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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—1SO,—also—take i e—wWork—ISO collaborates ¢ vith—the Internations ectrotechnical
Commjssion (IEC) on all matters of electrotechnical standardization.

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

O type 1, when the required support cannot be obtained for the publication of an International Standargl, despite
repeated efforts;

O type 2, when the subject is still under technical development or where for any“other reason there is the future
byt not immediate possibility of an agreement on an International Standard;

O type 3, when a technical committee has collected data of a different kifid from that which is normally published
aq an International Standard (“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within_three years of publication, to decide whether they
can be¢ transformed into International Standards. Technical, Reports of type 3 do not necessarily hgve to be
reviewpd until the data they provide are considered to be no lenger valid or useful.

ISO/TR 13387-8, which is a Technical Report of type 2, was prepared by Technical Committee ISO/TC 92, Fire
safety,|Subcommittee SC 4, Fire safety engineering.

It is oe of eight parts which outlines importantiaspects which need to be considered in making a furJdamental
approdch to the provision of fire safety in buildings. The approach ignores any constraints which may apply as a
consequence of regulations or codes; following the approach will not, therefore, necessarily mean complipnce with
national regulations.

ISO/TR 13387 consists of the following parts, under the general title Fire safety engineering:
O Part 1: Application of fire_performance concepts to design objectives

O  Part 2: Design fire-scenarios and design fires

O Part 3: Assessment and verification of mathematical fire models

O PIrt 4: Initiation and development of fire and generation of fire effluents

O  Parts5: Movement of fire effluents

O Part 6: Structural response and fire spread beyond the enclosure of origin
O Part 7: Detection, activation and suppression
O Part 8: Life safety — Occupant behaviour, location and condition

Annexes A and B of this part of ISO 13387 are for information only.
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This part of ISO 13387 provides guidance on engineering methods currently available for the evaluation of occupant
behaviour, particularly escape behaviour, during a fire emergency and for the evaluation of occupant condition,
particularly in relation to exposure to fire effluent and heat. These are reported as two major evaluation outputs:

occupant

location and condition.

In order t
a) thel
b) thedg

c) thef

d) the iptervention effects.
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managenpent strategy; the interaction of all these features with thé<developing fire scenario and provisi
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This part
informatig

Clause 4
engineeri

Clause 5
building ¢

the global information bus to enable/aydetermination of whether the life safety objectives of the design hav

achieved

Clause 6

Further b

b achieve these evaluations, detailed input information is required in four main areas:
uilding design and emergency life safety management strategy;
ccupant characteristics;

re simulation dynamics;

bnse of occupants to a fire condition is influenced by a whole range of-variables in these four cate
the characterization of the occupants in terms of their number, distribution within the building at d
ir familiarity with the building, their abilities, behaviours and other-attributes; the characterization
ncluding its use, layout and services; the provision for warnings, means of escape and eme

Ly intervention (fire brigade and rescue facilities). Key\aspects on theses inputs are descri
A and B.

of 1ISO 13387 is intended for use together with the other parts of ISO 13387. These latter provide th
n for this part of ISO 13387 but take up the output from this document.

of this document outlines the informationflow system for subsystem 5 (SS5), i.e. life safety, the lif¢
hg flow chart, and the interactions between this part and the other parts of ISO 13387.

describes the processes involved-in the evaluation of parameters relating to location and cond
ccupants exposed to a fire withirespect to time. Occupant location and condition are outputs necess

Life safety objectives and their evaluation is described in ISO/TR 13387-1.
is a discussion of the‘engineering methods available for the evaluations.

bliography can'he found in the other parts of ISO 13387.
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Fire safetv engineering —
salely engineering

Part| 8:
Life [safety — Occupant behaviour, location and condition

1 Scppe

Should a fire occur in which occupants are exposed to fire effluent andfor *heat, the objective of the fjre safety
engineering strategy is to ensure that such exposure does not significantly impede or prevent the safe ¢scape (if
requirgd) of essentially all occupants, without their experiencing or deve|oping serious health effects.

This part of ISO 13387 is intended to provide guidance to designers, regulators and fire safety professiongls on the
enginegering methods available to evaluate the location and condition of the occupants of a building exppsed to a
fire.

This part of ISO 13387 addresses the assumptions thatunderlie the basic principles of designing for life safety and
provid¢s guidance on the processes, assessments*and calculations necessary to determine the location and
conditipn of the occupants of the building, with respect to time.

This part of 1SO 13387 also provides a-framework for reviewing the suitability of an engineering mgthod for
assesding the life safety potential of a building for its occupants.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute proyisions 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 encojraged to
investigate the possibility of applying the most recent editions of the normative documents indicated bglow. For
undatgd references, the latest edition of the normative document referred to applies. Members of 1SO]and IEC
maintajn registers of currently valid International Standards.

ISO/TR 13387-1, Fire safety engineering — Part 1: Application of fire performance concepts to design objgctives.

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 safety engineering — Part 6: Structural response and fire spread beyond the enclosure of
origin.
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ISO/TR 1

ISO 1357

3387-7, Fire safety engineering — Part 7. Detection, activation and suppression.

1:—1), Fire hazard analysis — Life-threatening components of fire.

ISO 13943, Fire safety — Vocabulary.

3 Term

For the

s and definitions

urpases of this part of 1ISO 13387 the definitions gi\/pn in 1ISO 13943 1SQO/TR 13387-1 and the f

©1SO

lowing

apply:

3.1
asphyxia
toxicant g
death

3.2
defend in

life safety
escape d

3.3
evacuatid

process

movemeit and movement processes

3.4

fractional|effective concentration

FEC

ratio of tle concentration of an irritant to that expecteeito produce a given effect on an exposed subject; wh
used with reference to a specific irritant, this term represents the summation of FECs for all irritants in a com
atmosphere

3.5

fractional|effective dose

FED

ratio of the concentration of the asphyxiant toxicant to that concentration of the asphyxiant expected to pro
given eff¢ct on an exposed subject; when not used with reference to a specific asphyxiant, this term represe|
summatign of FEDs for all asphyxiants in a combustion atmosphere

3.6

incapacitftion

state of physical inability to accomplish a specific task, for example safe escape from a fire

3.7

irritation,

Nt
ausing hypoxia, resulting in central nervous system depression with loss of conscioushness and ult

place

Liring a fire

n process
vhich enables occupants of a building to reach a place of ‘safety (where appropriate), consisting

mately

strategy in which occupants are encouraged to remain in their current location rather than to attempt

of pre-

en not
bustion

duce a
nts the

<sensory or upper respiratory> the stimulation of nerve receptors in the eyes, nose, mouth throat and respiratory
tract, causing varying degrees of discomfort and pain along with the initiation of a range of physiological responses
(including reflex eye closure, tear production, coughing, bronchoconstriction)

3.8

movement processes
process which enables occupants of a building to reach a place of safety once they have begun to evacuate, where
appropriate

1) To be published.
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3.9
pre-movement process

process occurring during which the occupants recognize and respond to the alarm or cue of fire, where appropriate,
before they begin to evacuate

NOTE This process can be divided into two components, “recognition” and “response” [see also defend in place (3.2) and
movement processes (3.8)].

3.10

recognition

proce Ubbull;llu dwilly the et tot-after-arratarrmorcte-hasbeen g;vcn btit-before occHpants of-a—btit -ng begin
to respond

NOTE The recognition time ends when the occupants realize that there is a need to respond.

3.11

response

procegs occurring after occupants recognize the alarms or cues and begin to respend to them, but where
approgriate, before they begin to evacuate

3.12
impaire¢d escape capability
effects|on willingness and efficiency of escape actions, which may delay, slow or prevent evacuation

4 Depign subsystem 5 of the total fire safety design system
4.1 QGeneral

An idepl fire safety design would ensure that building-@ecupants are able to reach a place of safety without ever
coming into contact with or even being aware of fire\éffluent and/or heat. This should be the main design criterion
for the| safety of the majority of occupants in multi-compartment buildings. However, there will inevitably|be some
potential scenarios when some occupants will beeome aware of or be exposed to fire effluent, particularly when the
occupants are in the enclosure of fire origin.(This may vary between slight smoke contamination, common in many
accideptal fires, to life threatening exposures such as in major fire disasters. For all of these types of scenprios, it is
important to be able to assess the likely effects of such exposures, either as part of the main design or ag part of a
risk aspessment.

In mogtt systems of fire safetyregulation measures are taken to ensure the life safety of the occupants by grevention
of ignition, prevention of fire-spread, provision of facilities and access for fire brigades, provision of detection and
warninpg systems and adequate means of escape. These are often applied through prescriptive means cgvered by
documients and codes(relating to national legislative requirements.

The file safety engineering approach adopted in the work of ISO/TC 92/SC 4 considers a performarice-based

evaluation is time based to reflect the fact that real f|res vary in growth rate and spread W|th time. Despite this
performance based approach it has to be recognized that some prescriptive parameters may need to be observed
in any assessment of the life safety provisions within a building.

4.2 Information system

In the framework document the total fire safety design is illustrated by a global information bus which has three
layers: global information, subsystem evaluations and subsystem processes. The information system for this
subsystem is illustrated in Figure 1.
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4.3 Function of subsystem 5

The function of subsystem 5 is to determine the location and condition of the occupants with respect to time. The
analysis necessary is illustrated in the flow chart, Figure 2.

The upper part of the flow chart shows the input data from the relevant sections of the global information system
and the framework document ISO/TR 13387-1.

The next part identifies the processes necessary for the evaluations.

The next|part shows the evaluation of occupant condition and location, which are output to the global infofmation
system af the bottom for further processing.

