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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® DOCUMENTS
NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

NFPA® codes, standards, recommended practices, and guides (“NFPA Documents”), of which the document
contained herein is one, are developed through a consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on fire and other safety issues. While the NFPA administers the process and establishes rules to
promote fairness in the development of consensus, it does not independently test, evaluate, or verify the accuracy of
any information or the soundness of any judgments contained in NFPA Documents.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on NFPA Documents. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any
information published herein.

In issuing and making NFPA Documents available, the NFPA is not undertaking to render professional or other
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person
or entity to someone else. Anyone using this document should rely on his or her own independent judgment or, as
appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA
Documents. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with
this document. Any certification or other statement of compliance with the requirements of this document shall not be
attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.

REMINDER: UPDATING OF NFPA DOCUMENTS

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Documents”) should be
aware that NFPA Documents may be amended from time to time through the issuance of Tentative Interim
Amendments or corrected by Errata. An official NFPA Document at any point in time consists of the current
edition of the document together with any Tentative Interim Amendment and any Errata then in effect.

In order to determine whether an NFPA Document has been amended through the issuance of Tentative
Interim Amendments or corrected by Errata, visit the Document Information Pages on NFPA’s website. The
Document Information Pages provide up-to-date, document specific information including any issued Tentative
Interim Amendments and Errata.

To access the Document Information Page for a specific NFPA Document go to http://www.nfpa.org/document
for a list of NFPA Documents, and click on the appropriate Document number (e.g., NFPA 101). In addition to
posting all existing Tentative Interim Amendments and Errata, the Document Information Page also includes the
option to sign-up for an “Alert” feature to receive an email notification when new updates and other information
are posted regarding the document.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® DOCUMENTS

ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Documents”) should be aware that
these documents may be superseded at any time by the issuance of new editions or may be amended from time to time
through the issuance of Tentative Interim Amendments. An official NFPA Document at any point in time consists of the
current edition of the document together with any Tentative Interim Amendments and any Errata then in effect. In order
to determine whether a given document is the current edition and whether it has been amended through the issuance of
Tentative Interim Amendments or corrected through the issuance of Errata, consult appropriate NFPA publications such
as the National Fire Codes® Subscription Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the
address listed below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing
Committee Projects shall not be considered the official position of NFPA or any of its Committees and shall not be
considered to be, nor be relied upon as, a Formal Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to,
or asserted in connection with an NFPA Document. The users of NFPA Documents bear the sole responsibility for
determining the validity of any such patent rights, as well as the risk of infringement of such rights, and the NFPA
disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA Documents.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in
American National Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Document may
require use of an invention covered by patent rights. NFPA takes no position as to the validity of any such
patent rights or as to whether such patent rights constitute or include essential patent claims under the ANSI
Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of willingness
to grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to applicants
desiring to obtain such a license, copies of such filed statements can be obtained, on request, from NFPA. For
further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Documents should consult applicable federal, state, and local laws and regulations. NFPA does
not, by the publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

NFPA Documents are copyrighted. They are made available for a wide variety of both public and private uses.
These include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and
the promotion of safe practices and methods. By making these documents available for use and adoption by public
authorities and private users, the NFPA does not waive any rights in copyright to these documents.

Use of NFPA Documents for regulatory purposes should be accomplished through adoption by reference. The term
“adoption by reference” means the citing of title, edition, and publishing information only. Any deletions, additions,
and changes desired by the adopting authority should be noted separately in the adopting instrument. In order to assist
NFPA in following the uses made of its documents, adopting authorities are requested to notify the NFPA (Attention:
Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning adoption of
NFPA Documents, contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Documents and all requests for information on NFPA
procedures governing its codes and standards development process, including information on the procedures for
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to
NFPA documents during regular revision cycles, should be sent to NFPA headquarters, addressed to the attention
of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email:
stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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This edition of NFPA 551, Guide for the Evaluation of Fire Risk Assessments, was prepared by the
Technical Committee on Fire Risk Assessment Methods. It was issued by the Standards Coun-
cil on November 27, 2012, with an effective date of December 17, 2012, and supersedes all
previous editions.

This edition of NFPA 551 was approved as an American National Standard on December 17,
2012.

