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Foreword

©1SO

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 commlttee International organizations, governmental and non-governmental, in

liaison wj
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can be fransformed into International Standards. Technical Reports of type 3 do not necessarily havel

reviewed

ISO/TR 1

safety, Slibcommittee SC 4, Fire safety engineering.

ion (IEC) on all matters of electrotechnlcal standardlzatlon

task of ISO technical committees is to prepare International Standards, but in exceptional circumstg
committee may propose the publication of a Technical Report of one of the following types:

1, when the required support cannot be obtained for the publication of an International Standard,
hted efforts;

2, when the subject is still under technical development or where for any other reason there is theg
ot immediate possibility of an agreement on an International Standard;

3, when a technical committee has collected data of a different kind-from that which is normally pu
h International Standard (“state of the art”, for example).

Reports of types 1 and 2 are subject to review within three<years of publication, to decide wheth
until the data they provide are considered to be no longer valid or useful.

3387-1, which is a Technical Report of type 2, was prepared by Technical Committee ISO/TC 9

to the provision of fire safety in buildings. The approach ignores any constraints which might app,
nce of regulations or codes; following the approach will not, therefore, necessarily mean complian
egulations.

3387 consists of the followig)parts, under the general title Fire safety engineering:

1: Application of fire performance concepts to design objectives

2: Design fire scenarios and design fires

3: Assessmient and verification of mathematical fire models

4. Initiation and development of fire and generation of fire effluents
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of eight parts which outlines important aspects which need to be considered in making a fundgmental
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6: Structural response and fire spread beyond the enclosure of origin
7. Detection, activation and suppression

8: Life safety — Occupant behaviour, location and condition

Annex D forms a normative part of this part of ISO/TR 13387. Annexes A to C and annexes E and F are for
information only.
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Introduction

A fire safety engineering approach may have many benefits over prescriptive approaches (see annex A). It takes
into account the totality of the fire safety package and provides a more fundamental and economic solution than
traditional approaches to fire safety. It may be the only viable means of achieving a satisfactory level of fire safety in
some large and complex buildings. For most buildings prescriptive recommendations may be found to be adequate

but the-use-of-a-fire-safet\engineering-approach-enables-the-more-precise-desigh-necessarforthe-assessment of
Y g PP P g Y t b

new and complex projects.

This part of ISO/TR 13387 is intended to be applicable to both new and existing buildings and can.be used either to
justify minor deviations from traditional/prescriptive codes or to evaluate the building design as,a whole.

The inferaction of fire, buildings and people gives rise to a large number of possible sceharios. Togethef with the
wide rainge of building designs and uses, this makes it impractical to establish a single’ set of calculations and
procedures that can be applied directly to all buildings. There are still many gaps in{the available knowledige and it
is, thenefore, not possible to set down simple step-by-step procedures that can be applied to all buildings.| This part
of ISO|TR 13387 is, therefore, intended to provide a framework for a flexible but formalised approach to fire safety
design|that can be readily assessed by the statutory authorities.

The clirrent knowledge and ability to model fire processes and thé response of people requires the use of
enginegering judgement to compensate for gaps in, or supplement, "knowledge. The approaches and piocedures
detailefd in this part of ISO/TR 13387 should, therefore, only be utsed by suitably qualified and experignced fire
safety professionals. It is also important that account should be, taken of statutory requirements, and the appropriate
approvals bodies should, where necessary, be consulted before final decisions are made about the flre safety
design
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Fire safetv engineering —
salely engineering

Part 1:
Application of fire performance concepts to design objectives

1 Scppe

This gart of ISO/TR 13387 describes one framework for the provision of an engineered approagd
achievement of fire safety in buildings, based on the quantification,of-the behaviour of fire and pe
Technical Report is not intended as a detailed technical design<guide, but could be used as the
development of such a guide. It indicates the interdependence and‘interactions between various compone
fire safety system and provides an indication of the totality of\fire safety design. It is appropriate fa
alterngtive single or multiple design objectives.

The bdgsic principles given in this part of ISO/TR 13387, together with the guidance on detailed aspects of

h to the
bple. The
basis for
nts of the
r various

ire safety

design| given in other parts, may be applied to all types of building and their use. Principally this Part applies to

common types of building such as dwellings, office buildings, department stores, schools, hotels, arn
assemply and industrial buildings, new and existing.

The prjnciples, the methodology and many-of-the calculation tools may be applied to the safe design of m
structures, which may or may not accommodate people, such as tunnels, petrochemical plants, offsho
installgtions and transportation systems (railway carriages, aircraft cabins and passenger ships).

This part of ISO/TR 13387 takes into account many factors including building construction, means o
human factors, smoke management, detection, alarm and fire suppression and their contribution to the 4

d public-

any other
re oil/gas

escape,
ttainment

of the fire safety objectives-Ii provides some alternative approaches to existing codes for fire safety and allows the

effect

f departures from-more prescriptive codes and regulations to be evaluated.

Although the emphasis in this document is on safety of life, the fire safety engineering approach can also i
assesg property. loss, business interruption, contamination of the environment and destruction of herit
anticippted that,"in the future, this part of ISO/TR 13387 will be broadened to cover, for example, prop
busineps interruption, contamination of the environment and destruction of heritage.

e used to
age. It is
erty loss,

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of

this part of ISO/TR 13387. For dated references, subsequent amendments to, or revisions of, any

of these

publications do not apply. However, parties to agreements based on this part of ISO/TR 13387 are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For

undated references, the latest edition of the normative document referred to applies. Members of 1SO
maintain registers of currently valid International Standards.

ISO 31-0:1992, Quantities and units — Part O0: General principles.

and IEC
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ISO 31-4 1992, Quantities and units — Part 4. Heat.

ISO/TR 13387-2, Fire safety engineering — Part 2: Design fire scenarios and design fires.

ISO/TR 13387-3, Fire safety engineering — Part 3: Assessment and verification of mathematical fire models.
ISO/TR 13387-4, Fire safety engineering — Part 4: Initiation and development of fire and generation of fire effluents.

ISO/TR 13387-5, Fire safety engineering — Part 5: Movement of fire effluents.

ISO/TR 13387-6, Fire saiely engineering — Part 6. Stractaral response and fire spread beyond the enclosure of
origin.

ISO/TR 13387-7, Fire safety engineering — Part 7: Detection, activation and suppression.
ISO/TR 13387-8, Fire safety engineering — Part 8: Life safety — Occupant behaviour, location‘and condition

ISO 13943, Fire safety — Vocabulary.

3 Terms and definitions

For the pprposes of this part of ISO/TR 13387, the terms and definitions given.in ISO 13943 and the following| apply.

3.1
acceptange criteria
qualitativé and quantitative criteria which have been agreed with‘the building approval authority and hence fprm an
acceptable basis for assessing the safety of a building design

3.2
alarm time

the time etween ignition and alarm

3.3
characteijisation

the process of determining design data which are in a form suitable for input to a subsystem

34
critical fir¢ load

the fire lopd required in a compartment to produce a fire of sufficient severity to cause failure of fire-resisting harriers
or structdral elements

3.5
detection|time

the time hetween’ignition of a fire and its detection by an automatic or manual system

3.6
deterministie‘study

a methodology, based on physical relationships derived from scientific theories and empirical results, that for a
given set of initial conditions will always produce the same outcome

3.7

engineering judgement

the process exercised by a professional who is qualified by way of education, experience and recognised skills to
complement, supplement, accept or reject elements of a quantitative analysis

3.8

escape/evacuation time

the interval between the time of a warning of fire being transmitted to the occupants and the time at which the
occupants of a specified part of a building or all of the building are able to enter a place of safety
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3.9
estimated design parameter
a design parameter which involves a process of estimation (or characterisation)

It may describe the building, contents, occupants and environment. This is usually decided by the fire safety
engineer.

3.10
exit
a doorway or other suitable opening giving direct access to a place of safety

Exits include exterior exit doors, exit passageways, horizontal exits, separated exit stairs and separatedyexjt ramps.

3.11
fire safety engineering
the application of engineering principles, rules and expert judgement based on a scientificcappreciation of the fire
phenoimena, of the effects of fire, and of the reaction and behaviour of people, in order to:

O sgve life, protect property and preserve the environment and heritage;
O qyantify the hazards and risk of fire and its effects;

O evValuate analytically the optimum protective and preventative measures necessary to limit, within grescribed
leyels, the consequences of fire

3.12
fire safety manual
a document detailing the fire safety management proceduresihat should be implemented on a continuing hasis

3.13
hazard

the pofential for loss of life (or injury) and/or damageto property by fire

3.14

movenpent time
the time needed for all of the occupants of a specified part of a building to move to an exit and pass throdigh it and
into a place of safety

3.15
manadement or manager
the pefsons or person jin“overall control of the premises whilst people are present, exercising this responsibility
either in their own right;"ezg. as the owner, or by delegation

3.16
meang of escape
structural means whereby safe routes are provided for persons to travel from any point in a building to & place of
safety

3.17

phased evacuation

a process by which a limited number of floors (usually the fire floor and the level above and below) are evacuated
initially and the remaining floors are evacuated as and when necessary

3.18
place of safety
a place in which persons are in no immediate danger from the effects of fire

3.19
prescribed design parameter
a design parameter which can be directly measured and requires no estimation or conversion of data
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It may describe the building, contents, occupants and environment, and is usually decided by the fire safety
engineer.

3.20

pre-movement time

the time interval between the warning of fire being given (by an alarm or by direct sight of smoke or fire) and the first
move being made towards an exit

3.21
risk
the potemtial for realisation of an unwanted event, which Is a function of the hazard, its probability, and its
consequgnces

3.22
system variables
those pafameters which are functions of time and which are used in a fire safety engineering eyaluation

They are|listed under the category Simulation Dynamics in the global information.

3.23
travel disfance

the actua] distance that needs to be travelled by a person from any point within a-building to the nearest exit, |having
regard to[the layout of walls, partitions and fittings

3.24
trial design parameters
design parameters (prescribed and estimated) chosen for the purpase of making a fire safety engineering apalysis
on one (tfial) design

3.25
validation (as applied to fire calculation models)

process ¢f determining the correctness of the assumptions and governing equations implemented in a modgl when
applied tq the entire class of problems addressed(by the model

3.26
verificatign (as applied to mathematical firé models)

process ¢f checking a mathematical fice-model for correct physical representation and mathematical accuragy for a
specific gpplication or range of applications

The process involves checking-the theoretical basis, the appropriateness of the assumptions used in the model, and

that the |model contains (ho- unacceptable mathematical errors and has been shown, by comparisgn with
experimeptal data, to provide predictions of the course of events in similar fire situations with a known accuragy.

4 The globalapproach

4.1 General

Traditional approaches to achieving fire safety in buildings have involved the adoption of a number of complex and
often disjointed requirements for different components of the fire safety system. The value of each to the overall
design objective is unknown and the complementary or compensating nature of these provisions cannot be
quantified.

