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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. ‘Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 23932 was prepared by Technical Committee ISO/TC 92, Fire saféty,”Subcommittee SC 4, Fire gafety
engineering.
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Introduction

The vast majority of fire safety designs rely on prescriptive specifications written into regional, national or local
regulations. Currently, various engineering approaches are also allowed by these regulations, although
information needed for an engineering approach is still generally obtained from conventional test methods.
Fire Safety Englneerlng (FSE) is a d|SC|pI|ne mcreasmgly being used throughout the world in support of

The

this |

difference between prescriptive and performance-based approaches to firessafety design is
hternational Standard by emphasizing the development of quantifiable fire-safety objective

a_given design
nt regulatory

d applied in a

e. The eight
ethodologies

nighlighted in
s as the first

step jn a performance-based analysis. Such objectives can be completely*deterministic in natufe or contain

both Heterministic and probabilistic aspects as used in a fire-risk assessment approach.

The mew infrastructure of International Standards supporting performance-based fire-safety design consists of

two Hasic types of fire-safety standards:

a) ¢onceptual standards that describe the underlying cofcepts and contain general requiremgnts for both
ngineering and test methods to support performange-based design; these correspond to principle and
henomenon standards in the ISO/TC 92 framewark report;

b) standards that adapt the conceptual standards to specific configurations of the built pnvironment,
.g. structural systems, transportation systems and manufacturing processes; these c¢rrespond to

1onfiguration standards in the ISO/TC Q2 framework report. Conceptual standards have the pdvantage of
road applicability as guides fof jlocal/regional adoption and for new types of situations, while
¢onfiguration standards are more‘specific and detailed.

This [International Standard op.'general design principles and design philosophy for fire-safety engineering

contgins a comprehensive _overview of the performance-based design process for fire saf¢ty and thus

represents the type of principle standard discussed in the ISO/TC 92 framework report. As such, it is also a

template guiding the dévelopment of other standards applicable to a wide range of generic|and specific

fire-spfety design situations. Hence, it is important that this International Standard be viewed as|an outline of
the fife-safety engineering design process, not as a detailed design methodology.
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Fire safety engineering — General principles
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Scope

protection of the environment;

nternational Standard provides general principles for a performance-based methodology-for|

eered approach based on the quantification of the behaviour of fire and people andbased g
consequences of such behaviour on life safety, property and the environment.

engineers to

bs the level of fire safety for new or existing built environments. Fire safety is eyaluated through an

n knowledge

International Standard is not intended as a detailed technical design guide, but does comtain the key

ents needed by practicing fire safety engineers and peer reviewers (those_entities who can b
v the work of fire-safety engineers) for addressing the different steps’and their linkages
ss. The information contained in this International Standard is intended not only to be useful
ly but also to serve as a template to guide the development of & consistent set of fire-safety
ments covering the role of engineering methods and test methods in performance-basec
Esment.

basic principles of fire-safety design and related fire-safety objectives in this International
plied in any other document addressing phenomena associated with fire (e.g. fire growth, h
nts movement, structural and compartmentalization ‘behaviour). Related fire-safety objective
ple,

afety of life;

onservation of property;

ontinuity of operations;

Furt

transportation systems and industrial installations).

Becapuse prescriptive regulations covering fire-safety design will co-exist for some time with
basefl désign, this International Standard takes into account that fire-safety designs conforming t
regulptions can become the basis for comparison of engineered designs of new built environment

reservation of heritage.

rmore, these basic principles can be applied to all configurations of the built environment (&

e required to
in a design
to engineers
engineering
design and

btandard can
pt gases and
s include, for

.g. buildings,

performance-
D prescriptive

S.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 13943, Fire safety — Vocabulary

©I1SO
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3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and the following apply.