Origin and Development of NFPA 551

In the mid-1990s, it was recognized that the application of fire risk assessment methods in
developing fire and life safety solutions continued to increase. However, a set of rules or a
framework that described the properties of an acceptable fire risk assessment method was
lacking. Additionally, there were no guidance documents available to those responsible for
approving or evaluating fire and life safety solutions that were based on a fire risk assessment.
In response, NFPA established a new project and technical committee on fire risk assessment
methods in 1999. NFPA 551, 2004 edition, was the first document prepared by the committee
in response to the growing need for guidance documents on fire risk assessment methods.

The 2007 edition included a number of enhancements, and new information on the
subject. Certain terms were revised for consistency with other documents that address
performance-based design and fire risk assessment methods, and further guidance was pro-
vided on applying risk-informed decision making for various fire safety goals, including the
preservation of cultural resources. More detail on selecting fire scenarios; identifying and
grouping representative challenging scenarios into clusters for conducting more effective
consequence analysis; addressing uncertainty; and the impact of the changing effectiveness of
fire protection equipment, features, programs, and procedures were added. The capabilities
of those conducting a fire risk assessment, the key factors to consider when conducting or
reviewing a fire risk assessment, and the role of an operations and maintenance manual were
addressed. An expanded discussion on the role of qualitative, semiquantitative likelihood,
semiquantitative consequence, and quantitative methods in a fire risk assessment and cost-
benefit analysis was included, as was more detail on proper documentation and elements of a
fire risk assessment, and the importance of using checklists that address both likelihood and
consequence.

The 2010 edition contained a reorganization of Chapter 7 to provide further guidance on
documentation requirements for the fire risk assessment concept report.

The 2013 edition is a reconfirmation of the 2010 edition. This edition includes minor
updates to add explosions to the list of fire stimuli in Chapter 4 and includes the most recent
edition of the referenced publications in both Chapter 2 and Annex B.
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NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents covering the following:
(1) frameworks that identify the relationships of fire safety concepts used for fire prevention and fire control,
including codes, standards and recommended practices, and (2) frameworks that describe the properties of
risk assessment methods for use in regulations.
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EVALUATION OF FIRE RISK ASSESSMENTS

NFPA 551
Guide for the
Evaluation of Fire Risk Assessments

2013 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (®) between the paragraphs that
remain.

Information on referenced publications can be found in
Chapter 2 and Annex B.

Chapter 1 Administration

1.1 Scope. This guide is intended to provide assistance, pri-
marily to authorities having jurisdiction (AHJs), in evaluating
the appropriateness and execution of a fire risk assessment
(FRA) for a given fire safety problem. While this guide prima-
rily addresses regulatory officials, it also is intended for others
who review FRAs, such as insurance company representatives
and building owners.

1.2 Purpose. This guide is intended to assist with the evaluation
of FRA methods used primarily in a performance-based regula-
tory environment. While the primary audience is anticipated to
be authorities having jurisdiction, it is expected that the guide
will be a useful resource for anyone conducting an FRA. This
guide does not mandate the methods for use in demonstrating
acceptable risk; rather, it describes the technical review process
and documentation that are needed in evaluating an FRA.

1.3 Application. This guide is intended to be applied to the
assessment of performance-based solutions, studies, code
equivalencies, or regulatory compliance evaluations devel-
oped using FRA methods.

1.4 Qualifications for Practitioners. Persons undertaking
FRAs, as anticipated by this guide, should document their quali-
fications and make them available to the authority having juris-
diction. Depending on the FRA being undertaken, the documen-
tation could include educational background, past experience
with FRAs, and professional registration. The form of the docu-
mentation should meet the needs of the authority having juris-
diction within the context of applicable laws and regulations.

1.5* Risk.

1.5.1 The perception of risk, and therefore the acceptance of
risk, is influenced by the values of the stakeholders. Thus, the
values of the stakeholders should be established in the risk met-
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rics, which may include life safety, property, business interrup-
tion, and intangibles. The metrics associated with these values
may be people affected, dollars of loss, acreage, and so forth. The
expression of the metric is usually rate based (e.g., frequency, or
probability of occurrence over a specified time period). The
stakeholders may attach different weights to a given risk, based
on their perspective. Each AHJ may have its own weighting, de-
pending on its role.

