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Foreword

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

Thle procedures used to develop this document and those intended for its further maijntepance are
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeeded for the
diffferent types of ISO documents should be noted. This document was drafted in accordancg with the
edjtorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document'may be the[subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. [Details of
any patent rights identified during the development of the document wilk’be'in the Introduction and/or
on|the ISO list of patent declarations received (see www.iso.org/patents);

Anly trade name used in this document is information given for the convenience of users angl does not
copstitute an endorsement.

Fol an explanation on the meaning of ISO specific terms “and expressions related to cpnformity
asgessment, as well as information about ISO’s adherénce to the WTO principles in the|Technical
Bafriers to Trade (TBT) see the following URL: Forewoxd - Supplementary information

Thle committee responsible for this document is:ISO/TC 92, Fire safety, Subcommittee SC 4, Fire
saflety engineering.
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Introduction

In a fire safety engineering assessment, the ability of occupants to escape safely or find a designated
place of refuge is evaluated for each design fire scenario, taking account of the occupants expected to
be present in the building or other structure.

The purpose of this Technical Specification is to outline a general methodology for selecting design
fire scenarios for the specific fire safety objective of life safety of the occupants, and then developing

the occupant behavioural scenarios for which those design fire scenarios will be tested. ISO 16733-1
provides general gnidnnr‘p an the selection of dpcign fire scenarios

Since each design fire scenario might require several different occupant behavioural scenarios,
the numbgr of possible design occupant behavioural scenarios in any built environment (2 buildipg,
structure|or transportation vehicle) can be very large, and it is not possible to quantify them pll.
This largg set of possibilities needs to be reduced to a manageably small set of occupant-behavioufral
scenarios|that are amenable to analysis. In a deterministic assessment, which is implicitly envisioned in
this Techrlical Specification, a manageable number of design occupant behavioural scerarios is selected.
For a full guantitative risk assessment, see ISO 16732-1.

The characterization of an occupant behavioural scenario involves a description of the initial occupant
distributipn and the number and other characteristics of the population,sincluding their reaction gnd
response |capabilities. The occupant behavioural scenarios will be specifically determined for each
design firg scenario, which itself includes the interaction with the proposed fire protection features for
the built gnvironment. The possible consequences of each fire scenario for each occupant behavioujral
scenario rjeed to be considered.

Following| selection of the design occupant behavioural séénarios, it is necessary to describe the
assumed ¢haracteristics of the occupant behaviour on which the scenario quantification will be basgd.
These assiimed occupant behaviour characteristics are;referred to as “the design occupant behavioyr”.
Design odcupant behaviours are usually characterised in terms of pre-travel activity delay tinpes
(response{and reaction times) and occupant movement speeds. The design occupant behaviour neg¢ds
to be appifopriate to the life safety objective of:the fire safety engineering analysis and has to resultin a

design solution that is conservative.
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Fire safety engineering — Selection of design occupant
behavioural scenarios
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scgnarios that are severe but credible for use in deterministic fire safety engineering anatyj
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this Technical Specification with life safety of the occupants as the single fire safety object
consideration.

ISQ/TR 16738 provides information on methods for the quantification ¢f the different aspects

ev
be
of

Th
be

2
Th

ISQ 13571:2012, Life-threatening components of fire — Guidelines for the estimation of time to cor
tenability in fires

IS() 13943, Fire safety — Vocabulary

ISQ 16733-1:2015, Fire safety engineering — Selection of design fire scenarios and design fires
Selection of design fire’scenarios

IS)/TR 16738, Fire-safety engineering — Technical information on methods for evaluating beh
mdvement of peaple.

3

Fo
fol

NOTE

Scope

It environment including buildings, structures, or transportation vehicles.

Cupant behavioural scenarios are linked to design fire scenarios. Guidance on the selectior
b scenarios and design fires is covered in ISO 16733-1. The steps in ISO 16733-1 are fq

icuation behaviour in a design context. One part of that process.ifivolves the selection of
havioural scenarios. This Technical Specification provides guidance for that aspect of the ¢
hn egress design.

lis Technical Specification addresses behaviours that oc¢ur after fire ignition and does not
haviours that influence fire ignition.

Normative references

Terms and definitions

=y

havioural
ses of any

of design
llowed in
ive under

of human
occupant
bvaluation

deal with

g following documents, in whole or in part,“are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. Fo
references, the latest edition of the refegenced document (including any amendments) applieq.

I undated

npromised

— Part 1:

hviour and

lowing apply.

the purposes of this dOCUIMEIt, the terms and defimitions given im 1ISO 13943, TS0/ TR 16738 and the

Some of the definitions have been updated to reflect the current understanding of the terms as

employed in fire safety engineering. Some are duplicated here for the convenience of users of this document.
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ASET

available safe escape time

for an individual occupant, the calculated time interval between the time of ignition and the time at
which conditions become such that the occupant is estimated to be incapacitated, i.e. unable to take
effective action to escape to a safe refuge or place of safety

Note 1 to entry: The time of ignition may be known, e.g. in the case of a fire model or a fire test, or it may be
assumed, e.g. it may be based upon an estimate working back from the time of detection. The basis on which the
time of ignition is determined needs to be stated.

Note 2 to eptry: This definition equates incapacitation with failure to escape. Other criteria for ASET are possible.
If an alternjate criterion is selected, it needs to be stated.

Note 3 to |entry: Each occupant can have a different value of ASET, depending on that occupant’s“personal
characteristics.

[SOURCE:|ISO 13943:2008, 4.20, modified]

3.2
built environment
building or other structure

EXAMPLE Off-shore platforms; civil engineering works, such as tunnels, bridges, and mines; and mean$ of
transportzltion, such as motor vehicles and marine vessels.

Note 1toentry: ISO 6707-1 contains a number of terms and definitions far.concepts related to the built environmgnt.

