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Foreword by Giomi

Fires and explosions, by their very nature, tend to delete any evidence of their causes,
destroying it or making it unrecognizable. Establishing the origins and causes of
fire, as well as the related responsibilities, therefore requires significantly complex
investigations.

Simple considerations illustrate these difficulties. In the case of arson retarding
devices may be used to delay the phenomenon, or accelerating substances, such
as petroleum derivatives, alcohols and solvents, by pouring them on combustible
materials present on site. The use of flammable and/or combustible liquids determines
a higher propagation velocity, the possible presence of several outbreaks of diffuse
type – which do not occur in accidental fires that usually start from single points, in
addition temperatures are higher than those that would result from just solid fuels,
such as paper, wood or textiles.

Generally, in accidental fires, burning develops slowly with a rate that varies according
to the type and quantity of combustible materials present, as well as to the ventilation
conditions of involved buildings. In addition, temperatures are, on the average, lower
than those reached in malicious acts.

Obviously, these considerations must be applied to the context: the discovery of a
container of flammable liquid is not in itself a proof of arson, on the other hand, the
absence of traces of ignition at the place of the fire is not evidence that the fire is of an
accidental nature!

Forensic Engineering, science and technology at the same time, interprets critically
the results of an experiment in order to explain the phenomena involved, borrowing
from science the method of investigation, replacing the experimental results with the
evidence collected in the investigation, to understand how a given phenomenon took
place and what were its causes, and also any related responsibility.

The reconstruction takes place through reverse engineering to establish the possible
causes of the event.

The same scientific and engineering methodologies are used for the analysis of failures
of particular elements (failure analysis) as well as the procedures for the review of what
happened, researching the primary causes (root causes analysis).

The accident is seen as the unwanted final event of a path that starts from organiza-
tional and contextual conditions with shortcomings, due to inefficiencies and errors of
design and actual conditions in which individuals find themselves working, and con-
tinues by examining the unsafe actions, human errors and violations that lead to the
occurrence of the accident itself.
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The assessment of the scientific skills and abilities of the forensic engineer should not
be limited, as often happens, to just ascertaining the existence of the specialization, but
should also include the verification of an actual qualified competence, deducting it from
previous experiences of a professional, didactic, judicial, etc. nature.

In this context, the book “Principi di ingegneria forense applicati ad incidenti indus-
triali” (Principles of forensic engineering applied to industrial accidents) by Prof. Luca
Fiorentini and Prof. Luca Marmo constitutes an essential text for researchers and profes-
sionals in forensic engineering, as well as for all those, including technical consultants,
who are preparing to systematically approach the discipline of the so-called “industrial
forensic engineering”.

The authors, industrial process safety experts and recognised “investigators” on fires
and explosions, starting from the analysis of accidents or quasi-accidents that actually
occurred in the industrial field, offer, among other things, an overview of the method-
ologies to be adopted for collecting evidence and storing it by means of an appropri-
ate measurement chain, illustrate some analysis methodologies for the identification
of causes and dynamics of accidents and provide guidance for the identification of the
responsibilities in an industrial accident.

The illustration of some highly complex cases requiring the use of specialist knowledge
ensures that this text can also be a useful reference for the Investigative Police, that, as
is well known, in order to validate the sources of evidence must be able to understand
the progress of the events.

Gioacchino Giomi
Head, National Fire Brigade, Italy
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Foreword by Chiaia

The number and the magnitude of industrial accidents worldwide has risen since the
70s and continues to grow in both frequency and impact on human wellbeing and eco-
nomic costs. Several major accidents (see, e.g. the Seveso disaster in 1976, the Bhopal
gas tragedy in 1984, the Chernobyl accident in 1986, and Deepwater Horizon oil spill in
2010) and the increased number of hazardous substances and materials have been under
the lens of the United Nations Office for Disaster Risk Reduction (UNISDR), which puts
great effort in developing safety guidelines within the Sendai Framework for Disaster
Risk Reduction 2015–2030.