1.5.2 For fire safety, the hazards are generally fire, explosion,
smoke, and toxicity associated with fire products. The likeli-
hoods and corresponding consequences are derived from fire
scenarios associated with these hazards. The impacts or harm
from the fire scenarios are expressed in the metrics associated
with the values, such as number of people affected per loca-
tion per year.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this guide and should be con-
sidered part of the recommendations of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 101A, Guide on Alternative Approaches to Life Safety, 2013
edition.

NFPA 550, Guide to the Fire Safety Concepts Tree, 2012 edition.

Fire Protection Handbook, 20th edition, 2008.

SFPE Handbook of Fire Protection Engineering, 4th edition,
2008.

2.3 Other Publications.Bornhuetter, R. L., and R. E. Fergu-
son, 1972. “The Actuary and IBNR,” Proceedings of the Casualty
Actuarial Society, 59, 181-195.

Merriam-Webster’s  Collegiate  Dictionary, 11th  edition,

Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Advisory Sections. (Reserved)

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter apply to
the terms used in this guide. Where terms are not defined in this
chapter or within another chapter, they should be defined using
their ordinarily accepted meanings within the context in which
they are used. Merriam-Webster’s Collegiate Dictionary, 11th edition,
is the source for the ordinarily accepted meaning.

3.2 NFPA Official Definitions.

3.2.1*% Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2*% Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3 Guide. A document that is advisory or informative in
nature and that contains only nonmandatory provisions. A
guide may contain mandatory statements such as when a
guide can be used, but the document as a whole is not suitable
for adoption into law.
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3.2.4 Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an orga-
nization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or mate-
rials, and by whose labeling the manufacturer indicates com-
pliance with appropriate standards or performance in a
specified manner.

3.2.5* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards or has been tested and found suitable for a specified
purpose.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.3 General Definitions.

3.3.1 Acceptance Criteria. Acceptance criteria are the units
and threshold values against which a fire risk assessment is
judged.

3.3.2 Consequence. The outcome of an event, which may be
expressed qualitatively or quantitatively.

3.3.3* Deterministic Model. A model whose outputs are not
probabilities or probability distributions; that is, they do not
quantify uncertainty.

3.3.4 Event. The occurrence of a particular set of circum-
stances, whether certain or uncertain and whether singular or
multiple.

3.3.5* Fire Protection Engineering Design Brief. A description
of the planned project approach that includes a discussion on
conducting the fire risk assessment.

3.3.6 Fire Risk Assessment (FRA). A process to characterize
the risk associated with fire that addresses the fire scenario or
fire scenarios of concern, their probability, and their potential
consequences. Other documents may use other terms, such as
fire risk analysis, fire hazard, hazard analysis, and fire hazard analy-
sis assessment, to characterize fire risk assessment as used in this
guide.

3.3.7* Fire Scenario. As used in this document, a fire scenario
is a set of conditions and events that characterizes the develop-
ment of fire, the spread of combustion products, the reactions
of people, and the effect of combustion products.

3.3.8 Frequency. The average number of times an event is
repeated in a given period.

3.3.9 Likelihood. Frequency, probability, or their combina-
tion.

3.3.10 Method. A process or technique to help resolve a
model.

3.3.11 Model. A simulation of an event.

3.3.11.1% Probabilistic Model. A model whose outputs are
probabilities or probability distributions.

3.3.12 Probability. The likelihood of an event as expressed as
a number between 0 and 1.

Full document details: NFPA 5512013

3.3.13* Risk. The paired probabilities and consequences for
possible undesired events associated with a given facility or
process.

3.3.14%* Scenario Cluster. A group of scenarios having some,
but not all, defining characteristics in common.

3.3.15* Semiquantitative Methods. Methods that are based on
the ability or need to quantify either the likelihood or the
consequence of a fire event or events.

3.3.16 Stakeholder. Any individual, group, or organization
that might affect, be affected by, or perceive itself to be af-
fected by the risk.

3.3.17 Validation. The process of determining the correct-
ness of the assumptions and governing equations imple-
mented in a method.

3.3.18 Verification. The process of determining the correct-
ness of the calculations or the solution of governing equations
in a method.