3.1
engineering

judgement

process exercised by a professional or a team of professionals who is qualified by way of education,
experience and recognized skills to complement, supplement, accept or reject elements of an engineering

analysis

3.2

fire-safety nfanuat

fire-safety in
document orf
on a continui

33

fire-safety s
specification
specified, for

3.4

formation system
computer system detailing the fire-safety management procedures intended for implemen
hg basis

trategy
of design functions used in achieving fire-safety objectives that, when fully elaborated
s the basis for a trial design

functional r¢quirement

statement of|
environment

NOTE M
requirements

3.5

interested/a
party that is
authority hav

3.6

l

the means to achieve specified fire-safety objectives, taking into account the features of &

ndatory functional requirements are required by building.cddes or national regulations; voluntary fun
re expressed by other interested/affected parties.

ffected party
mpacted by a fire safety design, including property owners and other property stakeholde
ing jurisdiction in charge of the public.health and welfare

mandatory o¢bjective

fire-safety ol
or national rg

3.7

jective, such as life safety-and protection of the environment, which is required by building ¢
gulations

performance criteria

quantitative
environment

3.8

safety factof

engineering_‘specifications that form an agreed basis for assessing the safety of a
design

valuas

ation

and

built

tional

'S, or

odes

built-

multiplicativ

adiustmant annlied to caleculated to-combaensata for uncertaintvin- mathods calcula
SGHHSHHeRtaPpPHea0-6ahEtHate a6 Yad8S1t0-co0RPeRSate 1o bR aityH-ethioasS—caictha

input data and assumptions

3.9
trial design

design chosen for the purpose of making a fire-safety engineering analysis

3.10
uncertainty

ions,

quantification of the systematic and random error in data, variables, parameters or mathematical relationships,
or of a failure to include a relevant element
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3.11

validation

(fire calculation model) process of determining the degree to which a calculation method is an accurate
representation of the real world from the perspective of the intended uses of the calculation method, such as
confirming the correct assumptions and governing equations implemented in a model when applied to the
entire class of problems addressed by the model

3.12
verification
(fire calculation model) process of determining that a calculation method implementation accurately represents

the developer's conceptual description of the calculation method and the solution to the calculation method

NOTH
in the

3.13

voluntary objective

fire
objeq

4

Fire i
on a
esse

consfruction projects

requi
resul
com
respd
The

doors

The
main
more

Figur
meet
proje
funct
prote|
deve
criter|
fire s

The fundamental strategy of verification of computational models is the identification and quantif
computational model and its solution.

afety objectives that are requirements expressed by interested/affected)parties beyon
tives

Dverview of the fire-safety engineering process

5 a complex phenomenon that imposes fluid-dynamic, thermal, mechanical and chemical a
built environment, on occupants or users of a built envitonment and on fire services. TH
ntial that the fire-safety design process outlined in this International Standard be an integ
involving aspects that cannotC"\be adequately accommodated by
rements. The fact that fire actions (loads) can lead\to’ changes that alter subsequent fire beh
ing modification of the fire action (load), makes the interaction of fire-safety design

nse to a fire, which can allow the introduetion of additional ventilation causing an increase in
actions of building occupants can“also influence the fire development by opening
/windows or by attempting to fight thefire.

chart in Figure 1 is an outline of the fire-safety engineering process (design, implem
enance) of a built environment, with reference to clause numbers where the process is
detail.

e 1 shows the various) steps required for the development of a fire-safety engineering prog
5 the objectives (of “all interested/affected parties. After having defined accurately the s
Ct (Clause 5), -the first step (Clause 6) involves the development of fire-safety object
onal requirements and quantitative performance criteria for the various design functi
ction) that™are required to achieve the fire-safety objectives. A specific fire-safety design
oped (Clause 8), containing trial design elements that can potentially satisfy the quantitative
a according to a preliminary hazards identification (Clause 7). It is necessary to agree on a

cation of error

i mandatory

tions (loads)
erefore, it is
al part of all
prescriptive
Bviour, with a
ith all other

onent design features essential during the-life of a project. For example, boundaries can rupture in

fire intensity.
or closing

entation and
explained in

ess that fully
scope of the
ves, related
bns (e.g. fire
plan is then
performance
set of design

cenarios that can be used to challenge the performance of these design functions (Clause

