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Introduction

The risk assessment chapters in this section
describe concepts and methods to be used in
answering the three questions: What could hap-
pen? How bad would it be? How likely is it? This
chapter in particular is intended to provide an
overview of fire risk analysis as a whole,
indicating how the subsequent chapters fit
together and how a completed fire risk analysis
connects to other evaluative and management
activities. The purpose of this introductory chap-
ter is threefold:

1. Introduce some generic terminology and fun-
damental concepts (building on the three
questions raised above)

2. Provide an overview of the other chapters in
this section

3. List some broad resources for conducting fire
risk analysis (FRA)

What Is Risk?

Risk has always been a part of human endeavor,
and for much of human history, the notion that
risk could be actively controlled or prevented
would have been considered mad or even
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blasphemous. Even today, when we increasingly
expect protection against risk and use codes,
regulations, insurance provisions, built-in and
planned response mechanisms, and incentives,
all to control or reduce risk, very few of our
risk reduction and risk management actions pro-
ceed from a formal or quantitative risk analysis.

This aspect, too, is changing. Governments
around the world are mandating risk analyses in
areas of health and safety. Computations of the
odds of harm are becoming a powerful force in
decisions about activities involving risk.

Every decision related to fire safety is a fire
risk decision, whether it is treated as such or not.
And so, as our scientific understanding and our
suite of quantitative engineering tools have rap-
idly expanded, we have discovered that we can-
not make our fire safety decision-making process
more scientific and quantitative unless we first
place our new engineering tools into an appropri-
ate fire risk analysis context. To do otherwise is to
make many implicit assumptions about patterns
of danger and preferences for certainty and for
safety versus other human wants and needs.

Basing decisions on fire risk not only requires
the challenging technical steps of fire risk esti-
mation but also requires the identification of an
acceptable level of risk, which is more a philo-
sophical task than a technical one. Consider, for
example, the recent fire loss experience of any
country. Does this experience represent a level of
fire risk acceptable to the citizens of that coun-
try? If the answer is no, then why is there so little
attention paid to the problem? If the answer is
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72 Introduction to Fire Risk Analysis

yes, meaning we accept certain losses, then why
is there a great clamor for change following
every serious fire?

Accepting a level of risk requires a value
judgment, and people have different value
judgments. Consider four perspectives on the
value of residential sprinklers: technical, socie-
tal, enforcer, and managerial.

Technical value judgments are made by
experts based on the available technical informa-
tion and their acquired expertise. Experts pretty
much agree that residential sprinklers can signif-
icantly reduce the calculated fire risk. The
experts most aware of the risk reduction potential
of sprinklers are also most likely to evaluate the
attractiveness of sprinklers based on that poten-
tial, more than on other bases. They may
embrace residential sprinklers with great enthu-
siasm on that basis.

Societal value judgments are the judgments of
ordinary people balancing benefits, costs, and
risks of the full range of activities and events
that affect their daily lives. Their estimation of
the benefits and the negative side effects of
sprinklers may be based on folklore more than
the best thinking of the experts, and they are
likely to attach more importance to costs and to
other hazards and needs than the experts—having
a specific focus—do. Currently, it appears that the
reduced fire risk produced by a residential sprin-
kler system is not valued as highly by the average
citizen as is the increased benefit of a new car.

Enforcer value judgments are the judgments
of a few professionals who are asked by society
to protect their interests in a specific area.
Enforcers are a special group within the larger
group of individuals who provide fire risk man-
agement. An engineer performing a fire risk anal-
ysis will usually be working on behalf of a client
with fire risk management responsibility, but the
engineer cannot base his or her analysis on the
values of the client alone. Instead, the fire risk
analysis will need to address the client’s values
and also societal values. Enforcers are often seen
as the interpreters and guardians of societal
values, but at the same time, their technical
expertise and focused mission of providing fire
safety give them a distinctive set of values. Their
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estimation of benefits and side effects are likely
closer to those of the experts, but their evaluation
of those benefits and side effects are likely closer
to those of the general public, embodied in soci-
etal value judgments. And because they directly
incur neither the costs nor the benefits of their
decisions, they must factor in some other
considerations having to do with when it is
acceptable to dictate safety choices to people. Is
it equitable to require automatic sprinklers in all
residences? How can cost be fairly distributed?
Who is responsible for system reliability? Should
production, installation, and maintenance of
sprinklers be regulated?