Chapter 4 [Evaluating a Fire Risk Assessment (FRA)

4.1 General. This chapter addresses evaluating a fire risk
assessment (FRA) by discussing the stakeholders, an over-
view of the review process by the authority having jurisdic-
tion (AHJ), scope of FRAs, bounding the FRA, and uncer-
tainty.

4.1.1* FRAs can be used as tools for focusing attention on
what is important to fire safety. When results and findings of
FRAs are considered together with other factors, this is often
referred to as risk-informed decision making.

4.1.2 FRAs have broad applicability in addressing fire safety
issues. Examples of applications are shown in Table 4.1.2.

Table 4.1.2 Examples of Applications

Category Example

Building project
evaluation

Demonstrate compliance of a
performance-based design

Demonstrate adequacy of an existing
facility

Demonstrate adequacy of an alternative
design

Demonstrate improvement in facility fire
safety

Class-of-use
problems

Demonstrate adequacy of a new material
use (e.g., chair fabric)

Determine required protection for an
alternative-fuel vehicle

Establish necessary protection to be
required by a code or standard

Demonstrate improvement in fire safety

General
application

Establish emergency response needs
(e.g., fire department staffing)

Establish fire risk (typical facility or
overall locale) for a city, county, or
state in establishing regulations
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4.2 Stakeholders. The stakeholders with interest in the scope
and application of the FRA should be identified early in the
process. The stakeholders include all those who have a finan-
cial, personnel safety, public safety, or regulatory interest in
the fire risk. Stakeholders whose interests may apply include,
among others, the following:

(1) Regulators

(2) Facility owners and operators
(3) Employees

(4) Emergency responders

(5) Insurers

(6) Neighbors

(7) Community

(8) Investors

(9) Design and construction team
(10) FRA preparers

(11) Tenants

4.2.1 It is important to consider all possible stakeholders
during planning, particularly when stakeholder interests
conflict.

4.2.2 The stakeholders should participate in the establish-
ment of the objectives of the FRA to ensure that the results
provide proper and credible bases for decision making.

4.3 Role of the Authority Having Jurisdiction in the Process.
For the purposes of this guide, it is anticipated that the review
of a project will proceed using an FRA as provided in 4.3.1
through 4.3.2.3. The process is exemplified in Figure 4.3.

| Project Initiation |

> ‘

Preplanning
with AHJ
Scope and Problem Definition, Acceptance
Development Including Objective Criteria
Proposed ||| Identify
Methods Reviewer

Report Preparation

Undertake FRA and Submission

Confirm Resources
for Review
(See Chap. 8)

Ensure Project
Objective Is Defined [——
(See Chap. 4)

Confirm Acceptance
Criteria .

Review Analysis
Methods

Review and (See Chap. 4) (See Chap. 5)
Evaluate

Review Review Report

Information 1 Documentation

(See Chap. 6) (See Chap. 7)

Accept or Reject
Submission

FIGURE 4.3 Overview of Review Process.
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4.3.1 FRA Evaluation. The evaluation of an FRA should be a
collaborative process among stakeholders. To evaluate an FRA
properly, the reviewer should be introduced to the project as
early as possible.

4.3.2 AH] Participation. The AH]J should be involved in the
following steps of the process: defining the problem, accep-
tance criteria, choice of method, review process, detailed re-
view, and final approval.

4.3.2.1 Defining the Review Process. The AH]J should define
its role in the direct review of the FRA. Depending on the
FRA-related experience and resources of the AHJ, the AHJ
may perform the review. Alternatively, the AH] may utilize a
third party to perform the review.

4.3.2.2 Detailed Review. When reviewing an FRA, the AHJ
should check whether the assumptions, building characteris-
tics, occupant characteristics, and fire characteristics used in
the analysis acceptably reflect the actual conditions. The types
of items that should be checked are identified in Section 8.3.
Additionally, the modeling that was used in the FRA should be
reviewed.