9). Whether

the

s e H 4 4 FEDRY - I (e H () H ! H £l gl
MUNTTIarivce CIcTia darc, 1T 1atl, SdusiicU 1S UTITTTTITICU Uy diT TITYIIcTIiny aridalysis Un uic u

al design, as

described in Clause 11, making use of engineering methods selected as indicated in Clause 10. If the
performance criteria are not satisfied by the trial design, modifications are required until a final design plan in
line with requirements is achieved. The final project report, including the necessary documentation, is
produced and validated (Clause 12). The implementation of this final design plan leading to the erection of the
built environment is discussed in Clause 13. Even after implementation is complete, the fire-safety
engineering process continues with periodic inspections and ongoing fire-safety management procedures as
described in Clause 14.
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Scope of the project concerning fire safety
Clause 5

Identification of fire-safety objectives, functional

[ requirements and performance criteria
| Clause 6
I
| + Life-cycle inspection
I Hazards identification - Clause 7 <t v shows significant changes?
, es
I []
I Fire-safety design plan
| Clause 8
No
I
I
| Design fire and behavioural scenarios
| Clause 9 Fire-safety management and audit
| —
| v Clause 14
A
I Selection of engineering methods
| Clause 10
I Implementation of design plan
I Scenario based evaluation trial design Clause 13
| Clause 11
I
I
| Yes
| No Performance ) ,
L Final project report

criteria are satisfied?
Clause 12

Figure 1 — Flowchartiillustrating the fire-safety engineering process —
Design, implementation and maintenance

5 Scope|of the project concerning fire-safety engineering process

The fire-safefy engineering process should be initiated at the earliest stage of a project (that may include, for
example, arghitectural concept design, structural, ventilation, plumbing, electrical designs) for a new built
environment] to_modify or refurbish an existing built environment or to evaluate compliance with upflated
regulations. |Eire-safety design should be integrated fully with all other engineering design specialties
throughout such a project. The requirement for this type of integration is obvious when considering, for
example, how the result of acoustic or thermal engineering (introduction of flammable sound/heat absorbing
materials) or enhancement of security (limitation of methods of egress) can introduce unintended fire-safety
design problems.

To facilitate the determination of actions (loads) on a new built environment due to a fire, it is necessary for a
preliminary design plan to be made available to fire-safety designers. This preliminary plan should contain
information about the purpose/function of each part of the design, dimensions of each part of the design
(including openings) and a description of the anticipated location of all fixtures, furnishings, decorations,
equipment and combustible products planned for installation, stored or used in the new built environment, as
well as the description and analysis of processes for industrial installations. When dealing with the
refurbishment of an existing built environment, it is necessary to provide the same kinds of information. In this
case, it is not a preliminary plan but the description of the existing components that provides the basis.

4 © 1SO 2009 - All rights reserved
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At this stage, it is necessary that the contractual and organizational context of the design work be clearly
defined, including the extent to which an FSE approach will be applied (for the whole built environment or part

of it) and the functions and duties of each member of the design team.

6
criteria

6.1 General description

Thro

Identification of fire-safety objectives, functional requirements and performance

Jgh a process of discussion, negotiation and/or compromise by all interested/affected parties, fire-safety

tives should be identified (including those stated in mandatory regulations), functional requ
ate these objectives into the required functionality (e.g. fire-protection systems) of the. fire-
d be developed and quantitative performance criteria should be established for detefmining
onality results in the achievement of the fire safety objectives.

objed
trans
shou
funct

This process provide answers to the following questions; see 6.3 to 6.5.

Regarding objectives: What are the required/desired outcomes of all foreses

Regarding functional requirements: How will these outcomes be@chieved by design func

Regarding performance criteria: How will the adequacy,‘of the design be measured ir

terms?