ISO TC 92/SC 4 FIRE SAFETY ENGINEERING BUS SYSTEM
Subsystem 5 (SS5) — Life safety — Occupant behaviour, location and condition

SC4 GLOBAL INFORMATION BUS
Prescribed/Estimated design parameters
Building
Environmental
Fire loads
Fire scenarios
Occupant
Simulation dynamics (Profile/Time)
Building condition
Contents condition
Effluent/Species
Occupant condition
0 |Occupant location
Pressure/Velocity
p |Size of fire/Smoke
Thermal
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e

o
A
A d

Intervention effects
14 |Alarm activation

13 |Control activation

1¢ |Suppression activation

Fire brigade intervention

—

OTOTO

—
3

SS5 EVALUATIONS
Occupant location
2 |Occupant condition

—o 1+ l—1OTOTO0T0

0101

SS5 PROCESSES

Pre- movement

Movement

3 | Physical effect of fire on occupants
4 [Phychological effect of fire on occupants

Bus connection key

@® = Input data

Q = Output data

&K = Subsystem bus data exchange

PETXIEE 4D

Figure 1 — lllustration of the global information, evaluation and process buses for SS5
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Figure 2 — Life safety engineering flow chart
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5 Subsystem 5 (SS5) life safety: evaluations

5.1 General

©1SO

The purpose of any life safety strategy is to ensure that, in the event of a fire the occupants will be able to leave the
building, evacuate to a designated space within a building, or remain in situ (as appropriate), without being exposed
to untenable conditions. An ideal fire safety design would ensure that building occupants are able to reach a place
of safety Wlthout ever coming |nt0 contact with or even belng aware of flre effluent and/or heat. This should be the

when so
the enclo
life threat
able to ag
A single
ISO 1338
exposure

Whilst thg
issues, th
involved

of the deg

The strat
a place d
rely on di

In order t
evaluate

a) locafjon;

b) cond

The loca
during ng

e occupants will become aware of or be exposed to flre effluent partlcularly when the occupant<
ure of fire origin. This may vary between slight smoke contamination, common in many accidental
ening exposures such as in major fire disasters. For all of these types of scenarios, it is_importan
sess the likely effects of such exposures, either as part of the main design or as part of a fisk asses
acceptable criterion of no permitted exposure could impose serious constraints on thexdesign. This

7 allows for a more flexible approach to fire safety engineering by providing a basis,for estimating I
that would not be expected to seriously impair escape or impair health.

b processes for determining the occupant location and the occupant condition*can be dealt with as d
ere is in reality significant interaction between them. Guidance is given.in this clause on the pro
hnd on these potential interactions. The life safety strategy developeder a building is an integral €
ign philosophy detailed in the framework document ISO/TR 13387-%:

f safety within a building or that occupants remain in a place of safety. The strategy should not n
rect assistance to the occupants, except for special cases such as evacuation of people with disabili

0 determine the adequacy of fire engineering design, of buildings in terms of life safety, it is neces
pver time, the impact of the design fire scenario onithe occupants in terms of their:

ition.

ion of occupants within a building;”at any one time, and the way occupant location changes wi
rmal use and emergency situations depends upon the interaction of a variety of parameters related

fire scen
fire and t

characte}fstics of the building and the occupants, the fire safety management system adopted and the dev

As a res
difficultieg
physiolog
scenario.
provide 8
account

rio. The condition of the‘\o¢cupants depends upon their psychological and physiological state bef
e subsequent effects 'of the developing emergency including any exposure to fire effluent and heat.

Uit of the very large’ number of variables involved, difficulties in their identification and quantificati
in predicting’interactions between them, not even the most complex and sophisticated behaviou
ical model_can hope to provide a full representation of all the possible processes and outcomes
Some_methods are designed to address only one or a few of these processes, while others ¢
moresglobal approach. It is therefore important when evaluating any particular building design
pf -alk the parameters which may affect the life safety of occupants and chose appropriate eva

cenarios
are in
ires, to
t to be
sment.
part of
vels of

iscreet
Cesses
lement

gy may require evacuation of the occupants, by either simultaneous or phased procedures, evacuation to

brmally
lies.

sary to

h time
to the
bloping
pre the

bn and
ral and
of any
aim to
o take
luation

methodol

gy. The different methods available are reviewed in clause 6.1t is essential that a design review

is first

undertaken before the application of any of the engineering methods discussed. The following subclauses introduce
the various inputs and parameters to be considered and discuss aspects that are essential to the evaluation

process.

5.2 Inputs required from the global information bus

As shown in Figure 2 there are essentially four categories of information required to determine the condition and
location of occupants:

a) the building characteristics and fire safety management strategy;

b) the occupant characteristics;
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c) the fire simulation dynamics;
d) intervention effects.
5.2.1 The building characteristics and fire safety management strategy

The first major input to the life safety evaluation processes comprises details of the building characteristics, its
management in relation to fire safety and the emergency life safety strategy. These comprise the basic building
dimensions, internal arrangement and services relevant to fire safety, as follows:

O la : compartment,
sybdivision into internal spaces, interconnection of spaces; travel d|stances door and stair caridor widths,
ngrmal circulation routes, opening/closing forces of fire doors; door furniture);

0 edcape routes [including: visual access, complexity, protection (passive/active), lengths,”horizontal, vertical
(epcape upwards or downwards), accessibility (for example by break-glass and key.only, by crash [bar), use
dyring normal flows in building, final exits (number distribution related to characterizatign data), etc.];

O bdilding use [including general building/occupancy type (for example office, d&partment store, thedtre, etc.),
layout and functions/uses in particular locations within the building which~may impact on likely bghavioural
regponses and escape route usage (some functions may tend to provide@asy access and escape wHile others
may not)];

O firp safety management system (including management of the~building; management and maintgnance of
egsential equipment; management of staff and occupants<{gfvthe building; fire prevention management;
management flexibility; training of staff and occupants, security and fire surveillance, emergency procgdures);

O I'iI% safety strategy (including life safety design philosophy, evacuation strategies; passive/active fife control

0w =

tems, fire detection, alarm and communication systems, facilities for fire brigade, emergency lighting,

wayfinding system, fire safety management);

0 application of active systems (including sprinkler/spray systems, sprinklers for life safety, gas suppression
systems, smoke management or extraction_and ventilation systems);

O signs and lighting (including emergency lighting);

O refuge areas (form, degrees of protection and tolerability, communication systems and connection to escape
roptes, staging areas, access,for assisted escape or rescue);

O erjvironmental considerations (for example wind and internal air pressurization on door openihg force,
evfacuations in wet,hat or cold conditions, dress requirements, effect of snow on exits).

Guidarnce on these parameters is given in A.1.
5.2.2 [The oceupant characteristics

The speond major input to the life safety evaluation process is the occupant characteristics. The main

considerations—are—thelikely natureand—timing—of-occupantrespense—te—euves—or—atlarms—andtikelysdbsequent
pattern and timing of occupant movements, particularly in carrying out an evacuation if required. Also important is
the likely susceptibility of the occupants to sight of or exposure to fire effluent or heat.

Occupant characteristics to be considered include:
a) population numbers and density: expected numbers in each occupied space including seasonal variations;

b) familiarity with the building: depends on factors such as occupancy type, frequency of visits and participation in
emergency evacuations;

c) distribution and activities;
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alertness: depends on factors such as activities, time of day, sleeping or awake;

lity: depends on factors such as age and any disabilities;

ical and mental ability;

©1SO

social affiliation: extent to which occupants present as individuals or in groups such as family groups, groups of
friends, etc.;

role and responsibility: includes categories such as member of the public, manager, floor warden, etc.;

Iocatlon: location in building relative to escape routes, etc.;

commitment: extent of commitment to activities engaged in before the fire;

d)
e) mobi
f)  phys
9)
h)
i)
)
k) focal
) resp
m) occu
Guidancs
5.2.3 Th
The third
design is
This is ad
In order t
and fire ¢
The folloy
a) Fire
Whe
smo
how
an a
anal
to by
b) Fire

point: point where occupant attention is directed, such as the stage in a theatre or a ceunter in a sh
bnsiveness: extent to which occupant is likely to respond to alarms, etc.;

pant condition: as determined by the analysis of occupant condition.

on these parameters is given in A.2.

e fire simulation dynamics

major input to the life safety evaluation process is the fire simulation dynamics. The object of the lifg
to protect occupants from exposure to fire effluents or.heat (or physical trauma from structural f
hieved by a combination of the provision of adequate means of escape and protection of occupied s

p evaluate life safety during a fire it is necessary te gbtain continuous information on the extent of
ffluent and their effect on the building.

ving specific factors need to be considered;
blarms and cues available to occupants;

h the fire originates in an occupied-enclosure it is necessary to determine the visibility of the flam
e, so that an estimate can be.made of the time when occupants would become aware of the situatig
they would respond to it. For)both occupied and unoccupied fire enclosures it is necessary to knoy
Litomatic alarm system waould be triggered, and when information on fire spread would be availab
pgue addressable systems. The main requirement is to be able to determine what information is av
ilding occupants thrgughout the fire incident.

size and extent; smoke density, toxic gas concentrations, temperature and heat flux in all 4

enclgsures, activation of suppression and smoke control systems.

or has Spread through adjacent enclosures, any structural failures and the temperature and heat flu

affe

For}II enclosures in the building it is necessary to know the size of the fire, the extent to which it is co

ed/enclosures. It is also necessary to known the optical density and concentrations of irritant gases

PpP;

safety
ailure).
paces.
the fire

es and
n, and
I/ when
e from
ailable

uilding

htained
Xxes in
5 in the

smoke, and the concentrations of asphyxiant gases present. For occupied enclosures this information is
required to assess the tenability of the enclosure to occupants, and the extent to which their escape out of each
enclosure is affected. For unoccupied enclosures the information is required particularly if they form part of
potential escape routes or refuges. Where the fire effluent is in well defined layers, the height of the hot layer
and downward radiant flux need to be reported.

5.2.4 Intervention effects

Circumstances may arise in a building where the intervention of the fire brigade is necessary to secure the safety of
the occupants. To assist the fire brigade in the execution of intervention strategies, it is necessary to include
appropriate facilities in the design of the building. Further guidance in given in annex B.


https://standardsiso.com/api/?name=550f76d376f8b0d5abdca32363c584e7

©1SO

ISO/TR 13387-8:1999(E)

5.3 Occupant location

At the moment the fire starts, the building will contain a certain number of occupants dispersed in a particular
pattern depending principally upon the season of the year and time of day or upon any particular planned events
taking place as well as the variety of activities in which the occupants are engaged. The subsequent behaviour of
the occupants and the time required for them to react will depend upon the interactions of the various input
parameters described and the occupant response processes.