[SOURCE:|ISO 13943:2008, 4.26]

3.3
design fire
quantitative description of assumed fire characteristics within the design fire scenario (3.4)

Note 1 to ¢ntry: It is, typically, an idealized desgription of the variation with time of important fire variables,
such as hegt release rate, flame spread rate, smoke production rate, toxic gas yields, and temperature.

[SOURCE:|ISO 13943:2008, 4.64]

3.4
design fiffe scenario
specific fite scenario (3.7) onGwhich a deterministic fire safety engineering analysis is conducted

Note 1 to ¢ntry: As the ndmber of possible fire scenarios can be very large, it is necessary to select the mjost
important [scenarios (the/design fire scenarios) for analysis. The selection of design fire scenarios is tailored to
the fire-safety design-objectives and accounts for the likelihood and consequences of potential scenarios.

[SOURCE:|ISO,13943:2008, 4.65]

3.5
design occupant behaviour

quantitative description of occupant behavioural characteristics within the design occupant behavioural
scenario (3.6)

Note 1 to entry: It is, typically, an idealized description of the time needed for evacuation or refuge, comprising
components for recognition, response, and travel. The actual variables include delay time, travel distance, and
travel speed.

EXAMPLE Young, intoxicated people in a stadium might delay longer before beginning to evacuate than
those who are not intoxicated; older people in a nursing home may travel more slowly than other mobile adults
would; intoxicated people may have more difficulty with decision-making and, as a result, might take more time
to make exit choices.

2 © IS0 2015 - All rights reserved
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3.6

design occupant behavioural scenario
specific occupant behavioural scenario on which a deterministic fire safety engineering analysis
will be conducted

3.7

fire scenario
qualitative description of the course of a fire with respect to time, identifying key events that
characterise the studied fire and differentiate it from other possible fires

Notelto entry: It fypirn"y defines the ignition and fire grnurt—h processes, the Fn"y dnvp]nppd fire sta

de
[SC

3.8
oc
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No
th3
hed
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3.9

pr
PT
for

time at which the first move is made by that accupant towards an exit

No

No

[S(

3.1
re
int
[Sq

No

ay stage, and the environment and systems that impact on the course of the fire.
URCE: ISO 13943:2008, 4.129]

]
rupant behavioural scenario
hlitative description of occupant behaviour and response over time,-ineluding the 1
fupants and the physical and cognitive characteristics that affect their décision-making and
ponse to fire cues, identifying key characteristics that differentiate members from other g

fe 1 to entry: It typically describes the number and other characteristics and capabilities of grou
t would impact the decision-making and behavioural processes (i.e.(elderly occupants might be l¢

r an alarm and may move more slowly than younger occupants;$taff may recognize and react t
re quickly and engage in rescue activities before evacuating themselves).

p-travel activity time
AT
an individual occupant, the interval between:the time at which a warning of a fire is givé

Le 1 to entry: This consists of two componénts: recognition time (3.10) and response time (3.11).
Le 2 to entry: For groups of occupants,the following two phases can be recognized:

pre-travel activity time,of the first occupants to move;

pre-travel activity-time distribution between the first and last occupants to move.
URCE: ISO/TR 16738:2009, 3.9]
0
Cognition time
erval between the time at which a warning of a fire is given and the first response to the w

URCESISO/TR 16738:20009, 3.10]

FeClhto entry: This concept is thoroughly discussed in ISO/TR 16738:2009, Annex B.

ge, the fire

umber of
actionsin
ccupants

b members
ss likely to
0 an alarm

bn and the

arning

3.11

response time
interval between the time at which the first response to the event occurs and the time at which travel
begins to a safe location (3.13)

[SOURCE: ISO/TR 16738:2009, 3.11]

Note 1 to entry: This concept is thoroughly discussed ISO/TR 16738:2009, Annex B.
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3.12
RSET
required

safe escape time

calculated time period required for an individual occupant to travel from their location at the time of
ignition to a safe refuge or place of safety

[SOURCE:
3.13

ISO 13943:2008, 4.277]

safe location

locationr

Note1toe
[SOURCE:
3.14

travel til('llLe

time nee
to reach a

[SOURCE:

4 Fire

amote or cnparnfnr‘] from the effects of a fire sothat such effectsno ]nngnr posea threat

htry: The safe location may be inside or outside the building depending upon the evacuation strate

ISO/TR 16738:2009, 3.12]

d, once movement towards an exit has begun, for an occupant of a specified part of a build
safe location (3.13)

ISO/TR 16738:20009, 3.14]

safety engineering applications

4.1 The role of occupant behaviour scenarios in fire safety design

When ab
an evalua
design wi

When life
are proted
the buildi

hilt environment is designed, it has expected (planned) uses and users. In order to compl
fion of an engineered design, design fire scenarios are developed to demonstrate that
I meet its fire safety design objectives. This\process is outlined in ISO 16733-1.

safety is one of the design objectives, the evaluation demonstrates the extent to which occupa

respond t¢ a fire. These factors enable determining the degree of life safety provided by the design.

Just as th
intended
populatio

1se, the evaluation also-requires scenarios of occupant behaviour that reflect the expec
h and their characteristics, as described in this Technical Specification.

4.2 Th¢ role of design occupant behavioural scenarios in fire safety design

The evalyation ofsthe life safety provided by an engineered design requires an assessment as

whether g
place of s3

The locat

fety.

Atz accorim ot 1o

ted from the fire and its effects. Thé evaluation should include: the users and/or occupants
hg, their roles, needs, and anticipated abilities, and, if and how the occupants will react 3

e fire safety evaluation ‘requires fire scenarios appropriate to the building’s design 3

ccupants are protected for the period of time, after fire ignition, until they reach a designaf

By

ng

bte
he

nts
of
nd

nd
ed

to
ed

anaf aocori ot e sy o bl di g o oy aan b o d H A atioa b oo
vIl Ul U\,\,ul.lall\,o vVviILIIIIrT a Uullullls, ac Olll)’ UIIC UIIIIC, diifu tIIc VVOI)’ UL\,MHCIIIL IUCAativilr vIiidailr

2esS

with time during normal use and emergency situations depends on the interaction of a variety of
parameters related to the characteristics of the building and the occupants, the fire safety management
system proposed for the building and the developing fire scenario. There are essentially five categories
of information required to determine the location (and condition) of occupants during a fire:

a) the building characteristics;

b) fire safety management strategy/procedure;

c) the occupant characteristics;

d) the fire dynamics, including smoke transport;

© ISO 2015 - All rights reserved
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intervention effects;

e)
f)

the acute effects of the fire effluent on the individual occupants to the extent that there is
quantitative knowledge on which to base the evaluation.