As a result of the large and rapid increase in innovative and diversified building design, traditional regulations based
on "prescription” rather than "performance" have proved to be restrictive and inflexible. Consequently, more
fundamental approaches to the provision of fire safety in buildings have had to be pursued. A more detailed
discussion of the background to the application of fire safety engineering and its benefits is given in annex A.
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This part of ISO/TR 13387 looks at the provision of fire safety in buildings from a fundamental viewpoint, and it
ignores the constraints that may be applied to building design as a consequence of various national regulations or
codes. The fact that a building has been designed adopting the approach given in this document does not,
therefore, mean that it will satisfy the requirements of national regulations. The document may help to discipline
engineered approaches to fire safety design and to ensure that all the essential requirements and aspects of design
have been properly considered and addressed, and that, having established the objectives of design, these are

demon

strated as being satisfied in an acceptable and quantified manner.

The approach adopted in this part of ISO/TR 13387 is to consider the global objective of fire safety design and to
give guidance on the nature of criteria which may be appropriate to demonstrating compliance with these objectives.

The gl
that th
conseq

In add
loss, b
be usq
conse(
the ind

42 S

Fire sgfety engineering assessment involves the following steps (the basic process is illustrated in Figure 1)):

a) Q
THh
ju
to

Fd
th

M

—

e inter-relationship and interdependence of the various subsystems are appreciated,-ahd

tion to life safety, the principles and methodology in this document can also be used/to determing
Lisiness interruption, contamination of the environment and destruction of heritage. Thé-Technical R
d, for instance, to predict a contents response-time profile which enables thejamount of fire log
uential, etc.) to be determined from a knowledge of the location, value, damageability and salvag
vidual items of building contents and spatial distribution of smoke, heat, watér and corrosive produc

ummary of the fire safety engineering assessment process

halitative design review (QDR):
e review is qualitative because not all the values of the. 'design parameters will be known and er
lgement will need to be applied to obtain them. It is.alSo qualitative because judgement will need tq
decide on a limited number of important fire scenarios for later quantified analysis.

r a large project, it is preferable for the QDR-to*be undertaken by a team which includes the design
b approval authorities.

bre information on the QDR is given:in.@nnex B.
S necessary to:

define fire safety objectives and acceptance criteria — possibly in consultation with the
authorities;

establish the prescribed design parameters by reviewing the architectural design and the prof
safety features;

charagtéerise the building and its occupants, i.e. estimate design parameters not given by the arch

identify potential fire hazards and their possible consequences;

uences of all the events in any one subsystem on all other subsystems are identified and addressedl.

that the

bbal design is sub-divided into what are called "subsystems" of the total design, and the documenl ensures

property
eport can
s (direct,
pability of
[S.

gineering
be used

team and

approval

osed fire

tect;

d

O

Sefectthose fire scenarios which shoutd formm part of the quantifiedanatysis;
establish trial fire safety designs;

indicate appropriate methods of analysis.

b) Quantitative analysis of design:

d

carry out a time-based quantified analysis using the appropriate subsystems — or use another appropriate
method of analysis as indicated in the QDR, making sure that, wherever possible, mathematical models

are verified (see ISO/TR13387-3).

c) Assess the outcome of the analysis against the safety criteria:
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d)

©1SO

O Repeat the analysis if the acceptance criteria not satisfied (e.g. in a life safety assessment) by controlling
the fire process to increase the time available for safe escape (where appropriate) and/or reducing the time

required to escape.

Report and present the results.

Start

Qualitative
design review -
(QDR) /

l

Quantitative
analysis of
design

Assessment
against criteria

Unsatisfactory

Reporting and
presentation of
results

iR

End

Figure 1 — Basic fire safety design process
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4.3 The subsystems of the design
4.3.1 General

The evaluation of the fire safety design of a building is broken down, to simplify the process, into five separate
components of the system (subsystems denoted by SS1 to SS5) as follows:

4.3.2 SS1 — Initiation and development of fire and generation of fire effluents

This subsystem provides a framework for critically reviewing the suitability of an engineering method for assessing
~ The subsystem may also
provid¢ means to assess the effectiveness of fire safety measures meant to reduce the probability cofignition, to
controll fire development, and to reduce accumulation of heat, smoke, and toxic products or products)Causing non-
thermgl damage. Methods for calculating the effects of the design fires for use in the design andrdssessmnt of fire
safety pf a building are also addressed.

4.3.3 BS2 — Movement of fire effluents

This slibsystem provides a framework for critically reviewing the suitability of an engineering method for assessing
the potential for movement of fire effluents during the course of a fire. The subsystem may also provide means to
assesq the effectiveness of fire safety measures meant to reduce the adverse effects of the movement of fire
effluents. Methods for calculating the effects of the design fires for use in thexdesign and assessment of fire safety
of a byilding are also addressed.

The sybsystem draws on other subsystems for a prescription or characterisation of the fire. The predictigns of the
fire dejelopment and the production of fire effluents is provided:by subsystem 1. The prediction of the gpread of
smoke| and flames through openings is addressed by subsystem 2 while the spread of fire through Harriers is
provided by subsystem 3.

4.3.4 BS3 — Structural response and fire spread beyond the enclosure of origin

This subsystem provides a framework for critically reviewing the suitability of an engineering methpd (hand
calculdtion, computer method or fire test) for assessing the structural response and the potential for fire spread in a
given gituation (application). This entails an-analysis of the unit physical and chemical processes involved in each of
the mades of fire spread (e.g. room to (room, building to building, room to external items). The availability (and
reliabillty) of the relevant input data for each unit process is also addressed.

The slibsystem draws on other'subsystems for a prescription or characterisation of the fire. Subsystem 1, for
example, provides predictions.of-the time to flashover and the temperature history in the room of fire origin. These
data, glong with the description’ of the building assemblies (trial design parameters) are employed by the shibsystem
to predict the likelihood (and-time) of fire spread, and the likelihood (and time) of structural collapse.

Should fire spread ftent the room (compartment) of fire origin or should local structural collapse occur, nat only will
additiopal property¢damage be incurred, but the safety of building occupants and firefighters outside [the room
(compartment)~of’ fire origin can be compromised. Hence data generated by subsystem 3 become |inputs to
subsygtem. 5.

F|na||y gllir‘lﬂhr‘ﬂ on ihfnrprnfing the results of an annl\]lcic of the pnfnnfinl of fire eprnnd is also prn\/i ed. This

includes guidance on the selection of criteria for assessing the effectiveness of fire safety measures meant to
reduce the potential of fire spread. The latter is only possible if the objectives of fire safety design have been clearly
specified.

4.3.5 SS4 — Detection, activation and suppression

This subsystem provides guidance on the use of engineering methods for the prediction of the time to detect smoke
or flames by a wide range of commercial devices, including the time required for heat-sensitive elements in
suppression or other control devices to respond to the gas flow generated by an incipient or growing fire. The
subsystem also provides guidance on how to predict, once detection has occurred, the time required to activate the
desired response to a fire, such as an alarm, a smoke damper or a specified flow of extinguishing agent from typical
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distribution devices. Methods of estimating the effectiveness of many common fire-suppression and control
strategies are also addressed.

Subsystem 4 draws on subsystems 1 to 3 for characterising the size of the fire as well as the temperature, species
concentration and gas velocity fields generated by the fire at any time after ignition/initiation of the design fire event.
This information, along with a description of sensor locations from the building design parameters, is employed by
subsystem 4 to predict detection times and the operation of elements, such as those in automatic sprinklers, that
allow release of pressurised extinguishing agent (e.g. water) at a nozzle.

The effect of various suppression strategies on the fire heat release rate is estimated in subsystem 4 currently by
referencq to national codes and installation guidelines and the use of engineering judgement in the application of
these guifelines to the design fire scenarios. Once an assumed suppression strategy (usually in terms of.a required
agent floy rate) takes effect, there is considerable feedback required between subsystem 4 and subsystem 2 so
that the resultant fire environment (e.g. gas temperatures and species concentrations) can be determined. If the fire
environmeent is unacceptable, alternative suppression strategies may have to be considered.

Activatior) times are also determined in subsystem 4, most often from a wealth of input infosmation available from
the vendgrs and manufacturers of the various detection and suppression systems to hejinstalled in a building. The
hydraulic|design of sprinkler piping systems is considered to be part of this activation*process since such| piping
design emsures that the required flow rate of water or other agent will be available ‘\when distribution nozzles are
activated|by the detection elements.

4.3.6 S35 — Life safety: occupant behaviour, location and condition

This subgystem provides guidance to designers, regulators and fire safety professionals on the use of engineering
methods pf evaluating the condition and location of the occupants of\a building exposed to fire with respect to|time.

It covers|assumptions that underlie the basic principles of designing for life safety and provides guidance |on the
processep, assessments and calculations necessary to determine the location and condition of occupantg of the
building, [with respect to time. The subsystem also draws on other subsystems for matters that impact jon the
occupants. Temperature, smoke and toxicity profiles from SS2 are of particular importance.

This subgystem also provides a framework for reviewing the suitability of an engineering method for assessjng the
life safety| potential of building occupants.

4.4 Dedign parameters
4.4.1 Prescribed design parameters

These represent all the parameters and data which are known and provided by the architect to the fire| safety
engineer] Prescribed design.parameters fall into the following categories:

a) aspdcts of the building design, its contents and its use;
b) the fire safety:system installations and facilities for fire brigade intervention;

¢) the dceupants;

d) the environment.
4.4.2 Estimated design parameters

These represent all the parameters and data needed to supplement the prescribed design parameters before a fire
safety engineering assessment can begin. Here the fire safety engineer, based on engineering analysis, needs to
make assumptions or estimates in the absence of data from the architect, hence the term estimated design
parameters. Fire load density is an example of an estimated design parameter since it is unlikely that the architect
will know the value (e.g. kg timber/m2 or MJ/m?2) corresponding to the actual combustible contents of the building or
room, and will therefore not be able to give this data as a prescribed design parameter.
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The process of deriving the estimated design data is called "characterisation" in this Technical Report and concerns
four main areas:

a) fireload,;

b) design fire scenario/design fires;

c) oc

cupant characteristics and number;

d) environmental effects.
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- information on how to derive characteristic data for design fires is given in ISO/TR 13387-2.
he global information, evaluation and process concept

ationships and inter-dependence of the two kinds of design parameters and subsystems is illust
ed form in Figure 2 in which evaluations and processes are omitted for clarity.

ated in a
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tion, indicated in Figure 2 by an inward-pointing arrow. Some of the.values of the estimatg

is done via the global information; other values of the estimated desigh parameters come direct f
. The engineering analysis is done to convert the inputs to the (estimated design parameters t

d design
\rameters
om other
D outputs

re placed in the global information. All the values of the desigiiparameters are now included in {he global

tion ready for input to the various subsystems.

information. For example, subsystem 2 (SS2) takés information such as rate of heat releas
riate time (obtained as an output of SS1), time to_activate smoke extract system and environment
its calculations and outputs information such as;smoke temperature and layer depth versus time at
n(s) to the global information for possible use_ by another subsystem.

hed in addition to the global information.

lationship of these three (global information, evaluations and processes) and the activities invol
. The global information coptains only numbers representing information about each item in the inf
formation can be a singlenumber (e.g. room height in the building) or an array of numbers
ature distribution at a—particular location in a room). The evaluations represent a series of sul

ubsystem takes the values of design parameters it needs;-makes the calculation and places the oufput in the

e at the
bl effects,
the target

are then

ved is as
ormation.
(such as
D-routines

executed in such a way that-the overall job of a particular subsystem is accomplished. The evaluation sulp-routines

will ac
specifi
an eva

Cept all the informiation it or its processes need from the global information. Process algorithms a
C jobs for an evaluation sub-routine (e.g. calculating radiative heat transfer from one object to anothg

inform

executed, theswhole subsystem's tasks are finished for a given time from ignition. When all the subsysts
executed all their sub-routines in logical order and looped through time in small increments, a fire safety en
assesgment for a defined scenario will have been made.

tion related‘to its specific tasks. When all the sub-routines in a given subsystem's evaluations h

complish
er). When

luation sub-routine has finished its execution, it now contains updated information for output to the global

ave been
ems have
gineering

In a life safety assessment, the occupant location and condition data are returned to the global information system
and these are compared against the life safety strategy to establish if the safety objective has been met.

