrating Radar, Impact echo 

and Ultrasonic pulse echo techniques can be adopted in the 

field with ease. The applications of all the three techniques 

have been demonstrated for the thickness measurement, 

identification of reinforcements, steel embedment, and 

honeycombs. In general, there are many types of NDT and 

SDT methods available for evaluating strength of structural 

members. Depending on the requirement, any one test or 

more than one test can be conducted to get the required 

information regarding the quality / strength of concrete. 

Further, interpretation of test results requires competent 

persons to arrive at acceptable evaluation of concrete 

regarding the quality and strength of concrete. 

The need for automatic scanning for data collection 

versus manual collection of data on a large scale structure for 

both the radar and also for the pulse echo is highlighted. The 

B-scans and C-scans as obtained for the radar measurements 

give the reinforcement distribution. The depth slices also 

provide useful information in identifying the steel 

embedment and the PVC conduits. For the radar 

measurements it is observed that the spacing of the 

reinforcement affects the penetration of the waves in to the 

concrete. The ultrasonic pulse echo technique provides 

information on the exact thickness of the concrete member.  
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