When the first cues to the occurrence of a fire become available to the occupants of different parts of a building or
when an alarm is given, the occupants engage in a variety of behaviours (see references (see references [1], [2]

and [3]). These behaviours require certain times for their execution so that the location of occupant
assesged on a time basis. The behaviours involved in the evacuation process have been classified-into1
processes in this document, the pre-movement process occurring before the physical evacuation\begin

move

catego
assess
patterr
archite
variabl

53.1

During
before
sub-di

There
compr
varies
followi

The tw

a)

b)

R4

TH

Diring the recognition perigd,oCcupants continue with the activities engaged in before the alarm of

as
fa
Sy

In
er
ha
[4

ent process during which occupant evacuate to a place of safety (if appropriate). Each ‘@f, these H
ries which need to be identified and addressed in a design review and incorporated, into a pef
ment. Occupant response behaviours and movements will vary according to a_number of varia
and timing of the overlapping phases of behaviour and movement also vary with the type of oc
ctural setting, fire growth scenario and other factors. Different assessment methods and models har
Es to different extents.

Pre-movement processes

an evacuation, the pre-movement processes take place aftersan-alarm of cue has become ev
the occupants of the building begin to evacuate (where evacuation is appropriate). These processe
ided into two components, “recognition” and “response”.

is a lack of reliable data upon which to base accurate“predictions of pre-movement time, althou

between individuals within an enclosure and between groups in different enclosures within a buil
g procedure has been developed which may assist in assessing the pre-movement time of occupar

0 components of pre-movement time have(the following characteristics.
pcognition

is consists of a period after anwalarm of cue is evident but before occupants of a building begin to re

working, shopping or sitting. The length of the recognition period can be extremely variable, depen
stem (see referenices [1], [2], [3], [4] and [5]).

single enclosure buildings that are well managed the recognition period is likely to be short.
closure huildings where occupants may be remote from the fire, especially those with a sleeping ris
tels, residential homes and hostels, the recognition times may vary considerably (see references [1
and [5]). The recognition time ends when the occupants have accepted that there is a need to resp
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formance
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Se a significant part of the total time required for escape (see references [3], [4] and [5]). Pre-moveiment time

ding. The
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cue, such
Hing upon

ctors such as the types of building, the nature of the occupants and the building alarm and management

In multi-
k such as

1, [2], [3],

bnd.

R

SpPONSe

This consists of a period after occupants recognize the alarms or cues, and begin to respond to them, but
before they begin to evacuate (where necessary). As with the recognition period this may range from a few
seconds to many minutes, depending upon the circumstances (see references [1], [2], [3], [4] and [5]).

Examples of activities undertaken during the response time include:

1)

2)

investigative behaviour, including action to determine the source, reality or importance of a fire
Cue;

stopping machinery/production processes or securing money and other risks;

alarm or
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3) seeking and gathering together children and other family members;

4) fighting the fire;

5) the time involved in determining the appropriate exit route (i.e. “wayfinding”); and

©1SO

6) the time involved in other activities not fully contributing to effective evacuation where necessary (for
example acting on incorrect or misleading information);

7) alerting others.

Pre-movd
enclosurg
upon a I
architecty
as a thedtre auditorium the distribution of pre-movement times is likely to be narrow (everyone_starting to njove at
about the
pre-move
other eng

The pro
incorpora
therefore
is currenfly available, this is an active area of research (see references [2},43], [4] and [5]).

53.1.1 H

During th
cues abg
some ac
distributig
estimate
different
enclosurg
each gro
occupant

as follows:

53111

a)

b)

10

Build
1)

2)

same time), whereas in a multi-enclosure setting such as a hotel there is likely to‘be-a wide distrib
ment times. Those in the enclosure of fire origin may complete the pre-movement'process before t
losures even become aware of the fire.

ision of reliable data on the pre-movement times to be expected~n” various situations, an
tion into egress behaviour models, is an important requirement for<the assessment of escape tim
for fire safety engineering design. Although no comprehensive or.reliable database of pre-movemen

Pre-movement recognition time

P recognition process each occupant is engaged in\their normal activities, but is receiving and prog
ut the developing emergency situation. For each’individual this process ends when they decide

ion in response to the emergency cues received. The evaluation of location therefore starts w
n of occupants throughout the building at'the start of the recognition process. The first evaluatid
the time that the recognition process.ends for each occupant. The recognition time will vary b
ndividual occupants in any one enclesure within the building, and for groups of occupants in d
s. For simple evaluations a single'figure such as the average or slowest recognition time may be ta|
Up of occupants. For more camplex evaluations recognition times may be assigned to each ing
A range of factors can be taken into account in order to estimate recognition time. The principle or

Inputs — at each-time increment where appropriate
ing parameters:
Dccupaney use;

lgor, plans, layout and dimensions;

ment times may vary considerably for different individuals or groups of individuals bothhwithin an
and in different enclosures within the same building. The distribution of pre-movement times depends
ange of factors including the occupants proximity to and knowledge of the fire as cafforded |y the
re of the setting, the warning system and management systems. For example in an opeh plan setting such

tion of
nose in

0 their
e, and
t times

essing
o take
ith the
nisto
btween
fferent
ken for
ividual
es are

3) contents;

4) warning system;

5) fire safety management emergency procedures.

Occupant status:

1) occupant numbers and location;

2) occupant characteristics: age and health status;
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occupant activities;

occupant condition.

c) Fire simulation dynamics:

:1999(E)

1) building condition and fire location;
2) visibility of smoke or fire;
3)[ exposure to fire elffluent or heat,
4)| fire alarm status and type;
5)] other warnings or cues (for example from management or other occupants);
6)| active protection status.
5.3.1.1.2 Output
Occupgnt location:
O refognition time for each occupant and distribution of recognition times-for groups in each enclosure.
5.3.1.4 Pre-movement response time
During|the response process occupants cease their normal activities and engage in a variety of activities

the de

the same enclosure or to begin evacuation. For simplesevaluations a single figure such as the average ¢

respon
assign
time. T}

5.3.1.7

eloping emergency. At the end of the response precess each occupant will have decided either to
se time may be taken for each group of occupants. For more complex evaluations response time

bd to each individual occupant. A range of.factors can be taken into account in order to estimate
he principle ones are as follows:

.1 Inputs — at each time increment/\where appropriate

a) Building parameters

1)
2)
3)
4)

5)

related to
remain in
r slowest
5 may be
response

6)
7)

8)

occupancy type;

floor plans, laygutand dimensions;

contents;

warning'system;

fire safety management emergency procedures;
signs;

lighting;

location of exits and complexity of enclosure layout.

b) Occupant status:

1)

2)

occupant numbers and starting location;

occupant characteristics: age and health status;

11
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3)
4)
5)
c) Fire
1)
2)
3)
4)
5)
6)
53.1.2.2
Occupan

resp

5.3.1.3 Total pre-movement time

For each
(where a
times for

5.3.2 Mqvement processes

Movement processes are those which enable-occupants to reach a place of safety once they have be

evacuate

Analysis

various enclosures within the building and times for passage through escape routes. In any particular sceng

patterns

factors, s
fire safety
possible

available
evacuatiqg
egress a
each enc

5321 1|

13387-8:1999(E)

occupant activities before emergency;
family or group relationships;
occupant condition.

simulation dynamics:

building condition and fire location;

©1SO

[ISIDility Of SMOKe or Tire,
exposure to fire effluent or heat;
ire alarm status and type;
bther warnings or cues (for example from management or other occupants);
hctive protection status.
Output
location:

bnse time for each occupant and distribution of response times\for groups in each enclosure.

occupant the time taken from the first emergency.cues becoming available and the start of eva
ppropriate) is the pre-movement time. This may he €stimated as the sum of the recognition and re
pach occupant or group of occupants in each enclosure within the building.

(where evacuation is appropriate).
Of movement processes is directed at estimating the times required for evacuation of occupants fr

pf evacuation flow thatare likely to take place under emergency conditions will depend upon a nurn
Lch as the building.Jlayout, the familiarity of the occupants with the building, the location of the fire
management procedures (see references [1], [2], [3], [4] and [5]). As with all evacuation paramete

the models-used and the complexity of the situation. Using appropriate methods it is possible to
n patterns with reasonable accuracy (see references [6] and [7]). These predictable flow conditions
rangements to be tested and enable prediction of times for the movement of the occupants to exi
osure‘and from the whole building.

cuation
sponse

gun to

bm the
irio the
hber of
ind the
Brs it is

to make simple/or more complex simulations of movement flows, depending upon the infoqmation

predict
enable
s from

nputs for evaluation of movement time

The most important considerations are the following.

a) Num

bers and distribution of occupants immediately before evacuation.

In particular it is necessary to establish the occupant capacity of each enclosure. It is recommended that one of
the evacuation cases to be considered for design purposes is that involving the maximum anticipated
occupancy. Where no information is available on actual occupancy levels, an estimate should be based on the
type of occupancy and the floor areas. Advice on occupancy figures is available from a number of sources (see
reference [5]). The starting point for the egress calculation is the location of the building occupants immediately

after

12

the pre-movement process.
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b)

c)

d)

e)

Occupant status including age, physical and mental capacity, family or group relationships, cultural attributes,
status (for example: customer, resident, manager, security personnel, etc.). Occupant mix in terms of these
categories may be important.

Exit choice.

An important early determinant of evacuation flow densities is the choice of exits and escape routes likely to be
exercised by groups of occupants. This depends upon a number of factors including the fire scenario, the
familiarity of the occupants with the building, the occupancy type and the fire safety management system (see
references [1] and [2]).

O¢cupant density.

The travel speed of occupants towards exits, through passageways and down (or up) stairs depends principally
ugon occupant characteristics such as age, gender, agility and grouping (family groups\ténd to mgve at the
sgdeed of the slowest member) and also density which changes throughout thesmovement pefiod (see
references [6] and [7]).

Trpvel distance and travel times.

Travel distances and hence the travel times for individual occupants to-reach their chosen exits ponstitute
arjother parameter affecting movement time. Travel distances are: particularly important as a [factor in
mpvement times in more sparsely occupied enclosures, where théJoccupant flow at exits may mot reach
maximum capacity, so that queue formation may not occur; alsosin‘situations where large groups of qccupants
may be located some distance from an exit. In crowded enclasureés it is likely that queuing will occuf at some
eXits as they reach maximum flow capacity so that one factorin evacuation time is the time to queue [formation
(see reference [7]). Other determinants of travel speed are’whether the route is level, ramped or ajstair, the
merger of two or more routes and the occupant characteristics (see references [6], [7], [8] and [9]).

