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ABSTRACT: Forensic engineering involves technical investigation of failures that may 
assist in the resolution of disputes.  In this paper the scope of typical forensic earthquake 
engineering activities is reviewed, some representative cases are described and the lessons 
learned are summarised.  Notwithstanding some limitations of the process, it is apparent that 
some significant benefits to the knowledge base can accrue from forensic investigations. 

1 INTRODUCTION 

The advancement of seismic resistant design has benefitted greatly from post earthquake damage surveys, 
laboratory component experiments and shake table testing of reduced and full scale structures.  Almost 
invariably the results of such studies have been reported widely and accurately with consequent universal 
benefit.  Exceptions to this common practice occur frequently when the post earthquake investigation is 
undertaken with the intention of establishing liability including responsibility for design errors and 
construction inadequacies, including non code compliance (Shepherd 1997, Shepherd 1998).  When those 
engaged in litigation are prepared to invest significant resources in detailed investigations of damaged 
facilities, much more information becomes available to the funding party than is available as a result of 
typical drive by surveys or even from non destructive site observations. An ethical dilemma may arise 
with respect to the use of the information generated by these comprehensive damage assessments.  The 
"duty to warn" requirement of some jurisdictions may be in conflict with client/attorney/expert 
confidentiality standards.  Even when cases have been concluded, the settlement provisions may prevent 
general dissemination of the information generated in the damage investigations. Such failure to make 
generally available knowledge that may well be a benefit to the learning from earthquake exercise is 
clearly regrettable.  Several organisations (National Academy of Forensic Engineers 2001, Lewis 2002) 
have attempted to develop guidelines for forensic engineering practice. Whereas the attorney is primarily 
an advocate for the client's position, the engineer's role should be to present expert opinions fairly and 
objectively without regard to the outcome of the dispute. At times this distinction can become somewhat 
blurred. Maintaining the integrity of the expert in the practice of forensic engineering presents an 
interesting challenge. 

Engineering failure can be considered to have occurred when a facility suffers changes that effectively 
detract from the ability to perform the intended function (Shepherd 1995b). In the case of a building these 
can range from relatively minor cosmetic alterations, through structural deterioration that renders it 
unsafe, to collapse of some or all of it.  Even the first of these may result in lack of use consequent upon 
an earthquake.   An owner may proceed to remedy the situation without recourse to the legal system but in 
instances where disputes arise over such aspects as payment of insurance claims or allegations of 
construction defects, most often this does not prove feasible. When the owner consults an attorney, that 
person most likely retains a technical expert to provide reports and testimony. On being served notice that 
a case is being prepared, the likelihood is that the other side in the dispute will likewise retain an expert. 
Where seismic damage is alleged, these experts may be considered to be practising Forensic Earthquake 
Engineering. 
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2 FORENSIC ENGINEERING PRACTICE 

Several attempts have been made to compose a job description for a Forensic Engineer. One definition is a 
person who applies the art and science of engineering in matters which are in, or may possibly relate to, 
the jurisprudence system, inclusive of alternate dispute resolution. A somewhat simpler description is that 
forensic engineers depend on their education, training and practical experience to investigate incidents that 
result in claims or litigation. 

The nature of forensic engineering activity tends to promote the role of the individual practitioner who 
will rely on experience, expertise and judgment to make credible sense of complex material rather than a 
step-by-step prescriptive and procedural approach to determine causality. 

Most activity involves a contract between an attorney or an insurance company, and the forensic engineer 
to be involved in a specific case.  Typically the engineer will require a substantial retainer and will bill 
monthly on an hourly rate basis.  Whereas an attorney may well work for a client on a contingency basis, 
very few forensic engineers who are concerned about retaining credibility will do so. Although some 
engineers specialise in insurance defence cases, prompted by the anticipation that they will experience no 
problem in collecting fees, again the maintenance of credibility issue encourages the practice of 
involvement in a variety of both plaintiff and defence cases. 