4.3.2.3 Final Approval. Final approval of the FRA rests with
the AHJ.

4.4 Scope of FRAs.
4.4.1 Defining the Problem.

4.4.1.1 The purpose of conducting the FRA should be iden-
tified and documented. The purpose might be to identify the
level of risk present in an existing building or facility, to iden-
tify methods of lowering the risk in an existing building or
facility, or to identify methods of providing a level of risk
deemed acceptable in a new or renovated building or facility.
The objectives of the FRA might be associated with the risk to
life (occupants or fire fighters), the risk to property, the risk to
operations (e.g., cost of business interruption), the risk to the
environment, or the risk of loss of cultural resources. Fire
safety objectives and appropriate performance, which are gen-
erally based on the building’s characteristics and functions as
well as the owner’s fire safety expectation over a specific pe-
riod of time or throughout the design life of the building,
should be clearly stated for new and existing construction.

4.4.1.2 Collateral issues beyond the scope of the FRA or ex-
clusions from the FRA may become the questions of additional
FRAs, but should not divert the FRA from its specific objec-
tives.

4.4.2 Elements of Risk. The following elements that affect the
fire risk should be characterized.

4.4.2.1 The exposed target at risk should be identified. This
may include any or all of the following:

(1) People (occupants, employees, general public, emer-
gency responders)
(2) Property (structures, systems, components of the built en-

vironment)

(3) Environment (national parks, monuments, hazardous
materials)

(4) Mission (heritage, business continuity, information/
communication)

4.4.2.2 The fire stimuli to which the target is vulnerable
should be characterized. These may include any or all of the
following:

(1) Heat (radiant flame, convective gases)
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(2)*Smoke (obscuration, respirable, corrosive/conductive
aerosols)

(3) Gases (toxic, corrosive)

(4) Explosions (overpressure, projectiles)

4.4.2.3 The transport phenomena, which bring the fire stimuli
into contact with the exposed target, should be characterized.

4.4.2.4 The response of the exposed target to the resulting
fire stimuli should be assessed to determine whether the de-
fined acceptance criteria have been met.

4.4.3 Acceptance Criteria.

4.4.3.1 Metrics should be established that document the re-
sults in a way that facilitates decision making.

4.4.3.2 Results may be either relative (e.g., compared to a
baseline or comparing alternative options) or absolute (e.g.,
deaths per year). Within this context, they may be qualitative
or quantitative.

4.4.3.3 The acceptance criteria may be in the form of a quanti-
tative risk value, a comparative value, or other values as agreed to
by the stakeholders and the AHJ. The form of the acceptance
criteria should be dependent on the risk problem and should
influence the selection of appropriate FRA methods.

4.4.3.4% Acceptance criteria should be established during pre-
planning.

4.4.3.5 Acceptance criteria may be based on one of the fol-
lowing:

(1) Prescriptive regulations
(2) Performance regulations
(3) Other agreed-to criteria
(4) Standards and guides

4.4.3.6 The FRA should present its conclusions in terms that
meet its objectives. For project evaluation, the criteria should
specify all the risks that are to be addressed and how those
risks are to be measured. The criteria may be specified in
terms of absolute values or comparisons to a benchmark. They
may further specify limits on probability, consequence, or risk.

4.4.4 Methods.

4.4.4.1 Choice of Methods. The method that was used should
be outlined, and its appropriateness to the objectives of the
FRA should be documented. The documentation should in-
clude a brief description of method of solution, numerical
computations (including identification of units used), and
identification of the source or derivation of all equations that
are not in common usage.

4.4.4.2 Methods may include a variety of elements based on
the problem definition. These elements may be qualitative or
quantitative and may involve deterministic or probabilistic
models.

4.4.4.3 Each element of the method should be applied prop-
erly within its scope and limitations. (See Chapter 5.)

4.4.5 Data.

4.4.5.1 Data used with the selected method should be appro-
priate and of sufficient quality to support decision making for
the defined problem (See Chapter 6.)

4.4.5.2 The scope and the limitation of input data should be
expressly documented.

4.4.5.3 Sources of data should be identified.
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4.4.5.4 Any assumption or default values used in the absence
of data should be explained clearly.

4.4.5.5 The FRA methods, data, and results should be docu-
mented to allow review and to provide for changes in manage-
ment or conditions that could affect the fire risk. (See Chapler 6.)