Trvel distances in enclosures as used for calculating movement times are the actual distances cgvered by
inglividual occupants from their location at the.'end of the pre-movement period to the enclosure exits used.
Egtimates of travel distance should take intg @ccount the design fire scenario. Also important are any pbstacles
within the enclosure such as partitions, displays of goods, etc.

Flpws through doorways, corridors and stairs.

Once a flow of occupants is established at enclosure exits the evacuation through the remainder of tHe escape
ropte can be estimated. Reasonably good empirical data exist to enable the flow capacity of the main|elements
of| escape routes (doorways, corridors and stairs) to be calculated (see references [6] and [7]). Girculation
sfaces and egress routes should be designed to ensure that people are accommodated with rgasonable
cdmfort. Effort shouldybe made at the design stage to achieve simplicity in all access and egress arrangements

Although closely.packed conditions may be acceptable in nhon-emergency conditions, if delays or queties occur
ddring evacuation a closely-packed slow-moving crowd could become anxious, which may result in crushing
ard relateghinjuries.

In[determining the width available for evacuation and assessment or measurement of the exit route it should be
borme i mind that persons moving along a corridor or_Staitway produce an effective pboundary layer of
clearance between themselves and walls, handrails and other obstacles. The width of the boundary layer(s)
needs to be taken into account to determine the effective width available (see reference [6]). Calculation of
travel speed should take account of any merging flows (see reference [7]).

Movement speeds depend to some extent on occupant mobility (see references [8] and [9]). Flows may be
affected by occupants with walking aids or wheelchairs.

To facilitate assessment, the egress path under consideration may be divided into spaces (such as rooms, lobbies,
corridors and stairways) and their interconnecting doorways. The procedure must be repeated for each space on
the exit path for a number of time steps until the evacuation has been completed.

13


https://standardsiso.com/api/?name=550f76d376f8b0d5abdca32363c584e7

ISO/TR 13387-8:1999(E)

©1SO

To enable the movement time to be assessed the information heeded and would typically include for each occupied
enclosure:

a) tenability in exit paths;

b) number of occupants likely to use each exit path;

c) occu

pant condition;

d) number of exits which may be available;

e) appr
f) thed
g) occu
h) maxi
i) occu
) merg
k) occu
When cal
step:

a) hatu
b) rate
c) rate
d) rate
In highly
distance
5.3.2.2 ¢
The outp

the time
5.4 Oca

5.4.1 G¢g

Dpriate subdivision of escape paths into zones and sectors;
vacuation strategy;

pant density at exits;

mum flow capacity of exits and escape routes;

pant density in escape routes;

ing flows in escape routes;

pant movement velocity.

rying out a detailed analysis it will generally be necessary.to ‘derive the following information for ea

e and number of occupants within each enclosure;
Df flow (if any) into each enclosure;

bf arrival at the exit from each enclosures;

Df flow out of flow out of the enclosure;

populated buildings the available exit width may dominate the evaluations and considerations
bccupants have to travel and their movement speeds may become secondary.

Dutput

It of the movemehtprocess is the location of all building occupants with time from the time the fire g
vhen occupantsshave evacuated to a place of safety (if required).

upant cendition

neral

th time

of the

farts to

The para

meters wnich need 10 be considered with respect 10 occupant condiion Tor all Tire scenarios

re the

appearance of fire (i.e. being able to see smoke or flames), visual obscuration by smoke, smoke irritancy, the

effects of

asphyxiant gases and of radiant and convected heat.

Throughout the time course of the fire the condition of the occupants should be evaluated with respect to any
exposure to fire effluent or heat. For some hazards (irritants, smoke density and radiant heat) the most important
parameter is the concentration or intensity of the hazard (see references [10] and ISO 13571). For others
(asphyxiant gases and convected heat) the most important parameter is the exposure dose (see references [10],
[11] and [12]) and ISO 13571). Therefore, in order to evaluate life safety during a fire it is necessary to obtain
continuous information on the extent of the fire and fire effluent and to estimate their effects on the occupants.

14
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The main evaluations that need to be performed are the psychological and physiological condition of the occupants.
The main considerations are tenability of all occupied spaces and the tenability of escape routes from occupied
spaces.

With regard to psychological aspects in relation to occupied spaces it is necessary to determine whether occupants
are likely to feel sufficiently secure to remain in place or whether they feel sufficiently threatened to attempt to leave.
If they wish to leave it is necessary to determine whether the conditions in the escape routes are sufficiently good to
enable occupants to decide to escape. These considerations will depend partly on perceived hazard, such as being
able to see flames and partly on physiological considerations, such as discomfort resulting from exposure to irritant
smoke

With regard to physiological aspects it is also necessary to determine the extent to which occupantSyare physically
capable of escaping. This involves effects which may render escape attempts slower or less, efficient] such as
exposyre to optically dense or irritant smoke. It also involves determination of the point where occupants|are likely
to becpme incapacitated, so that they are unable to escape unaided. An example of incapacitation would be loss of
conscipusness due to carbon monoxide intoxication. It may also be important as part)of a risk assegsment to
estimaje possible long term adverse health effects of an exposure and when an exposure.is likely to prove|lethal.

The pdychological and physiological effects of exposure to toxic smoke and heat-in fires result in varying degrees of
effects|on escape behaviour or incapacitation which may also lead to death ordpermanent injury.

Behavjour modifying or incapacitating effects include:
a) Effects of seeing smoke or flames including:
1)| fear of approaching smoke or heat-logged areas or escape routes;
2)| fear of fire or smoke in an occupied compartment as a stimulus to escape; or

3)| attraction towards fire in an occupied compartment (friendly fire syndrome) to observe or tackld fire (see
references [12] and [13]).

b) Infpaired vision resulting from the pptical opacity of smoke and from the painful effects of irritapt smoke
prpducts and heat on the eyes.

c) Respiratory tract pain and bréathing difficulties or even respiratory tract injury resulting from the inhalation of
irrftant smoke which may beJvery hot. In extreme cases this can lead to collapse within a few minptes from
agphyxia due to laryngeal spasm and/or bronchoconstriction (particularly in asthmatics and other|sensitive
sybjects). Lung inflammation may also occur, usually after some hours, which can also lead to varying degrees
of[respiratory distress!

d) Agphyxiation_from the inhalation of toxic gases resulting in confusion and loss of consciousness (partjcularly in
sgnsitive_subjects such as the elderly and those with heart disease).

e) Pain-to.exposed skin and the upper respiratory tract followed by burns, or hyperthermia, due to the [effects of
hdat-preventing escape and leading to collapse

All of these effects can impair escape or lead to permanent injury, and all except a) and b) can be fatal if the degree
of exposure is sufficient.

With regard to hazard assessment and tenability criteria the major considerations with respect to means of escape
and life safety are as follows:

a) the psychological effects of seeing fire effluents on escape behaviour in the absence of direct exposure;
b) the psychological and physiological effects of exposure to heat and toxic smoke on escape behaviour and

ability;

15
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c) the point where exposure results in incapacitation;
d) the point where exposure results in death;
In a design context the important considerations with respect to psychological and physiological considerations are

to set reasonable tenability limits for occupants to remain in a place of relative safety or to use a particular escape
route, and to determine the likely effects of any exposure sustained on escape capability and subsequent health.

5.4.2 Psychological effects of fire

| either
bscape
hom as
eritis
isin a
ensure
pe and

gement
to leave tthe building, and so may shorten pre-movement times compared toZthose from a situation where the
occupants are merely responding to a warning. Alternatively, some occupants may remain to observe the fire
(friendly fire syndrome) or to fight it (see references [10] and [12]). For the Situation where the effluent is between
the occupant and an escape route there are a number of possible outcomes which need to be evaluated with
respect to the escape calculations. If the smoke and/or heat reach quite tow critical values, then they may influence
the occupants' choice of escape route. If the only escape route is tewards the effluent, then, at a somewhat|higher
critical vglue, the occupant may decide not to enter the escapefroute, but to remain in situ and await resdue (for
example [f a room occupant feels the inner surface of the deg¥to be hot, or looks out to find the corridor [smoke
logged). It is therefore necessary to consider tenability criteria for these behavioural effects. On the other hand, an
occupant] of a place of relative safety may feel impelled to risk moving through dense smoke and otherwise
hazardous conditions if the place of refuge becomes-¢ontaminated by fire effluent or heat. Also, for any pafticular
scenario,| individual occupants vary in their willingness to move towards, through and even away from hazgrdous
environmgnts.

In a numper of studies of fires in buildingsy.a proportion of people (approximately 30 %) were found to turp back
rather than continue through smoke logged areas (see references [1], [14] and [15]). The average density af which
people turned back was at a “visibility{~distance of 3 m (optical density of 0,33 /m, extinction coefficient 0,46) and
women were more likely to turn bacCk,than men. A difficulty with this kind of statistic is that, in many fires in bujldings,
there is & choice between passing through smoke to an exit or turning back to take refuge in a place of felative
safety sufh as a closed rooni~In some situations people have moved through very dense smoke when the fire was
behind thhem, while in other) cases people have failed to move at all. Behaviour may also depend on whether
layering germits occupats’to crouch down to levels where the smoke density is lower and whether low level [ighting
is used tp improve visibility. Based upon considerations such as these in relation to parameters such as the size
and complexity ofthe’building, it is possible to set design limits for optical density of smoke. Guidance on duitable
criteria arje giveniin references (see references [10], [12] and ISO 13571).

5.4.2.1 Ipputs

Smoke optical density at the occupant location and in potential escape routes within sight of occupants.

Visual appearance of fire to occupants (flame area and height) and position in relation to occupant location and
potential escape routes.

5.4.2.2 Outputs
Occupant condition:

Likelihood that occupants will attempt escape and, in particular, whether they are likely to use a particular
escape route. Escape routes should be considered unavailable if smoke logged to an extent greater than the
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chosen tenability level or if a fire of critical size is between occupants and any particular escape route (see
references [1], [14] and [15]).

5.4.3 Combined physiological and psychological effects of exposure to fire

The next level of threat to consider is where the exposure to fire effluent is sufficient to have direct physiological
effects on occupants and which may place both physical and psychological limitations on their escape behaviour.
The two major situations that need consideration are where the occupants are not enveloped in fire effluent but are
exposed to heat radiation and where the occupants are enveloped in fire effluent and are directly exposed to heat,
smoke and toxic gases.