Managerial value judgments are the
judgments of all the other professionals with
special responsibilities relevant to fire risk man-
agement, which for residential fire sprinklers
would include such groups as architects,
builders, managers of hardware retail chains,
and so forth. Their estimation of the benefits
and side effects of sprinklers may be similar to
the general public’s, their estimation of the costs
is probably more accurate than that of any other
group, and, most important, they themselves are
likely to be directly affected by those costs more
than by the benefits or side effects. Different
information and different goals and values are
likely to lead to a different assessment—though
still risk based like all the others—of the attrac-
tiveness of residential sprinklers.

The chapters of this section are designed to
provide the practicing engineer with the contex-
tual tools and supplementary information that
will permit him or her to use the knowledge and
tools embedded in all the earlier sections and to
produce a sound evaluation of alternative
choices.

Fire risk estimation is the scientific process of
answering three questions: (1) What could hap-
pen? (2) How bad would it be if it did happen?
(3) How likely is it to happen? Or, to put it
another way, risk has two essential components:
exposure and undesired consequences. Exposure
is a potential risk that becomes real with uncer-
tainty, and so exposure refers to the likelihood or
probability of experiencing a destructive event,
for example, fire. Undesirable consequences,
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ranging from deaths or dollars of property dam-
age, to significant intangible losses such as busi-
ness interruption, mission failure, environmental
degradation, and destruction of cultural artifacts,
are also potential risks. They become real if
exposure occurs. Thus when we speak of fire
risk, we are referring to the uncertainty of loss.

Let’s return to the three questions that opened
this chapter.

What could happen? can refer to a sequence
of events ending in a fire loss, the sequence as a
whole being called a scenario, or to an object or
other entity having the potential for a sequence of
events ending in a fire loss. A hazard is such an
object, and hazard itself is the potential for loss.
Fire hazard analysis is a term often used to refer
to analyses of what could happen and how bad it
would be, without analysis of likelihood.

How bad would it be if it did happen? is often
called consequence and sometimes called haz-
ard, in the sense of a specific measure of poten-
tial for loss. The measure of consequence can be
direct (e.g., property is damaged) or indirect
(e.g., the company is out of business for several
days). It can be objective (e.g., replacement cost
in monetary units) or subjective (e.g., pain and
suffering effects of injury, utility measures of
damage).

How likely is it to happen? is usually called
probability. Probability can be relative (e.g.,
likelihood of this loss is how much greater or
smaller than likelihood of that loss) or absolute
(e.g., how many times a year, given a population
of people or property). Probability can be
regarded as objective and measured objectively
(e.g., how many occurrences per year in a recent
period of time). It can be regarded as objective
but measured subjectively (e.g., how many
occurrences do we estimate will occur next
year, given data on the number of occurrences
last year and impressions on what has changed
since last year). It can be regarded as and
measured subjectively.

Both consequence and probability can be
either explicit in a formal fire risk analysis or
implicit and unquantified in a more simplified
fire risk analysis (e.g., fire risk index).
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For purposes of use by fire protection
engineers, we assume that fire risk analysis is a
scientific process, closely linked to calculations
based on proven relationships and the collection
and analysis of valid and appropriate data, to
describe the form, dimension, and characteristics
of the fire risk. Fire risk analysis can take differ-
ent approaches depending on the purpose and
scope of the analysis or assessment. Some
assessments look back to try to infer probabilities
and other risk-related measures based on
practices and fire loss experience after an event
such as the introduction of home smoke alarms.
Other assessments look ahead and try to predict
what the practices and fire loss experience would
be after an event such as legislating residential
sprinklers in homes.