The above-mentioned procedure is used in a deterministic design. A probabilistic risk assessment would require an
overlay of the anticipated frequency that the events or sequence of events will occur in the way assumed.
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The dash-outlined boxes indicate possible future work on design objectives.

NOTE

Figure 2 — Schematic representation of the fire safety engineering system
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4.6 Engineering methods

Having established one or more trial designs and the significant fire scenarios, the depth and scope of quantification
required needs to be established.

The scope of quantification required and the type and complexity of analysis required to provide an adequate
solution should be carefully considered. For instance, when considering the movement of a uniform crowd of
occupants from a large, unobstructed building, simple hand calculations may be appropriate, whereas a more
detailed model may be more appropriate in a case where the effect of smoke movement in the space or the
presence of disabled people in the population need to be taken into account.

The types of analysis procedure to consider include:
a) simple calculation;

b) cgmputer-based deterministic analysis;

c) prpbabilistic studies;

d) exXperimental methods.

In some circumstances where a quantitative analysis is not appropriate, adetailed qualitative study or regults from
evacudtion trials may provide an effective means of arriving at a design solution.

A deterministic study using comparative criteria will generally 4equire far fewer data and resources than a
probaljilistic approach and is likely to be the simplest method of achieving an acceptable solution.

The prpbabilistic approach is introduced in clause 8. Deterministic models are given in the documents degling with
the sulbsystems, i.e. ISO/TR 13387-4, 13387-5, 13387-6, and 13387-7.

5 Firg safety management
5.1 Qeneral

Fire sdfety management procedures have a vital role to play in the prevention and control of fires, the evaguation of
the octupants and the maintenance-of fire safety systems. A common element in multi-fatality fires is |often the
failure |of the occupants of premises, whether they are staff or members of the public, to take the corrg¢ct action
when fire is discovered or when the alarm is raised. When a facility is effectively managed, the probability of fire
startinl; can be reduced andthe likelihood of successful evacuation can be enhanced.

For the purpose of this part of ISO/TR 13387, it has been assumed that the building will be managed in p manner
that takes account-0f the need to implement effective evacuation procedures, maintain fire safety equipment and
provide adequate staff training.

The possikility of failures in management procedures and fire protection systems should be consideregdl. This is
particufarly important as it is often difficult to be certain that effective fire safety management procedures will be
maintained over the Tifetime of the building. However, in certain types of building, particularly those occupied by
large numbers of the public, effective management procedures are crucial to a speedy and orderly evacuation. In
such buildings, it is desirable for a regular audit, ideally third-party, to be carried out to ensure that effective fire
safety management procedures are implemented on a continuing basis.

5.2 Independent audit

Where an independent audit of fire protection and management procedures is carried out regularly, e.g. at least
once every six months, it is reasonable to assume that fire protection systems and evacuation procedures are more
likely to work effectively than where there are no regular independent audits. Therefore, in buildings that are not
subject to independent audit the results of the fire engineering study may show that additional fire protection
measures are needed to achieve an acceptable level of safety.

11
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Guidance on key aspects of fire safety management is given in annex C.

6 Objectives and criteria

6.1 General

©1SO

Prior to proceeding with any design, the objectives must be clearly defined and appropriate criteria established. The
procedures given in this part of ISO/TR 13387 may be used to develop a complete fire safety strategy or may

s and

simply be
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6.2 Fun
6.2.1 GH
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below. TH

6.2.2 Lif

The occ
the publig
safety ob

a) the @ccupants are able to remain in place, evacuate to another part of the building or totally evacu
ng without being subject to hazardous (e.g. causing injury-or incapacitating) or untenable conditions|;

build

b) firefighters are safely able

1

2)

3)
c) colla

build
Details of
6.2.3 Lo
The effeg
the limita
a) thesg

used to consider ane aspect of the dpcign It is_therefore imlnnrf;mf to_estabhlish that the nhjprti\/

d acceptance criteria are appropriate to the particular design aspect under consideration.
ctional objectives
neral

fire safety objectives that may need to be addressed in carrying out a fire engineering study ar¢
e list is not exhaustive, and not all items may be appropriate to a particular study.

b safety objectives
pants of a building, as well as firefighters who may have entered that building together with mem

, and firefighters who are in the vicinity of a building can, potentially, be put at risk by fire. The m
ectives are therefore to ensure that:

0 assist evacuation where necessary,
o effect rescue where necessary,
0 prevent extensive spread of fire;

pse of elements of structure-does not endanger people (including firefighters) who are likely to be n
ng.

life safety strategies’and evaluation techniques are given in annex D.
5S prevention

ts of a fire-gn the continuing viability of a business can be substantial and consideration should be d
ion of damage to:

tructure and fabric of the building;

e listed

pbers of
ain life

hte the

ear the

iven to

b) the building's contents;

¢) the ongoing viability of the business;

d) the public image of the business.

6.2.4 En

vironmental protection

A conflagration involving several buildings or the release of quantities of hazardous materials may have an
environmental impact that is out of proportion to the size of the original fire. Consideration should, therefore, be
given to the limitation of:

12
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a) the effects of fire on adjacent buildings or facilities;

b) the release of hazardous materials into the environment.

6.3 A

cceptance criteria

6.3.1 General

Whatever measures are taken to reduce the consequences of fire, the possibility of death or injury cannot be totally
eliminated. It must be recognised that there is no such thing as zero risk. It is, therefore, an important first step to

establi
Itis po
a) de
b) pr
c) cQ

Whilst
cause(
to vall
need f

6.3.2

6.3.2.1

Deternpinistic criteria are normally measures of hazard and are assessed in detail relative to selected fire g

The ad
a) un
b) th

Where
adopte

6.3.3

Probal
loss off
small
expres

Society

Eh the criteria against which the adequacy of a design can be judged.

5sible to establish the adequacy of a design using the following approaches:

terministic (including, when appropriate, safety factors);

bbabilistic (risk-based);

mparative (comparison of performance with accepted codes of practice).

the procedures outlined in this document may be used to estimate the-probability and extent o
by fire and fire effluent, it is not possible nor appropriate to propose any criteria of acceptability wh

es attached to such losses. The information may, however, be used in a cost benefit study to a

br additional fire protection systems.

Deterministic criteria

General

dition of safety factors may be needed to take.account of:
certainty in calculation procedures; and/or
b consequences of failure of the design.

there is doubt as to the reliahility of input data or calculation procedures a conservative approach
d.

Probabilistic criteria
ilistic criteria are ‘/measures of risk and so reflect the probability and severity of harm (e.g. injury, de
life or property).n fire scenarios that can occur. The criterion is normally expressed as either an a

probability of-unacceptable harm or an acceptably small expected value of harm, the latter
sed as a‘sum over scenarios of the probability of each scenario times the severity of harm for that s

isfar less tolerant of incidents, however infrequent, that can give rise to more than a small n

damage
ich relate
5sess the

cenarios.

should be

ath, large

cceptably
normally

cenario.

umber of

casual

ies)(e.g. bus accidents compared with car accidents). The implications of a major accident are m

ich wider

than those of injury to a particular individual. Any large-scale accident raises questions of responsibility for safety
and public accountability in a way that accidents to individuals generally do not.

6.3.4 Comparative criteria

The acceptability of a particular desigh may be evaluated by means of a comparison. The level of safety provided
by alternative fire safety strategies can be compared with that achieved by the well established codes. This
approach will generally involve deterministic and/or probabilistic techniques, and therefore there is no clause
entitled "Comparative design". The objective of a comparative study is simply to demonstrate that the building, as
designed, presents no greater risk to the occupants than a similar type of building that complies with a well
established code.
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For a comparative study it should not normally be necessary to include safety factors within the calculation
procedures. Any inaccuracies in the assumptions made will generally have less effect upon the outcome than in a

full probabilistic or deterministic study.

7 Deterministic design

7.1 Background

7.1.1 General

Determin|stic procedures exist to quantify ignition, fire growth, flame spread, the movement of combustier’ prpducts,
the movément of people, the reaction to fire and effect on fire of building systems and featlres, ahd the

consequgnces of fire for the building and its occupants.

These procedures are based on physical, chemical, thermodynamic, hydraulic, electrical or behg

vioural

relationships derived from scientific theories and empirical methods, or from experimentaljiesearch. A deteriinistic

design analysis involves the use of these procedures to calculate the performance of a/design in a form that
compared to deterministic criteria.

7.1.2 Ddterministic techniques

Several geterministic techniques are available. Many are described in part-2, and parts 4 to 8 of this Te
Report.

7.1.3 Fire scenarios

action of fire, buildings and people can give rise ta’a very complex system, which means a
le number of possible fire scenarios. Full analysis of all scenarios would be impossible, so it is ned
a manageable group of scenarios for analysis: These selected scenarios should be chosen so

deterministic criteria. Therefore, in selecting.stenarios, the first consideration is the type and severity of haz
of each $cenario. For many scenariost(e.g. a discarded cigarette on a concrete floor), it may be appar
without agnalysis that the scenario will\not produce a level of hazard that would be unacceptable under
criteria. Tlhese scenarios can be ignored.

Some scenarios with an unaceeptably large hazard may be excluded, either because of very low probability
because [neither their probability nor their severity can be significantly affected by design decisions (e.g
thermonyclear blast). Sueh exclusions should be made cautiously. To be excluded due to low probability, the
scenariog must have-very low probability not only individually but collectively. And for many severe scenar
(e.g. a bgdmb in a parking garage in a high-rise office building), loss can be significantly mitigated through des
even if it cannat‘herentirely prevented.