5.4.3.1] Radiant heat

Radiatjon is important in situations where occupants must pass close to the seat of the fire inyorder to|make an
escape and in situations where occupants must pass under a hot effluent layer in order to escape. It is ppssible to
set tenjability criteria for exposure to radiation (see references [10], [16] and I1SO 13571):(The latter situation is
important to consider since it forms the basis of many engineering design solutions. The ©encept is that the fire in a
large noom fills the roof space with a dilute smoke layer (possibly extracted), leaving ‘clear air underngath for a
sufficignt time for occupants to escape. For this situation it is necessary to ensure<that the layer does nof descend
so cloge to the occupants’ heads that they are inhibited from passing underneath\and that the downward| radiation
from the hot layer is not so great as to inhibit or prevent escape. A tenability limit for exposure of skin to ragliant heat
is appfoximately 2,5 kW/m2. Below this level, exposure can be tolerated. for several minutes and abdve which
tolerarfce time rapidly decreases to a few seconds (approximately 4 s at 10 kW/m?2). An expression for cplculating
tolerance time is given in ISO 13571.

5.4.3.1.1 Input

Radiant heat flux to occupant at each time increment.
5.4.3.1.2 Output

Occuppnt condition:

cgnditions should be considered untenable and escape routes blocked if conditions exceed the tenability limit.
There is a likelihood of serious burngif,eccupants remain in conditions exceeding the tenability limits.

5.4.3.4 Exposure to smoke

The other situation which must be’ considered is when occupants are exposed directly to fire effluent. Although the
main gngineering design should be developed with the intention that this should not happen to a significInt extent

for mopt envisaged scenarios, it is likely that some degree of direct exposure will occur to some occupafts during
most flres in occupied~buildings, and even a very small degree of smoke contamination can render @ building
uninhapitable. It is therefore important to assess what level of smoke contamination may occur through smoke
mixing|and circulation though the building, and what effect this may have on escape behaviour and survival.

In addition te-consideration of occupants seeing smoke from afar, there is a need to consider the psycholggical and
physio ogical effects of being enveloped in smoke in terms of its particulate concentration (optical obscuration) and
conce ) ability and
movement speeds. The requwement is to determlne what Ievels of exposure should be considered tolerable from an
engineering design standpoint and what may be the consequences of exceeding them from a risk assessment
standpoint. With regard to smoke density, tenability limits are set on the basis of effects on movement speed and
wayfinding ability. It is also necessary to consider what smoke density will be tolerated in a defend in place strategy.

Optically dense smoke affects wayfinding ability and the speed of movement of occupants. These effects depend
upon the concentration (optical density) of the smoke and its irritancy to the eyes and upper respiratory tract. In
experiments where people were asked to walk down a smoke-logged corridor, Jin (see reference [17]) found that,
for non-irritant smoke, walking speed decreased with smoke density and that at an optical density of 0,5/m
(extinction coefficient 1,15), walking speed decreased from approximately 1,2 m/s (no smoke) to 0,3 m/s. Under
these conditions people behaved as if they were in total darkness, feeling their way along the walls. When people
were exposed to irritant smoke, made by heating wood chippings, movement speed was reduced to that in
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darkness at a much lower optical density (optical density of 0,2/m, extinction coefficient 0,5) and the experience was
found to be more distressing. Based upon these experiments and others on visibility, it is possible to set tenability
limits for movement through smoke and to estimate effects on movement speed. Guidance is provided in and
ISO 13571.

5.4.3.2.1 Inputs
Smoke optical density at each time increment.

5.4.3.2.2 Output

Occupant condition:

acceptability of defend in place, acceptability of escape route use and likely degree of impajrment of g¢scape
capability.

5.4.3.3 Ifritant toxic gases

The effedts of sensory/upper respiratory tract irritants lie on a continuum from mild eyefirritation to severe pajn. The
effects may be assessed using the concept of a threshold concentration which_\if ‘exceeded, would indicate a
potentially unacceptable incidence of irritation, effects likely to make a defend-in_place strategy unacceptable or
likely to impede or prevent the safe escape of the more sensitive occupants, (see reference [10] and I1SO 13571).
The basi¢ principle for assessing sensory/upper respiratory tract irritancy involves only the concentrations ¢f each
irritant at| each time interval. The concentration of each irritant is expressed as a fraction of the tenability limit
concentration to give a fractional effective concentration (FEC) for eacfnirritant. The total FEC for effects duge to all
irritant pIesent is then obtained by summing the individual FECs, Their sum at each time increment is then
compared with a total FEC value of 1,0. If the total FEC valuetisiless that 1,0, the severity of irritation tq those
exposed [are considered to be acceptable and unlikely to have significant adverse effects on escape capability.
Conversaly, if the total FEC value is greater than 1,0, the incidence and severity of irritation for those expoged are
considergd to represent a significant potential for adverselyaffecting occupants’ safe escape. Guidance on duitable
FEC valyes and their estimation is given in 1ISO 13571:The effect of irritants combines with the optical defsity of
smoke to|cause impairment of visibility, with consequent effects on movement velocities and wayfinding ability (see
5.4.2.2).

5.4.3.3.1| Inputs
O Age pnd health status of occupants;
O Congentrations of irritant gases-at each time increment.
5.4.3.3.2| Output
Occupant condition:
satisfactory/utsatisfactory for defend in place or use of escape routes.

5.4.3.4 Asphyxiant toxic gases

The basic principle for assessing the asphyxiant component of toxic hazard involves the determination of the
exposure dose of each asphyxiant gas, i.e. the integrated area under the concentration-time curve (see references
[10], [11], [12] and ISO 13571). Fractional effective doses (FEDs) are determined for each asphyxiant at each
discrete increment of time. Their accumulated sum is then compared with a predetermined total FED value judged
to represent an acceptable incidence of incapacitation (for example 0,1 FED). If the total accumulated FED value is
less than the predetermined maximum FED value (for example 0,1), the incidence of safe escape for those exposed
(i.e. the probability that all occupants will be able to escape safely) is considered to be acceptable. Conversely, if
the accumulated total FED value is greater than the predetermined target FED, the incidence of safe escape for
those exposed is considered to be unacceptable. The initial effects of asphyxiant gases at relatively low FED values
are on exercise capability. For most people this would mean that they would be capable of less exertion than
normal, but be able to perform normally at low levels of exertion (such as walking). For occupants with heart
conditions there could be a serious problem, such as angina pain at low levels of activity. At higher FED values,
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intoxication and collapse may occur in any occupants. Such effects are taken into consideration in methods for
estimating asphyxiant gas FEDs and target values. Guidance is given in ISO 13571.

54.3.4

.1 Inputs

O Age and health status of occupants.

0 Concentrations of asphyxiant gases (carbon monoxide, hydrogen cyanide and carbon dioxide) at each time
increment.

5.4.3.
Occup

in
5.4.3.95
There
a) he
b) bg

c) re

In the modelling of life threat due to heat exposure, it is hecessary:to consider only two criteria:

O th

O exX

Therm
occur

2 Output
Ant condition:

cidence of incapacitation in terms of satisfactory/unsatisfactory.

Heat

Are three basic ways in which exposure to heat may lead to life threat:
at stroke or hyperthermia;

dy surface burns; and

Spiratory tract burns.

b threshold for severe pain and burning of the skin
posures where hyperthermia is sufficient to cause mental deterioration and therefore, threaten survi

Al burns to the respiratory tract from the inhalation of air containing less than 10 % by volume of wa
n the absence of burns to the skin of-the face; thus tenability limits with regard to skin burns are

val.

ler do not
normally

lower than for burns to the respiratory tract(see reference [10] and ISO 13571). However, thermal bufns to the

respirg
when
heat a
both rg

Radiar

Fd
ra

Conve
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tory tract may occur upon inhalation’of air above only 60 °C when saturated with water vapour, as n
vater content is used for fire extinguishment (see reference [12]). While occupants may be exposed
one without being exposed to*fire effluent (see 5.4.2.1), occupants exposed to effluent may be e
diant and convected heat.

t heat

r radiant heat)the main considerations are skin pain and burns. A tenability limit for exposure
Hiant heat is;given in 5.4.2.1.

Cted heat

hay occur
to radiant
posed to

Df skin to

rconvected heat the main considerations are skin pain and burns at temperatures above appr

pximately

121 °C and hyperthermia at lower temperatures. As with asphyxiant gases, the body of a fire victim may be
regarded as acquiring a dose of heat over a period of time during an exposure and a short period of exposure
to a high radiant flux or temperature is more incapacitating than a longer exposure to a lower flux or
temperature. The same fractional incapacitating dose model as that used for toxic gases may be applied and,
providing the temperature in the fire is stable or increasing, the fractional dose of heat acquired during the
exposure can be calculated. For exposure of up to 2 h to convected heat from air containing less 10 % by
volume or water vapour, it is possible to calculate an FED value for the summed effects of radiant and
convected heat. Their accumulated sum is then compared with a predetermined total FED value judged to
represent an acceptable probability of incapacitation. If the total accumulated FED value is less than the
predetermined target FED, the probability of safe escape for those exposed is considered to be acceptable.
Conversely, if the accumulated total FED value is greater than the predetermined target FED, the probability of
safe escape for those exposed is considered to be unacceptable. Details are provided in ISO 13571.
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5.4.3.5.1 Inputs
0 Radiant heat flux to occupant at each time increment;
O temperature at location of each occupant;

O water vapour content (% by volume) at location of each occupant.

5.4.3.5.2 Output

Occupanftondition:
conditions should be considered untenable and escape routes blocked if conditions exceed the tenability limit.

Therg is a likelihood of serious burns or hyperthermia if occupants remain in conditions exceeding tepability
limitg.

6 Engineering methods

6.1 General

Having established one or more trial designs and the significant fire scenariosithe depth and scope of quantification
required need to be established.

The type$ of analysis procedure to consider include:
a) simpje calculation;

b) computer based deterministic analysis;

c) probgbilistic studies;

d) expdrimental methods.

The scope of quantification required and the*type and complexity of analysis required to provide an adequate
solution must be carefully considered. For instance, when considering the movement of a uniform crpwd of
occupants from a large, unobstructed:-building, simple hand calculation may be appropriate, whereas @ more
detailed model may be more appropriate in a case where the effect of smoke movement in the space|or the

presence|of disable people in the.population need to be considered.

In some gircumstances wherea quantitative analysis is not appropriate, a detailed qualitative study of resulis from
evacuatiqgn trials may pravide 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
probabiligtic approach and is likely to be the simplest method of achieving an acceptable solution.

