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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$o be represented on that committee. International organizations, governmental and
non-governmental, in #Maigon with ISO, also take part in the work. ISO collaborates closely with the
International ElectrotechfiigtJ«Commission (IEC) on all matters of electrotechnical standardization.

International Standards aregr’ﬁld in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical co ees is to prepare International Standards. Draft International Standards
adopted by the technical comm s are circulated to the member bodies for voting. Publication as an
International Standard requires app % y at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a nlcal committee has collected data of a different kind from that
which is normally published as an Inter Onal Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating me rs,to pubhsh a Technical Report A Technical Report is entirely

informative in nature and does not have to ewewed until the data it provides are considered to be no
longer valid or useful.

Attention is drawn to the possibility that some of?e ments of this document may be the subject of patent
rights. ISO shall not be held responsible for identifyin y or all such patent rights.

ISO/TR 16738 was prepared by Technical Committee IS 92, Fire safety, Subcommittee SC 4, Fire safety

engineering. @
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Introduction

This Technical Report provides information (sometimes called “advice” or “guidance”, although there is no
intention to present mandatory guidance) on engineering methods currently available for the evaluation of
life-safety aspects of a fire-safety engineering design for the built environment, including structures such as
tunnels, undergroyind complexes, ships and vehicles. Advice is presented on the evaluation and management
of occupant be#fayiour, particularly escape behaviour, during a fire emergency and for the evaluation of
occupant conditi /}d capabilities, particularly in relation to the effects of exposure to fire effluent and heat.

The guidance focusgs’
to an area of refuge
performance-based (fire
than the required safe-es

inly on the evacuation of the occupants, although maintenance in place or relocation

afety can be appropriate alternatives in some situations. A basic principle of

ty engineering) design is that the available safe-escape time (ASET) is greater
time (RSET) by an adequate margin of safety.

Should a fire occur in which %pants can be exposed to fire effluent and/or heat, the objective of the fire
safety engineering strategy is ly to ensure that such exposure does not significantly impede or prevent
the safe escape (if required) of a the occupants, without their experiencing or developing serious health
effects.

*

Z

Possible objectives for a fire-safety de@] can include ensuring that those occupants outside the area of fire
origin are able to reach (or remain in) an?a of safety without ever coming into contact with, or even being
aware of, fire effluent and/or heat, while th inside the enclosure of fire origin are not subjected to life-
threatening conditions. These are propos@ the main design criteria for the safety of the majority of
occupants in multi-compartment structures. QL

There are, inevitably, some potential scenarios wh me occupants do become aware of, or are exposed to,
fire or fire effluent, particularly when the occupants in the enclosure of fire origin. This can vary between
seeing flames or smoke or exposure to slight smoke ¢ mination, common in many fires, to life-threatening
exposures. For all scenarios, it is important to be able ssess the likely behavioural responses and the
effects of such experiences, either as part of the main deS%r as part of a fire risk assessment.

In order to achieve these evaluations, detailed input informati%required in four main areas:

Ve
— building design and emergency life safety management strate@(

Qe

— occupant characteristics; O,

— fire simulation dynamics; 6:

— intervention effects. &

The response of occupants to a fire condition is influenced by a whole range ariables in these four
categories, related to the characterization of the occupants in terms of their num®ér, distribution within the
building at different times, their familiarity with the building, their abilities, behaviours and other attributes; the
characterization of the building, including its use, layout and services; the provision for warnings, means of
escape and emergency management strategy; and the interaction of all these features with the developing fire
scenario and provisions for emergency intervention (fire brigade and rescue facilities).

Guidance is provided on
a) the evaluation of escape and evacuation times from buildings:

— for occupants not directly affected by fire (for example, in building locations remote from the fire
compartment),

© 1SO 2009 — All rights reserved \"
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— for occupants whose escape behaviour and, therefore RSET, is influenced by fire effluents and heat;
b) the evaluation of ASET in relation to tenability limits due to fire effluents and heat.

NOTE Reference can be made to ISO 13571 for details of calculation methods used for the evaluation of
tenability in relation to exposure to fire effluent and heat.

