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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information:given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature‘of standards, the .meaning of ISO specific terms and
expressions related to conformity assessment, as wellas information about ISO's adherence to the
World Trade Organization (WTO) principles inthe Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by*Technical Committee 1SO/TC 92, Fire safety, Subcommittee SC 4, Fire
safety engineering.

General principles are described in ISO 23932-1, which provides a performance-based methodology for
engineers to assess the level of fire safety for new or existing built environments. Fire safety is
evaluated through an engineered approach based on the quantification of the behaviour of fire and
based on knowledge of the consequences of such behaviour on life safety, property and the
environment. IS0 23932 provides the process (necessary steps) and essential elements to design a
robust performance-based fire safety programme.

ISO 23932-1 is supported by a set of fire safety engineering International Standards available on the
methods and data needed for the steps in a fire safety engineering design summarized in 1SO 23932-1
and shown in Figure 0 (taken from ISO 23932-1). This set of International Standards is referred to as
the Global fire safety engineering analysis and information system. This global approach and system of
standards provides an awareness of the interrelationships between fire evaluations when using the set
of fire safety engineering International Standards.

Each International Standard supporting the global fire safety engineering analysis and information
system includes language in the introduction to tie the standard to the steps in the fire safety
engineering design process outlined in ISO 23932-1. ISO 23932-1 requires that calculation methods
used in scenario-based evaluations of trial designs be verified and validated. Pursuant to the
requirements of ISO 23932-1, this International Standard provides the procedures and requirements
for the verification and validation of fire calculation methods. This step in the fire safety engineering
process is shown as a highlighted box in Figure 0 below and described in ISO 23932-1.

© ISO 2019 - All rights reserved v
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J
Create fire safety design plan Yes
(Clause 10)

!

Determine design scenarios J

No Yes
(Clause 11)¢

¢ Execute fire safety management
(Clause 16)

Select engineering methods
(Clause 12)¢ T
l Implement fire safety design plan
(Clause 15)
Evaluate design
(Clause 13)¢ T

Document in final report
(Clause 14)

Are performance
criteria satisfied?
(Clause 13.4)

Are other
FSOs affected?
(Clause 13.5)

No

Figure 0 — Flow chartof the fire safety engineering process

a  Seealso ISO/TR 16576 (Examples):
b Seealso1S016732-1,1S0 16733-1, ISO/TS 29761.
¢ SeealsolS016732-1,1S0 16733-1, ISO/TS 29761.

d  See also ISO/TS 13447, ISO 16730-1, ISO/TR 16730-2 to 5 (Examples), ISO 16734, 1SO 16735, 1SO 16736,
1SO 16737,1SO/TR 16738, ISO 24678-6.
e SeealsoISO/TR 16738,1S0 16733-1.

NOTE Documents linked to large parts of the FSE process: 1SO 16732-1, 1SO 16733-1, ISO 24679-1,
ISO/TS 29761, ISO/TR 16732-2 to 3 (Examples), ISO/TR 24679-2 to 4 and 6 (Examples).

DISCLAIMER: Certain commercial products are identified in this document in order to explain a concept
or to provide realistic examples adequately. Such identification is not intended to imply
recommendation or endorsement by ISO, nor is it intended to imply that the products are necessarily
the best available for the purpose.
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Introduction

The objective of fire safety engineering is to assist in the achievement of an acceptable predicted level of
fire safety. Part of this work involves the use of calculation methods and models to predict human
behaviour in case of a fire. Evacuation analyses are performed to mitigate the adverse effects of a fire on
people. The main principles that are necessary for establishing credibility of these evacuation models
are verification and validation. This standard addresses the procedures for verification and validation of
evacuation models. The context of applications addressed in this document is building fires.

Evacuation models are applied to establish the time for an evacuating population to reach a place of
safety. Evacuation models are also used to examine evacuation dynamics of different scenarios and
evaluate the effectiveness of procedural solutions.