The scenpfios that remain — all having sufficient probability and severity to justify attention — should be grou

can be

chnical

nearly
essary
that a
bptable

nst
hrd
Nt
he

or

se
0s

gn

ped by

similar type of hazard. A group snhould be defined so that a design feature that aifects one scenario in the group will
affect all the scenarios in that group in similar fashion. For example, fires originating in the same or similar locations
will tend to respond to detection, suppression and compartmentation features in the same way, across a wide range
of initial sizes and speeds of growth of the fires. The most severe fire in each group should be chosen, and those
will be the "worst credible fire scenarios“. Each scenario will be sufficiently different from the other selected

scenarios as to justify separate assessment, in order to make sure the design is acceptably safe overall

. Each

scenario will be sufficiently specific that it can be defined in enough detail for quantitative evaluation; this detailed

specification is called a "design fire*.

In conducting the hazard assessment, it will be possible to ignore many factors and characteristics of fires that

can be shown to have negligible effect on probability and severity. Some factors that cannot be ignored will

be

difficult to quantify, and for these it is important to use simplifying assumptions that are conservative. However,
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if too many conservative assumptions are used, the overall assessment will be too conservative and may, in
fact, be incompatible with any practical design. An iterative process should be used in defining scenarios so that
the degree of conservatism is diminished for each assumption as the number of conservative assumptions
increases. Typical current designs that are acceptable to authorities under existing regulations should also be
found acceptable under the hazard assessment. Therefore, the hazard assessment can be applied to such
designs as a way of calibrating the necessary level of conservatism in the assessment.

Fire sc

enarios and design fire specifications are described in ISO/TR 13387-2.

7.1.4 Limits of application
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Ch establishments. It is important to appreciate that the application of the models resulting.from s
 [imited by the degree of extrapolation that can be made, e.g. in terms of the size of the rogm or thg
that have been examined. This must be carefully considered if extrapolation of test datd,is unavoidg

nat the results are unlikely to be precise. Normally, well formulated models would be expected t
vative predictions within their range of application.

er, in some cases there may be no factor of safety inherent within thezmodel, and the technique
ith care. In all situations, where there is any doubt as to the validity of a model (see ISO/TR 133
hould establish from the literature how the experimental work was carried out and decide whether t
n is markedly different. If so, factors of safety should be applied:

Sensitivity analysis
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Deternpinistic design may involve uncertainties. Usually, thesg;can be dealt with by taking a conservative approach,
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b then the primary sources of uncertainty should:be addressed. These are associated with:

P input parameters, i.e. uncertainties associated with the initial qualitative interpretation of the proble

b simplification needed to develop the deterministic techniques and hence make the analysis more t

Lal input parameters. This willact as a guide to the level of accuracy required of the input data.
jective of a sensitivity study should be not simply to check the accuracy of the results but also to in

e final consequences: If a single system or assumption is shown to be critical to the overall level
bd, consideratignyshould be given to providing a degree of redundancy in the design or to carry
ilistic study,

mplifications and assumptions made in the input data to aid the full analysis should be tested
ty to the fire safety design. For example, it may have been assumed for a comparative study wit
that ‘a compartment remains a compartment, and that the possibility of an open door may be
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More detailed information is given in ISO/TR 13387-3.

7.1.6 Common mode failures

er—an-alterhrative-scenario-would-include-the-open-deoorassumption—FHhus—a-sensitivity-test-enr-the-qualitative

In some instances, the failure of one part of the system can have an adverse effect on the efficiency of another fire
protection measure: e.g. an open fire door will not only be an ineffective barrier to fire spread but may also lead to
failure of a gaseous extinguishing system due to loss of agent. Particular care must be taken by the QDR team to
ensure that any such common mode failures are identified and accounted for in the analysis.
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7.1.7 Property protection
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Property protection objectives may be stated in terms of monetary losses or spatial extent of damage from fire
and its effects. Monetary-loss measures are easier to use in combination with information on the costs of design
alternatives, but calculation methods and fire tests can only produce estimates of spatial damage. Data on the
monetary value of property damage per area or space damaged, by type of damage (e.g. char, smoke
deposition), are not generally available but will need to be developed if calculations of spatial damage are to be
translated into predictions of monetary loss.

The extent of acceptable damage is defined by the QDR team for specific objects or zones, and the calculated

determini

Predicting damage caused by firefighting water from either fire suppression systems (e.g. sprinklets)) or
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calculatin
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fundamental levelprobabilistic procedures provide a basis for addressing and considering all types of fire sc
stic{procedures may mislead if a design is unusually vulnerable to a scenario that is (1) sligh’}:y less

Determin
probable

Stic values for heat and smoke spread should not exceed these.

of the fire brigade, in either spatial or monetary terms, is much more difficult than predicting
g damage from fire and its effects. It is recommended that the analysis not attempt 40 include su
as the associated uncertainty is likely to be so large as to render the analysis results-unusable.

vironmental protection
Lint of damage done to the atmosphere local to the building on fire may-be calculated using a la
pdel capable of predicting the trajectory and dispersion of the fire gases-“Contamination of the la

ater however is not easy to calculate.

ht of acceptable contamination of the air, land and water will have(been set for the project during thq
d contamination values should not exceed the environmentallimits.

hbilistic design

kground

neral

tic procedures exist to quantify ignitien) fire growth, flame spread, the movement of combustion pr
nces of fire for the building and.its occupants.

bcedures are based on fire incident and field survey data, as well as a variety of techniques for prg
ective estimates. More~often, "probabilistic* procedures use a combination of probabilistic meth
nomena as ignition @nd system reliability with deterministic methods for such phenomena as fire
lopment and effects on people and property. A probabilistic design analysis involves the use o

s to calculate-the performance of a design in a form that can be compared to probabilistic criteria.

b some adyantages and disadvantages of probabilistic procedures vs. deterministic procedures

he
or
ch

ge fire
hd and

: QDR.

bducts,

ement of people, the reaction to. fire and effect on fire of building systems and features, apd the

ducing
pds for
growth

these

. At a
enario.

buty much more severe than any considered in the analysis, (2) slightly less severe but muc

more

probable Than any considered In the analySIS or (3) more probable and/or more severe but more unusual (e.g. in
location) than any considered in the analysis. By their extensive use of fire incident and field survey data,
probabilistic procedures are better able to reflect all the aspects of real fires, including the often complex
interactions among factors. Probabilistic procedures are also better adapted to quantify uncertainties.

Disadvantages of probabilistic procedures include gaps in needed data that require either expensive data collection
procedures or extensive use of subjective estimates, with associated large uncertainties. Also, probabilistic
procedures often lack the technical detail and the full use of fire science fundamentals found in deterministic
procedures. This can make them difficult to use for design.
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8.1.2 Probabilistic techniques

Basic probabilistic techniques of fault trees and event trees are briefly described later in this section. More detailed
descriptions may be found in a number of references, including the SFPE Handbook for Fire Protection
Engineering.

8.1.3 Fire scenarios

As already pointed out, the interaction of fire, buildings and people can give rise to a very complex system, which
means a nearly uncountable number of possible fire scenarios. Full analysis of all scenarios would be impossible,
ks, these
h detailed
scenario
der set of

ature that

nentatlon
the most
ysis, with
the probabilities calculated for the associated groups. Each scenario willk be sufficiently different from [the other
selectgd scenarios as to justify separate assessment. Each scenario will be’specific enough that it can be flefined in
sufficignt detail for quantitative evaluation; this detailed specification is-called a "design fire".

In condlucting the risk assessment, it will be possible to ignore many factors and characteristics of fires thjat can be
shown|to have negligible effect on probability and severity. Some factors that cannot be ignored will be fifficult to
quantifly, and for these it is important to use assumptions that@are neither conservative nor typical of all builflings and
occupants but rather that are typical of buildings and occupants involved in fires. Only in this way will the resulting
risk aspessment properly reflect patterns of fire development.

8.1.4 Limits of application and sensitivity analysis

Probalbilistic techniques are subject to the (same limits due to experimental-scale effects, uncertainties of data
extrapglation and uncertainties of model validity and applicability as described for deterministic techniques jn 7.1.4.

The prpbabilistic models themselvesiean be adapted to quantify uncertainty by the use of probability distriutions for
the pr@babilities in the models. Fhis’approach, often called Bayesian analysis, is described in greater detail in any
refererjce on probabilistic modelling.

Fire sgenarios and design.fire specifications are described in ISO/TR 13387-2.
8.2 Basic probabilistic techniques

8.2.1 [General

Probabilistic risk analysis begins with a definition of the risk as a function of the probabilities and consequiences of
scenarnigs:

Risk = Z f (probability, consequence of a given scenario), for all scenarios.

There are two commonly used functions defining risk. One is the "expected value“ or average-consequence
definition of risk:

Risk = Z (probability x consequence of a given scenario), for all scenarios.

The other is the probability that consequences will exceed a specified safety threshold:

17


https://standardsiso.com/api/?name=72d16ae67632a266432750d4c86ad1a9

ISO/TR 13387-1:1999(E)

©1SO

Risk = Z (probability of a given scenario), for all scenarios where the consequences exceed the specified safety

threshold.

The complementary definition of safety is the inverse of risk, i.e.

Safety = Risk™1

A probabilistic risk assessment, using a particular definition of risk, will include the following steps:

a)

b)

<)
d)
e)

f)

determining what fire scenarios can occur;

divid
grou

estinpating or calculating the probability of each scenario group;

estimating or calculating the effects and consequences of each fire scenario selected for-analysis;

calc

if stel

Items (a)
ltems (b
approach

8.2.2 F4

Fault treg
suitable f
including
collapse)
shown ag
what com

If two or fnore lower-level events must all occur in order for a higher-level event to occur, the fault tree uses 4

gate (se€q
by knowl
event is ¢

If any on
Figure 4)
of the prd

The meth
unaccept

D;

lating the total risk associated with fire;

p (e) identifies unacceptable risks, identifying the extra measures required-to reduce that risk.

(d) and (f) should be considered in detail during the QDR (see 4.3))just as in a deterministic calc
es, as described in clause 7.

ult trees

s are logic diagrams showing the logical dependence of events on one another. Fault trees ar
or PRA when risk is defined as the probability that the consequences will exceed a certain thr

The unacceptable event or, more generally, the event of the consequences exceeding the thres

a "top event" — defined as failure, hencethe name "fault tree" — and the fault tree is constructed t
binations of events would lead to failure.

bdge of whether the other lower-level event(s) has(ve) occurred), then the probability of the highg
qual to the product of the‘probabilities of the lower-level events.

b of two or more lower-level events will lead to a higher-level event, the fault tree uses an OR ga
babilities of the-lower-level events.

odology“may be illustrated by a compartment fire example, in which risk is defined as the probabilit
hble, consequence and the unacceptable consequence is defined as structural failure.