The approach taken to fire risk analysis can
also differ based on the availability—quantity,
quality, and detail—of data for the purpose.
Assessing the fire risk for U.S. residences, for
example, one is able to draw on a very large
number of documented fire events but with lim-
ited detail. Assessing the fire risk for U.S. nuclear
power plants, by contrast, has far fewer fire
events to draw upon but much more detail on
each such event. And assessing the fire risk in
any specific existing building will involve very
few events in that building and questions of rele-
vance for data from any other building or group
of buildings.

In fire safety engineering, risk analysis is most
generally used to evaluate fire protection
strategies for a particular application or for a
class of facility or operation. In other words,
there are a sizeable number of buildings and
some considerable relevant fire loss history to
draw upon.

Terminology and Concepts

The terminology of fire risk analysis is not con-
sistent. For example, a committee of the Society
for Risk Analysis identified 17 different
definitions of risk [1]. If one considers risk to
be the full probability distribution of hazardous
events and loss consequences associated with a
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building, product, or other entity to be studied,
then all 17 definitions can be seen as alternative
summary measures taken from that common dis-
tribution. The important point, however, is that
for many people, a summary measure is not just a
summary measure related to risk, useful for anal-
ysis; it is the risk. As another example, the terms
analysis and assessment are often used inter-
changeably, yet some sources make sharp
distinctions. We will provide distinct definitions.

The rest of the chapters in this section also
show some inconsistencies in definitions and
concepts. These are largely a function of
differences in the authors’ backgrounds, topics,
resources, and intents. In general, the definitions
and concepts used are similar, even when they
are not identical.

An overview of terms is best presented in the
form of a glossary, but the list below is presented
in what is meant to be a logical sequence, rather
than alphabetically. More extensive glossaries
can be found in Grose [2] and Rowe [3].

Hazard A hazard is a chemical or physical con-
dition that has the potential for causing damage
to people, property, or the environment [4]. Haz-
ard is any situation that has the potential for
causing injury to life or damage to property and
the environment [5].

Risk Risk is the potential for realization of
unwanted, adverse consequences to human life,
health, property, or the environment. Estimation
of risk (for an event) is usually based on the
expected value of the conditional probability of
the event occurring times the consequence of the
event given that it has occurred [6]. It follows
that risk for a building, a product, or some other
entity would be the probability distribution of
events and associated consequences relevant to
that building, product, or entity.

Probability According to the frequency inter-
pretation, probability is the proportion of the
time an event will occur in the long run.
According to the subjective interpretation of
probability, it is a measure of the strength of a
person’s belief concerning the occurrence or
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nonoccurrence of an event [7]. Probabilistic anal-
ysis is not well established in fire protection
engineering, where empiricism, heuristics, and,
more recently, physics-based modeling are prin-
cipally used to make decisions. Probabilistic
analysis is more established in fields such
as decision analysis, management science,
operations research, industrial and systems engi-
neering, and systems safety. The mathematics of
probability allow us to formulate engineering
models which recognize uncertainty and deal
with it quantitatively and consistently. Probabil-

ity and statistics are covered in Chap. 73.

Consequence Consequence is a measure of the
expected effects of an incident outcome case [4].

Perceived Risk Any measure of risk
preferences in which the scale is not fully
explainable by some objective measure of
loss, direct or indirect, may be a measure of
perceived risk. Studies of risk perception have
identified a number of factors that consistently
cause objectively equal risks to be perceived
differently, including preferences for more cer-
tainty over less certainty (i.e., risk aversion),
familiar over unfamiliar risks, voluntary over
involuntary risks, readily detectable risks over
undetectable or hidden risks, and common or
ordinary risks over dramatic or memorable
risks. The field of risk communication is
devoted, in part, to finding ways for individuals
and groups with differing ways of perceiving
risks to communicate effectively, understand
one another, and collaborate on mutually
acceptable analyses and decisions.

Risk Analysis Risk analysis is the detailed
examination, including risk assessment, risk
evaluation, and risk management alternatives,
performed to understand the nature of unwanted,
negative consequences to human life, health,
property, or the environment. Risk analysis is
an analytical process to provide information
regarding undesirable events, and it is the process
of quantification of the probabilities and
expected consequences for identified risks [6].
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Risk Assessment Risk assessment is the process
of establishing information regarding acceptable
levels of a risk and/or levels of risk for an indi-
vidual, group, society, or the environment [6].