The folloying sections discuss the major methods for evaluating occupant location and condition.

6.2 Engineering methods for evaluating occupant location
6.2.1 General

In order to evaluate occupant location during the evacuation process, it is necessary to provide estimates of the two
major processes involved in evacuation, the pre-movement process and the movement process.

Research into quantifying and modelling human movement and behaviour has been underway for at least 30 years.
During most of this period work on the quantification of evacuation has concentrated on the movement process.
This work has progressed down two routes, the first is concerned with the movement of people under normal non-
emergency conditions. The second is concerned with the development of a capability to predict the movement of
people under emergency conditions such as may result from the evacuation of a building subjected to a fire threat.
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Some of the earliest work concerned with quantifying the movement of people under non-emergency conditions is
that of Predtechenskii and Milinksii (see reference [18]) and Fruin (see reference [19]). This research into
movement capabilities of people in crowded areas and on stairs eventually lead to the development of a humber of
movement models.

Evacuation research is somewhat more recent. As an alternative to computer based simulation of evacuation
performance, a full-scale evacuation demonstration may be used to assess a life safety design.

In more recent years attention has been increasingly directed towards the behavioural responses of occupants
during emergency situations, and in particular to the behaviours included within the concept of the pre-movement
proce} (see reference [4]), as well as other behaviours affecting the movement process, such as-wayfinding

behavipur. Although most research in this area has been essentially qualitative, it has been showr.that the pre-
movenient process can require a period as long or longer than the movement process. Current repearch is
therefgre being directed at providing empirical quantitative data on pre-movement times for a variéty of sityations for
use in pngineering calculations (see references [3], [4] and [5]).

6.2.2 Modelling approaches

Attempts to simulate evacuation essentially fall into three categories of models, those‘which:

a) atfempt to describe simple aspects of behaviour and/or movement by an eguation or equations;
b) atfempt to describe various aspects of human movement;
c) atfempt to link movement with behaviour.

The first category of models is based simply on empirical data-and empirically derived equations. These models
attempt to account for individual parameters such as pre-movement times and flow rates through buildings, making
use of|the (effective) width of exit paths, the crowdedness.of paths, the travel speed of evacuees and the effect of
stairwgys, doors and merging flows to estimate travel*flow rates and escape times. The equation(s] may be
preserted in simple written form or as part of a simple"computer program. Typically, the equations are derived from
correlgtions based on observations of crowd behaviour. For the most part they are based on data generated from
non-emergency movement behaviour. These_category one models can be used to provide reasongbly good
estimates of evacuation times, dependingupon the assumptions made and the number of different aspefts of the
evacuation considered in the analysis. The limitations of these methods occur where large numbers of gccupants
may be¢ involved in complex scenarios,

The sgcond and third categories 0’ models differ from the first in a number of ways. The most obvious peing the
“packdging”. While category,one models are essentially an equation, category two and three models afe usually
represented by sophisticatéd,computer software.

The sg¢cond category. of model concentrates solely on the carrying capacity of the structure and it various
components. This_type of model is often referred to as a “ball-bearing” or “hydraulic’ model (or envifonmental
determinism) as-individuals are treated as unthinking objects which automatically respond to external stimuli. In
such a modelspeople are assumed to evacuate the structure, immediately ceasing any other activity. Furthermore,

P densities,
ions made
this type
of model is one WhICh |gnores the populatlons |nd|V|duaI|ty altogether and treats thelr egress en mass. These
models typically make use of one or more of the category one models.

These second category of models tend to provide optimistic estimates of time to evacuate a building and no real-life
evacuation should be expected to be completed as quickly. One serious limitation is that they seldom include any
but the most perfunctory consideration of pre-movement process behaviours, which may take up a large proportion
of the total time required to evacuate in practice. The complexity of individual behaviours during the movement
process tend also to be rather simplistically represented. Studies have indicated that highly organized evacuation
systems in large office buildings may result in evacuation times as much as twice those predicted by some models
and where there has been a poor standard of training and organization, the evacuation times can be as much as
three times the predicted time.
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As with the first category methods, the success of the second category of models depends upon how their use, the
assumptions made and the variables considered. They can provide useful components of an overall assessment.
However, because they are often provided as computer packages, there is a danger that important aspects of the
evacuation may be omitted if they are used as “black box” solutions to evacuation time calculations.

The third category of models takes into account not only the physical characteristics of the enclosure but treats the
individual as an active agent. It takes into consideration response to stimuli such as the various fire hazards, and
individual behaviour such as personal reaction times, exit preference, etc.

This third category of models vary in their complexity and sophistication, but potentially can provide the most
complete| estimates of evacuation time, taking into account a wide variety of variables. As with the pther two
categorief they are only as good as the parameters included and the assumptions made. As fundamental-data on
many aspects of human evacuation behaviour exist only in a rudimentary form, the predictive poweriof<the fodels
is limited| There are also limitations on the extent to which they have been validated against real @vacuatioh data.
Nonethelgess, they do represent powerful and useful tools and are continually improving.

A variety|of different modelling methodologies are available for category two and three evacuation models.| Within
the modglling methodologies adopted, there are also a number of ways in which te represent the endlosure,
populatioh and the behaviour of the population.

Examples of the first category of models available for estimating the time necesgary to complete the evacuatipn of a
building ¢an be found in the SFPE Handbook (see references [6] and [7]). Ih the following sections an attempt is
made to [describe the modelling methodologies adopted for the second and third category of models. A more
complete|description of these models may be found in reference [20].

6.2.3 Evpcuation modelling methodology.

The natufe of an evacuation model is dependent on several-factors, namely, the intended purpose of the| model
(see 6.2.8.1), the method used to represent the enclosure, (see 6.2 3.2), the population perspective adoptgd (see
6.2.3.3) dnd the behavioural perspective used (see 6.2.3:4).

6.2.3.1 Nature of model application

While all the models under consideration addre’ss the common problems of evacuation, they handle this problem in
three funflamentally different manners: optitmization, simulation, and risk assessment. The underlying principles of
each of thhese approaches influences the associated model capabilities.

One appfoach to modelling evacuatioh assumes that occupants evacuate in as efficient a manner as pgssible,
ignoring peripheral and non-evacuation activities. The evacuation paths taken are considered optimal, as @re the
flow chanacteristics of people_and exits. These models tend to cater to a large number of people or tr¢at the
occupants as a homogengus ensemble, thus not recognizing individual behaviour. These models are ggnerally
termed optimization models.

Alternativiely, designefs may attempt to represent the behaviour and movement observed in evacuations, not|only to
achieve gccurate-results, but to realistically represent the paths and decisions taken during an evacuation.| These
models afe termed simulation models. The behavioural sophistication employed by these models varies greatly, as
does the pceuracy of their results.

Risk assessment models attempt to identify hazards associated with evacuation resulting from a fire or related
incident and attempt to quantify risk. By performing many repeated runs, statistically significant variations
associated with changes to the compartment designs or fire protection measures can be assessed.

6.2.3.2 Enclosure representation

In all evacuation models, the enclosure in which the evacuation takes place must be represented. Two methods are
usually used to represent the enclosure: fine and coarse networks. In each case, space is discretized into
subregions, and each subregion is connected to its neighbours. The resolution of this subdivision distinguishes the
two approaches.

22


https://standardsiso.com/api/?name=550f76d376f8b0d5abdca32363c584e7

©1SO ISO/TR 13387-8:1999(E)

In the fine network approach, the entire floor space of the enclosure is usually covered in a collection of tiles or
nodes. The size, shape and connectivity of a node may vary from model to model. A large geometrical network may
be composed of thousands of nodes and each compartment may be made up of many nodes. In this way, the
geometrical network together with its internal obstacles may be represented to the extent that each individual may
be accurately located at any time during the evacuation.

In the coarse network approach, the geometry is defined in terms of partitions derived from the actual structure,
possibly including a corridor, a room, etc. Each node may represent a room or corridor irrespective of its physical
size. Nodes are connected by arcs representing actual connectivity within the structure. In such a model, occupants
move from segment to segment and their precise location is less defined than in fine network models. For instance,
an ocdupant may be represented to move from room to room and not from one area to another inside the same
room.

In this [approach, local movement and navigation including overtaking, the resolution of local conflicts and obstacle
avoidanhce are all difficult to incorporate into the model. Consequently, the exact location.of an individpal is not
represented and any detailed calculations of individual movement and interactions between-individuals ¢annot be
made.

The difference between these two types of network models becomes increasingly indistinguishable when the
evacuating population is treated as a homogenous ensemble.

6.2.4 Population perspectives

The enclosed population can be represented by one of two approaches: an individual or a global perspective. Most
models$ allow for personal attributes to be assigned, either by the user, or through a random device. These personal
attribufes are then used in the movement and decision-making.process of that individual. This process i$ typically
independent of other occupants involved in the simulation~and allows for the individual trajectories/histofies to be
followgd. The models that are based on this individual_perspective can then represent a diverse populdtion, with
different internal traits whose evacuation, in some manner relies on these traits. It is important here not tp confuse
independent decision-making with an inability to implement group behaviour. The concept of the individual does not
preclugle group behaviour, but examines each‘.occupant individually, then allocates an action which may be
considered as group behaviour.

Other models do not recognize the individual, but delineate a population as a homogenous ensemble (or grouping),
without different identities, thus adopting a global perspective. These models represent evacuation detajls not on
the bapis of which individuals escaped, but on the numbers of occupants who escaped. This approachh may be
benefigial in both the management and the speed of the models, but lacks much of the detail available to the
individpal perspective.

When pmploying a globalperspective, it is difficult to model the effects of events on individual occupants (the effect
of toxi¢ fire gases, for instance). Only a distributed, or average effect can be established throughout the pppulation.
This giives no indication, for example, of the survival rates of specific groups of individuals, such as the eldgrly or the
disabled, but instead, only that of the proportion of the population affected.

This problem arises for a number of other evacuation factors including any individual attribute, commpnication,
resporjse’of the individual to cues, and interaction of an individual or subgroup with the rest of the populgtion. This
deficiency may not be considered serious in simple, homogenous populations, but in more realistic situations, would
seriously hinder an accurate understanding of the behaviour of the population.