Whereas the majority of forensic activity will most likely comprise extensive review of existing 
information with possible site observation, some investigations may involve physical testing of items in 
contention, subject to the agreement of both sides involved in the dispute. An earthquake damage case 
might involve the allegation that defective concrete had been installed in a building column.  The removal 
of a sample with the intention of subjecting it to laboratory testing should trigger the application of a strict 
Chain of Custody Procedure in order to guarantee the identity and integrity of the sample from collection 
through reporting of the test results. Guidelines for a satisfactory Chain of Custody process include 
minimising the number of people involved in collecting and handling samples and accurate recording of 
the identity of these people, strict documentation of the transfer of sample from one person to another and 
rigorous positive identification of all samples and the data appropriate to each of them.      

3 QUALIFICATIONS OF A FORENSIC ENGINEER 

Black's Law Dictionary defines an expert as "one who is knowledgeable in a specialised field, that 
knowledge being obtained from either education or personal experience" and an expert witness as "one 
who by reason of education or specialized experience possesses superior knowledge respecting a subject 
about which persons having no particular training are incapable of forming an accurate opinion or 
deducing correct conclusions".  The definition of an expert recommended by the Forensic Practices 
Committee of the American Society of Civil Engineers' Technical Council on Forensic Engineering is    
"any individual whose knowledge, skill, education, training, professional experience, absence of bias and 
peer recognition indicate superior knowledge about a particular field of endeavour such that the 
foundation exists to provide factual and authoritative conclusions and opinions".   Clearly there is 
considerable overlap in these definitions.  The major divergence is that whereas the legal profession 
compares an expert's knowledge with that of a lay person, for an expert to be acknowledged by his peers 
the individual's relative technical expertise is a factor. The final decision on the qualification of a  
particular expert in any case will be made by the individual court on the basis of sufficient education, 
training, experience, skill and knowledge. 

Unlike many other engineering specialties, there is no professional registration entitled "Earthquake 
Engineering".  The most probable basic education experienced by a successful forensic earthquake 
engineer would be an undergraduate degree in architectural or structural engineering followed by practical 
training leading to professional registration.  Training under the guidance of a senior practitioner could 
include the opportunity to participate in post earthquake safety evaluation of structures or graduate level 
experimental testing. The necessity to accumulate experience may result in the desirable skills being 
acquired only over a many years with the knowledge base being built up from a variety of activities.  

Effective dispute resolution requires impartial and concise technical evaluations of the merits of a 



3 

particular case. Aspects including assessing the engineering facts, interpreting them accurately and 
apportioning fault can be addressed most effectively by a forensic engineer experienced in the 
investigation and analysis of similar problems. As only a very small proportion of cases ends up in court, 
the work product of the forensic engineer must be of value in the promotion of a settlement. However, for 
those disputes that do go to trial it is necessary for the engineer to be able to present the evidence in a 
positive and articulate manner.  

Ideally a credible forensic engineer should deserve a reputation for objective and unbiased presentation of 
both background material and the results of investigation and analysis, whether for plaintiff or defendant.  
Nowhere are these attributes more effective than in construction cases where many people believe that 
they posses at least a modicum of expertise but where almost all cases prevail as a result of exhaustive 
examination, accurate analysis and expert opinion. 

4 STANDARDS OF CARE 

The nature of construction involves the integration of many disciplines and trades with essential 
coordination of their various contributions to the finished product. Despite the undoubted improvement in 
seismic resistance of constructed facilities achieved in many places in recent years, earthquakes continue 
to cause failure (Shepherd 1988).  Inevitably the complexities of the construction process result in 
disagreements with respect to responsibility between the various parties involved including owners, 
architects, engineers, contractors and material suppliers. Many of these disputes fall under the general 
heading of Standards of Care. Those engaged in Forensic Engineering need to be clear what constitutes 
compliance with the local Standard of Care.  It can be defined by contract, statute, and common law.  In 
general terms it may be expressed as the requirement that anyone rendering services in a trade or 
profession is required to exercise the skill and knowledge normally possessed by members of that trade or 
profession.  An often cited interpretation is that the services shall be performed with that degree of skill 
and care ordinarily exercised by tradesmen or design professionals performing similar services in the 
same locality, at the same time and under the same or similar circumstances and conditions. It should be 
noted that this Standard of Care does not require perfection.  Nor is client satisfaction a criteria.  In order 
to establish the applicable Standard of Care it is frequently necessary for an independent expert to be 
involved in forensic earthquake engineering activities. In California this can be prompted by application 
of the "Certificate of Merit Law" (California Code of Civil Procedure 2009).  