Long-term effects of exposure to the fire effluent should also be considered, to the extent that there is
quantitative knowledge on which to base the evaluation.

Changes in occupant location during an incident depend on pre-travel activity processes (including
recognition and response) and movement processes. Each of these processes occurs over a period of time:
recognition time, response time, and movement or travel time. These times can be estimated for each

ing
bu

In

ividual, for groups of people in the same location, or a distribution of times can be estimaf
lding population. The calculation of these times is an essential task in evaluating an engineer

bvaluating a design option, one would:
take a building, as designed, including its evacuation plan and fire safety management pl

determine the various types of potential occupants to consider (e.g. staff vs. visitors, di
able-bodied, etc.);

determine the relevant design fire scenarios given the identified.oecupant population;
for each design fire scenario, evaluate the predicted outcome for each type of occupant;

compare the available and required escape times for relevant parts of the building (i.e. es

ed for the
ed design.

Aln;

sabled vs.

fimate the

harm done to people by the range of fires that can occur in the building if it is designed as[proposed,
and compare that harm to levels of acceptable harm-as set by the stakeholders for the project);

— | at each step of the calculations, provide for estimation of uncertainty, as that will be important in
the final evaluation.

In prder to do this, one would:

1) | determine design occupant behavigural scenarios, including initial input, as well as resgonse data
(if necessary);

2)| choose an appropriate evacuation calculation method;

3) | model the fire and apply the evacuation calculation method;

4)| compare the results to the guidance on estimating time available for escape, given in ISO|13571.

There may be several fire safety objectives to be evaluated for a particular design. When life safety is

th¢ objective being considered, occupant behavioural scenarios are constructed. They may b relevant

for| other fire'safety objectives.

It yvould’be impossible to analyse all scenarios even with the aid of the most sophisticated ¢gomputing

regources. This infinite set of possibilities needs to be reduced to a smaller, manageable set of groupings

or 'eldsters—efsecenarios—that-are—amenable—to—analysis—and-—that-ecolleetivelyrepresent+he range of

combinations of occupant numbers and other characteristics that could be present.

Once occupant behavioural scenarios are selected and evaluated, the design of the built environment
is modified until analysis demonstrates that the estimated fire risk associated with the design is
acceptably low and meets the performance criteria associated with the specified fire safety objective(s).

The characterisation of a design occupant behavioural scenario for analysis purposes involves a
description of such things as the number of occupants, their locations throughout the built environment,
and their ability or inability to recognize and respond to fire cues, and their ability or inability to move
through the available escape routes. The impacts of smoke and fire on people are part of potentially
relevant consequences of a design occupant behavioural scenario and are part of the characterisation
of that scenario when those consequences are relevant to the life safety objective. The characterisation
or quantification of occupant recognition and response and movement belong to the “design occupant

© IS0 2015 - All rights reserved 5
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behaviour”. Some later events will be predictable from earlier events through the use of fire safety science,
and the characterisation of the event sequence in the scenario shall be consistent with such science.

5 Focusing the steps of ISO 16733-1 for a life safety objective

5.1 Overview of the procedure

In the first part of this three-part procedure, follow the first six steps described in ISO 16733-1 for
design fire scenario selection as they would be followed for the fire safety objective of life safety of the
occupantg. The remainder of this Clause provides guidance for these steps.

Second, sglect the relevant scenarios following ISO 16733-1, steps 7 to 9.

Third, evgluate the design using occupant behavioural scenarios created and selected as, outlined in
Clauses 6 pnd 7.

5.2 Step 1 — Identify the specific safety challenges

At this step, the expected uses of the building are considered, and for every expected use, the
variation fn potential users shall be considered. This step informs the process that determines whijich
character|stics of the structure, the fire, and any safety systems are relevant for evaluating life safet

<

The building users will ultimately be specified in terms of the following:
— numbler of users;
— permanent/transitory;

— traingd in evacuation procedures/untrained;

— pote:[ial age ranges;

— potential vulnerabilities;

— awakg/asleep/unconscious/impaired;
— social groupings or not;
— variability in composition ofjoccupant groups (e.g. will it always be the same kinds of users?).

It is not necessary at this¢stage to specify the different occupant groups that would be expected, but
rather to |be cognizant 6f the variations that could exist and will have to be considered while gojng
through steps 2 to 6.

Because the aim.ofithe deterministic analysis is to test the fire safety design using a selection of severe
but credibjle seenarios, it is imperative to identify issues or conflicts that, in combination with fire, conld
potentially dead to the failure of the design. These issues and conflicts are referred to here as life safgty
Challenges. Isstres—eanbe U\,Lupaut characteristiesthatteadtonon uptiluql resporrseormoveneint in
emergency situations. Conflicts can involve a mismatch between building uses and users or between
users and building layout.

5.3 Step 2 — Location of fire

This step focuses on locations most likely to threaten occupants, based on the challenge they present
to the objective of life safety. The challenge could be related to the fire’s proximity to occupied spaces
or escape routes, or its potential for spreading smoke and toxic products into occupied areas or escape
routes. The challenge could be related to difficulties in decision making that would face some occupants
if a fire impacted their escape routes. Fires that will not spread flames into, spread effluent into, or
otherwise damage areas where occupants will be located can be ignored.

6 © IS0 2015 - All rights reserved
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5.4 Step 3 — Type of fire

Fires begin and grow in stages. These stages are: smouldering, oxidative pyrolysis, anaerobic pyrolysis,
well-ventilated flaming, underventilated flaming in a poorly ventilated compartment, and postflashover
flaming (see ISO 19706). Not all fires manifest all stages.