Risk Estimation Risk estimation is the scien-
tific determination of the characteristics of risks,
usually in as quantitative a way as possible.
These characteristics include the magnitude, spa-
tial scale, duration, and intensity of adverse
consequences and their associated probabilities
as well as a description of the cause and effect
links [6]. One complication is that a totally objec-
tive or scientific way to measure fire risk does not
exist. Problem identification, data collection and
reduction, and integration of information are all
replete with subjective evaluations.

Risk Evaluation Risk evaluation is a compo-
nent of risk assessment in which judgments are
made about the significance and acceptability of
risk [6].

Risk Identification Recognizing that a hazard
exists and trying to define its characteristics is
called risk identification. Often risks exist and
are even measured for some time before their
adverse consequences are recognized. In other
cases, risk identification is a deliberate procedure
to review, and, it is hoped, to anticipate possible
hazards [6].

Acceptable Risk A value judgment applied to a
particular scale for the measurement of risk
yields a definition of acceptable risk. It therefore
requires a prior decision on the scale and method
used to estimate or measure risk and a second
decision on the person or group whose views on
acceptability are to be used. For a practicing
engineer, acceptable risk is likely to be risk
acceptable to the client. For an authority having
jurisdiction (AHJ) or anyone answerable to an
AH]J, acceptable risk is meant to be acceptable to
society in general or to a particular community.
It is an axiom of fire risk analysis that zero risk
is not an achievable goal. There are no risk-free
alternatives  available to individuals or
organizations. No technology is 100 % reliable
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or totally immune to misuse, and even if techno-
logical risk could be eliminated, natural
catastrophes such as lightning strikes, wildland
fires, earthquakes, and wind storms include the
potential for fire loss. An important corollary is
that reducing fire risk may increase other forms
of risk. An obvious case is the potential damage
to the ozone layer from use of halon.

The goal that comes closest to being practical
and yet striving for zero risk is to require that risk
be as low as is technically possible. For fire
protection engineering, this goal may take the
form of accepting the residual risk after all
identified risk reduction strategies and choices
have been adopted. Or, for individuals with spe-
cial preferences for particular fire protection
strategies (e.g., active systems over product or
material requirements, or vice versa, and either
over education and training), acceptable risk may
be the residual risk after favored choices are in
place. One complication is that the residual risk
in these cases may be perceived as zero, implying
no prior acceptance of the nonzero risk that actu-
ally remains.

A Universally Acceptable Level of Fire Risk
Does Not Exist No matter how one defines the
term acceptable level of fire risk, it will be depen-
dent on the problem context and on the individ-
ual judging acceptability, that is, on the
alternatives and objectives. Individuals and
organizations are inconsistent in their risk aver-
sion. Surveys show wide variations with respect
to factors such as voluntary versus involuntary
risk and perceived versus calculated risk.

One contention is that the present public fire
risk situation must be acceptable since otherwise
there would be greater concern and call for
action. This view is not a fully reliable generali-
zation. People may have “accepted” the current
risk because they believed it to be lower than it
really is, believed no technically feasible alterna-
tive existed (which can change because technol-
ogy changes or because perceptions of
technology change), or saw no politically effec-
tive way to make their lack of acceptance known.
Moreover, the current situation is a compromise
among the greatly differing preferences of many
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individuals and groups, whose relative influence
on the process of choice may also change. More
elaborate discussion of the issues associated with
acceptable risk can be found in Lowrance [8] and
Fischoff et al. [9].

Vulnerability The susceptibility of life, prop-
erty, and the environment to injury or damage if
a hazard manifests its  potential is
vulnerability [5].

Methods of Fire Risk Analysis

Fire risk analysis is basically a structured
approach to decision making under uncertainty.
Within this general structure, there are many
techniques or approaches to both qualitative and
quantitative fire risk analysis. For each applica-
tion, consider the level of mathematical sophisti-
cation appropriate to meet objectives.

A generalized concept of fire risk analysis has
these steps:

1. Identify fire hazards.
2. Quantify the consequences and probabilities
of the fire hazards.
. Identify hazard control options.
4. Quantify the effects of the options on the risks
of the hazards.
5. Select the appropriate protection.