Evacuation models present different levels of sophistication, ranging from simplified methods (such as
capacity analysis or flow calculations) to complex computational agent-based models. The microscopic
approach is a method of representing evacuees in computer models as agents. Each evacuee is
represented by an autonomous agent with certain properties, e.g., pre-evacuation time, walking
speed, etc. A crowd is built up of a group of agents acting together in a multi-agent based evacuation
model. Agents act according to behavioural rules defined-in the model. These rules can represent
agent-to-agent or agent-to-environment interactions. The’macroscopic approach instead represents a
crowd at an aggregate level, generally adopting analegies with other physical systems (e.g. hydraulic
flows). In addition, in relation to their modelling assumptions in terms of space representation (coarse
or fine network approach, continuous approach‘er hybrid), evacuation'models are capable to represent
geometries with a different level of accuracy.

Evacuation models operate at three main-levéls'when<they produce results, namely 1) Individual Level,
2) Aggregate Level and 3) Scenariodevel qIndividual .level"deals with the simulation of the actions
performed by each agent. The aggregate-level concerns*with the interactions between agents or the
interaction between agents and-simulated objectssthat can influence the local conditions. Scenario level
relates to the results that summarize the conditions'at the end of the simulation, i.e. the final outcome of
the model and the layout in which the evacuation‘takes place.

Potential users of evacuation models and those who are asked to accept the results need to be assured
that these models provide sufficiently accurate predictions of human behaviour in fire. To provide this
assurance, evacuation models being considered need to be verified for accuracy and validated for
capability to reproduce the phenomena. A rigorous verification and validation process is a key element
of quality assurance.

There is no fixed requirement of accuracy that is applicable to all possible applications of evacuation
models. The accuracy level depends on the purposes for which an evacuation model is to be used. It is
not necessary that all evacuation models demonstrate high accuracy in all their components as long as
the error, uncertainty and limits of applicability of the models are known. The accuracy of the
evacuation model predictions are also highly dependent on the competency of the user, e.g. model
configuration, data input selection, results interpretation.

This International Standard focuses on the predictive accuracy of evacuation models. However, other
factors such as ease of use, relevance, completeness and status of development play an important role in
the assessment of the use of the most appropriate model for a particular application. The assessment
and suitability of evacuation models for the simulation of human behaviour in fire in several contexts of
applications is supported by the use of a quality-assurance methodology to ensure that the
requirements are being fulfilled. Tests and methods for measuring attributes of the relevant model
characteristics are outlined in this International Standard.

© ISO 2019 - All rights reserved vii


�3�N���#۵���+�P�q6
~�+U�7E�*�x�_ϊ��9_���g������u��S�y�]���Ӵ}��n\�O�U�����vD"��Sχ������|k�"@c

ISO/DIS 20414:2019(E)

This document is complementary to ISO 16730-1 in which the procedures and requirement for
verification and validation of calculation methods in fire safety engineering are addressed at a general
level. The present document should also be analysed in parallel with the relevant ISO documents in
which design scenarios are discussed (ISO 16733-1 and ISO/TS 29761).

This International Standard is intended to have the following uses:

a)

b)

d)

conceptual model developers! (individuals or organizations that perform development activities,
including requirements analysis, design and testing of components) can use the standard to
document the usefulness of a particular fire evacuation model for building applications. Part of the
model development process includes the identification of precision and limits of applicability, and
independent testing,

software model developers (individuals or organizations who maintain computer models, supply
computer models, and for those who evaluate computer model quality as part of quality assurance
and quality control) can use the standard to document the software features and capabilities and
assure users that an appropriate testing protocol is followed to ensure quality of the application
tools by documenting the verification and validation of the model pursuant to this International
Standard,

model users (individuals or organizations that use 'evacuation models to perform a fire safety
analysis) can use models verified and validated pursuant to this standard to assure themselves that
they are using an appropriate model for a.particular application;and that it provides adequate
accuracy,

developers of performance codes and-standards camwuse’the'standard to specify the verification and
validation procedure for evacuation niodels .used~“in-fire safety designs for a given set of
applications

approving bodies/officials Y(individuals orcorganizations that review or approve the use of
evacuation models) can use the standardasia basis to ensure that the results submitted show
clearly that the evacuation model is used within its applicability limits and has an acceptable level
of accuracy,

educators can use the standard to demonstrate the application and acceptability of evacuation
models being taught.