The threats to people from fires are due to the presence of the fire itself, the fire effluent (toxicity,
irritancy, elevated temperature, and reduced visibility), and to the thermal radiation from the effluent
and the heated surfaces of the compartment.

actuating fire

rement and
ns.

son who is
gases, the
the source.

of a fire,
occupant
occupant

1lakes and
usly, non-
perations

" example,
bd. That is,
have to be
hed doors.

Thiis step identifies the fire safety systems and features that are likely to have a significant impact on the
course of the‘fire or the development of untenable conditions, including in the characterizatipn of each
scgnarig the initial status of the system or feature. Impacting fire includes impacting fire outdomes, and
oufconies can be affected by systems and features that impact behaviour (such as notification systems).

This step shall address how occupants can use or misuse the fire safety systems that are in place, how
those actions can impact the growth and spread of the fire, or how systems and features can affect
evacuation and life safety.

Among the passive systems and features that shall be considered are doors, windows, structural
elements, contents and furnishings, and size of compartment. The type (use) of the building and the
composition of the occupant population can influence the likelihood that a door will be closed or left
open. If open, a door can allow fire and smoke to spread into occupied areas and evacuation routes.
If closed, the scenario might be eliminated in a life safety analysis because it will protect occupants
on the other side. Another consideration can be that if occupants will have to move through a closed
door, there could be difficulties presented by the latching mechanism or handle, or by the opening force
required by the door.

© IS0 2015 - All rights reserved 7
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Active systems to be considered include smoke control systems, suppression systems, stairwell
pressurization systems, detection, warning, and communication systems, fire safety management, and
firefighting operations.

NOTE1 A stairwell pressurization system might only function properly if a limited number of doors are open
simultaneously. During a fire, if occupants prop open many such doors, the fire effluent might enter the stairwell
and other occupied areas. Fire safety management systems have a role in the effective operation of safety systems
and features and in minimizing the likelihood of unsafe practices in the ordinary use of a building.

NOTE 2  Away from the fire and outside the fire room, the air may be stratified, with a hot, smoky upper
layer and a lower layer that poses a far lower threat to life safety. Actuation of an automatic sprinkler system
can prever]t a small fire from becoming an uncontrolled fire, but the increased interlayer mixing may resulf in
reduced vipibility in travel paths. The designer will have to factor in the effect that this mixing will have.ow' the
evacuation time and the enhanced smoke exposure to vulnerable occupants.

NOTE 3  |Other systems that might influence the consequences of a specific fire scenario, such(s hotificatfion
and egresq systems, are important to consider even if they do not directly affect fire or the\smoke spregad.
Notificatioh systems can alert and guide occupants in their evacuation. Determining the €ffectiveness of fhe
system will have to take into consideration the abilities and disabilities of expected occuipant population. For
example, hpw will people with different sensory impairments, e.g. hearing or vision, bealerted?

Egress sygtems, such as emergency evacuation elevators, will impact the evaeuation, as will a fire safety
managempnt plan that will establish the likelihood of trained staff present, quality of any trainjng
provided,jand overall planning and preparation for emergencies.

5.7 Step 6 — Occupant actions impacting fire

When the|objective is life safety, this step is handled as deseribed in ISO 16733-1, and focuses on the
actions of|building occupants following ignition that impact fire growth and development.

In this step, consideration is given to the presence, ordack, of staff trained in evacuation procedureq or
in-house fiire brigade, as well as actions covered under step 5. For this step, it is particularly essential
that the pptential uses and users of the building have been defined.

NOTE1 |Occupants may bring into the building’some goods that might be discarded during the evacuatfion
process, adding to, or changing the configuration of, the fire load or interfering with evacuation. For example,
luggage left behind at an airport while eseaping may be left in egress paths, creating both a hazard to occuppnt
movementjand possibly providing additional fuel to a spreading fire.

NOTE 2 |Trained occupants might-begin warning or suppression activities. Occupants might change fhe
conditions|in ways that affect the.evacuation or exposure to fire and smoke, in positive or negative ways, sfich
as openingla manual smoke hateh (if trained to do this correctly), or inadvertently opening too many doors in a
pressurizef stairwell, for example. Opening too many doors might influence the functioning of the pressurization
system. The mobility of the expected population will affect the likelihood of many doors being open for a long time.
A fire manggement plafiy€.g. a phased evacuation, and training could minimize the likelihood of this happenin

o

5.8 Steps 7 to-9 — Scenario selection

The final th stepsin the processof selecting design fire scenarios are described in 1ISQ 16733- 0
steps discuss methods to reduce the large number of potential fire scenarios to the manageable number
that will be included in the evaluation of the design. The description of these steps is not repeated here
but the focus is on finding worst credible cases, i.e. design scenarios that challenge the achievement of

the life safety objectives.

6 Design occupant behavioural scenarios

6.1 Characteristics of occupant behavioural scenarios

Design fire scenarios will have been selected with consideration for the occupants who will be impacted
or who might impact the fire’s growth and development, based on the expected uses of the structure. At
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this point, a group of occupant behavioural scenarios will be associated with each design fire scenario.
An occupant behavioural scenario represents a particular combination of events and circumstances
associated with non-design factors such as the following:

a) building use/activities (intended use), which can vary by time of day, month, season, etc.;
b) number and distribution of occupants to be expected for the intended use;
c) initial occupant-based information (e.g. roles, demographics, knowledge and training, etc.);

d) susceptibility of the occupants to the components of the fire effluent;

e) | recognition, response, and movement abilities of those occupants;
f) | external environmental conditions (e.g. weather).

Other factors are part of the fire safety design or could vary throughout the lifespan of the Quilding or
in the different uses of the building, such as the following:

— | egress paths (egress design);

—| whether the paths are isolated from the fire effluent;

—| staff (presence and/or training);

—| signage;

—| alarm system characteristics;

—| management plan.