6.2.4.1 Behavioural perspective

To represent the decision-making process employed by occupants in an evacuation, the model must involve an
appropriate method for determining behaviour which will be influenced by the population and geometry approaches
taken. As such, it is possibly the most complex of all the defining aspects.

Broadly speaking, the models investigated can be separated into the following five behavioural systems:

23


https://standardsiso.com/api/?name=550f76d376f8b0d5abdca32363c584e7

ISO/TR 13387-8:1999(E) ©1SO

a) no behavioural rules;

b) functional analogy behaviour;

c) implicit behaviour;

d) rule-based behavioural system;

e) artificial intelligence-based behavioural system.

Models WhiCh apply no behavioural rules rely completely on the physical movement of the populaton.gnd the
physical geometrical representation to influence and determine the occupant evacuation. In these models;defisions
are madq only on the basis of physical influences.

Functional analogy behavioural models apply an equation, or set of equations, to the entire population whigh then
completely governs the population’s response. Although it is possible for the population to be-defined individpally in
these mqdels, all the individuals will be effected in the same way by this function, and therefore will react in a
deterministic manner to its influences, undermining individual behaviour. This function. is*not necessarily dlerived
from realtlife occupant behaviour, but is instead taken from another field of study,assumed to be analogous to
human bgehaviour, (for example fluid flow, magnetic fields, etc. taken from physics). Occupant movement and
behaviouf is then completely determined by this function, which may or may not;have been previously caljbrated
with human movement.

Some m@dels do not specify behavioural rules, but instead assume thent.to be implicitly represented throdgh the
use of cgmplicated physical methods. These models may be based on’the application of secondary data| which
incorporgtes psychological or sociological influences. These models.therefore rely upon the validity and accufacy of
this secondary data.

Models which explicitly recognize the behavioural traits of individual occupants, usually apply a rule-based gystem.
This alloyvs for decisions to be taken by occupants accerding to pre-defined sets of rules. These rules ¢an be
applied in] specific circumstances, and in such circumstances, have an effect. For instance, a rule may be:

'If | am in a smoke-filled room, | will leave through the nearest available exit.”

A problem with this style of a decision-making process is that in simplistic models the same decisions are|taken,
under thg same circumstances, in a deterministic fashion. This has the disadvantage of denying the possibility of
natural variations in outcomes through-repetition. Most of the rule-based models are stochastic. However, $everal
models |ncorporate a contribution—of both deterministic and stochastic approaches, depending ¢n the
circumstgnces.

Recently/| artificial intelligenceshas been applied to behavioural models, where individual occupants are designed to
mimic hufnan intelligence, or an approximation of it, in respect to the surrounding environment.

The behaviour whiel can be expected in evacuations has a complex relationship with the surroundings. An
individual may hexinvolved in three types of interaction during an evacuation, all of which are associated with
complex fecisions. These encounters may be categorized as:

a) peo =c-pcup=c interactions,-e—interactions-with-othet oceHpants:
b) people-structure interactions, i.e. interactions with the enclosing structure;
c) people-environment interactions, i.e. interactions with the fire-affected atmosphere and possible debris.

These interactions will affect an occupant’s movement, and will therefore utilise a decision-making process. This
process is further complicated by the way in which this interaction takes place. This may occur on three levels:

a) psychological: an interaction of this type under a fire threat may entail an occupant rearing away from the fire;

b) sociological: an interaction of this type under a fire threat may cause an occupant to instigate a rescue of
another occupant;
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c) physiological: an interaction of this type under a fire threat may result in intoxication due to narcotic fire gases.

As identified earlier, human behaviour is the most complex and difficult aspect of the evacuation process to
simulate. No model to date fully addresses all the identified behavioural aspects of evacuation. However, several
models have attempted to incorporate a number of these behavioural interactions. Furthermore, not all these
behavioural aspects are fully understood or quantified.

6.2.5 Experimental methods

As an alternative to computer methods, a full-scale evacuation demonstration can be held to assess a life safety
design[ The full-scale evacuafion demonstration involves staging an evacuafion exercise using a représentative
target population within the structure (see reference [20]). In most real emergency evacuations it is tabe [expected
that th¢ majority of occupants would never be directly aware of or come into contact with fire effluent:JTo this extent
experimental evacuations can be considered realistic models of emergency evacuations providedithe occupants are
not prg-warned. However, since occupants cannot be subjected to trauma or panic nor to the‘physical ranpifications
of a rgal emergency situation such as smoke, fire and debris, such an exercise provides_little useful information
regard|ng the suitability of the design in the event of incidents in which the design fails'to“such an extent that life
threatgning conditions occur. Information on this topic is available from studies of actual incidents, althpugh it is
often not possible to obtain full quantitative data on such incidents.

On a practical level, when evacuation drills are performed, usually only a Single evacuation trial is undertaken,
which from a design point of view, does not provide sufficient information to arrange the layout of the strlicture for
optimal evacuation efficiency. Also, it is only possible to conduct,sueh trials after the structure has been
constrlicted. In practice, for any different combination of structure; population and fire scenario, |repeated
evacuations would be expected to follow a distribution of outcomes{However, even a single experiment cgn provide
an indication of how the evacuation of the structure is likely to occur for a given population and fire scenarig.

6.2.6 |erification of evacuation models

The vgrification of evacuation models is an essential-step in the continual development and acceptancq of these
tools. While no degree of successful verification wil\PROVE an evacuation model correct, confidence in the model
is estaplished the more frequently it is shown to(he successful in as wide a range of applications as possible. At
their pfesent stage of development, there is a shortage of convincing quantitative verification history for ejacuation
modelg. This is mostly due to the scarcity~of suitable experimental benchmark evacuation data. The majority of
evacuation trials are conducted to demanstrate the suitability of a building design and/or staff procedyres or to
gauge|compliance to a regulation or.standard, but not for model verification purposes. In most of thege cases,
insuffigient data is recorded to allowa detailed verification of evacuation models. The variability of human behaviour
nds these problems making repeatability of experiments an issue. Even under the most ¢ontrolled
ental conditions, no evacuation exercise involving crowds of real people will produce identical resplts when
the exprcise is repeated, @lthough the same people have been used. Verification of evacuation models should
follow @ systematic and measured approach. This can involve:

a) cdmponent testifng: routine checking of major software subcomponents;

b) fupctionakvalidation: checking of model capabilities and inherent assumptions to be compatible with| intended
ude;

c) qualitative verification: comparison of predicted uman betfaviour with informed expectations;

d) quantitative verification: detailed comparison of model predictions with reliable experimental data.

Viewed in this manner, verification is an on-going activity and an integral part of the life cycle of the software.

6.3 Engineering methods for evaluation of occupant condition

6.3.1 General

Two major considerations with regard to engineering methods for the evaluation of occupant condition are the

choice of methods applicable to different design situations and the technical basis for choices of tenability limits in
relation to the condition assessment methods currently available.
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6.3.1.1 Choice of methods

For most building design strategies, the objective is to ensure that occupants are able to leave the building or
remain in a place of relative safety during a fire without ever coming into contact with fire effluent or heat. For a
simple deterministic design, it may be sufficient to demonstrate that no exposure to fire effluent of heat occurs at
any occupied place at any time during the engineering simulation. It may be possible to ensure that this is the case
for a range of design fire scenarios, for example in situations where the fire, fire effluent and heat are contained
within an unoccupied enclosure. Where the fire occurs within an occupied enclosure, it may be possible to prevent
occupant exposure. For example, engineering methods in relation to smoke control are usually applied to smoke
filling time and smoke extraction. The design is usually intended to maintain a hot buoyant smoke layer well above
head height so that occupants are not exposed to smoke. The design fails if the smoke layer descends to |a level
exposing|the occupants. In this context the tenability limit is that no smoke or heat exposure is acceptablg. Such
methods pre often applied to large enclosures such as shopping malls or atria.

Separatign between occupants and fire effluent and heat can theoretically be achieved, although ‘in practice some
exposure| may occur. For instance, occupants may be subjected to heat radiation from the buayant, hot upper layer.
Thus, it is necessary to ensure that this will not impede escape or cause injury. Furthermaore, when a fire joccurs
within anjoccupied enclosure it is inevitable that there will be some effect on the occupants, i.e. they may be jable to
see smoke or flames or those close to the fire may be exposed to heat. In many situations where the fireis in a
separate | enclosure from the occupied enclosures, smoke mixing or smoke pénetration through gaps|or air
circulatiop systems may result in contamination or spaces beyond the fire enelosure. In all these situations any
design that relies on no exposure of occupants will fail, so that in practice it iSineécessary to use design critefia that
allow some sight of, or some degree of exposure to, effluent or heat. For 'such situations it is necessary [to use
tenability |criteria for exposure. For simple situations it may be sufficieqt\to use criteria for a few key parameters,
such as gmoke density, carbon monoxide, temperature and heat flux at'the location of each occupant.

The main challenge from an engineering point of view is to be able'to make reasonable estimates of the corditions
at each occupant location (most importantly at head height).

For other|design situations it may be necessary to carry out a more detailed assessment of occupant condition. This
is particularly important in risk assessments, when theeffects of a range of fire scenarios are under considgration,
including|less likely scenarios which may involvesgignificant exposure of occupants to fire effluent or heaf. Such
assessments may require estimation of hazards\ef injury, incapacitation or death for particular scenarios, injolving
the full rahge of effects on occupant condition:

6.3.1.2 Technical basis for choices of tenability limits and hazard assessments

Methods for estimating the condition of occupants are directed at evaluating psychological and physiological [factors
affecting their evacuation ability or-behaviour, their state of health and their survival. Initial considerations r¢late to
the genetal ability of the occupants to evacuate. Such decisions are usually qualitative, based upon the occlipancy
type and the knowledge ofthe" abilities of the occupants.

Assuming occupants.are considered able to perform an evacuation, the next consideration is theit likely
psychological reagction to seeing a fire or smoke. With regard to sight of a fire, in practice it is normally assumgd that
occupants will net“move towards a fire, so that an escape route is considered unavailable if the fire is betwgen the
occupant| and _the escape route. It is also assumed that occupants will move away from a fire and evacugte any
enclosurg eontaining a fire. This is often not the case, at least during the early stages of a fire, so that fire| safety
management strategies should be developed to ensure that occupants evacuate when required.

Another consideration is how occupants will respond to seeing smoke and, for example, how this will affect the
decision to use a particular escape route.