6.2 | Compatibility with prescriptive regulations
Pres
safet
case
regul
objed
inforr
deve

riptive regulations generally provide “acceptable solutions” for fire-safety design elements o
y design features that are “deemed to satisfy*Fegulatory requirements. Such regulations 1
5, also provide explicit mandatory objectives and/or functional statements concerning the
btions. When this is the case, additional-tegulatory information should be used to help
tive statements and to list the functional requirements discussed in 6.3 to 6.5. In the
nation on the intent of regulations(7it;is necessary that sets of objectives and functional req
oped independently to identify how the impact of fire scenarios is measured by performance]

In addition, when developing an Jalternative to a prescriptive acceptable solution, it is not ng
performance criteria be absolute} they can be relative to the performance reached by the accept
When relative performance rcriteria are used, it is necessary that the comparison basis be
completely explained.

6.3 | Fire safety objectives of interested/affected parties

6.3.1| General

When dealing with pe

rements that
safety design
whether this

bable fires?
ionality?

engineering

specific fire-
nay, in some
intent of the
prepare the
absence of
Llirements be
criteria.

cessary that

hble solution.
clearly and

bad objective

rformance-based codes or regulations, it is necessary to identify a set of br

statemen -g—d d G d
interested/affected parties.

able to all

Interested/affected parties can include authorities having jurisdiction, owners,

developers, employees and other prospective occupants, emergency responders, insurers and neighbours.
Interested parties other than the owner can be represented by authorities having jurisdictions or by third-party
professionals.

Since fire safety is a regulatory matter in most countries, there is generally limited scope for modifying these
requirements, and it is necessary to provide evidence that the required regulatory objectives are fulfilled. On
the other hand, there can be some other objectives that are voluntary, such as minimizing of business
interruption or providing a higher level of safety than required by regulatory requirements. In this case,
engineering analysis can lead to the modification of objectives, e.g. to the achievement of a balance of safety
and cost that is more acceptable to the interested/affected parties.

Objective statements typically address one or more of the areas in 6.3.2 to 6.3.6.
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6.3.2 Safety of life

Life safety objectives are typically stated in terms of requirements to reduce or avoid a certain level of harm for
occupants and other affected people within and outside the built environment. For safety from injuries that can
occur before an occupant can reasonably react to fire and begin evacuation, the objective is typically stated in
terms of requirements on equipment or other products to reduce the likelihood of fire occurrence.

An example of a safety-of-life objective is “occupants not intimate with the fire are not injured by smoke or
flames”. Fire-service operations involve higher risk and the objective of safety of life for such personnel is

typically stated in terms of limiting their risk of injury.

6.3.3 Congervation of property

The property-conservation objectives typically seek to reduce or avoid both damage to the built envirorjment
and damagef(to contents, such as equipment.

An example pf a property-conservation objective is “property losses should not be a significant fraction ¢f the
total value offthe built environment and its contents”.

6.3.4 Cont|nuity of operations

The busines$- or operations-continuity objectives typically seek to reduce, thé length of time that operdtions
are interrupted but can also be stated in terms of

— the ecorfomic cost of such interruptions, including market share @nd lost employment opportunities;

— the functional continuity required for the safety of a specific’process.

An example pf a business-continuity objective is “normal business operations should not be interrupted|for a
significant pgriod”. An example of an operation-continuity objective not limited to business is “transportgtion,
power, infofmation, health care and other .infrastructure necessary for the functioning off the
community/r¢gion/country should not be interrupted for a significant period”.

6.3.5 Protgction of the environment

The environrmental-protection objectives typically seek to reduce or avoid the immediate and long-term effects
of a fire on the quality of the natural énvironment. Fires that cause serious long-term effects on the natural
environment|are rare, but an example is an oil tanker or offshore fire that causes extensive ocean pollutjon. If
there are gpvernmental requirements for environmental quality, it is possible to state the minjmum
environment protection objectives in terms of compliance with those requirements.

An example|of an environment-protection objective is “in the event of a fire, the amount of toxic effluents
released to the atmesphere shall be limited”.

6.3.6 PreSfrvation of heritage

The heritage protection objectives typically seek to avoid the loss or alteration of objects for which the value at
stake is not primarily economic. These irreplaceable objects are generally both old and unique, having cultural
or other symbolic significance. However, heritage protection can also be an economic issue depending upon
the cost of its protection.