Other factors are always treated as elements ofsdesign, such as the following:
—| performance of each of the fire safety measures;

—| reliability of each of the fire safety_measures.

The design fire scenarios that are”associated with the design occupant behavioural scepario will
provide information on the location and spread of fire and smoke effects. It is important tg note that
while every fire scenario wilDhave a set of design occupant behavioural scenarios associated with it,
th¢ same occupant behavioural scenarios will not necessarily be used for every fire scenario.

6.2 Identification-of occupant behavioural scenarios

6.2.1 General

Th designrfire scenarios have been selected with consideration of the uses and users of th¢ building.
In [creating the associated occupant behavioural scenarios, specific choices shall be made tp describe
thgse’occupants impacted by the design fire scenarios.

As with design fire scenarios, the number of possible occupant behavioural scenarios in any built
environment can be very large, and it is not possible to quantify them all. This large set of possibilities
needs to be reduced to a manageable set of scenarios that are amenable to analysis.

Occupant behavioural scenarios are needed to determine initial conditions so that changes in occupant
location, any resulting toxic exposures and total evacuation time can be calculated. Any change
in occupant location during an incident depends on pre-travel activity processes and movement
processes. Pre-travel activity processes have two components: recognition and response. Each of these
components occurs over a period of time: recognition time, response time, and movement (or travel)
time. These times can be estimated for each individual, for a group of individuals in the same location,
or a distribution of times can be estimated for the building population. The calculation of these times is
an essential task in evaluating an engineered design.

© IS0 2015 - All rights reserved 9
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For each design fire scenario, the relevant occupant behavioural scenarios shall be defined. For each
scenario, then, users select or calculate appropriate times.

The following attributes are defined for the design, and do not vary throughout the entire evaluation:
a) type of occupancy;
b) geometry of the spaces;

c) egressdesign (including exit route options and lighting);

d) fire sgfetymamagememnt ptarr;

e) detecfion and alarm systems (other than their functionality, which might be the issue for a
partiqular design fire scenario).

The following attributes are defined for each design fire scenario and are the same for"each occupant
behavioutal scenario to be evaluated for that type of fire:

— functjonality of the detection and alarm systems;
— usability of the egress system;

— locatipn of the fire;

— sprea( of fire and smoke;

— naturg/severity of the fire effluent.

The first|four steps outlined below provide a systemati€~approach towards identifying occupant
behavioutjal scenarios. Every step shall be followed for the tesults to be valid.

Appropridte statistics to support the selection of occupant behavioural scenarios may be available|on
a nationallbasis, a state or provincial basis, or for {ike properties sharing ownership with the structifire
being degigned. If appropriate national statistics are not available, then information from other
countries|with similar fire or other evacuation experience may be utilized, keeping in mind, however,
that therd might be important differences-between countries and cultures in terms of reactions gnd
responsed. It is essential to exercise ¢are in applying incident statistics and it may be necessary| to
demonstrpte that the data is approprjiate for the built environment under consideration. For example,
occupant fecognition time could vary greatly between countries that have vastly different familiarfity
with cenfral fire alarm systéms and that could make the application of data from one counfry
inappropijiate in another.

6.2.2 Step A — Number of occupants and distribution of occupants

In this step, the estimate of the number of occupants and their locations is refined in more detail than in
step 2. Copsiderthe number of occupants and their locations throughout the occupancy being evaluated.
The occupantbehavioural scenarios are related to the design fire scenario under consideration, so the
fire scenaliaani i i ir inijti ions
throughout the structure under consideration. For example, if high density was considered a concern in
step 1, the number occupants would be specified here.

When considering crowded conditions, the occupant load can be based on the densities specified in
national codes, when those specified densities reflect the maximum allowable load. In some national
codes, the densities in the code may simply define the scope of application of the code and are not
meant to be taken as reasonable numbers of occupants for an evacuation scenario. The occupant load
can be obtained from statistics or surveys of similar occupancies. Identification of the most adverse
or challenging locations can involve engineering judgment. Challenging locations and challenging
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occupant loads will be those where special circumstances could adversely affect the performance of
fire safety measures. For an international comparison for assembly occupancies, see Reference [9].

NO

TE High and low occupant densities can present different challenges. High densities can resu

It in longer

delay times due to crowded conditions, while with low occupant densities, there might be no crowd for an
occupant to follow and possibly few people available to spread warning messages.

6.2.3 Step B — Characteristics of the occupant population

Define the occupant population in terms of their physical and cognitive attributes. These characteristics
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collld be a resident, a visitor, or a member of staff. A visitor could have no knpwledge at all
lding. A resident would be a frequent user of a building, but might not hatZe,responsibility flor dealing
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wi
ha
bu
pa
sin
res
in

Th
fol

Attribhutac can oot thate il to-perceive-cues—iaterpret thaca cuac racnand +0 thac
y—to-pereerve ¥
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ve to a safe location. Any difficulties in this regard can be due to age, physical conditi
tus, disabilities or impairments. Any expected combinations of these factors should be'rg
occupant behavioural scenario.

behavioural attributes can vary depending on an occupant’s role in the structure. An|

'h emergencies. A member of staff would also be a frequent user of a Structure and may ¢
e a role to play in facilitating an evacuation. For example, the resident of a high-rise 3
lding may have a certain familiarity with the building but might\net know anything mor
'h from the front door to the elevator; much less about the building, in fact, than the res

ponsibility to assist visitors, but an office worker might have no responsibility other than g
hn emergency situation.

e occupant population should be appropriate for the design fire scenarios under consider
owing is a list of attributes that can be used as a‘guide, as it is not possible to make it all-in

gender;

age;

physical capabilities;

susceptibility to smoke, heat,’and toxic gases;
sensory capabilities;

familiarity with thé building;

past experience-and knowledge of fire emergencies;
social and_ctiltural roles;

presence of others;

commitment to activities.

pn, health
flected in

occupant
about the

r may not
ipartment
b than the
ident of a

gle-family dwelling would know about that structure. A member of staff in a museum might have

elf-rescue

ation. The
clusive:

6.2.4 Step C — Activities of occupants

Define the activities of the occupants. The initial activities in which occupants are engaged can affect
their ability to perceive cues, and the time it will take them to respond and react to cues. The degree
to which they are committed to an activity, or the degree to which an activity holds their focus, can
delay their awareness of cues and can result in an unwillingness to respond promptly to information
provided by the cues.