Beyond these purely psychological aspects of occupant condition are considerations of effects on occupants of
direct exposure to fire effluent and heat. These range from further psychological effects on aspects such as exit
route choice, through physiological effects on escape speed and efficiency to estimates of incapacitation and
lethality. Considerations related to the quantification of these effects and the determination of tenability limits are
discussed in the next sections. Details of calculation methodology for physiological endpoints from the effects of
smoke obscuration, irritancy and incapacitation from asphyxiant gases are given in the companion standard
ISO 13571.
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With regard to all these psychological and physiological variables there are a number of difficulties in arriving at
objectively derived and accurate tenability limits or hazard end points. One set of difficulties arises from the extreme
range of variations within the human population with regard to both psychological and physiological characteristics.
This applies both within what may be regarded as the “normal” population, as well as with regard to special groups
in relation to parameters such as age, abilities and health status. Although it is possible to make reasonable
predictions of how most occupants will react to particular situations and the time required for them to respond,
individuals are capable of making complex and varied responses to situations. Considering the physiological effects,
the young, elderly and people with particular health problems may be seriously affected by effluent or heat at much
lower levels than other members of the population.

Anothegr problem is that many of these parameters have not, or cannot be, directly quantified. In considering the
psychqlogical or behavioural effects, it is difficult to create realistic experimental scenarios to measure/such effects
as “willingness to enter smoke-logged escape routes”. Studies of behaviour in actual incidents lack-accyrate data
on parpmeters such as optical density and rely on the memory and subjective assessments of‘withesseg who are
likely o be influenced by particular features from which it is difficult to derive realistic geheralized, gyantitative
criterigl. It is in most cases not ethically possible to expose subjects to realistic conditions’ either for mixed fire
effluent or individual toxic species for the purpose of determining physiological effects. Consequeftly, it is
necessary to rely on data obtained from a limited range of human experimental expasures (usually at low levels),
anecdgtal data from accidental human exposures in fires or industrial incidents, anthexperimental animal sfudies.

The bgst that can be done in such a situation is for experts on the subject to-réview as much or the available data
as pogsible and agree on recommendations for tenability limits and hazafd estimation methods. An attempt has
been made to do this particularly for physiological criteria in ISO 13571."Where tenability assessment|relies on
minimal, subjective, or poorly quantified data, it is necessary to_fise’ conservative estimates for maxjmal safe
exposdre levels. The following sections contain comments on.thé main parameters needed for use i|n hazard
assesgments.

6.3.2 Assessment of psychological effects of seeing fires and’smoke and heat

Althougih sight of smoke or fire may have a number .ofsinfluences on occupants the most important consideration in
enginegering design is the extent to which smoke on fire on an escape route is likely to result in occupants being
unwillipg to use the route. This will depend to sefme extent on the particular situation and the particular ofcupants,
but some indications of approximate optical density and willingness to enter have been made from stud|es of fire
incidents (see 5.4.1). These may be used-‘as-part of the criteria for exit choice in egress time calculations. For the
effects| of fire, the best that can be done-currently is to apply radiation tenability criteria. Thus occupants may be
expected to pass close to a fire provided they are not exposed to painful levels of radiation.

While such effects may be impottant in practice in determining the egress patterns and escape times from|occupied
enclospres during fires there(ane limited data available for setting tenability limits. Although the recommenfed limits
are copsidered suitable, these may be improved by further research. Special criteria may need to be applied to
particular occupancy types.

6.3.3 Assessment-of behavioural and physiological effects of exposure to smoke

In addition tg the psychological effects of seeing smoke on exit choice, there may be similar effects once gccupants
become exposed to smoke. They may decide to continue of turn back. If they decide to continue, snjoke also
affects| the) speed of movement of occupants. These effects depend upon the concentration (optical den;Tty) of the
smoke and its irritancy to the eyes and upper respiratory tract. These effects on movement speed have been
quantified in a series of experiments by Jin (see reference [17]) which provide a reasonable basis for egress
calculations.

Based upon considerations such as those described for the optical density and irritancy of the smoke, it is possible
to set tenability limits for smoke density appropriate to particular fire scenarios in relation to the physiological effects
on the ability of occupants to see sufficiently well to escape efficiently as well as possible psychological effects on
their escape behaviour. Appropriate limits will depend upon the building and occupant characteristics. For example,
for small spaces with short travel distances to exits, it may be possible to set less stringent tenability criteria if
occupants are familiar with the building. For large spaces it may be necessary to set more stringent tenability limits,
particularly if occupants are likely to be unfamiliar with the building and need to be able to see much further in order
to orient themselves to find exits. To evaluate the effects of irritancy on the ability to see, it may be necessary to use
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more stringent smoke density tenability criteria for scenarios where the smoke evolved is likely to be highly irritant to
the eyes. Other factors to be taken into consideration would be the complexity of the space, the lighting and the
visibility of the signs.

This is another area where further experimentation would be valuable (see 5.4.2.2) There are ethical limitations on
the extent to which human subjects can be exposed to irritant smoke, but this can be important in accidental fires.
Some guidance on the subject is provided in ISO 13571.

6.3.4 Engineering methods for evaluating incapacitating effects of fire effluent and heat

Throughdut the Time course of the fire the condition of the occupants Is evaluated with respect to any expokure to
fire efflugnt and heat. For some of the hazards (irritants, smoke density and radiant heat) the most)important
parametdr is the concentration or intensity of the hazard, for others (asphyxiant gases and convegted heat) the
most impprtant parameter is the “exposure dose”, i.e. the integrated area under each concentrationstime curye (see
referencds [10], [11] and [12]).

The basit principle for assessing the sensory/upper respiratory tract irritant component 6fytoxic hazard ahalysis
involves pnly the concentrations of each irritant (see ISO 13571)] . Fractional effective-concentrations (FEGS) are
determingd for each irritant and the point in time is calculated at which their sum reaches a predetermined value
judged to|represent an acceptable incidence of human incapacitation.

The basi¢ principle for assessing the asphyxiant component of toxic hazard analysis involves the exposure gose of
each tox|cant. Fractional effective doses (FEDs) are determined for each-asphyxiant and the point in time is
calculatedl at which their sum reaches a predetermined value judged to represent an acceptable incidence of human
incapacitation.

Incapacitption due to asphyxiants and incapacitation due to sensory/upper respiratory irritation are congidered
separately. Although FED values are considered to be additivecwith each other and FEC values are considered to
be additiye with each other, FED and FEC values must not be-added together. The effects of smoke on visibility and
the effects of radiant and convected heat are also considered separately. It is possible to sum the effects of radiant
and convected heat, but in practice there is little errorin treating them separately. Methods for assessing bpth the
heat and the visual obscuration components of,fire hazard analysis use empirical relationships derived from
experienge with human subjects.

When evaluating physiological effects on occupants there are two aspects to consider, the types of effect (in terms
of their ngture and severity) and the expasure thresholds for the effects. For any given toxic or physical hazgrd, the
exposure| thresholds for particular effects and the severity of the effects vary for different individuals|in the
populatioh. The frequency distributions of these thresholds for different effects have not been determined [for the
human population, but no precigeyinformation is available on the shape of these distributions.

The methodologies described herein are intended to predict times to the occurrence of biological resporses of
humans ¢xposed to fire‘effluents. However, the calculated time to a response, such as incapacitation, reptesents
the maximum in a statistical distribution of subjects’ responses surrounding that time, i.e., the mode, or most
frequently expected'time for the response to occur for exposure of a number of subjects. Individual times| to the
response| wouldhe statistically distributed around the mode in a probability curve. Thus, with incapacitatior] as an
example,|thefe\is some probability of incapacitation occurring well before the predicted time, just as there i$ some
probability ‘ef incapacitation occurring much later than would be predicted. The predicted time to incapacitation is
only the time at which there is the maximum probability of incapacitation occurring.

The setting of criteria for life safety and the predicted ability of occupants to escape and/or be rescued from a fire
situation must take into consideration the expected frequency distribution of human responses relative to total
exposure levels. An exposure level of 1 represents the mode, so that at this time approximately 50 % of exposed
occupants would be expected to be incapacitated, while an exposure level of 0,2 corresponds to a much smaller
percentage of the exposed population being incapacitated. The effects upon the remainder of the population
depends upon the nature of the hazard. For asphyxiant gases effects of exposure tend to be relatively minor until a
reasonably well-defined threshold is reached, when collapse and loss of consciousness occur following a brief
period of intoxication. For eye and upper-respiratory-tract irritants the effects lie on a continuum of increasing
severity from mild eye and throat irritation to severe pain and breathing difficulties leading to the cessation of
effective escape attempts. In order to predict the effects on the escape capability and condition of the occupants it is
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necessary to identify two points on this increasing severity scale. One is the point where eye and upper respiratory
tract pain and breathing difficulties are sufficient to interfere with escape attempts (rendering movement though a
building slower and more difficult or inhibiting occupants from passing through smoke-logged areas on potential
escape routes). The other is the point where effects become so severe that escape attempts are likely to cease, a
degree of incapacitation approximately equivalent to collapse from asphyxiant gases. Each of these endpoints will
have a frequency distribution for the population and there is likely to be some overlap between the distributions of
the two effects. Thus, for an exposure level at which half the population are experiencing effects on escape
efficiency, a small proportion are likely to be severely incapacitated.
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b) Ventilation €ffects in relation to activity levels, inhaled carbon dioxide concentrations and body size

Injaddition to the concentration of inhaled toxic products and the duration of exposure, another variabl¢ that can
profoundly influence escape capability and time to incapacitation is the level of ventilation, i.e. the yolume of
breathed air per minute. This is because the rate of uptake of toxic products, particularly asphyxiant gases is
directly proportional to the level of ventilation. Ventilation can vary by approximately an order of magnitude
between a state of rest and that of performing heavy work. Similarly the level of ventilation also depends upon
the inhaled carbon dioxide concentration. The two effects may be considered as basically additive.
Furthermore, the level of ventilation per unit body mass is increased as body mass decreases, i.e. babies and
children have an increased rate of uptake of asphyxiant fire gases compared with adults. For these reasons,
the exposure doses shown in this part of ISO 13387 are those likely to produce incapacitation at a level of light
adult work. Lower exposure doses may be applicable in situations of heavy work, or when considering work in
children. An example may involve escape up stairs. The effects of inhaled carbon dioxide are taken into
consideration in ISO 13571.
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