On the other hand, man-made and technological accidents still represent a major con-
cern in both the advanced countries and in under-developed ones. In the first case, risk
is related not only to possible human losses but also to the domino effects, in terms
of fires, explosions and possible biological effects in highly populated areas. Indeed,
as pointed out by a great number of forensic engineering cases, the safety regulations
for industries in developed countries are usually very strict and demanding. On the
contrary, in underdeveloped countries, there is clear evidence that industrial regula-
tions are less strict and that a general lack of the “culture of safety” which generally
results in a looser application of the rules, thus providing higher frequency of industrial
accidents.

Quite often, the default of a plant component or a human error are individuated as
the principal causes of an accident. However, in most cases the picture is not so simple.
For instance, the intrinsic probability of experiencing a human error within a certain
industrial process is a crucial factor that should be kept in mind when designing the
process ex-ante and, inversely, during a forensic investigation ex-post, to highlight cor-
rectly responsibilities and mistakes. Another source of complexity is represented by the
so-called black swans, i.e. the negative events which were not considered before their
occurrence (i.e. neither during the plant design, nor during functioning of the plant)
simply because no one had never encountered such events (black swans are also called
the unknown unknowns).

In this complex framework, Forensic Engineering, as applied in the realm of indus-
trial accidents, plays the critical and fundamental role of knowledge booster. As pointed
out by Fiorentini and Marmo in this excellent and comprehensive book, application of
the structured methods of reverse engineering coupled with the specific intuition of the
smart, experienced consultant, permits the reader to reconstruct the fault event tree,
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to individuate the causes of defaults and even to identify, a posteriori, possible black
swan events. In this way, a well-conducted Forensic Engineering activity not only aims
at solving the specific investigation problem but, in many cases, provides significant
advancements for science, technology, and industrial engineering.

Bernardino Chiaia
Vice Rector, Politecnico di Torino, Italy
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Foreword by Tee

It is my pleasure and privilege to write the foreword for this book, titled Principles of
Forensic Engineering Applied to Industrial Accidents. I was invited to do so by one author
of this book, Luca Fiorentini, who is the editorial board member of the International
Journal of Forensic Engineering published by Inderscience Publishers.

Forensic engineering is defined as the application of engineering methods in determi-
nation and interpretation of causes of damage to, or failure of, equipment, machines or
structures. Despite prevention and mitigation efforts, disasters still occur everywhere
around the world. Nothing is so certain as the unexpected. Engineering failures and dis-
asters are quite common and occur because of flaws in design, human error and certain
uncontrollable situations, for instance, collapse of the I-35 West bridge in Minneapolis,
crash of Air France Flight 447, catastrophic pipe failure in Weston, Fukushima nuclear
disaster, just to name a few. Forensic engineering has played increasingly important roles
in discovering the root cause of failure, determining whether the failure was accidental
or intentional, lending engineering rationale to dispute resolution and legal processes,
reducing future risk and improving next generation technology.

Nevertheless, forensic engineering investigations are not widely published, partly
because most of the investigations are confidential. It then denies others the oppor-
tunity to learn from failure so as to reduce the risk of repeated failure. As forensic
engineering is continuing to develop as a mature professional field, the launch of this
book is timely. The topics of this book are well balanced and provide a good example
of the focus and coverage in forensic engineering. The scope of this book includes
all aspects of industrial accidents and related fields. Its content includes, but is not
limited to, investigation methods, real case studies and lessons learned. This book was
motivated by the author’s experience as an expert witness and forensic engineer. It is
appropriate for use to raise awareness of current forensic engineering practices both
to the forensic community itself and to a wider audience. I believe this book has great
value to students, academician and practitioners from world-wide as well as all others
who are interested in forensic engineering.