Suppose
fuel load, fire resistance of the structure and fire sprinklers. Suppose that the first two are not treated as design
elements but as uncontrollable random factors:

a)

ng the fire scenarios that can occur into groups and selecting specific fire scenarios for analysis frorln each

hlation.

, () and (e) are unique to probabilistic risk assessment but{have analogous steps in deterministic

b most
eshold,

cases like the example where risk is defined-as the probability of an unacceptable event (e.g. stjuctural

hold is
D show

n AND

Figure 3). If the lower-level events are "independent” (i.e. the probability that one will occur is unaffected

br-level

e (see

If the lower-levelevents are independent, then the probability of the higher-level event is equal to the sum

y of an

further that the nnly factars Papahlp of prp\/pnring structural failure are Inrp\/pn'rirm of ignitinn, restri

ction of

Did a fire start which was capable of reaching room burn-out?

O

0

If no, then structural failure is avoided.

If yes, continue.

b) Were sprinklers present?
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If yes, continue.

ere the sprinklers operational (a reliability question)?
If no, go to (e).
If yes, continue.

as the fire scenario one that would render sprinklers ineffective (e.g. a large initial explosion)?

:1999(E)

u
d
e) W,
u

f) B3
re
pri
0

O

It no, then structural tailure I1s avoided.

If yes, continue.
s the structural fire resistance intact (both a reliability and a scenario question)?

If no or yes, continue.
ised on the answers to the above questions, what was the critical fuel load such that a room burn-
sult in a fire of sufficient intensity and duration as to cause structural failure, and was that critical
bsent?

If no, then structural failure is avoided.

If yes, then structural failure occurs.

Quanti
reachi

fication of the analysis can be illustrated by going through’the branching. The probability of a fire g
g room burn-out can be estimated from fire incident data (e.g. as the probability of a fire in an uns

building having flame spread beyond the room of origin), The question of whether sprinklers are present g
design|question, and the analysis should be run both ways, with yes and no answers to the question. Relia
will answer question (c), but it is important to include‘the human errors that can render sprinklers non-o

(e.g. t
Questi
sprinkl

e fact that the sprinkler valve had been turned off), as they are more common than mechanica
bn (d) can also be answered using an _estimate from fire incident data. Some of the scenarios th
brs can also damage the structure orlits fire resistance, but question (e) will mostly be a reliability

but would
fuel load

apable of
brinklered
rnotisa
bility data
perational
| failures.
ht disable
question,

depengling upon workmanship and maintenance. Like question (c), it can be answered by field surveys. Quiestion (f)

require
critical

s a deterministic calculation oruse of fire tests to determine the critical fuel loads in each situatior
fuel load with damaged fire-resistance would be less than with intact fire resistance). Then a field

needed to determine the probability of that critical fuel load being present. The answer to each que

probal

8.2.3

Event
of syst

ility, and the risk for that\scenario group is the product of the probabilities for the respective questior]
Fvent trees

rees (see Figure 5) are diagrams showing events in time in fire development, movement of people,
bms, etc..Event trees are most suitable for PRA when risk is defined as an expected value.

(e.g. the
survey is
5tion is a
S.

response
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X

Py = Py X P3P,

Figure 3 — Fault tree and gate for case when lower-level events are dependent

P,

Y

Py =P, +P,+P,

Figure 4 — Fault tree and\gate for case when lower-level events are independent

Fire Occupant Smoke Heat
starts detection detection detection
J \ OUTCOME
P’?
2 DETECTION
P,
P,
DETECTION
P;
P
DETECTION
Ps
P,
NO DETECTION

Figure 5 — An event tree

©1SO


https://standardsiso.com/api/?name=72d16ae67632a266432750d4c86ad1a9

©1SO

83 D

ISO/TR 13387-1:1999(E)

ata required

8.3.1 General

The acquisition of reliable data can be one of the most important tasks in performing any risk assessment.

The type of information required for a PRA can broadly be classified into four main groups:

a) deterministic data;

b) firfStamisTcS;

¢) bdilding data;

d) syistem reliability data.
8.3.2 Peterministic data

Deternpinistic information regarding the development and possible consequences of/fire may be evaluat

basis d
8.3.3

The lik
data fr

8.3.4

Survey
continy

a) th
b) th
c) th

Where
reliablé

8.3.5

All fire
failures

f the deterministic procedures (see clause 7) and the subsystems.
FFire statistics

elihood of a fire occurring within a particular type of building shauld be established on the basis of
bm buildings of similar use and location.

Building data

data are available to quantify key items of the PRA'such as fractile fire loads and occupancy le

b availability of combustibles and the fractile fire load;
b imposed structural loads;

b number of occupants present and-their condition at any given time.

statistical data will assist inthe performance of a realistic risk assessment.
System reliability data

protection systems may on occasions fail for reasons such as lack of maintenance, random m
or inability tocope with an unusually high fire severity.

cturers-may be able to provide data on frequencies of mechanical or electrical failure and on seve

bd on the

statistical

vels. The

ed development of a fire and the potential consequences will depend upon a number of factors such as:

data are lacking, it is possible\to make assumptions regarding occupancy, fire load, etc.; however, fhe use of

echanical

rity of
may
5 and

Examples of aspects of automatic fire detection and control systems for which reliability data may be required are:

a) detection system response;

b) smoke control system operation;

c) extinguishing system operation;

d) breaches of compartmentation (e.g. insufficient fire stopping, doors being propped open at time of fire, etc.).
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8.4 Common mode failures

In some instances, the failure of one part of the system can have an adverse effect on the efficiency of another fire
protection measure: e.g. an open fire door will not only be an ineffective barrier to fire spread but may also lead to
failure of a gaseous extinguishing system due to loss of agent. Particular care must be taken by the QDR team and
those responsible for the PRA to ensure that any such common mode failures are identified and accounted for in
the analysis.

9 Safety factors and uncertainty

In develdping the solution to a fire safety engineering problem, as with any engineering design, there“arg many
sources ¢f uncertainty. These may include uncertainties associated with:

a) the ghoice and definition of the scenario(s);

b) the fprmulation of an appropriate conceptual model for a chosen scenario;
c) the fprmulation of the associated computational model;

d) the ipput data and other chosen parameters.

In princigle, the magnitude of uncertainty associated with each stage and”component of a solution shquld be
guantified and then combined to establish an overall level of uncertainty.* This overall level may then provjde the
basis for the choice of the safety factor to be used.

Unfortunately, it is not yet possible to quantify levels of uncertainty for all stages of the design process, nor ig there
yet a gererally accepted methodology for combining them. These problems are being addressed, as described in
annex E put, until further progress has been made, any_safety factors incorporated in a proposed solutjon will
involve aldegree of professional judgement by the designrengineer and, consequently, also by those respongible for
assessing and approving the solution. Wherever possible, this judgement should be informed by an undersfanding
of the bagis and limitations of the chosen scenarios;-models and data, and should be made explicit in the reporting
and preséntation of the final design.

For the important practical case where a,design is based on a single analytical expression, methods have been
developefl in structural and other enginéering areas to derive safety factors (partial coefficients) correspondipg to a
pre-determined level of risk or failure:yThe method is usually termed "reliability-based design" and assumgs that
relevant pncertainties are quantified in statistical terms. A general description of the methodology is gfven in
annex E.

10 Summary of thexfire safety design process
10.1 Oyerview

The complexity of the problem being addressed means that no single set of calculations and procedures fan be
prescribedwhich will be applicable to all buildings in all circumstances. However it is possible to identify the
important steps in the process and set them down in a logical sequence (see Figure 1). Having established the
design safety objectives and acceptance criteria and assembled known data (prescribed design parameters) about
the building, contents, fire safety systems, occupants and environment, and having estimated other important inputs
to the design (estimated design parameters), it is necessary to undertake the qualitative design review. The
purpose of the qualitative design review is to identify the fire hazards and their possible consequences, and specify
fire scenarios for analysis. During the assessment, the impact that high standards of fire safety management may
have on mitigation of the hazard should be identified. Having simplified the problem to manageable proportions, the
scope and type of quantification which is appropriate can be decided.

A quantitative assessment is then made using the calculation methods contained in the five subsystems. The
comparison to check that the design satisfies all the design safety objectives and acceptance criteria must be
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carried out. If the objectives and criteria are not met, the design should be changed and the calculations repeated.
Finally, a report is prepared which clearly describes what has been done. The procedure is described below.

10.2 Define the safety objectives and scope of the study
Statutory requirements are generally intended to protect life; however, in a particular project it may also be desirable
to take measures to reduce the potential for large financial losses. The objectives of the fire safety strategy need to

be clearly established, taking account of statutory requirements and the level of protection required.

The main design objectives can be identified in terms of:

a) lif¢ safety, safety of occupants, safety of firefighters and safety of people in the vicinity of the building|who may
bg at risk from falling debris (see annex D);

b) lo$s prevention (loss of the structure and fabric of the building, loss of building contents{\loss of busjness and
pdtential damage to public image);

c) ervironmental protection (e.g. preventing the release of hazardous materials into-the‘environment).

A fire gngineering study may be used to assess all fire safety aspects of a building,design or to consider one section
of a building and justify a small departure from existing prescriptive requirements=’The scope of the study $hould be
clearly|identified and if considering only a partial study it should be ascertained that there is no cascade|effect on
other gdspects of the design that would necessitate a more extensive study:

10.3 Pet acceptance criteria
10.3.1| General

In the Jight of the fire safety objectives, acceptance criteriae must be established against which the succgss of the
trial dgsign(s) can be judged. Guidance on the selection of acceptance criteria for use in fire safety analyses is
given ip 6.3.

Existing knowledge, time constraints and project' requirements will all have an influence on establishing|{the most
approgriate basis for setting the acceptance criteria. It is important to ensure that the regulatory enforcement
authorfties are fully consulted to ensure they'agree to the proposed approaches and associated acceptancg criteria.

10.3.2| Codes of practice

In many projects, it is likely that’the provisions of existing codes of practice and other guidance will be largely
followgd and that fire engineering techniques will not be necessary (or may be used only to justify limited departures
from tHe codes). One of the:simplest measures of acceptance, therefore, may be to define the acceptance|criteria in
terms ¢f compliance with-éxisting code specifications.

10.3.3| Comparative-criteria

Another possibility is to make a comparative analysis between the new design and a design complying with existing
codes |of practice. In such cases, the level of safety in the trial design should be shown (qualitgtively or

quantitatively) to be at least equal ta that in a similar building satisfying traditional guidance (see also 6 3) |

10.3.4 Deterministic criteria

The criteria for deterministic design should be specified in terms of single values of the relevant parameter(s) at the
location of interest, e.g. the maximum acceptable smoke concentration and temperature for tenability. Because of
the uncertainty inherent in the calculation procedures and initial assumptions, deterministic criteria should be used
in conjunction with appropriate safety factors. The safety factors may be expressed explicitly or may be implicit
within the analysis approach adopted. If it is necessary to include explicit safety factors (see clause 9) within the
analysis, these should also be identified and agreed in light of the chosen methods of analysis and the acceptance
criteria (see also 6.3).
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Probabilistic criteria provide the most rational means of assessing the overall level of safety of a design. However,
they do require a judgement to be made regarding the acceptable level of risk. Guidance on the current levels of
risk of death associated with fire and recommendations regarding appropriate acceptance criteria are given in 6.3.