5 CERTIFICATE OF MERIT 

Before filing a suit against a design professional, in California an attorney must first consult with another 
similar design professional whom the attorney reasonably believes is knowledgeable in the relevant issues 
involved. On the basis of this consultation, the attorney may then file a certificate with the court stating 
that the attorney has reviewed the facts of the case and has concluded that there are reasonable and 
meritorious grounds for the law suit. The purpose of the law is to discourage frivolous law suits against 
design professionals by requiring attorneys to examine carefully the merits of a claim before filing a claim 
against a design professional.  In providing a Certificate of Merit consultation, the expert is not expected 
to reach a definite conclusion on the issues but rather to provide advice on which an attorney can make an 
informed decision on whether there are reasonable and meritorious grounds for a lawsuit. This is typically 
done by way of a written report. 

6 DUTY TO WARN  

A somewhat controversial aspect of Forensic Engineering activity is the interpretation of the responsibility 
that an engineer has to the safety of the public at large, on the one hand, and to the particular client that is 
funding an investigation, on the other.  An example in the field of earthquake engineering would be the 
dilemma facing a building investigator following a seismic event that caused structural damage that, at 
first assessment, appeared to be cosmetic but, as a result of more in-depth examination, revealed a risk of 
collapse in an aftershock.  Opinions can differ regarding the preferred course of action ranging from an 
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immediate report to the local regulatory body to a confidential written communication to the owner 
recommending immediate preventative action. 

7 ETHICAL CONDUCT 

Many professional societies encourage their members to conform to a set of ethical principles. In 
maintaining the distinction between the advocacy of an attorney and the provision of honest, well 
substantiated opinions,  the forensic engineer should be cognizant at all times of the need to practice 
consistent ethical conduct.  A simplistic criteria is for the engineer to hold the same substance of 
considered opinion on a case no matter who is retaining him. Clearly conflicts of interest should be 
avoided. Prior involvement with any of the parties in a particular dispute may be construed to lead to bias.  
The extreme example is the "hired gun" who is retained exclusively by the in-house attorney for an 
insurance company with the well deserved reputation for invariably advocating the company's position. 

8 PHASES OF A FORENSIC ENGINEERING INVESTIGATION 

Typical services provided by a Forensic Earthquake Engineer may be summarised as follows.   

Under Familiarization/Initial Assistance:  

Provision of complementary exploratory discussions with attorney or insurance company 
representative to establish appropriateness of retention. 

Review of existing documentation and data 

Support for Certificate of Merit 

Advice on claims and counter claims 

Recommendation on possible additional activity 

Under Discovery Activity: 

Detailed Analyses of technical material 

Check for design errors 

Establishment of additional documentation needs 

Site investigation including destructive testing 

Creation of photographic record 

Check on code compliance and construction defects 

Examination of Maintenance program 

Completion of failure analysis report 

Identification of strengths and weaknesses of the case 

Preparation of verbal and/or written reports as requested 

Under Pre-Trial Support: 

Assistance in development of claims 

Evaluation of counter claims 

Advice on possible subrogation 

Design and assembly of exhibits 

Assistance with trial strategies 
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Under Testimony: 

Attendance at Arbitration, Deposition and Court as required. 

 

Although in earthquake damage situations it is desirable to have the opportunity to undertake a site 
investigation as near to the seismic event as possible, frequently this is not permitted for a variety of 
reasons including emergency services' control of the area or owners' reluctance to allow access. More 
often site access is only gained some weeks or even months after an earthquake as a result of 
arrangements made by the client. Where destructive testing is envisaged, typically all parties have to be 
represented whilst this is being carried out. Forensic earthquake engineering cases are seldom completed 
expeditiously.  Many cases extend over a period of years.   

9 EXAMPLES OF FORENSIC EARTHQUAKE ENGINEERING INVESTIGATIONS 

(1) Whittier Narrows Earthquake Fatality 

On October 1, 1987 a magnitude 5.9 event affected the east Los Angeles area (Shepherd 1987). A few 
minutes before 8 a.m. a student was killed at California State University, Los Angeles, when she was 
walking with her sister from a parking building towards their classes. It was established that the accident 
occurred as the result of one of the precast concrete slabs that formed the periphery of the structure, 
parting from the building as a result of the shaking, dropping vertically down and falling on one young 
lady and, simultaneously, just missing her sister. Investigations established that, although some 
strengthening had been undertaken on this building in recognition of the fact that the edge panels were not 
particularly well connected, the work had not been extended to the anchoring of that panel which did fall 
off on the morning of the earthquake. The case on behalf of the deceased's family brought against the 
State of California was settled out of court.  