At each of the two stages of quantification,
there is a wide range of possibilities of depth and
detail, and the actual quantification can take
place anywhere on a spectrum from a principal
basis in hard data and established science to a
principal basis in expert judgment.

Fire risk analysis begins—and for some
applications may end—with the identification of
fire hazards. A preliminary assessment of areas
of potential concern in facility design and opera-
tional concepts may be organized by location
(e.g., area of a plant) or by activity (e.g.,
manufacturing versus office functions, wherever
they occur). This identification provides a struc-
ture for subsequent estimates of the probability
of occurrence of the events in each possible acci-
dent sequence and thereby of each possible dele-
terious consequence.

IV}
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Formal fire risk assessment evolved with the
insurance industry in the nineteenth century.
Methods of fire risk analysis may be classified
into four categories: (1) checklists, (2) narratives,
(3) indexing, and (4) probabilistic methods
[10]. Checklists and narratives are nonquantita-
tive approaches that may address steps 1, 3, and
5 above while bypassing steps 2 and 4. Indexing
is a thorough quantification method that is heu-
ristic rather than fundamentally based. Probabi-
listic methods have grown in use over the last
third of a century but remain rare even today.

Checklists are a common accessory of fire
safety consisting of a listing of hazards, usually
with recommended practices. A checklist is usu-
ally less generic than a model code or standard. It
may even be so specific that it is intended to
apply to a single class of buildings under man-
agement of a single owner, reflecting the special
concerns of that owner.

A checklist is a practical tool to support anal-
ysis of a building relative to a code or standard
that forms the basis for the checklist. It is very
seldom that all criteria in a code or standard
apply to a single building. The fire protection
engineer must focus on only those requirements
that are applicable to a specific project. A check-
list can aid in this process. It also makes
requirements easier to read, understand, and
track to compliance.

Checklists face a trade-off between practical-
ity and ease of interpretation. A long checklist
might list 50 fire safety factors, with each item
described in a manner that is readily visible or
measurable, but those 50 items are not all likely
to be comparably important. A short checklist, on
the other hand, is usually composed of concep-
tual features of fire safety, which may all be very
important but may all require interpretation to be
made measurable.

Moreover, checklists do not capture the inter-
action of fire risk factors, including the manner in
which the importance of one fire risk factor will
change as a function of performance on another
factor. For example, the relative value of
hydrants, sprinklers, and extinguishers is not
constant but a function of other features of a
structure’s form and utility.
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Narratives  consist of a series of
recommendations—things to do and not do—
related to fire risk and safety. They are probably
the earliest approach to fire risk assessment,
stemming from the observation that fire is capa-
ble of destroying certain materials, such as wood,
fur, and flesh. This realization would have led to
a communication from parent to child on the
avoidance of these fire dangers. In this earliest
form, narratives were much simpler and less
finished than checklists. They were not compre-
hensive with regard to hazards, and so they did
not support a thorough review.

As the piecemeal parent’s advice format
evolved over the years, the narrative approach
developed into the present multivolume set of the
NFPA National Fire Codes®™ 2000 edition [11].
These contain the bulk of our present-day wis-
dom on fire safety. The information is presented
in the form of descriptions of various hazardous
conditions and ways to reduce or eliminate them.
In this modern form, narratives are often more
finished than checklists, which may be developed
as simplified, practical tools to serve the more
basic narratives.

Like checklists, narratives do not attempt to
evaluate the fire risk quantitatively. A risk is
judged acceptable if it is addressed in accordance
with published recommendations. The criterion
is one of pass or fail, and the residual risk
remaining if you pass is never quantified or
evaluated. Also like checklists, narratives cannot
hope to cover the myriad conditions of human
activity. While there is much common ground
among different fire hazard situations, there is
considerable variation in detail.