An example of a heritage protection objective is “the risk of damage to the objects in the museum, in the event
of fire, shall be minimized”.

© 1SO 2009 - All rights reserved
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6.4 Functional requirements

Each fire-safety objective should be associated with one or more functional requirements that it is necessary
to satisfy by the fire-safety design. A functional requirement is a statement of a condition necessary to achieve
the fire-safety objective. That is, the means to achieve an objective are specified as the requirements for the
functions, which are elements subject to control through fire safety design, such as the structure,
compartments or other defined spaces, materials and products used in the construction of the built
environment or fire-protection systems. The specification of functions that have requirements provides the first
level of detail of the fire-safety design strategy. The requirements themselves provide a second level of detail
on the fire-safety design strategy. While objectives are stated in terms of non-quantifiable outcomes of fires,
functlonal requirements are stated in terms of the funct|on of the fire- safety deS|gn that is deemed necessary
v y y ke level of the
design elements and so are more meanlngful and directly useable for englneermg For example, for a high
rise building, a safety-of-life objective typically is developed into functional requirements both-to| avoid failure
of thg structure and to protect the paths of egress from harmful fire effects until evacuation-is completed. The
first is a functional requirement in terms of structural stability and the second is a functional rgquirement in
terms of life safety.

Examples of two such functional requirements are “no design fire scenario, should result in permanent
strucfural damage before evacuation of occupants and work by the fire serviee are completed” and “no design
fire scenario should result in harmful fire effects in spaces used for evacuation before evacuatfon therein is
completed”.

6.5 | Performance criteria

6.5.1| General

Perfgrmance criteria are engineering metrics that are expressed in deterministic or | probabilistic
(e.g. measures of fire risk) form to determine whethér each functional requirement has been satisfied by the
fire-spfety design. Performance criteria are quantitative engineering measures that can be ptated either
expli¢itly or implicitly and should consider reliability and effectiveness.

6.5.2| Explicit performance criteria

Expligit performance criteria should-be developed for each functional requirement. For example} a functional
requirement that “no designfire’ scenario should result in unacceptable structural deformation before
evactiation of occupants and work of the fire service are completed” typically is developed int¢ quantitative
critera for structural fire resistance until the predicted or probable evacuation of occupants and the necessary
opergtion of fire service."\Furthermore, a functional requirement that “no design fire scenario shpuld result in
harmful fire effects i"spaces used for evacuation before evacuation is completed” typically is d¢veloped into
quantitative criteria for visibility and concentrations of narcotic (e.g. carbon monoxide) and irritant jgases during
the period of occupant evacuation and fire service activities.

6.5.3| Implicit performance criteria

When—either—it—is—rot pUbthUiU to—agree—on c)\piibit pt:l’fuullallbt: criteriaorthe—assessment—s made on a
deemed-to-satisfy basis, it is possible to compare, using specific elements of FSE, the performance of an
alternative design plan with the predicted or known or probable performance of a design plan that follows the
requirements of prescriptive regulations. In this case, the criteria for the performance of individual design
functions are implicit and can be obtained only from calculations (predictions) or from reference-scale tests
(known behaviour) or from statistical surveys (established probability) on the performance of a reference
design plan in which major design elements are prescribed.

© 1SO 2009 — All rights reserved 7
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7 Hazard identification

Hazard identification comprises both internal and external hazards, as follows, that can have an impact on the
built environment, hazards unique to the use of the property and hazards common to many properties,
combustible materials or products, equipment and other heat sources, natural hazards, and activities.

a) Internal hazards should consider at least the following:

— construction products and goods;

— equipment for normal use and fire safety;

— occppancy type and associated utilization of the built environment;
— type of activities or uses.
b) Externallhazards should consider at least the following:
— neighbouring activities;
— natyral environmental hazards.

In this idenfification, fire-incident data applying to similar types of duilt environment or environmental
conditions mpy be used.

8 Fire-safety design plan

The ftrial fire{safety design plan (whether derived from a.deterministic fire-risk analysis or obtained by |other
means) is anl elaboration of the fire-safety strategy and Consists of a set of fire-safety design elements.