Kong Fah Tee
Editor-in-Chief: International

Journal of Forensic Engineering;
Reader in Infrastructure Engineering,
Department of Engineering Science,

University of Greenwich,
Kent, United Kingdom
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Preface

If you read this book, you are forensic engineers, or you would like to become one. Or
you are simply curious. We hope this reading will stimulate your curiosity. A forensic
engineer must be curious. He/she must look for answers to facts, give them scientific
proof and above all he/she must not stop at the first explanation of the facts, even when
it may seem the most obvious and solid.

A forensic engineer collects fragments, and, with these, he/she builds a mosaic where
each tessera has one and only one natural location. Why do we do it? The reasons may
be different. You could work on behalf of justice, or for the defence of an accused, or
for an insurance company called to compensate an accident, just to name a few. What-
ever your principle, you have a responsibility that goes beyond the professional one. A
scientific responsibility. By reconstructing the mosaic of the facts that led to the disas-
ter you are investigating or will investigate, you will give your explanation of the facts
and the causes that determined them. If our explanation is based irrefutably on scien-
tific arguments and the evidence, free from considerations related to the standards and
desires of our principle, we will have made a contribution, sometimes small, sometimes
significant, to progress. How much did the fire of the Deepwater Horizon, the release of
Methyl Isocyanate of Bhopal or the fire of the ThyssenKrupp of Turin or the explosion
of Chernobyl cost to the human community? Sometimes we find it difficult to estimate
exactly the tribute of human lives; it is even more challenging to estimate material, image
and environmental damage. If in the profession of the forensic engineer there is a mis-
sion, it is to contribute so that these facts are not repeated, so that the community learns
from its mistakes, so that our well-being is increasingly based on sustainable activities,
respectful of the rights of those who are more vulnerable or more exposed.

Galileo Galilei said: “Philosophy is written in this great book that is constantly open in
front of our eyes (I say the universe), but we cannot understand it if we do not learn to
understand the language first and know the characters in which it is written. It is written
in mathematical language, and the characters are triangles, circles, and other geometric
figures, without which it is impossible to understand them on a human scale; without
these, it is a vain wandering through an obscure labyrinth.” In our opinion, it also
applies to the Forensic Engineer. The facts and their causes are written in the universe
of the scene of the disaster, but we must understand the language and the characters of
the writing. In reconstructing the dynamics and causes of an accident we must apply
science to the facts, we must reconcile the reconstruction based on objective evidence
with its explanation based on scientific evidence. In this way, in our opinion, one can
ultimately achieve a precious result, that is expanding knowledge, drawing lessons
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from adverse facts so that they do not repeat themselves. We believe this is the highest
mission that a forensic engineer can pursue in his/her professional life. Professor
Trevor Kletz showed us how important it is to learn from accidents. This belief is the
basis of the large space given in this book to the case studies. Obviously, we need a
systematic and orderly method of work, which is what we have tried to describe in the
text. And then we need a team. The forensic engineer cannot, in our opinion, have such
a large baggage to deal with a complex case like the Thyssen Krupp case described in
Chapter 7. We need specialists with very different characteristics to retrieve the data
of a control system and interpret them, to simulate a jet fire and to determine the
chemical-physical properties of the substances involved. We believe that a forensic
engineer should never be afraid to seek the help of a specialist, but rather should fear to
possess not the technical and scientific skills to dialogue with the many specialists who
will contribute in his/her investigations. We hope that reading this text can help you
build some of these bases.

Luca Fiorentini
Luca Marmo
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Introduction

1.1 Who Should Read This Book?

“Principles of forensic engineering applied to industrial accidents” is intended to be an
introductory volume on the investigation of industrial accidents. Forensic engineering
should be seen as a rigorous approach to the discovery of root causes that lead to an
accident or a near-miss. The approach should be suitable to identify both the imme-
diate causes as well as the underlying factors that affected, amplified or modified the
events (regarding consequences, evolution, dynamics), and the contribute by an even-
tual “human error”.