Indexing is representative of the quantitative
fire risk assessment that originated with the
insurance rating schedule. The approach has
broadened to include a wide variety of
applications. In general, fire risk indexing assigns
values to selected variables based on professional
judgment and past experience. The selected
variables represent both positive and negative
fire safety features and the assigned values are
then operated on by some combination of arith-
metic functions to arrive at a single value. This
single value can be compared to other similar
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assessments or to a standard to rank the fire
risk. Chapter 82 covers this subject.

Some measures used in fire risk analysis, such
as probable maximum loss (PML), sound more
fundamentally grounded than fire risk indexes
but may actually be less so. There is no
established consensus on how improbable a loss
must be to be ineligible as the probable maxi-
mum loss, and the designation is sometimes
given without benefit of any explicit or formal
analysis. The resulting subjectivity of such a
determination suggests that this value is more
of an ordinal label than a quantitative measure
of risk (which is not to say that it does not have
usefulness).

Matrices and contours are methods that can
fall between indexes and full-fledged probabilis-
tic methods. A risk matrix typically provides a
discrete partitioning of relative consequences
along one dimension and relative likelihood
along the other. The entry in each matrix cell
may include a description of hazards known or
believed to have that combination of conse-
quence severity and likelihood, and may also be
used to record judgments on the acceptability of
such risks and/or recommendations on steps to
take to reduce such risks. A risk contour is a
continuous analogue to a risk matrix. Curves
are drawn on a two-dimensional graph with one
axis for consequence and one for probability,
with a curve representing types of hazards or
technically achievable states.

Probabilistic methods are the most informa-
tive approaches to fire risk assessment in that
they produce quantitative values, typically pro-
duced by methods that can be traced back
through explicit assumptions, data, and mathe-
matical relationships to the underlying risk dis-
tribution that all methods are presumably seeking
to address. Most of the chapters in this section of
the handbook are devoted to engineering
methods of use in executing a formal probabilis-
tic analysis of fire risk. Some common, generic
methods of fire risk analysis follow.

Event Tree An event tree is a graphical logic
model that identifies and quantifies possible
outcomes following an initiating event [4]. The
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tree structure is organized by temporal sequence.
Probabilities can be calculated from the tree, and
consequences are typically assigned to the end
states but may cumulate along the tree.

Fault Tree A fault tree is a method for
representing the logical combinations of various
system states that lead to a particular outcome
[4]. The tree structure is organized by logical
dependency. Probabilities can be calculated
from the tree. Consequences are typically defined
in an either/or form (success or failure) so that
the probabilities suffice to calculate the risk, as
defined.

Decision Tree A decision tree is a method for
representing the possible outcomes following a
succession of events, combining points where the
ensuing path is subject to choice and points
where it is not. The analysis operates similarly
to an event or fault tree, and the simplest decision
trees consist of a set of initial choices and an
event or fault tree associated with each.

Influence Diagram An influence diagram is a
graphical representation of the relationship of the
decisions and uncertainties in a decision problem
[12, 13]. The diagram is more flexible and less
unidirectional than any type of tree diagram. It is
designed to focus more on the elements of deci-
sion making and less on relevant underlying
physical phenomena.

Overview of the Section

This section of the handbook is organized into
three broad areas that progress from the general
to the specific. There are some basic tools that
most approaches to fire risk analysis should con-
sider if not incorporate. There are some examples
of generic models applied to fire safety problems,
and there are detailed descriptions of fire risk
analysis procedures that have been adopted in
several areas of application.

The most common use of fire risk analysis is
as a basis from which to make choices. The
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choice may be between two alternative designs
for a building or two alternative formulations for
a model code or standard. The choice may be
whether to tighten requirements on product type
A or product type B. Chapter 77 describes deci-
sion analysis, a generic field on forms of analysis
that support this kind of decision making. Cost-
benefit analysis is a specific type of decision
analysis, in which a fire risk analysis provides
estimates for some of the benefits, and other
analysis quantifies corresponding costs.

Chapter 74 addresses reliability. Fire risk
analysis depends upon many types of
probabilities. One is fire scenario probability,
the estimation of likelihood for the initial
conditions and ensuring major events in fire
development. Another group of probabilities
might be transitory conditions related to people,
such as the locations and capabilities of
occupants when a fire begins. A critically impor-
tant set of probabilities have to do with status and
capabilities of fire protection equipment,
features, and arrangements. Is the battery work-
ing in the smoke alarm? Is the sprinkler valve
open or closed? Is the fire door working or
blocked open? These are all questions of reliabil-
ity addressed in Chap. 74.