This plan should be described and documented._in.@ fire-design report presenting enough detailed information
to allow its gvaluation in terms of meeting the.fire-safety objectives when assessed against the desigh fire
scenarios (Clause 11), which should also be documented in the fire-design report. The design plan can define
all functions pf the built environment in accordance with a fire-safety strategy or can define some functiohs as
fulfilling deem-to-satisfy solutions. Neyertheless, whatever the situation, it is necessary to take into account in
the analysis the interaction betweep-all parts.

A useful orggnization of functiohs*and design elements into sub-systems (SS) is provided in ISO/TR 133§7:
— SS1:initiation of fire.and effluent production;

— S82: splead offire’and propagation of effluents;

— S83: compartmentalization and structural stability;

— S84: detection, activation and suppression;
— SS5: human behaviour and evacuation;

— (SS6: fire-fighter intervention).
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9 Fire and behavioural scenarios

9.1 General

A scenario typically involves the description of a hazard as an important first step. It is necessary that hazard
identification (Clause 7) be conducted in a methodical and organized manner (using existing techniques) to
ensure that there are no omissions.

According to this hazard identification, two kinds of scenarios can be elaborated:

— fire scenarios (for fire behaviour);

— tl:ehavioural scenarios (for human behaviour) addressing both health and life safety and-pogsible impact
on the fire development related to some aspects of fire scenarios.

9.2 | Fire scenarios

9.2.1| Identification of potential fire scenarios

The first step in developing a fire scenario is a description of events associated with the hazard|that leads to
fire initiation. Following fire initiation, there may be events associated with the effectiveness of fife- or smoke-
protection measures to limit the impact of the fire. Finally, the scénario is characterized in fterms of the
consgquences of the fire and the likelihood or frequency of those consequences.

In sgme instances, the failure of one part of a protection measure can have an adverse ¢ffect on the
effecfiveness of another fire protection measure, e.g. an open-fire door not only is an ineffective parrier to fire
spregd but also can lead to the failure of a gaseous extinguishing system due to loss of adent. Another
examn|ple is an earthquake that contributes to fire initiation at many locations while also causing |the failure of
sprinkler piping and loss of compartmentalization for*protecting against these fires. It is neces$sary to take
partiqular care to ensure that any such mulfiple failures from a single event or acciflent due to
interdependencies are identified and accounted@or when formulating fire scenarios.

9.2.2( Selection of design fire scenarios

9.2.2|1 General

A standardized method should be used to identify a manageable group of design fire scenarios| for analysis.
Consultation with interested/affected parties is necessary to ensure that all relevant scenarios are considered.

A qualitative fire risk assessment process is appropriate to identify and select a group of design fire scenarios
that pose a challenge to all formulated functional requirements, when

— major elements of design plans, including such elements as passive and active fire protection, are
already decided (whether by owners or other interested/affected parties);

— the potential impacts of fires involving the built environment are agreed by all interested/affected parties
to involve only losses that are acceptable (e.g. due to regulations on the number of occupants
endangered, on the value of property endangered, etc.)

The qualitative analysis should use likelihood and consequence to characterize each fire scenario in this
selection process.

© 1SO 2009 — All rights reserved 9
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Use of quantitative fire risk assessment to select design fire scenarios and design elements

A quantitative fire risk assessment is appropriate as a method to select design fire scenarios and even design
elements when

been made (whether by owners or other interested/affected parties);

regulation.
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10 Selection of engineering methods and preliminary report

10.1 Engineering methods to be used

It is necessary to select engineering methods to assess whether a proposed or existing design plan meets
fire-safety objectives. This selection process involves the determination of which engineering method(s), as
mentioned below, have acceptable accuracy and efficiency in demonstrating that performance criteria are

satisfied as the result of one or more design fire scenarios.

10.1.1 Calculation methods

10.1.|1.1 Deterministic methods

A de
desig
likelik
may

10.1

erministic approach is normally based on the evaluation of the seriousness of conseque
n fire scenario and is compared with threshold figures expressing performancelcriteria.
ood of the scenarios is not explicitly considered, but other probabilistic considerations, such
be evaluated separately.