A number of books have already been published on similar topics. The idea behind
this book is not to replace those important volumes but to obtain a single concise and
introductory volume (also for students and authorities) to the forensic engineering dis-
cipline that helps understand the link among those critical but very functional aspects
of the same problem in the global strategy of learning from accidents (or near-misses).
The reader, in this sense, will benefit from a single point of access to this vast technical
literature that can be only accessed with proficiency having the right terms, definitions,
and links in mind. On the contrary, the reader could get lost in all the quoted literature
that day by day increases due to the speed of the research in this complex field.

The intent of the book is:

• Presenting simple real cases as well as give an overview of more complex ones, each
of them investigated with the same framework;

• giving the readers the bibliography to access more in-depth specific aspects;
• giving them an overview of the most and commonly used methodologies and tech-

niques to investigate accidents;
• giving them a summary of the evidence, which should be collected to define the cause,

dynamics, and responsibilities of an industrial accident;
• giving them an overview of the most appropriate methods to collect and to preserve

evidence through an appropriate chain of custody; and
• giving an overview of the main mistakes that can lead to misjudgment or loss of proof.

The book is an introductory volume for readers in academia as well as professionals
who want to know more about the forensic engineering methodologies to be applied
to discover more about the causes of industrial accidents in order to derive lessons.
Among those professionals, we can identify process and safety managers, risk managers,
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industrial risks consultants, attorneys, authorities having jurisdiction, judges and pros-
ecutors, and so on.

It is particularly addressed to those who would like to approach the fundamentals
of forensic engineering discipline without directly going to specialised already avail-
able volumes and handbooks that need a sound background to be read. Nonetheless,
reading this book may help professionals (e.g. loss adjusters, risk engineers, safety pro-
fessionals, safety management systems consultants.) and students who want to have a
concise book as prompt reference towards the main important recognised resources
available (e.g. CCPS©-AIChE© books also edited by Wiley, NFPA© 921 Standard, etc.)
or as a bridge between risk assessment and accidents investigation (as a tool to learn
from real accidents or near-misses in order to improve safety).

1.2 Going Beyond the Widget!

When investigating an industrial accident or a near miss, it should be well kept in
mind that the primary goal to be reached is not to find a concise fault of a well-defined
widget, confined to a distinct domain. A rigorous approach to the forensic discipline
requires going much deeper in the investigation, not stopping at the main relevant
evidence, even if properly gathered and analysed. It often happens that accident reports
are one-dimensional [1]: in simple words, they identify only a single cause, usually
corresponding to the outer layer of the complexity that surrounds the reconstruction
of the incidental dynamics. Even when multiple causes are discovered, the investigator
seldom looks beyond them.

In the industrial context, a complex system of relations, information, and people is
present, with its peculiarity and hierarchy, creating a structured entity that needs to be
considered when investigating an accident or a near miss. Thus, it becomes necessary
to consider as an element of investigation the management systems as well, as some
causes of the accident may be related to management failure, so to take the corrective
actions and to prevent a further similar failure. A good investigator does not find cul-
prits, does not blame. A good investigator collects evidence, analyses it and finds the
root causes and the relations among them that lead to the accident, whilst also consid-
ering the managerial duties and, as usually happens, then provides suggestions about
corrective actions to avoid the reoccurrence of the undesired event.

Focusing on the system, rather than the individual, represents the right way to face an
investigation, at least for two reasons [2]. Firstly, if equipment and systems provided to
persons reveal to be not effective, thus it is not the individual responsibility that has to be
pointed out as the fault cause. Secondly, it is much easier to change a managerial choice
rather than a person or his/her behavior, which is susceptible to vary daily. Third, human
errors may often be the consequence of insufficient training, motivation or attention
to safety, all being aspects that the management should promote and monitor. It is a
matter of controllability and reliability, as they are the two most essential ingredients to
ensure that the lesson learnt will guarantee an increasing, or a restoration at least, of the
safety level accepted in the industry at the corporate, field and line levels. Metaphorically
speaking, an accident investigation is like peeling an onion: this concept, cited in [3],
gives us a live image of what we are called to solve (see Figure 1.1). Technical problems
and mechanical failures are the outer layers of the onion: they are the immediate causes.