Chapter 76 addresses uncertainty. Early on,
the comment was made that the term fire risk
refers to the uncertainty of loss. The concept of
safety itself is one of uncertainty. There is no
such thing as absolute safety; human activity
will always and unavoidably involve risks.
Chapter 76 addresses a narrower definition of
uncertainty—not the uncertainty of the potential
victim regarding the fact of fire loss but the
uncertainty of the engineer or decision maker
regarding estimates of the magnitude of fire risk.

Uncertainty may be caused by imprecision or
bias in our techniques of observation or calcula-
tion, a lack of clarity in our goals, uncontrollable
technological variation, or variations of natural
phenomena, to name only the major components.
The concept of fire is also uncertain. Unwanted
combustion is perhaps the least predictable com-
mon physical phenomenon. Uncertainty analysis
is the scientific calculation procedure that should
underpin choices of safety factors and safety
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margins. It is central to the valid use of fire risk
analysis—or any other form of engineering anal-
ysis—for code equivalency, design approval, or
any other important decision in the real world.

Chapter 78 addresses data sources for engi-
neering analysis, particularly data useful for cal-
culating scenario  probabilities, reliability
probabilities, or any other probabilities needed
for fire risk analysis.

Chapter 79 addresses the measurement of
consequences in economic terms. This measure-
ment includes indirect losses, economic
measures of the value of a lost life or of an injury,
and the use of utility measures to capture
people’s desire to avoid uncertainty about loss,
as well as loss itself, the implications for people’s
risk aversion for the basic mathematics of insur-
ance, and so on. The common theme is treating
consequences comprehensively and in a form
that captures people’s real preferences and can
be readily compared to the costs of alternative
choices. Chapter 81 addresses other economic
topics that arise in the practice of engineering
analysis, with particular emphasis on monetary
valuations over time (e.g., rate of return, interest,
discounting).

Chapter 80 describes techniques and available
models using computer simulation, with special
emphasis on those having a fire risk analysis
basis, such as state-transition models. Chapter
82 describes less-quantified methods of fire risk
analysis, involving fire risk indexing. Fire
scenarios play an important role in many aspects
of fire safety engineering. Significant among
these is fire risk analysis, hence Chap. 38
describes methods of scenario development and
quantification. This is a task that applies to all
applications of fire risk analysis, though it tends
to take a different form specific to each applica-
tion, but is not required in this form or detail in
other types of fire protection engineering
analysis.

Chapters 75 and 83, respectively, describe
general techniques and available methods for
fire risk analysis of buildings and processes.
Chapter 89 describes the specific methods tai-
lored to application where the use of fire risk
analysis is far more common than in others,
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namely, nuclear power plants. Chapter 90
describes  applications for transportation
vehicles. Chapter 84 presents the means to
use fire risk analysis in the evaluation of the
safety of consumer products. Chapter 85 shows
applications to health care facilities.

Activities and Resources

Every major group involved in guidance related
to fire safety now has a committee or a publica-
tion devoted to fire risk analysis, and the empha-
sis on risk-based or risk-informed approaches to
decision making is growing rapidly. Thus, in
addition to the many sources of specific models
and methods mentioned in the subsequent
chapters, there are a growing number of sources
for generic work and guidance. Among the more
important activities are the following:

» SFPE has added the SFPE Engineering Guide
to Fire Risk Assessment to its growing collec-
tion of practice guides. In addition, fire risk
analysis is addressed in context in a more
limited form in the SFPE publication on an
overview of performance-based design, the
SFPE Engineering Guide to Performance-
Based Fire Protection.