10.3.6 Assembly of trial design parameters

The known factual data on the design or the building, contents, fire safety systems, environment and occupants is
obtained from the building designer. These data may be varied for the purpose of conducting assessments of

alternativE 0€SIgNs 10 arfive at a beter or more economic fife saiety strategy, but are Kept constant during_g single
design prpcess.
The designer must fully describe the project by reference to schematic drawings, models, etc., and, highlight any
architectyral or special requirements that may have an important bearing on the hazard analysis.
It is helpful to have a checklist of items which can be referred to when deciding the range afiinformation neefled for
the trial design parameters and the characteristic parameters. The following checklists, which are not exhaustive,
are providled:

Table 1 — information on the building and its rooms;

Table 2 — information on the fire safety systems;

Table 3 — information on the occupants.
If the dedigner does not know this information, it will have to be @assumed by the fire safety engineer and this then

forms patt of the characterisation process described in 4.5, leading to the estimated design parameters.

In a largd
identified

that some rooms can be considered to be safe from fire'and therefore do not need such information to be pro

building with many rooms, it may not be necessary or economically feasible to provide all the info|

mation

in Tables 1, 2 and 3 for every room. From an-examination of the plans of the building it will often be clear

Vided.
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Table 1 — Checklist for choice of trial design/estimated parameters for the building

Area of review

Items to be considered

Building design

Location and orientation relative to other buildings or site
boundary

Overall size and shape of building and storey heights
Position and sizes of windows and other areas of low fire

resistance In the external/internal Tabric

Location of fire-separating elements (e.g. walls, doors, shutters
floors and roofs) and their fire resistance

Nature of construction (e.g. materials forming the frame, walls,
partitions, floors, suspended ceilings and roof)

Normal circulation routes

Location of main entrances/exits

Provision for dispersal of people from.vicinity of building
Escape routes

Access for fire appliances

Firefighting access within thetbuilding (e.g. location of firefightin
stairways, firefighting lifts)yand protected lobbies)

Fixed firefighting appliances
Compartmentation(fire and smoke spread routes)

Location and dimensions of vertical and horizontal ducts and
their fire resistance

Configuration of hidden voids

Design-constraints

EXxpected level of continuing fire safety management
Any other factor that may influence the fire safety design

Each room or compartment

Size and shape of rooms

Activity in room

Potential ignition sources

Combustible contents

Fire load density

Wall lining

Ceiling linings

Location of load-bearing elements (e.g. beams, columns)

Ambientnoisetevels

Ventilation systems

Possible fire and smoke spread routes

Escape routes

Proposed fire protection systems

Any other factor that may influence the fire safety design
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Table 2 — Checklist for choice of trial design/estimated parameters for the fire safety systems

Fire safety system

Items to be considered

Automatic suppression

Availability of water for firefighting
Extinguishing medium

Delivery rate

Nozzle spacing

Zoning

RellaDIIty

Detection

Detector types

Locations

Zoning

Response characteristics

Compartmentation

Fire resistance
Location
Boundaries

Automatic systems

Dampers

Shutters

Magnetic door-¢atches
Fans

Vents

Reliability

Smoke ventilation

System type, extraction, pressurisation
EXxtraction rate/pressurisation level
Zoning

Alarm and warning systems

Sounder or public address
Zoning

Evacuation strategy

Phased or simultaneous
Management procedures

Escape routes

Exit widths

Travel distances
Stairways

Lifts — protected
Refuges for disabled

First-aid firefighting

Call points
Extinguishers/hose reels
Availability of trained staff

Fire service'facilities

Equipment carried on fire appliances
Attendance time

External fire hydrants

Access routes

Rising mains
Firefighting lifts
Firefighting stairs
Protected lobbies
Smoke extraction

Fire safety management

Numbers and locations of fire wardens
Level of staff training

Management plan

Staff availability

Third-party audit of procedures
Maintenance schedules
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Table 3 — Checklist for choice of trial design/estimated parameters for the occupants

Items to be considered

Occupants Number

Distribution

Mobility

State of wakefulness

Familiarity with the burlding

Any other factor that may influence the fire/safety
design

10.4 [Characterise the building, occupants and environment
The krjown factual data available from the building designer may not be sufficient todallow the fire safety design
process to proceed, and the data may need to be supplemented by assumptions\(estimated design data). Like
the trigl design parameters, these data may be varied for the purpose of conducting assessments of alterpative
designp to arrive at a better or more economic fire safety strategy, but are Kept'constant during a single design
process. Tables 1, 2 and 3 represent checklists that can be used to identify~the kind of information needad. To
provid¢ a basis for consistent assumptions, additional guidance may be/found in ISO/TR 13387-2, 133873 and
1338748 for five main areas:

a) bdilding and fire safety system installations and facilities far-fire brigade intervention;
b) cgntents;

C) odcupants;

d) ernvironment;

e) dgsign fires.

10.5 PUndertake the qualitative design review

10.5.1| Hazard identification

A systeématic review of the ‘pfoject should be conducted to establish the potential fire hazards within the bujlding.
The reyiew should take.account of factors such as:

a) ggneral layout;

b) pqtential ignition sources;

c) n3dture of the activities;

d) anticipated occupancy;

e) construction materials;

f)  combustible contents;

g) any unusual factors.

The above list is not exhaustive and all significant fire hazards should be identified. In evaluating the significance

of a fire hazard, particular account should be taken of the influence of each hazardous event on the
achievement of the fire safety objectives under consideration.
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During the hazard identification stage, possible consequences of failures in the fire protection systems and
management procedures should be considered, e.g. fire doors left open or the smoke detection system being
inoperative. In a probabilistic risk assessment (PRA), the likelihood and consequences of such failures will
generally be quantified; however, in a deterministic study a judgement has to be made as to what represents a
credible scenario for the purposes of detailed analysis. Where a comprehensive fire safety management plan is
implemented and subject to third-party review, the benefits of this can be taken into account when assessing the
likely efficiency of the evacuation process or the reliability of installed fire protection systems.

10.5.2 Fire scenarios for analysis

The numbper of possible fire scenarios in a complex building can become very large and often there are neither
the data |nor the resources available to attempt to quantify them all. The detailed analysis and quantification
should, therefore, be limited to the most significant fire scenarios.

The charfcterisation of a fire scenario for analysis purposes should involve a description of such things as the
initiation, [ growth and extinction of the fire together with the likely smoke and fire spread(routes such|as
ventilation/exhaust ducts. The possible consequences of each fire scenario should also be,considered.

Where alternative fire safety design options are being compared against a reference.case (i.e. in a comparative
study), the quantification can often be considerably simplified. In such instancesit'may only be necessary to
consider g single fire scenario if this will provide sufficient information to evaluate-{he relative levels of safety of
the trial design and the reference (i.e. code-compliant) case.

It is important to establish the important fire scenarios and those that can-be neglected (e.g. whether a very rpre
fire with the potential to cause a large loss is more or less important than small fires having a higher probabijlity
of occurfence but with the potential to produce a similar lossioever time). More information is given| in
ISO/TR 1i3387-2.

The posqibility of failures of protection systems and fire safety management procedures should be taken into
account when establishing the sequences of events to be considered. In a deterministic or comparative study, it
would bg useful to identify a number of worst-case “Scenarios for further evaluation. However, care and
judgement should be used to avoid analysing events with a very low probability of occurrence.

The purgose of the qualitative hazard identifieation analysis is to identify the important fire development
scenariog and describe them in a manner suitable for the quantification process.

10.6 Cqgnduct quantified analysis
10.6.1 QGeneral

Having egtablished one ormore trial designs and established the significant fire scenarios, the justifiable dejpth
and scopg of quantification)needs to be determined.

To establish the required scope of the quantification, it is necessary to identify the extent to which each fire
scenario |requiresaquantification, together with the type and complexity of analysis required to provide|an
adequatd solution. For instance, when considering smoke movement, simple hand calculations may |be
approprigtein® relation to one fire scenario whereas a computational fluid-dynamics model may be mpre
appropriatetoanother:

The types of analysis procedure that should be considered include:
a) simple calculations;

b) a computer-based deterministic analysis;

c) asimple probabilistic study, e.g. comparative PRA,;

d) afull probabilistic study.
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In some circumstances where a quantitative analysis is not appropriate, a detailed qualitative study or fire tests
may provide an effective means of arriving at a design solution.

A deterministic study using comparative criteria will generally require far fewer data and resources than a
probabilistic approach and is likely to be the simplest method of achieving an acceptable design. A full
probabilistic study is only likely to be justified when a substantially new approach to building design or fire
protection practice is being adopted, or when the consequences of failure are very large.

At the conclusion of the qualitative hazard identification analysis, if not before, the type of approach to the
quantified analysis must be decided on. The choices are:

e) ddgterministic;

f)  prpbabilistic;

g) cdmparative.

The advantages/disadvantages of these approaches have been outlined in clauses 7 and*8.
10.6.2| Undertaking the quantified analysis

The dpsign information, i.e. design parameters and characteristic parameters, are input to the relevant
subsydtems via the global information flow system. It may have been possible to utilise a design fire which
bypasges subsystem 1 and directly enters the other subsystems. \Where an appropriate design fire s not
available in ISO/TR 13387-2 or cannot be specified, the design information enters subsystem 1, the calculations
are mgde and the results (e.g. data on size of fire/smoke, pressute/velocity and building condition) are output to
the global information so that they can be input to the other subsystems.

Subsystem 1 provides outputs from time of ignition (time zero) and receives information on time of activation of
fixed fire suppression systems from subsystem 4 and-time of fire brigade intervention from subsystem §. The
effects|of these fire suppression activities are calculated within subsystem 1 for the room of origin.

An impgortant output from subsystem 1 is the rateof heat release, and this is used as an input to subsystem 2 to
enable| calculations of smoke mass with time(te be made using appropriate air entrainment factors as the §moke
spreads through the building. The outputs of subsystem 2 are, for example, smoke temperature, smoke density
and CP concentration at all points in the building as time proceeds. Inputs to subsystem 2, which affeft the
produgtion of smoke and how it spréads, come from the global information flow system and include parameters
such as the rate of heat release; environmental factors, rate of smoke production (expressed as a masg) and
time of| activation of smoke control devices.

The sgme process of subsystem interaction operates in the other subsystems and is shown in Figure 4. The
values|of the parametérs on the global information bus may be time-dependent, such as rate of heat release, or
time-independent, such as a single activation time. The global information bus and, when used, the evalpation
and prpcess buses{ are continuously carrying data as the fire safety assessment proceeds.