 

(2) Loma Prieta Earthquake Fatality 

The most catastrophic structural collapse occurring in the 1989 magnitude 6.9 Loma Prieta earthquake 
was that of the Cypress Street I-880 viaduct in Oakland. There were more than forty fatalities and many 
injuries resulting in numerous claims against the State of California. One such involved the passengers in 
a small car that had been travelling on the lower level roadway when it was crushed by the collapse of the 
upper deck. Four women were in the car.  Those in the two front seats were killed whereas the rear seat 
passengers survived. Again the case on behalf of those killed was settled out of court. As a result of a 
relatively exhaustive report (Housner 1990) the failure of the Cypress Viaduct was documented 
comprehensively. 

 

(3) Big Bear Lake Earthquake Building Damage 

The two seismic events that affected the Big Bear Lake, California, community on June 28, 1992  
produced significant local ground shaking, orthogonal components of peak horizontal accelerations of 
0.51 g and 0.59 g being recorded in the grounds of the civic administration facility (Shepherd 1993).  The 
unsatisfactory performance of some recently completed residential structures, apparently a consequence of 
negligent construction, prompted a series of claims including those to insurance companies and 
subrogation involving contractors. That some failures appeared to have been prompted by deficiencies 
that the building codes did not address provided an unexpected contribution to the knowledge base.  

  

(4) Northridge Earthquake Insurance Claims 

A large proportion of the most severe damage to structures in the January 12, 1994, Southern California 
earthquake was experienced by condominium buildings (Shepherd 1995b) in an area where the effective 
peak accelerations experienced by these structures has been assessed as between 0.25g and 0.30g in both 
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horizontal and vertical directions. Typically these condominiums comprised a basement parking area, 
either of timber framed carport configuration or a reinforced concrete structural slab supported on 
perimeter walls and internal columns, above which was constructed two or three levels of stucco clad, 
timber framed, residential units. The investigations undertaken as a result of insurance claims, confirmed a 
consistent pattern of observed seismic weaknesses. These included overloading of the perimeter walls, 
incipient punching shear damage to the column/slab connections, in-plane shear failures of stucco and 
drywall clad walls, cracking of vertical timber studs, splitting of bottom sill plates, shattering of 
lightweight concrete floor slabs, out-of-plane separation of stucco and many connection detail 
deficiencies.  

Analysis of the forensic investigations suggests that improved seismic performance of the condominium 
type structure can be expected if a few basic design considerations are modified and complementary 
changes are made to the construction process.  Apart from design changes, the achievement of adequate 
quality control through responsible site supervision of future construction is clearly of very high priority 

A generic problem frequently alleged to have been exacerbated by earthquake shaking is the "loosening 
up" of structures, specifically the claim by homeowners of unacceptable excessive floor flexibility 
(Shepherd 2000).  The challenge faced by forensic engineers investigating this includes difficulty in 
establishing the pre seismic experience condition and the fact that the acceptability of vertical vibration 
tends to be somewhat subjective. 

A particularly intensive investigation (Shepherd 2001) of a relatively small building was prompted by an 
insurance company's refusal to accept the extent of damage claimed by a building owner. The 
vulnerability of weak links in the lateral force resisting load path was clearly demonstrated and the 
necessity or restoring the connections of the upper level structure to the lower level portion, specifically 
the replacing of nailer plates, clips, blocking and joints was the primary factor in resolving the insurance 
damage claim in binding arbitration. The owner was awarded $USM 1.1 but the insurance company 
declared bankruptcy before payment was made.   

10 CONCLUSIONS 

Although some engineers choose not to become involved in forensic activities, most usually because they 
prefer to avoid the possible adversarial nature of the activity, others judge that the work provides 
unrivalled opportunities for detailed analysis of failures, from which much can be learnt.  In a similar 
manner to which the study of morbid anatomy advances the knowledge of medicine, so can involvement 
in engineering pathology benefit significantly improvements in seismic resistant design.     
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