NOTE One of the most obvious activities that will have an impact is sleeping versus being awake.
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6.2.5 Step D — Presence and training of staff

Occupant behavioural scenarios shall include any combinations of staff/coordinator presence and
effectiveness expected to be present. Determine the combinations of staff and non-staff who will be
present for the fire scenario under consideration, and if staff are present, their expected level of training

and effect

NOTE

iveness.

The effectiveness of the occupants’ response in an emergency can be influenced by staff

or

individuals/occupants with fire safety roles, if any are present. If staff or coordinators are present, their training
and the effectiveness of their response will influence behaviour of the occupants.

6.3 Selection of design occupant behavioural scenarios

6.3.1 General

In steps

identified
There wil
can be sel

NOTE 1

might be specified as an awake person familiar with the environment in an occupied space in the hotel lobby.

NOTE 2
hotel room

the age of the people, and their familial (or non-familial) relationships:

Since this
involve th
of-magnit
decisions

an occupant behavioural scenario is through thedise of a matrix.

through D, a large number of potential occupant behavioural scenariosOwill have be
From this large number, a set of design occupant behavioural scenarios is to be select|

en
ed.

| be clusters of scenarios that share some characteristics. From theselusters, one scenafrio

bcted to be representative of those in the cluster.

For example, a scenario might involve a staff member in a hotel gift shop"whereas a scenario clug

An example of a characteristic common to a group of behaviouiral scenarios might be occupants
. Within a cluster, variations on this characteristic might be whether the people are awake or asle

Technical Specification describes a deterministicapproach, this process would not necessat

ter

fa
ep,

ily

e construction of an event tree. Engineering judgement, readily available data, and order-

lide estimates of likelihood and consequences can be used; however, the justification
shall be documented. Another way to sortthe possible combinations of factors that make

632 S

6.3.2.1

Develop ajmatrix of occupant characteristics. An occupant characteristics matrix presents alternat

ep E — Occupant characteristics matrix

eneral

for
up

ive

combinations of occupant characteristics that make up the occupant behavioural scenarios. Initiafly,

all combimations of charagteristics are to be considered, although some will be readily omitted fr

further cd
presented

nsideration (e{gyall occupants in a restaurant can be assumed to be awake). An examplg
in Table 1.

bm
is
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Characteristic Hotel guests Restaurant patrons Hotel employees
Familiarity transitory transitory permanent
Training none none yes
Ages adults and children adults; children possible adults

Disabilities wide range possible wide range possible small range

possible

Vulnerabilities possible possible

possible

Le

Vel of Imtoxication ftoxication possibie Ttoxication possibie COTSCI

us

Awake/Asleep awake or asleep awake awal

(e

individuals, couples, families,
groups

individuals, couples, fami-

. individuals, c
lies

bocial groupings

o-workers

Role guest (expects assistance) guest (expects assistance) manager/sul

pordinate

So

rce: SFPE Handbook of Fire Protection Engineering.[10]

6.3

When narrowing the set of behavioural scenarios, consider the breadth of possibilities that th
set

lis

Th
en

Th

jud

pa
ch

.3 Considerations on selecting scenarios

covers, as well as the statistical likelihood of those scendrios occurring. The scenariof
ed or ranked in order of relative risk, in a qualitative sense,

e likelihood of occurrence of each combination shouldbe considered, using available d3
bineering judgement as recommended in ISO 167325132012, 6.3.

e consequence of each scenario should be considered, using available loss data and/or eq
gement, as recommended in ISO 16732-1:2012, 6.4. For this purpose, the “consequence
'h would be the reaction, response, and movement times relevant for that combination of
racteristics, given the fire and smoke development detailed in the associated design fire s

sreduced
are then

ta and/or

gineering
" for each
occupant
cenario.

b taken to
ideration.
nt can be

Sin
en
Gu|
fou

ce the aim of this exercise is toestimate life loss or injuries due to fire, care should b
sure that data employed in the process are relevant to the built environment under cons
idance on how occupant behaviour can depend upon the nature of the built environmg
nd in ISO/TR 16738.

6.3.4 Final selection.and documentation

bcome the
br portion
nded. The

Select the highest.ranked representative scenarios for quantitative analysis. These will bg
“de¢sign occupant\behavioural scenarios”. The selected scenarios should represent the maj
of the cumulative risk. Input from the stakeholders into this selection process is recomme
jugtification.for including or not including each representative scenario shall be documented.

onStructing the set of design occupant behavioural scenarios, certain common errors and jpiases are

e-avoided.

In
to

If multiple high-consequence, low-likelihood scenarios are eliminated from consideration, it is
important to be careful that the eliminated scenarios do not have a moderate or high collective
likelihood.

Where possible, itis better to combine like scenarios, so that more scenarios are directly represented
and analysed, than to eliminate scenarios.

It is not appropriate at this stage to eliminate a scenario, despite its consequence, because the only
design choices capable of producing an acceptable outcome for that scenario are very expensive. A
decision to accept the consequence of a particular scenario because of the high cost of eliminating
or reducing that consequence should be made at a later stage, after more detailed analysis and only
with the full involvement of the stakeholders.
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— It can be appropriate to eliminate a scenario, despite its substantial consequence, because no
identifiable design choice can reduce or eliminate thatrisk. Elimination of such scenarios, however,
shall be documented, stating why it is not possible to protect the person or eliminate the hazard
by any means.