The agsessments stops when, in the case of a life safety assessment involving evacuation, it is showp that
peoplel have or have not been evacuated safely from the building. The check on tenability conditions for every
|0Cat|0 1 ;II thc bul:dllly VVhCIC thCIC arcoutiupal Itb ;D ball;Cd uut ;II ouboyetcnl 5 Suboyotcnl \'_J uutputa d ta On

occupant condition and location to the global information and this is compared with the life safety strategy.

If the design has failed, i.e. if an unacceptable number of people are killed by a fire or the fire has done too
much property damage, the design has to be changed and the assessment repeated until the safety objective
has been reached.

10.6.3 Reporting the results

The building owner, building control and fire authorities, insurer and building maintenance personnel will require
a clear record of the fire safety strategy for the building, the layout and contents of the building, and the details
of fire safety management provisions. The report should typically contain the information given in 11.2.
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11 Reporting and presentation
11.1 General

When checking that a design complies with traditional codes and guidance documents, it is relatively
straightforward to establish whether the various provisions of these have been correctly implemented. This
document, however, provides a flexible approach to design using performance-related objectives rather than
prescriptive solutions. It is, therefore, not possible for an approval body simply to compare the proposed design
against a set of well defined recommendations. Because of this, the results of a fire engineering assessment
should befully documented in a way that can be readily assessed hy a third party The report should set out
clearly the basis of the design, the calculation procedures used and any assumptions made during the Stydy,
and pertihent aspects of the design which require on-going supervision, inspection or maintenance should|be
included [n the fire safety manual.

11.2 Cantents

The formpt of the report will depend on the nature and scope of the fire engineering assessment but it shquld
typically g¢ontain the following information:

a) objegtives and scope of the assessment;
b) description of the building and its fire safety installations;
¢) description and characteristics of the occupants;
d) fire dafety objectives;
e) results of the qualitative design review;
f)  basig for selecting fire scenarios for analysis;
g) acceptance criteria;
h) trial gesigns;
i) any influences of fire safety management;
j)  analysis of results, detailing:
1) pssumptions,
2) fescription of models used and their limitations,
3) [|nput and.output data for each subsystem,

4) engineering judgements,

5) taleuwlationprecedures;

6) validation of methodologies,

7) sensitivity analyses;
k) comparison of results of analysis with acceptance criteria;
[) fire protection installations;
m) management requirements, including a fire safety manual;

n) conclusions, giving explicitly:
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1) requirements for fire protection,
2) any limitations on use;

o) references:
1) drawings,

2) design documentation,

3)[ technical literature.

For the purposes of clarity, it is desirable that the main body of the text provides an overview of the-study and that
calculdtions, computer outputs, detailed analysis, etc., be included in annexes.
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The emergence of fire safety engineering
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The next decade will be a period of major change as prescriptive approaches lead to more performance or
"engineered” means of addressing fire safety in buildings in many countries. It is essential that all countries promote
research into fire safety engineering so that freedoms which regulations may already provide are exploited. In the
meantime, the fire safety design of buildings will proceed using a mixture of fire safety engineering and prescriptive

methods.

There are, of course, many imponderables in the field of fire. What will be the item first ignited? Will the door be
open or closed? Will sprinklers operate and will they control the fire? These kinds of question cannot be resolved in
deterministic design but can be accounted for in probabilistic design if appropriate statistical data are available, e.g.
data on the frequency of occurrence of certain events.
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The fire safety design of a building can be established from a deterministic and/or a probabilistic approach. For most
buildings, i.e. houses, offices, shops, factories, schools, hospitals and public-assembly buildings, design is
deterministic because deterministic design is easier, faster and less expensive than probabilistic design.
Probabilistic design is used where the building is of strategic importance and the consequences of an error in the
design, construction or operation of the building or facility are major — nuclear power stations, petrochemical plants
and underground mass transport systems are examples.

The task of predicting the growth and severity of a fire and the behaviour of people exposed to the fire is great, for
both are prone to capricious behaviour. We are at the beginning of this task. Lives are lost when people, whether
they be members of the general public or professional firefighters, are exposed to untenable conditions arising from
heat, gmoke and toxic products of combustion. It is therefore vital that ways be found to predict with~rgasonable
accuragcy:

O the spread of heat, smoke and toxic products of combustion throughout the building;
O the locations and condition of people within the building.

A.2 [he goal

The gqal should be to enable the achievement of a scientifically based and fully ‘developed fire safety erjgineering
package (methodology furnished with appropriate calculation methods and ' data) that can be applied ih a cost-
effectiye way to the design and management of buildings so that world:class design is encouraged, [safety of
occupants is assured, fire losses and pollution of the environment are’minimised and our international heritage is
preseryed.

The firg safety engineering package should be strongly influenced by the needs of those involved in the design,
constrdiction, occupancy, management and policing of buildings. Thus the package would need to address and
resolveg the sometimes conflicting needs of the regulation drafters, building control authorities, fire brigadeg, building
designgr, building material producer, building constructory building user, building manager and building insyrer.

Reseafch strategies have been prepared which indicate that a considerable amount of further research is peeded to
suppott a fully quantified approach to the fire safety engineering design of buildings.

A.3 Meaning of fire safety engineering

Fire sgfety engineering can mean many things to many people. At one level, it can mean the calculatign of pipe
sizes fpr sprinkler systems or the (calculation of the structural response of a building element, such as a heam or a
column, from a knowledge of the_material properties at elevated temperatures, the temperatures they achieve, the
loads acting, and so on.

At andther level, requiting the use of integrated computer programmes, it can mean evaluating the life safety
consequences of a¢specified fire, which involves defining the context, defining the scenario and calculating the
hazard.

At a mpre strategic level, fire safety engineering can mean a package of measures (methodology, calculgtion tools
and data) which has the objective of reducing the potential for injury, single deaths and multiple deaths in and
nearby the’ building to an acceptable level.

This part of ISO/TR 13387 defines fire safety engineering (see 3.11), and this can be considered under several
headings:

The process of fire safety engineering, which is about measurements and relationships, backed by scientific
study, for engineering application to the required problems, but where experience and judgement can
contribute, as in other engineering disciplines.

The context of fire safety engineering, which is the need to evaluate the fire hazard and risk, and to offer fire
safety strategies and designs based on performance not prescription.
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The tools supporting fire safety engineering, which are the calculation methods (sometimes called models)
which describe the measurements, relationships and interactions.

The inputs, which are the physical data for the calculation methods, derived from measurement methods
(testing, etc.).

The framework of fire safety engineering basically comprises the essential core and, in addition, the transfer of
knowledge which permits an engineering approach, the education and training of users, and the professional
recognition of the discipline.

A.4 The benefits of fire safety engineering

Fire safety engineering can have many benefits. It can:

O form|the basis of design, especially of major projects such as airport terminals, stadiums,”¢onvention ¢entres
and large atrium buildings which are of such a magnitude that they cannot be designed using present teghnical

guidance;

O discipline the designer to follow a structured approach to fire safety design;

]

O determine how safe buildings are by allowing a comparison of safety levels.feralternative building design

O enalle drafters of regulations and codes to improve the consistency of‘information, and justify the remjoval of
outdated traditional measures;

O enalle rules for construction modifications providing an equivalent level of protection of active and pasgive fire
precqutions to be made;

O overgome the restraints on design imposed by prescriptive regulations/codes;

O facilifate more cost-effective design of complex buildings while maintaining safety levels;
O enalle insurance underwriting to be rationalised:;

O identify topics of fire research which have’a major bearing on life safety or property loss;
O remqve obstacles to innovation for construction products and building design;

O enalle consultants to acquire,and maintain leading-edge expertise in fire-safe design;

O assigtin the development of fire tests;

O assigt the management of change from prescription to performance;

O assigt the management of fire safety for the building during its whole life cycle, including the consfruction
phase, taking account of changes of building use.

At a moredetaitedtevet, there are many benefits of fire safety engineerng. ttcam for exampte reduce the murber of
fire starts and improve the efficacy of evacuation if good fire safety management and training is implemented.
Again, fire protection measures can be identified which have greatest impact on life safety and fire loss reduction,
but these benefits must be attainable preferably without extra cost.

A.5 International developments in fire safety engineering

There is much activity within the world to bring about fire regulation reform and move towards fire safety strategies
which are based on fire performance codes as opposed to prescriptive codes.

The pressure for these moves is generated by the need for more flexible ways of designing buildings and the need
to facilitate more cost-effective designs, particularly for complex or large buildings, without prejudicing safety levels.
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Several international organisations such as the International Association for Fire Safety Science (IAFSS), the
Conseil International du Batiment (CIB), the FORUM and ISO are committed to, and deeply involved in, developing
fire safety and its application to the science of fire safety engineering. A humber of countries are committed to the
development of fire safety engineering codes based on engineering principles.

Since design is an interactive process, normally requiring repeated modification of the initial design to reach the final
design, and since this requires certain kinds of calculation to be repeated, it has been found convenient to break
down the system of fire safety design into a number of clearly identifiable and separate parts, called subsystems.
This approach is not new; it has been proposed as a basis for fire safety engineering design codes in a number of
countries, notably Australia, the United Kingdom, Japan, Sweden and New Zealand.
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The qualitative design review

B.1 General

For large
fire safety
approprig

For smal
basic rev

The make-up of the QDR team will depend upon the nature and size of the project,. but it should incl
ed fire safety engineer and preferably the person who will ultimately be résponsible for carrying put the

experieng
quantified

The QDR
and estal
evaluateq
systemat

The QD

judgement of the team members; however, it may often be“useful to carry out quick calculations to res

differencq
quantificg

The QDR
outline dg

It is impo
for refere

B.2 Re

The first
models, 6
fire safety

All the rg
should bg
etc. Itis i

te to include representatives of approval bodies or insurers in the QDR team.

er projects, the qualitative procedure may be carried out by a less extensive studycgroup but the
ew process should be followed.

analysis.

plish a range of strategies to maintain the risk at an acceptabledlevel. The fire safety design can t
quantitatively against the objectives and criteria set by thefteam. The QDR should be conducts
c way to reduce the chance of a relevant item being missed.

e of opinion between team members or to_.&stablish the most significant scenarios for d
tion.

cannot be completed until a full architectural design is available; however, a preliminary study

sign stage may obviate the need for significant changes to the scheme at a later stage.

nce by the design team or a third party.
view of architectural‘'design
stage in the QDR is.for the architect/designer to describe the project by reference to schematic drg
strategy.

levant information about the building, including its anticipated contents, should be obtained. Th

provided with information on building location, internal layout, contents, combustible materials, ven
mportant that the team also establish at this stage the number of people likely to be present at an

©1SO

and complex projects, it is recommended that the QDR should be carried out by a study teamCngyolving
engineers, other members of the design team and a member of operational management. Itrmay also be

same

ide an

provides a technique that allows a group to think of the possible ways in which a fire hazard might arise

hen be
ed in a

R is essentially a qualitative process that draws upon the experience, knowledge and engineering

olve a
etailed

at the

[tant that the findings of the QDR be’recorded and that ultimately the main findings be clearly documented

\wings,

tc., and to highlight'any architectural or client requirements that may be significant in the development of a

b team
ilation,
y time,

their distrn

bution within the building and their general characteristics, such as mobility

Information on any proposed fire safety systems such as automatic fire suppression should also be provided to the
QDR team at this stage.