.1.2 Fire-risk assessment

Fire-fisk assessment of a fire-safety design plan consists of an<analysis of the risks and

comb
comb

10.1

It is
asse

Fire ¢

ination of the probability and severity of harm that are prediéted to result if the design is i
ined with an evaluation of the acceptability of those risks.

.1.3 Validation and verification

hces of each
The relative
as reliability,

a quantified
mplemented,

necessary to follow detailed guidance for validation and verification of calculation methods and for

Esing whether a given calculation method is appropriate.

an have multiple impacts on the built enviFonment, its occupants and the environment. It is

valid

te the equations and models used to_predict these impacts.

For those calculation methods that consist of algebraic equations and computer models applical

fire

enomena (e.g. fire plume, ceiling jet, smoke layer, vent flow or fire growth), a distinction

betwgen equations developed.for which validation is needed and equations/models that have

valid
It is nf
provi

10.1.

Data
meth

ted, particularly those that’have been published as International Standards or Technical S
ecessary that any equation or model be used only within its field of validity, otherwise it is
e justifications.

P Data from‘test methods and surveys

from testimethods or experiments and surveys are typically used as input to various types o
bds to determine probabilities for fire risk assessment.

necessary to

le to specific
Can be made
blready been
pecifications.
necessary to

f engineering

It shau

Hd he-shown that the data from 3 tast mathod or survev-maeeat tha snecific reauirements-o:
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the relevant

engineering method or fire-risk assessment technique used and are suitable and adequate for the design
under consideration.

It should be shown that the data from a test method or survey meet specific reliability (e.g. as measured by
repeatability and reproducibility) and accuracy requirements that are documented in the test method or survey
standards.
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10.1.3 Analysis of results from reference fire scenario test

Where calculation methods are not available or are not valid due to the complexity of the phenomena involved,
a design may be evaluated through the analysis of results from fire tests having a characteristic scale
comparable (based on engineering judgement) to the largest dimension of the built environment that can
influence the outcomes. It is necessary that such tests that are designed to reproduce all important features of
fire behaviour for the situation of interest be denoted as reference-fire scenario tests. Results from this type of
fire test should be analysed to show that the conclusions drawn are applicable to the relevant design situation
and that such conclusions do not represent an unwarranted extrapolation from test data. Such a test is limited
to simple configurations of the built environment or parts thereof.

10.1.4 Engi

objectives b
the relevant

satisfying performance criteria. It is desirable that this be a team effort involving individual
reas of expertise and experience.

10.2 Preliminary qualitative report

At this stage
engineering
report. It sh
performance

The prelimin

of an assessment, it is necessary that the selection of desigfiyscenarios and the selecti

methods being used for evaluation document the information-included in a preliminary quali
buld also include the scope of the project, fire-safety objettives, functional requirements
criteria selected.

ary report should receive the agreement of the Nnterested/affected parties, especiall

authorities having jurisdiction when dealing with regulatory objectives.

Following co
of the items
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are express¢g
each design
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11.1 Quan{

mments received by these interested/affected-parties, it can be necessary to change one or
tontained in the preliminary report.

rio-based evaluation of trial design

safety design plan should be evaluated by carrying out an engineering analysis using engine
etermine whether the quantitative performance criteria are achieved for each design fire sce

pn quantifies the performance of the trial design. Depending on whether the performance ¢

d in a deterministic’or a probabilistic manner, the evaluation can involve specific calculatio
fire scenariosorva probabilistic representation of calculations applying to a range of desig

ification of design fire scenarios

ce of
ering
meet

pn of
fative
and

the

more

ering
nario.

iteria
ns for
h fire

11.1.1 Input-data

Data are required to determine, with sufficient accuracy, the design fire to use for each design fire scenario
and to quantify the effects of these design fire scenarios. Data can be obtained from tests and/or surveys, or
from literature.