The time required for escape depends upon a series of processes consisting of
— time from ignition to detection;
— time from detec);g 'Eo the provision of a general evacuation warning to occupants;
— evacuation time, v&h has two major phases:

— pre-travel activit%, which consists of the time required to recognize the emergency and then
carry out a range o jvities before the evacuation travel phase,

&

— travel time (the time reqd@i for occupants to travel to a safe location).

pre-travel activity time recognition and res e times, most research (see References [1], [2], [3], [4], 5], [6],
[71, [8] and also ISO/TR 13387-8) has been e;séntially qualitative, describing the psychological, behavioural
and physiological factors affecting detection @d recognition of fires and the wide range of behaviours
engaged in by groups of occupants. There a#?few methods available for the quantification of these
phenomena and the interactions between them, although some data on response time distributions have been
obtained from observations of behaviour during red&imulated emergencies; see References [4], [5] and [9].
These studies have shown that the overall times requi or these behaviours can comprise the greatest part
of the time required for escape. L .

Time from ignition to detection and fr%ﬁition to alarm are covered in ISO/TR 13387-7. In terms of

Travel to and through exits and escape routes involves m(@ hysically based processes, which have been
relatively well quantified and are amenable to relatively simp Iculation methods for design purposes; see
References [10], [11], [12] and [13]. Nevertheless, travel times cgQ be affected by behaviours such as way-
finding and exit choice. Also, certain physical phenomena, suc)\%erging flows, have not been adequately
evaluated; see References [11] and [14].

There are considerable interactions between the various aspects of pr@)‘vel activity time and travel times in
the determination of total evacuation times for groups of building upants. This has considerable
implications for design performance evaluations; see References [6], [14],%nd [16].

It is expected that users of this Technical Report are appropriately qualified an@fmpetent in the fields of fire-
safety engineering and fire risk assessment. It is particularly important that user derstand the parameters
within which particular methodologies can be used. Users are cautioned that ods developed for, and
assumptions based on observations from, building evacuations might not be diréctly gpplicable to different
occupancies or to other built environments, such as tunnels or ships. 62

§
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Fire-safety engineering — Technical information on methods
for evaluating behaviour and movement of people

1 Scope 6/‘

This Technical Repég'
on the engineering
aspects of a fire safety
management of occupant

intended to provide information to designers, regulators and fire safety professionals
ds available for evacuation strategies in relation to the evaluation of life safety
ineering design. Information is presented on the evaluation, quantification and
viour, particularly escape behaviour, during a fire emergency.

This Technical Report addres%the parameters that underlie the basic principles of designing for life safety
and provides information on the esses, assessments and calculations necessary to determine the location
and condition of the occupants of U|Id|ng, with respect to time.

This Technical Report provides mformgﬁw on methods for the quantification of the different aspects of human
evacuation behaviour in a design cont It is intended for use together with the parts of ISO/TR 13387 and
associated guidance documents and sta ds. These provide some of the information useful in performing a
life safety evaluation and a means for mcwratmg the results of the life safety evaluation into the wider
aspects of a fire safety engineering design.

The use of lifts (elevators) in emergency evacuatldsis not dealt with in this Technical Report.

%
2 Normative references

references, only the edition cited applies. For undated réfgbences, the latest edition of the referenced

The following referenced documents are indispensable %he application of this document. For dated
document (including any amendments) applies.

/\
ISO/TR 13387-8, Fire safety engineering — Part 8: Life safety — (%ant behaviour, location and condition

Q

ISO 13943, Fire safety — Vocabulary O’

2

For the purposes of this document, the terms and definitions given in ISO/TR 133%’emd ISO 13943 and the

3 Terms and definitions

following apply.

NOTE It has been necessary to produce a number of new terms to identify particular elements of behaviour useful in
the quantification of escape and evacuation times.

31

design behavioural scenario

qualitative description of occupant characteristics, the built environment and systems, and fire dynamics,
identifying key aspects affecting escape behaviours and escape time

3.2

escape route
path forming that part of the means of escape from any point in a building to a final exit or other safe location
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