4.5% Uncertainty and Variability Analysis. The FRA should in-
clude an assessment of uncertainties in the models and meth-
ods and of the uncertainties and variability in the assumptions
and data used. This assessment should provide reasonable as-
surance that the acceptance criteria have been met.

Chapter 5 Selection and Evaluation: FRA Methods

5.1 General. This chapter presents the different types of FRA
methods, including guidance on the appropriate selection and
application of the various types of risk methods and models.

5.1.1 FRA Concepts. In evaluating FRA methods, the follow-
ing FRA concepts should be considered: risk in terms of likeli-
hood and consequences and the scope of the FRA in terms of
systems and fire scenarios.

5.1.1.1 Likelihood and Consequences. FRAs should evaluate
the likelihood and consequences of fire scenarios, as follows:

(1) The evaluation of likelihood may be based on past expe-
rience (e.g., statistics) for well-understood events or on a
combination of available knowledge and accepted math-
ematical treatment (subjective) for less-understood
events and where uncertainty and variability are high.

(2) The evaluation of consequences may be based on expert
knowledge (e.g., risk indices), probabilistic modeling (e.g.,
life safety tree to arrive at safe or unsafe conditions), or de-
terministic modeling (e.g., fire growth, smoke spread, and
occupant evacuation to arrive at safe or unsafe conditions).

5.1.1.1.1 Depending on the FRA objectives, the evaluation of
likelihood and/or consequences may focus on relative
changes associated with different design alternatives, rather
than absolute values.

5.1.1.1.2 Some methods may attempt to assess or compare the
change in the likelihood of certain events (i.e., the design alter-
natives may attempt to alter the probability of the event occur-
ring), others may attempt to assess the impact of different design
solutions on the consequences (i.e., they assume the event will
happen), and others may attempt to assess both.

5.1.1.1.3 Some methods, such as risk indices, provide a mea-
sure of relative risk that only implicitly identifies likelihood
and consequences.

5.1.1.2 Scope of an FRA: Concepts and Systems. Depending
on the goal, FRAs may involve the assessment of one fire pro-
tection concept or system on the overall level of risk, or they
may involve the assessment of multiple concepts or systems on
the overall level of risk, as follows:

(1) Asingle-system FRA involves assessing the impact on risk,
given changes to one fire protection system, such as the
presence or absence of a sprinkler system or of a fire
alarm system.

(2) A multisystem FRA involves assessing the impact on risk,
given changes to a number of fire protection systems, both
active and passive, as well as factors such as the egress system,
alarm systems, occupant characteristics, training, and educa-
tion.
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5.1.1.2.1 Single-system FRAs may be conducted at various lev-
els. For example, one level of sophistication involves the com-
parison of one fire protection system to other similar systems,
looking at the impact on risk of changing system attributes
(e.g., water density or sprinkler head type). Another level of
sophistication is needed to compare the effectiveness of one
type of automatic fire suppression system to another, based on
their ability to extinguish a fire in a certain period of time.

5.1.1.2.2 Multisystem comparisons often require relatively so-
phisticated methods in which the overall impact on fire risk is
assessed based on the availability, reliability, and operation of
both passive and active fire protection systems and on other
factors that may affect the overall risk.

5.1.1.2.3 The fire safety concepts tree in NFPA 550, Guide to the
Fire Safety Concepts Tree, provides a comprehensive overview of the
concepts or systems that may need to be considered in the FRA.

5.1.1.3 Scope of an FRA: Fire Scenarios. The FRA should ad-
dress the risk contribution from all potentially significant fire sce-
narios. When approximations are used (e.g., the risk contribu-
tion from a single fire scenario is used as a basis for estimating the
risk from a wider range of fire scenarios), the approximations
should be justified in the context of the decision problem.

5.1.1.4 Fire Scenario. Depending on the defined problem and
the FRA objectives, the FRA method may need to explicitly assess
the effect of a design alternative on each event in the fire sce-
nario, in order to assess the risk associated with the alternative.
The following are examples for a typical life safety fire scenario:

(1) Fire ignition. Often based on the most probable event in a
particular setting, for example, cigarette ignition of a
couch in a living room. Prevention education would re-
duce the probability of occurrence of this event and the
consequential risks.

