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Foreword

[SO (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
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Introduction

Performance-based engineering requires analyses of building design. Such analyses require a great deal
of data on occupant response, movement and behaviour. Data is also collected for the development and
validation of model calculations. Empirical data sets are rare and those that exist can be difficult to use in
combination.

This document provides guidance in the conduct of evacuation experiments and the collection and coding of
data, so that users can understand the context under which the data was collected, and in order to facilitate
the use of data sets in combination with each other. Although the development of a repository of data is not
part of the scope of this document, the use of a consistent process for collecting and distilling peer-reviewed
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Fire safety engineering — Design of evacuation experiments

1 Scope

This document specifies a methodology for the design of experiments conducted in the built environment to
collect data on evacuation for the following purposes:

— for use in fire safety engineering;
— for comparing different evacuation experiments realized in different jurisdictions and conditigns;
— for sfudying one or more variables;

— for achieving a general overview of an evacuation or for testing one or more parameters;
— for design safety procedures and training;

— for alssessing evacuation plan(s);

— for rpeducing uncertainty on the results;

— for vlerifying the relevance of preventive measures implemented before and after building desi

e
]

— for refining software input parameters and making them'more realistic;
— for comparing the results obtained with different software;
— for vlerifying and validating evacuation models(for example ISO 16730-1).

This doqument provides guidance in several main areas: initial planning, preparation, the evacuation
experiment itself, coding the collected data, data analysis and interpretation and documentation of|results.

This document sets out the considerations for an evacuation experiment, including geometry of the space,
lighting pnd environmental conditiens, occupant characteristics, cue or alarm used, instrumentdtion and
safety cqnsiderations. It discusses.performance measurements for the evacuation experiment. The results
of any experiment depend on all'these factors and their interactions, if any. This document does nof define a
standard evacuation experiment.

2 Normative references

The following dotuments are referred to in the text in such a way that some or all of their content copstitutes
requirenents:ofithis document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 13943, Fire safety — Vocabulary

[SO 23932-1, Fire safety engineering — General principles — Part 1: General

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943, ISO 23932 and the following
apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp

© IS0 2024 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

31

built environment

building

or other structure

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

means of

Note 1 to entry: Some aspects of the building are of particular interest, for example, dimensions, occupancy type, etc.
ISO 6707-1 contains several terms and definitions for concepts related to the built environment

3.2

controll
experim
distingu

Note 1 to
all the fad

3.3
escape {
interval

[SOURCH

3.4
escape 1
path fory

[SOURCH

3.5
exit
doorway

[SOURCH

3.6
experin
purposiy
of resou

Note 1 to

objectives.

Note 2 to
or law, to
to test ing

Note 3 t

pd experiment
ent where the researcher determines the composition of the participant population and
sh between participant groups and thus identify the independent variables

entry: The researcher checks all the factors likely to influence the experimentation. Theresearcher
tors and then varies them, one at a time.

ime
between ignition and the time at which all occupants are able to reach/a safe location

:ISO/TR 16738:20009, 3.3]

oute
hing that part of the means of escape from any point in‘a-building to a final exit or other safég

: 1SO/TR 16738:2009, 3.2]

or other suitable opening giving accessowards a place of relative safety

:ISO/TR 16738:20009, 3.4]

ent

ces
entry: An experimentds a process or study that results in the collection of data or measurements wj
entry: An empiric procedure carried out under controlled conditions in order to discover an unknd
test or establish a hypothesis, or to illustrate a known law. A situation that will test a causal hypoth

ependéntvariables effects on dependents variables

entry: A scientific approach to obtain qualitative and qualitative results based on observ

s able to

identifies

location

e investigation of a system/through selective adjustment of controllable conditions and allocation

ith stated

whn effect
esis, used

htion and

measurer;

T
ICTILS

Note 4 to entry: Set of actions and objective observations carried out to solve a problem, answer a question or confirm/

refuteah

ypothesis on a phenomenon

[SOURCE: ISO/TR 13195:2015, 2.1, modified — Notes to entry added.]

3.7

evacuation time
interval between the time of a warning of fire being transmitted to the occupants and the time at which all
of the occupants are able to reach a place of safety

© IS0 2024 - All rights reserved

2


https://www.electropedia.org/
https://standardsiso.com/api/?name=87ea315cba78c69d335016b63ad42e16

ISO/TS 17886:2024(en)

3.8
fire scenario

qualitative description of the course of a fire with respect to time, identifying key events that characterize

the studied fire and differentiate it from other possible fires
[SOURCE: ISO 16733-1:2015, 3.3, modified — Notes to entry removed.]

39
flow time

time required for a group of occupants to pass through a specific exit or set of exits from an enclosure or

building

[SOURCEHSO/FR+6738:26693-5]

3.10
interpexsonal distance
physical distance between people

3.11
measurand
particulgr quantity subject to measurement

3.12
measure
variable o which a value is assigned as the result of measurement

[SOURCH: ISO 16730-1:2015, 3.12]

3.13
measur¢ment
set of operations having the object of determining a valué.of a measure

[SOURCH: ISO 16730-1:2015, 3.13]

Note 1 tq entry: An independent variable is a variable that is intentionally changed to observe its effé
dependent variable and includes any experimental factor whose variations are under the control of the expsg
Independpnt variable fluctuationsyresult in changes in the response of a dependent variable.

Note 2 to| entry: A dependent variable is the studied variable expected to change when the independent Vj
changed. |A variable is called dependent if its variations are linked to the fluctuations of one or several ind
variables]| It represents<the response (effect) of the experimental subject to the experimental conditions
experimepnter.

ontrol of

ct on the
rimenter.

ariable is
ependent
et by the

3.15
pre-travel-activity time
for an individual occupan

which the first move is made by tht occupant towards n exit

Note 1 to entry: This consists of two components: recognition time (3.16) and response time (3.18).
Note 2 to entry: For groups of occupants, two phases can be recognized:

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

— pre-travel activity time distribution between the first and last occupants to move.

e time at

[SOURCE: ISO/TR 16738:2009, 3.9, modified — "for an individual occupant” added at the beginning of the

definition and "an occupant” changed to "that occupant” in the definition.]