It is necessary to check carefully the data derived from tests and surveys regarding

the valid

12

ity of the methodology by which data were obtained;

the range of application of the testing and survey results;

the uncertainty attached to them.
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In the majority of cases, it is recommended to control the set of data by using them when comparing the
results of a calculation method with valid experimental or statistical results.

For data taken from the literature, the same verification as for data from tests and surveys is necessary.

11.1.2 Evaluation of consequences

It is necessary to determine the consequences of each design fire scenario taking into account the
performance (such as effectiveness, level of confidence, response time) of the fire-protection systems and any
interactions between the fire-protection systems and the fire severity.

Whefi dealing with health and lite safety, behavioural scenarios have 1o be taken into account.

Thesp analyses will consider

a) determination of fire behaviour. The evaluation of design fire scenarios through a'deterministjc analysis or
e evaluation of all representative fire scenarios in a fire risk assessment_should include [the following
spects of fire behaviour:

+ design fire growth in the built environment,

+ movement of effluents caused by the design fire in the built.énvironment,

+ functioning and reliability of active fire-protection systems;

+ functioning and reliability of passive fire systems,

+ effects of the fire-safety management;

b) determination of fire impact. The evaluation-of fire behaviour, considering the relevant objegtives, should
he made identifying the impacts of fire on the following:

+ life safety,

+— property,

+ continuity of operations,

+ protection of the‘environment,

+ preservation of heritage.

11.1.3 Evaluation of frequency of events

For gach design fire scenario considered, it is necessary to undertake an appropriate, detailed pvaluation of
its probability of occurrence.

11.1.4 Safety factors and uncertainty

In evaluating a fire safety design plan, as with any engineering evaluation, there are many sources of
uncertainty. These can include uncertainties associated with

a) the choice and definition of the scenario(s);
b) the functioning of fire protection measures;

c) the selection of appropriate engineering methods for a chosen scenario;
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d) the validity of the selected engineering method,;
e) the value of input data and chosen parameters;

f) assumptions made as part of the analysis.

The magnitude of uncertainty associated with each component of the evaluation should be quantified and then
combined to establish an overall level of uncertainty. This overall level provides the basis for the choice of

safety factors (or safety margins) for application.

Many uncertainties are explicitly quantified in probabilistic analysis.

It is not yet possible to quantify levels of uncertainty for all stages of the design process, nor is there
generally acgepted methodology for combining them.

Any safety factors incorporated in a proposed solution involve a degree of expert judgement by the d
engineer and, consequently, also by those responsible for assessing and approving the solution. Whe
possible, thig judgement should be informed by an understanding of the basis and limitations of the ch
scenarios, mpdels and data, and should be made explicit in the reporting and presentation’of the final des

For the impqrtant practical case where a design is based on a single analytical expression, methods
been develdped in structural and other engineering areas to derive safety.factors (partial coeffic
correspondirlg to a pre-determined level of risk or failure. The method js<tsually termed “reliability-k
design” and assumes that relevant uncertainties are quantified in statistical terms. A general description
methodologylis given in ISO/TR 13387-1:1999, Annex E.

11.2 Comparison with performance criteria

It is necessaly to compare the results of the evaluations of the fire-safety design for each design fire sce
for both consequence and frequency, as well as with the performance criteria for the relevant fire-g
objectives. If the comparison is unsatisfactory for ange or several of the objectives/design scenarios
following responses are possible.

— The trialfdesign should be modified, to meet’any performance criteria that are not met by the origina
design. Any changes made in the fire-safety design plan due to actions from Clause 11 should resu
repeat of the procedures outlined in/€lauses 7 through 11.

— When the objective under consideration is voluntary, it can be possible to change the objecti
performance criteria with thelinformed agreement of the interested/affected parties.
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— For sonfe situations, it‘can be necessary to review the scope of the project. In this case, the pragcess

should return to Clause 5.

12 Final project report

12.1 Project documentation

12.1.1 General

Three different kinds of documentation should be issued:

— areport for the conditions of use of the built environment;

— a report on the fire-safety engineering assessment performed, in line with the conditions of the
environment;

built

— amanual of inspection and maintenance procedures for application during the life of the built environment.
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