(2) Fire growth. Based on all probable developments of a fire,
from smoldering to flashover fires. Fire protection sys-
tems such as sprinklers, compartmentation, and door
closers may help to contain these fires and to reduce their
consequential risks. The reduction in risk depends on the
reliability and effectiveness of the fire control systems.

(3) Smoke spread. Based on smoke spread to critical egress
routes and other parts in a building. Fire protection sys-
tems such as smoke control and stairwell pressurization
may help to contain the smoke and to reduce its conse-
quential risks. The reduction in risk depends on the reli-
ability and effectiveness of the smoke control systems.

(4) Exposure of occupants. Based on smoke and fire blocking
egress routes. Fire protection systems such as fire alarms,
voice communication, clear egress routes, and refuge areas
may help to provide early warning to occupants and to direct
them either to evacuate the building or to seek refuge in
certain areas. The reduction in risk depends on the reliabil-
ity and effectiveness of the warning and evacuation systems.
Failure of fire depariment to respond. Based on no response or
late response. Proper notification procedure and adequate
fire department resources would help to rescue the trapped
occupants or to control the fire. The reduction in risk de-
pends on the reliability of the notification procedure and
the adequacy of fire department resources.

~

(5

5.1.1.5 Selecting Fire Scenarios. The objective in selecting the
fire scenarios to be analyzed is to find a set of scenarios that are
sufficiently diverse and representative such that analyzing the
risk for these scenarios captures the overall fire risk for the
facility.

\
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5.1.1.5.1 Scenarios can be grouped into scenario clusters.

5.1.1.5.2 Asingle representative scenario is selected from each
scenario cluster for the purposes of consequence analysis.

5.1.1.5.3 If'scenario likelihoods are quantified, the frequency
of the cluster is the sum of the frequencies of the individual
scenarios in that cluster.

5.1.2* FRA Methods: Categories.

5.1.2.1 Table 5.1.2.1 defines five categories of FRA methods. In
order of increasing complexity, those methods are as follows:

(1) Qualitative method

(2) Semiquantitative likelihood method
(3) Semiquantitative consequence method
(4) Quantitative method

(5) Cost-benefit risk methods

5.1.2.2 The tabulation provides definitions, types of output,
and examples for all five categories.

5.1.3 Selection of Methods. The selection of an FRA method
for a particular application should consider the following fac-
tors: stakeholder objectives and acceptance criteria, scope of
the FRA, intended audience and decision makers, regulatory
and/or litigation considerations, precedents for similar appli-
cations, available resources and data, cost and time con-
straints, personnel capabilities, and the possible need to ad-
dress uncertainties. A brief elaboration on these factors is
given in 5.1.3.1 through 5.1.3.7.

5.1.3.1 FRA Objectives. The FRA objectives should be stated
explicitly before a particular method or category is selected.
For example, if an objective is to provide some preliminary
evaluation of fire risk for screening purposes, then a simple
qualitative method may suffice. At the other extreme, if the
FRAis to provide a definitive evaluation of the overall fire risk,
then a quantitative method would be appropriate. The par-
ticular quantitative method to be used would depend on
whether only one measure or multiple measures of risk are to
be considered and whether costs are to be an explicit part of
the FRA.

5.1.3.2% Scope of the FRA. The FRA scope is addressed in
5.1.1.2. It should dictate how the FRA deals with multiple fire
scenarios (e.g., whether the FRA should explicitly include cal-
culations for various fire scenarios and associated risks or be
confined to assessing a selected challenging fire scenario or
the most probable fire scenario). It is intended that the pro-
cess of selecting challenging fire scenarios focus on severe (yet
credible) scenarios that strongly challenge fire protection de-
sign features.

5.1.3.3 Intended Audience. The FRA output, and therefore
the FRA method selected, should be consistent with the knowl-
edge and needs of the intended audience.

5.1.3.4 Regulatory Considerations. Government regulations
may require certain FRA methods. For example, there are
regulations with maximum allowable risk for certain types of
special hazard facilities, such as nuclear power plants, lique-
fied natural gas (LNG) import terminals, and processing fa-
cilities with combustible dust hazards or more than a thresh-
old amount of certain flammable gases and vapors. These
regulations delineate the types of risk measures to be evalu-
ated and often describe the type of method to be used for the
evaluation.
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