EXAMPLE

Risks to persons who are intimate with the starting point of a fire or who are incapable of acts
of self-preservation (because of consumption of alcohol or drugs in their own home) may be examples of the
bases for scenarios that can legitimately be eliminated at this stage. It is not appropriate to eliminate a scenario
if the conditions of the occupants should be expected (for example, intoxicated customers in a nightclub). In such
a case, additional protection would be an appropriate design decision to deal with occupants with diminished
capability for self-protection.

6.3.5 S¢

The life s4
not be exc
changing
of the fire

bnsitivity analysis of parameters affecting life safety objectives

fety consequences of the selection of the set of design occupant behavioural scenarios sho
essively sensitive to small changes in a single variable. A sensitivity analysis, i.€\the proces:
Hifferent variables one at a time within reasonable limits,[11] is one way to testthe robustn
safety design given uncertainty in the input variables. A finding of acutesensitivity to sm

change in
or refine

As the deterministic analysis involves a selection of a manageable subsetiof all the endless numbej
possible scenarios, i.e. the worst credible cases, it is important to inyestigate the effect of reasona

changes o
people in
the level g

A sensitiv
variables

NOTE 1
in ISO 1673

The selec
and evacu

a) numb
b) comb
c) initia
d) initia
In relatiory

— perm

one or more variables warrants modifying the set of design occupantbehavioural scenar
ents to the fire safety management plan for the building.

different variables on the end result. If a small change of{one variable, e.g. the proportior]
wheelchairs, leads to the life safety objective not being achieved, the designer should quest
f safety.

ity analysis shall involve all relevant fire- and.e¢e€upant-related variables. The fire-relaf
hre those presented in ISO 16733-1:2015, steps\2'to 5.

The process for assessing the impact of varying-safety system availability and reliability is addres
3-1:2015, step 8.

ion of occupant-related variables.for the sensitivity analysis can be based on the occup
ation-related variables such as thefollowing:

er of occupants and their logation;
nation of occupant chatagteristics;
response of occupants;
route choice 6f occupants.
to the comibination of occupant characteristics, these can include the following:

hnent/transitory;

11d

of
PSS
all
i0S

of
ble
of
on

ed
sed

hnt

— traine

dZuntrained;

— poten

tial age ranges;

— cognitive, sensory or mobility issues;

— poten

tial vulnerabilities;

— awake/asleep/unconscious/intoxicated;

— social

— role.

14

groupings or not;
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NOTE 2  These characteristics are mainly concerned with the ability of building occupants to mitigate or cope
with a fire event. All these variables can be varied with regards to their magnitude, e.g. the degree of familiarity
with the building, and frequency, e.g. the number of guests who are very unfamiliar with the building. It might
also be relevant to vary the initial behaviour and the initial route choice in the sensitivity analysis.

For example, in a hotel fire scenario, it might be assumed that the occupants are asleep, but not
intoxicated. The sensitivity analysis would assume some percentage of occupants were intoxicated,
with the resulting additional delays in waking and possibly more difficulty in decision making and way-

finding. Similarly, the sensitivity analysis can test the effect of varying the ages of the occupants.

7 | Design occupant behaviour

7.1 General
De
ex
be
ex
be
das
ne

fir

Kign occupant behaviour is defined in terms of the design occupant behavioural scenario.
hmple, be defined in terms of pre-travel activity delay times and initial travel' speeds. Howey
haviour characteristics may be subsequently modified based upon the dutcome of the an
hmple, if conditions develop such that counterflows may occur, the design occupant behay
modified to reflect the effects of competing flows sharing one route_or path. Similarly, ey
developing smoke conditions that block egress paths can impact the’design occupant beha
Cessary to ensure, however, that the design occupant behaviourds-appropriate to the object]
b safety engineering analysis and results in a design solutionithat is conservative.

A}
be
in
st

particular design occupant behavioural scenario is likely to have more than one design
haviour associated with it. For example, occupants whe¢ originally occupy spaces by thems
hotel rooms) will have different travel speeds when;they begin to crowd into common spac
irwells, and new occupant behaviour (in terms of travel speeds) may be required.

q

If 5ising a computational model for analysis; the model may include assumptions about sg
pojnts being discussed here, and the user should be aware that some assumptions may not b
or fappropriate for the given application. *Users should check the assumptions for appropriat

copsider the use of sensitivity analysis-to-address any assumptions that do not appear realis]

Depign occupant behavioural scenarios reflect an idealized representation of the abilities of the
to frecognize fire cues, respond to those cues, and move to safety, in qualitative terms. Design

[t may, for
ver, design
hlysis. For
riour shall
rents such
viour. It is
ives of the

occupant
elves (e.g.
bs, such as

me of the
e realistic
eness and
iC.

pccupants
occupant

behaviour is defined in quantitative terms such as time to recognition and response, as well as travel

sp¢ed, over the course of anjevacuation. These elements, used in combination, can be used tq

predict a

design-basis total evacuation time for that occupant scenario. Total evacuation time is the re
egrless time (RSET) for“a design. The evaluation of a particular fire safety design will involve
RSET for an occupant behavioural scenario to the available safe egress time (ASET) estim
asgociated design™fire scenario. It is understood, of course, that an actual evacuation is not

uired safe
3[omparing

ed for its
separated
on.

behaviour
s effects.

of a fire cue;

the fire cue, but before they begin moving toward a safe location;

travel phase — characterized by a travel speed;

rescue) or incapacitated.
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pre-travel activity phase — recognition time — covering the time before occupants become aware

pre-travel activity phase — response time — covering the time after occupants become aware of

termination — when all occupants have reached a safe location or have become trapped (requiring

15


https://standardsiso.com/api/?name=75626010307a38390d8695495426c146

ISO/TS 29761:2015(E)

The first three phases are affected by the nature of the fire effluent, e.g. is it something that engenders
concern, does it lead to (less rational or altered) decisions, does it change efficacy along the intended
path or alter it, etc.