* NFPA'’s Technical Committee on Fire Risk
Analysis, whose purpose is to provide assis-
tance and guidance to other committees on
methods and concepts in fire risk analysis,
published NFPA 551, Guide for the Evalua-
tion of Fire Risk Assessments, in 2004. The
same committee now maintains NFPA
550, Guide to the Fire Safety Concepts Tree,
2002 edition, one of the most widely cited and
used fault tree formats in fire risk analysis.
Development of fire risk analysis methods
for general and specific purposes has been a
recurring emphasis of projects organized by
NFPA’s Fire Protection Research Foundation.

e ASTM maintains Standard E 1776, Standard
Guide for the Development of Fire-Risk-
Assessment Standards, to guide the writing
of fire risk assessment standards for burnable
products.



72 Introduction to Fire Risk Analysis

e The International Organization for
Standardization (ISO) TC 92/SC 4 has
published Technical Specification 16732,
Guidance on Fire Risk Assessment. This inter-
national document is compatible with but
much less detailed than the SFPE guide,
which was published later.

» The Society for Risk Analysis is the principal
worldwide professional organization devoted
to risk analysis. It devotes comparatively little
emphasis to engineering applications and to
acute outcomes, instead focusing more on
long-term chronic illness consequences.

» The Institute for Operations Research and the
Management Sciences (InNFORMS) has areas
of emphasis in decision analysis and applies
and develops risk analysis concepts and
methods through that activity.

References

—_

. RISK Newsletter, September, Society for Risk Analy-
sis, McLean, VA, p. 5 (1987).

2. V.L. Grose, Managing Risk,
Englewood Cliffs, NJ (1987).

3. W.D. Rowe, An Anatomy of Risk, John Wiley and
Sons, New York (1977).

4. Guidelines for Chemical Process Quantitative Risk
Analysis, Center for Chemical Process Safety, Ameri-
can Institute of Chemical Engineers, New York
(1989).

5. Hazardous  Materials ~ Emergency  Planning

Guide, National Response Team, Washington, DC

(1987).

Prentice Hall,

2826

6. Glossary of Risk Analysis Terms, McLean, VA, Soci-
ety for Risk Analysis, http://www.sra.org/glossary.
htm (2000).

7. J.E. Freund and F.J. Williams, Dictionary/Outline of
Basic  Statistics, McGraw-Hill Book Company,
New York (1966).

8. W.W. Lowrance, Of Acceptable Risk, William
Kaufman, Los Altos, CA (1976).

9. B. Fischoff, S. Lichtenstein, P. Slovic, S.L. Derby,
and R.L. Keeney, Acceptable Risk, Cambridge Uni-
versity Press, Cambridge, UK (1981).

10.J. Watts, “Systematic Methods of Evaluating Fire
Safety: A Review,” Hazard Prevention, 18, 2, pp.
24-27 (1981).

11. NFPA, National Fire Codes®, National Fire Protec-
tion Association, Quincy, MA (2000).

12.R.A. Howard and JE. Matheson, “Influence
Diagrams,” in Readings on the Principles and
Applications of Decisions Analysis (R.A. Howard
and J.E. Matheson, eds.), 2, Strategic Decisions
Group, Menlo Park, CA, pp. 719-762 (1983).

13. R.A. Howard, “From Influence to Relevance to
Knowledge,” in Influence Diagrams, Belief Nets and
Decision Analysis (R.M. Oliver and J.Q. Smith, eds.),
John Wiley and Sons, New York, pp. 3-24 (1990).

John M. Watts Jr. holds degrees in fire protection engi-
neering, industrial engineering, and operations research.
He is director of the Fire Safety Institute, a not-for-profit
information, research, and educational corporation
located in Middlebury, Vermont. Dr. Watts also serves
as editor of NFPA’s Fire Technology.

John R. Hall Jr. is assistant vice president for fire
analysis and research at the National Fire Protection
Association. He has been involved in studies of fire
experience patterns and trends, models of fire risk, and
studies of fire department management experiences since
1974 at NFPA, the National Bureau of Standards, the
U.S. Fire Administration, and the Urban Institute.


http://www.sra.org/glossary.htm
http://www.sra.org/glossary.htm

	72: Introduction to Fire Risk Analysis
	Introduction
	What Is Risk?
	Terminology and Concepts
	Methods of Fire Risk Analysis
	Overview of the Section
	Activities and Resources
	References