1 Model developers generally have access to more model components than a user, given their work in the model
development phase.

viii
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Fire safety engineering — Verification and validation protocol for
building fire evacuation models

1 Scope

This International standard describes a protocol for the verification and validation of building fire
evacuation models. The present document mostly addresses evacuation model components as they are
in microscopic agent-based models. Nevertheless, the user of this protocol may adopt it (entirely or part
of it) for macroscopic models if the model is able to represent the components under consideration.

The area of application of the evacuation models discussed in this document includes performance-
based design of buildings and the review of the effectiveness of evacuation planning and procedures.
The evacuation process is represented with evacuation models in which people movement and their
interaction with the environment make use of human behaviour in fire theories and empirical
observations. The simulation of evacuation is represented using mathematical models and/or
agent-to-agent and agent-to-environment rules.

The area of application of this standard relates to buildings. This document is not intended to cover
aspects of transportation systems in motion (e.g. trains, ships) since specific ad-hoc additional tests may
be required for addressing the simulation of human+behaviour during the evacuation in these types of
systems (Guillaume and Thiry-Muller, 2018).

This document includes a list of components for the verification and validation testing as well as a
methodology for the analysis and assessment-'of accuracy -associated with evacuation models. The
procedure for the analysis of acceptance criteria is.also included.

A comprehensive list of components for testing is’presented in this document since the scope of the
testing has not been artificially restricted to“acset of straightforward basic set of applications.
Nevertheless, the application of evacuation models as a design tool may be affected by the numbers of
variables affecting human behaviour under consideration. A high number of influences might hamper
the acceptance of the results obtained given the level of complexity associated with the results. Simpler
calculation methods such as macroscopic models, capacity analyses or flow calculations are affected to a
lower extent by the need to aim at high fidelity modelling. In contrast, more sophisticated calculation
methods (i.e. agent-based models) rely more on the ability to demonstrate that the simulation is able to
represent different emergent behaviours. For this reason, the components for testing are divided into
different categories so that the evacuation model tester can test an evacuation model both in relation to
the degree of sophistication embedded in the model as well as the specific scope of the model
application.

In Annex A, a reporting template is provided to provide guidance to users regarding a format for

presenting test results and exemplary application of verification and validation tests are presented
in Annex B.

© ISO 2019 - All rights reserved 1
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2 Normative references
The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 16730-1, Fire safety engineering — Procedures and requirements for verification and validation of
calculation methods — Part 1: General

ISO 13943, Fire safety — Vocabulary

ISO/TR 16738, Fire safety engineering — Technical information on methods for evaluating behaviour and
movement of people

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and ISO 16730-1 and
the following apply. Some of the definitions have been updated to reflect the terms as employed in this
standard. Some are duplicated here for the convenience of‘tisers of this standard.

ISO and IEC maintain terminological databases for use-in standardization,at the following addresses:

— ISO Online browsing platform: available atfittp: //www.iso.otg/obp

— IEC Electropedia: available at http://www.electropediasorg/

3.1
acceptance criteria
criteria that form the basis for assessing the acceptability of the safety of a design of a building

Note 1 to entry: The criteria can be qualitative, quantitative or a combination of both.

3.2
accuracy
degree of exactness actually possessed by an approximation, measurement, etc.

Note 1 to entry: Accuracy includes error and uncertainty.

3.3
agent
simulated occupants in an agent-based model

34

agent-based model

computational model for simulating the actions and interactions of autonomous agents using a set of
rules

3.5

arrival time (of each individual)

time interval between the time of a warning of fire being transmitted to each occupant and the time at
which each individual occupant of a specified part of a building or all of the building is able to enter a
place of safety

2 © IS0 2019 - All rights reserved
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3.6

assessment

process of determining the degree to which an evacuation model is an accurate representation of the
real world from the perspective of the intended uses of the model and the degree to which the model
implementation accurately represents the developer's conceptual description of the model and the
solution to the modelling approach

Note 1 to entry: Key processes in the assessment of suitability of a calculation method are verification and
validation.