Design occupant behaviour has to be understood as the description of the full duration of an evacuation.
This description includes the following:

16

parameters provided by the design fire scenario (size of the room, location of the fire, presence
and performance of notification devices, performance of fire suppression or smoke management
systems, geometry of the spaces, potency of the effluent, etc.);

paran
occup

if not

paran

trave

event

by other occupants, presence and performance of staff, etc.);

toward a safe location; travel speed);

5 which result in a change in any of the above parameters.

heters provided by the design occupant behavioural scenario (number and locatign| of
ants, sensory and mobility characteristics of the occupants, means of notification of ocelipants

heters required to make the assessment of the evacuation (delay times before‘beginning to
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alarm time
recognition time
response time
travel time
pre-movement time
evacuation time
margin of safety

Alarm time refers to the time at which notification is transmitted to the occupants, which may be by an alarm
or any other mechanical or human means.

Figure 1 — Example of elements of design occupant behaviour
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7.2 Basic characteristics

7.2.1 General

Design occupant behaviour is usually characterised in terms of the following variables with respect to

time (as needed by the life safety objective and consequently, by the analysis):
— time of recognition of fire cue(s) by target population(s);

— time for target population(s) to initiate active response to fire cue(s);

— route|choice;

— travel speed for target population(s).

The factots influencing the time to recognition and response include the following:

a) presepce of occupant disabilities (possibly disabling the receipt of cues);

b) presepce of an alarm or other means of notification;

c) locatipn of occupants, relative to the fire, its effluent, and/or alarm;

d) presephce and activities of other occupants;

e) deperndency (needs assistance) or affiliation (family, associates);

f) availgble information from the notification system, or otheroccupants (situation awareness);
g) alertress of the occupants (awake/asleep, incapacitated, intoxicated, medicated);

h) training of the occupants or members of staff.

The factois determining travel speed include thefollowing:

— age of occupants;

— mobilliity of occupants;

— availdble egress paths;

— egres} path characteristics (width, length, obstructions, openings, horizontal, stairs, etc.);
— crowdedness/density;

— movement of greups of people (taking into consideration the characteristics of individuals in
grouy] and the@ffiliations within the group);

— presehceand degree of intensity of smoke, water, lack of lighting, etc.

he
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The lnltl ] #¥ov7n l cnond 3¢ cobhcnoinntlyy v A6 A ey Aggnte +h ot 4d g tha d 3
I travyelr Jt}bbu 1o Juuobﬂublllly ITTUUITICU U‘y CVUOIILO UIIdlL ULTUuUl UuurIir CIIC u\,olsu U\«bulJ

behavioural scenario. These events can modify the travel speed either positively or negatively. Typical

events and their effects are as follows:

— increased crowdedness, counterflows slowing of movement;
— directions from staff or emergency responders influence exit choice, accelerate movement;
— increasing density of smoke in escape routes slowing of movement;

— degradation of the environment (water, smoke, etc.) slowing of movement.

Determination of the initial travel speed shall consider these aspects. Evacuation models are available
that can predict evacuation time under defined conditions. Some include behavioural aspects that
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affect pre-travel activity delays as well. Data from experiments and actual events are also available[12]
to assist in the determination of delay times and travel speeds.

7.2.2 Pre-travel activity time

7.2.2.1 General

Occupants should never be assumed to begin to travel to exits or other safe locations immediately upon
receiving a cue that a fire event is occurring. Some period of time occurs while occupants recognize

the_cue and then another period of time before they start to move to a safe location. The txy

f be calculated or selected separately, or pre-travel activity time can be calculated or sele
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signalling devices. Others might alert occupants before a warning signal is activated or if the
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bregate time. The two phases of pre-travel activity time, recognition time and response
scribed below.

.2.2 Recognition time

er a fire is detected, by either mechanical or human means, some sort of‘notification is tr
the occupants. From that moment until the occupants recognize that they are being warnsg
dition is “recognition time”, the first component of pre-travel activity time. The beginn
e interval, the transmission of a warning to occupants, is depéndent on the design fireg
ich will define the speed of growth of the fire, the spread of smeKe, and the presence of det

bend on the location of the occupants relative to the warning and their sensory and cognit
perceive and interpret the signal.

.2.3 Response time

ce the occupants recognize a signal or cue\as a warning of fire, a period of time will elaj
y begin to move to a safe location. Thattime interval can be close to zero, for occupants

nediately, or can extend a significant period of time. During that time, occupants may
reral actions such as fighting the.fire, warning others, gathering valuables, etc. The resp
ration, the second component of pre-travel activity time, can be affected by factors set

bign occupant behavioural seenario, such as wakefulness, commitment to a task, social in
[ween occupants, staff intervention, etc.

.3 Exit choice

t choice is a key‘factor in the calculation of evacuation times, as the choice of exit will detg
vel path, andythe distance of that path and the occupant density along that path will inf
vel time. Since it has been observed that occupants will tend to attempt to evacuate by ¥
h they used to enter a structure, it is important to ensure that any egress model used in an

refllectsthat reality or includes the flexibility to allow the user to simulate appropriate exit cho
on[supporting data. At some point during their evacuation attempt, occupants may decide t

vo phases
cted as an
time, are

hnsmitted
d of a fire
ng of this

scenario,
bction and
bccupants

not perceive or recognize the warning themselves. The /duration of the recognition phase will

ive ability

bse before
who move
engage in
onse time
out in the
teractions

rmine the
uence the
vay of the
bvaluation
ices based

choose a

different exit. There is currently little or no data available as to how and when that choice is mpde.

7.2.4 Travel time

Travel time includes both movement time, while occupants are progressing toward a safe location, and
any delays, for example rest stops, changes in direction, queuing etc. Travel time is largely a function
of travel distance and travel speed. Factors that impact travel speeds, such as mobility and other
impairments, will be determined by the design occupant behavioural scenario. Design factors, such as
stairs and ramps, and occupant density (crowdedness) will affect travel speed as well. Developing fire
and smoke conditions, defined by the design fire scenario, can cause smoke effects that slow travel
speeds, or can result in route blockages that can extend travel distances. Travel speed data for a range
of occupants, on horizontal and inclined paths, are available in the literature.[12]
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