B.3 Objectives and scope of study

Statutory requirements are generally intended to protect life; however, in a particular scheme it may also be
desirable to take measures to reduce the potential for large financial losses. The QDR team should identify clearly
the objectives of the fire safety strategy, taking account of statutory requirements and the level of property
protection required by the client.

The main
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a) life safety;

b) loss prevention;

c) environmental protection.

A more detailed consideration of possible design objectives is given in 6.2.

1999(E)

A fire engineering study may be used to assess all fire safety aspects of a building design or to consider one section
of a building and justify a small departure from existing codes of practice. The scope of the study should be clearly
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There can be no hard and fast rules laid down for the specification of alternative fire protection strategies. The
members of the study team should use their knowledge and expertise to make sensible judgements on the
suitability of various alternatives. It is desirable that the QDR team be able to identify cost-effective strategies that
are likely to satisfy the fire safety objectives and criteria.

The alternative design strategies should be compared with each other in terms of cost and practicality. The QDR
team should be able broadly to estimate the various costs of the different strategies. Also, certain fire protection

strategies may present design, constructional or operational difficulties. If the fire protection requirements
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compromise the speed of construction or the day-to-day operation of the building, it is, in practice, likely that they
will be negated at some stage. Therefore, care should be taken to ensure that any trial designs presenting
significant practical difficulties are eliminated if at all possible.

It is possible for the QDR team to lose sight of practicalities and specify expensive measures to guard against
unlikely hazards. Sometimes a full quantified analysis will be required, but more often a problem can be brought into
perspective by a logical comparison or a few simple calculations.

The QDR team will inevitably consist mainly of engineers, who tend to favour hardware solutions; however, the
team should recognise that in certain types of building the implementation of a well defined and maintained
managenjent system can often provide a more effective means of reducing the overall fire risk.

B.6 File scenarios

The number of possible fire scenarios in a complex building can become very large and often there are neither the
data nor [the resources available to attempt to quantify them all. The detailed analysis and-quantification [should
therefore|be limited to the most important fire scenarios. Engineering judgement becomes)very important in the
process qf deciding the important fire scenarios.

The charpcterisation of a fire scenario for analysis purposes should involve a deseription of such things|as the
initiation, | growth and extinction of a fire together with the likely smoke and-fire spread routes. The ppssible
consequgnces of each fire scenario should also be considered.

Where alternative fire safety design options are being compared against*a reference case (i.e. in a comparative
study), the quantification can often be considerably simplified. In_such instances, it may only be necessary to
consider g single fire scenario if this will provide sufficient information to evaluate the relative levels of safety of the
trial design and the reference case.

The QDR team should establish the important fire scenarios and those that can be ignored (e.g. whether a vary rare
fire with the potential to cause a large loss is more or less' important than small fires having a higher probability of
occurrenge but with the potential to produce a similar less over time).

The QDR team should take account of the possihility of failures of protection systems and management procedures
when establishing the sequences of events.toxbe considered. In a deterministic or comparative study, it would be
usual to identify a number of worst-case scenarios for further evaluation. However, care and judgement should be
used to gvoid analysing events with a Very low probability of occurrence. Also, the QDR team should not fequest
detailed gnalysis and quantification where the outcome is obvious.

B.7 Adceptance criteria

Once thg safety objectives’of the study have been established, the team should establish acceptance [criteria
against which the success/of the trial design(s) can be judged.

It should be the responsibility of the QDR team to take account of existing knowledge, time constraints and |project
requirements and.to establish the most appropriate basis for setting the acceptance criteria for the scheme.

In many |projects, it is likely that the provisions of existing codes of practice and other guidance will be |largely
followed and that fire engineering techniques will not be necessary (or may be used only to justify limited departures
from the codes). At its simplest, the QDR team may, therefore, define the acceptance criteria in terms of compliance
with existing code specifications.

Criteria may be deterministic, probabilistic or comparative.

B.8 Methods of analysis

Having established one or more trial designs and the significant fire scenarios, the QDR team should provide
guidance on the depth and scope of quantification required. Indeed, the QDR study may remove the need for further
detailed analysis where, for instance, the qualitative study has shown a level of safety which is equal to that in
prescriptive codes and guidance documents.
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To establish the required scope of the quantification, the QDR team should identify the extent to which each fire
scenario requires quantification. Where possible, guidance should also be provided on the type and complexity of
analysis required to provide an adequate solution. For instance, when considering smoke movement simple hand
calculations may be appropriate in relation to one fire scenario whereas a computational fluid-dynamics model may
be more appropriate to another.

The types of analysis procedure that the QDR team may consider include:
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Fire safety management
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on which the fire safety design of a large or complex building has been achieved should be doCunented
afety manual. The manual should set out the basis on which the means of escape were planned, ps well
the management structure, staff responsibilities and other factors relevant to the continuing.operation of
hg. The documentation should provide guidance on the fire protection systems (active and passiye) and
ements for routine testing and maintenance of such systems. The purpose of the fire.safety manugal is to
clear and concise guide to the procedures to be adopted by management and, staff so that they can
h high standard of fire safety.

ire safety management procedures should be developed by, or in conjunction with, building management.
on the information that should be incorporated into the fire safety manual.is given below.

afety manual will inevitably be different in character for different types of facility and should take accpunt of
ral management and operational procedures of the organisation(s) concerned. The fire safety manual
drafted, and its requirements implemented and monitored, jiza)professional manner. The manual |should

e following main components: safety management structureyactions to be taken in a fire emergency, fire
sekeeping, planned maintenance procedures, staff training, continuing control and audit procedurgs, and

wing points are intended to highlight the main items that should be considered when developing

ifety management structure
ty management structure should provide clear lines of responsibility, authority and accountability,
ents during the absence of pérsons with specific responsibilities, and an emergency services liaison officer
d provide information to, the-fire service.

tions to be taken-in a fire emergency

vacuationprocedures

uation<procedures should ensure that staff encourage and assist non-staff members to respond to an
sigrated members of staff check that no one is left behind, provision is made for people with disapilities,

and perspns are deterred from re-entering the building until it is safe to do so.

C.3.2 Other procedures

Procedures should be developed for calling the fire service and providing information, shutting down equipment and
(where appropriate) protecting the building contents, and first-aid firefighting.
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C.4 Housekeeping

Particular attention should be paid to housekeeping measures in order to reduce the chances of fire and smoke
spreading and escape routes being blocked.

Housekeeping measures should include keeping combustible materials separate from possible ignition sources,
storing flammable liquids, paints and polishes in appropriate containers, recognition of potential hazards, ensuring
that escape routes are kept clear, ensuring that fire doors are kept closed, and waste control.

C.5 Maintenance

Planngd maintenance procedures should be established and used to ensure that all fire protection systems can
operatge effectively when required. Maintenance, testing and inspection of these systems should“be carried out by
competent persons. Maintenance and testing procedures should cover the following systems: fire warning, fire
detectipn, fixed extinguishing systems, emergency lighting, operation of fire doors and-closing mechanisms, and
smoke|ventilation systems.

Potentjal sources of ignition such as gas, oil and electrical heating installations- should also be examined by
competent persons on a regular basis.

When tepairs or alterations are made to the building structure, it should be-ensured that compartment walls or other
passive fire protection systems are reinstated if damaged.

A record of all tests and checks should be maintained in a log book.

C.6 [taff training

Fire sdfety training should be provided to staff. All staff-should be trained in the following matters: action tq be taken
on dis¢overing a fire, action to be taken on hearing the fire alarm, procedure for calling the fire service, eyacuation
procedures, process shutdown, and good housekeeping.

Staff with special fire safety responsibilities)'should be provided with additional training appropriate to theif role and
duties.

C.7 [ontinuing control and audit procedures

Period|cally, an audit sheuld be carried out to review current fire safety management procedures, the| effect of
changegs in personnel‘and usage of the building, etc., and the effectiveness of automatic fire safety systens, i.e. to
ensurg that they are'Suitable even after a change in compartment usage.

An audit by an-independent third party may be required if the fire safety design requires a continuing high| standard
of fire $afety \management.

C.8 Security

It should be ensured that measures intended to prevent unauthorised access do not hinder the escape of the
occupants or the entry of the fire service to rescue people who may be trapped by a fire.

C.9 Precautions against arson

In many countries, arson in buildings has increased greatly over the last two decades. In commercial and industrial
buildings, arson causes large direct losses and serious interruptions in business operations. Arson can also be a
threat to life, especially if the fire is started with a rapid-burning material such as gasoline or if the arsonist starts
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fires in several places simultaneously so that the alternative escape routes normally provided in a building are
blocked.

The principal motives for arson are spite, revenge, jealousy, juvenile fire-setting, pyromania; profit-making (including
insurance fraud following bankruptcy), the need to damage competition, fraud related to slum clearance, gaining
possession of a building, and the desire of criminals to conceal their crime.

Inadequate building management can lead to serious fires by arson. However, a number of management methods
can be used to reduce the likelihood of arson occurring and reducing the effects if it does occur. These include the
following:

O
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pnsidered if a short period of vulnerability seems likely, e.g. during a period of staff redindancies.

rity against intruders:

Hers should be deterred by a suitable boundary fence and by a buildingywhich does not have ¢
s of weakness where forced entry is possible.

nerability survey should be made, followed up by improvements in the facilities if necessary.
Her detection:

mber of techniques may need to be considered, for example security patrols, closed-circuit televisi
bined intruder alarm and fire alarm systems linked to a'‘Central control centre.

Confrol of ignition sources/ easily ignitable materials:
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ent ignition sources should be removed(wherever possible, and procedures should be installg
tored to ensure that quantities of easily.ignitable materials are not allowed to accumulate inside or
uilding.

fire detection:

hgement should considerthe“possibility of an arson attack occurring in every space in or near the f
consider how the fire can be detected at an early stage at any time during the day or night.

fire suppression:
ability of existing fire suppression systems to respond to and control a rapidly growing fire shg
dered. Additional fire suppression systems may be needed to control fires started deliberately

ental fires are unlikely to occur.
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Management should review the different risks (sleeping versus non-sleeping, high-value versus low-value
stock) to see if, in the event of arson, the risks are acceptable or need to be reduced. Additional
compartmentation may be required.

Effective staff training:

Staff should be made aware of the risks of arson and the remedial measures they can take. Reporting of
unusual happenings should be encouraged.


https://standardsiso.com/api/?name=72d16ae67632a266432750d4c86ad1a9