3.7
behavioural uncertainty
uncertainty in evacuation scenarios associated with the impact of human behaviour during evacuation

3.8

building

structure or edifice intended for different uses, e.g. residential, office, hotels, shopping malls, industrial
premises, hospitals, arenas, theaters, exhibition halls, train stations, etc.

3.9

calibration

process of adjusting modelling parameters in a computational model’ for the purpose of improving
agreement with experimental data

3.10
component testing
process of checking that the componentsiof a model work:as.intended

3.11
computer model
operational computer programme that implements-a conceptual model

3.12

crowd

number of occupants or agents whose behaviour, in conjunction, with the environment, influences
those around them

3.13

default value

standard setting or state to be taken by the program if no alternate setting or state is initiated by the
system or the user

3.14
default setting
an initial condition or algorithm provided by a developer as part of the model software

3.15

deterministic model

model that uses science-based mathematical expressions or rules to produce the same result each time
the method is used with the same set of input data values

3.16

emergent behaviour

behaviour which occurs due to the interactions among smaller or simpler entities that themselves do
not exhibit such properties (e.g. agents)

© ISO 2019 - All rights reserved 3
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3.17

environment

conditions and surroundings that can influence the behaviour of an item or persons when exposed to
fire

3.18
error
recognizable deficiency in any phase or activity of calculation that is not due to lack of knowledge

3.19
evacuation model
computer model for the representation of evacuation behaviour

3.20

evacuation behaviour

behaviour of the occupants (in the real world) or agents (in a model) meant to directly or indirectly
influencing them to reach a place of safety

3.21

evacuation time

time interval between the time of a warning of fire being transmitted te-the occupants and the time at
which the occupant population of a specified part of'a’building or all of'the building are able to enter a
place of safety

3.22
exit
designated point of departure from a building

3.23

fire

(general) process of combustion characterized by the emission of heat and fire effluent and usually
accompanied by smoke, flame, glowing or a:combination thereof

3.24

fire safety engineering

application of engineering methods based on scientific principles to the development or assessment of
designs in buildings through the analysis of specific fire scenarios or through the quantification of risk
for a group of fire scenarios

3.25

fire safety objective

desired outcome with respect to the probability of an unwanted fire, relative to essential aspects of the
buildings

Note 1 to entry: The essential aspects typically relate to the issues of life safety, conservation of property,
continuity of operations, protection of the environment and preservation of heritage.

3.26

human behaviour in fire

actions performed in the event of a fire as a result of a behavioural or decision making process
(i.e. recognition of fire, way-finding, pre-evacuation, etc.)

3.27

macroscopic model

computer model in which occupant movement is represented only at an aggregate level, based on
computer-assisted algorithms

4 © IS0 2019 - All rights reserved
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3.28

microscopic model

computer model in which agents perform autonomous movement based on individual parametres,
capabilities and behavioural attitudes based on computer-assisted algorithms

3.29
model component
part which constitutes a model (i.e., a sub-model, algorithm or behavioural rule)

3.30

modelling

process of construction or modification of a model movement behaviour which enables occupants of a
building to reach a place of safety or safe refuge once they have begun to evacuate

3.31

movement time

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

3.32
occupant
person whose main physical characteristics are walking speeds and body size

Note 1 to entry: Evacuation models generally accountfor,gender impligitly, i.e., as a consequence of the assumed
body size and walking speeds. For this reason, gender is.-not explicitly'mentioned in this document when referring
to occupants.

3.33

people density

the number of occupants divided by the available area pertinent to the space where the persons are
located

3.34
performance-based design
design that is engineered to achieve:specified objectives and acceptance criteria

3.35

pre-evacuation time

time period after an alarm or fire cue is transmitted and before occupants first move (or travel)
towards an exit

3.36

probabilistic model

model that treats phenomena as a series of sequential events or states, with mathematical equations or
rules to govern the transition from one event to another, e.g. from ignition to established burning, and
probabilities assigned to each transfer point

3.37
route availability
escape routes available to the occupants

3.38

simulation

exercise or use of a calculation method to represent components of a system, their interaction and their
progression over time

© ISO 2019 - All rights reserved 5
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