© IS0 2024 - All rights reserved
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3.16
recognition time
interval between the time at which a warning of a fire is given and the first response to the warning

[SOURCE: ISO/TR 16738:2009, 3.10]

3.17

recruitment

assembly of a group of participants/persons who are involved or participate in an experiment, such as
occupants, observers, camera crew, persons in charge of timing, etc.

Note 1 to entry: Sample specifications outline all characteristics used for defining participants (age, gender, numbers

Ofperson S nfr‘) Localization information forthe parcr\nc involvedinthe vaarﬂmnnfn] trialisalsoincluded

3.18
responsg time
interval petween the time at which the first response to the event occurs and the time at which travel begins
to a safe [location

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

3.19
travel time
time neefded, once movement towards an exit has begun, for an occupant of a specified part of a byilding to
reach a spfe location

[SOURCH: ISO/TR 16738:2009, 3.14]

3.20
uncertajnty
quantifidation of the systematic and random error *in"data, variables, parameters or mathematical
relationghips, or of a failure to include a relevant element

[SOURCH: 1SO 23932-1:20009, 3.14]

3.21
validatipn
process pf determining the degree to which a calculation method is an accurate representation of the real
word from the perspective of the intended uses of the calculation method

[SOURCH: ISO 16730-1:2015, 3.24]

3.22
verification
process pf determining that a calculation method implementation accurately represents the deyeloper’s
conceptyal description of the calculation method and the solution to the calculation method

[SOURCH: ISO 167%30-1:2015, 3.25, modified — Note 1 to entry removed.]

3.23
walking'speed
unrestricted speed of movement of a person

[SOURCE: ISO/TR 16738:2009, 3.15]

4 Design of evacuation experiments

4.1 General

This document specifies a methodology for the design of experiments related to evacuation. These
experiments can be conducted in the field or in laboratories to collect data for use in fire safety engineering

© IS0 2024 - All rights reserved
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in the built environment, as well as for the design of safety procedures and training and to improve
calculation models and code developments. Documents exist that provide extremely detailed steps to take
in collecting human performance data and the user is referred to such documents for additional detail and
advice.[2}[3] The steps detailed in the following subclauses assume that some preliminary decisions have
been made about the purpose of the evacuation experiment, e.g. the purpose for which the data will be used,
who the stakeholders and other interested parties are, and how the data will be stored and presented.

This document is intended as a guide for the design of experiments, in a laboratory setting or in the field, to
establish pre-evacuation time and the key movement factors that then influence overall movement time in
order to determine the total evacuation time (e.g. walking speeds, delay times, waiting and resting times,
occupant densities during evacuation, inter-personal distances, behaviours during evacuation, rate of
descent in the stairs, flow through openings, exit choice) and psychological or social factors (e.g. affiliation,
altruism| scepticism, courtesy range, social influence/social interaction, space occupancy, influenjce of the
presence of staff, risk perception, etc.). These key factors can be useful for describing or predicting pccupant
movemeht under actual emergency conditions. The results of experiments conducted in accordance with this
document will also be useful elements for making regulatory decisions regarding fire safety requirements.

Evacuatipn experiments are a means of generating input data for computer evactiation modelg and for
providinE outputdata with which to compare modelling results. Data obtained are also-useful for engineering
calculatipns and for contributing to the development of models and regulatery“code. Another principal
reason fpor conducting experiments is as a means of assessing the potential~hazard and/or validating an
evacuatipn or fire safety plan associated with the use of building elements ima particular applicatign.

This dochiment is used to design experiments intended to measure and describe the actions and behaviours
of occuppnts under controlled or non-controlled conditions, but degs not by itself incorporate all factors
required| for fire hazard or fire risk assessment of people under actual emergency conditions.

This dochiment does not purport to address all of the safety concerns, if any, associated with its usq. It is the
responsipility of the user of this document to establish apptopriate safety, health and ethical practices.

For the gurposes of this document, evacuation experiments are considered in two categories: observational
studies gnd controlled experiments. These experiménts can be carried out in a laboratory or in the field.
Observational studies allow influential factors to be identified; controlled approaches focus on specific
factors of interest, typically excluding other factors in the process. The two approaches are comparfed in the
two flowfcharts in Figure 1.

Observational studies are those where the researcher does not control the independent variable, such as
post-fire|investigations or observations of evacuation drills or occupant movement where the researcher
does not] influence the compositidn)of the participant population. Data recorded here has high ecological
validity, pnd absolute values (e.g-movement speeds) can be transferred to other similar contexts. However,
this method does not allow-for hypotheses testing and no causal inference on behavioural phenpmena is
possible,

Controll¢d experimentsvin this case are those where the researcher determines the composition of the
participgnt populatioh (through recruitment) and distinguishes between participant groups @nd thus
identifie§ the independent variables. Data recorded here has lower ecological validity compared to
observatfionalistudies. However, causal inferences on behavioural phenomena are possible.

4.2 Inttialplanning

4.2.1 Purpose of experiment

The first step in planning the experiment is to determine what aspect of evacuation is to be measured,
given the planned objective or application of results. This will guide the choice of building (or other built
environment) to be used, the equipment needed to make the measurements, the placement of measurement
equipment and the analysis that will be possible. Possible elements that can be measured include, but are
not limited to the lists shown in Table 1.

© IS0 2024 - All rights reserved
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Table 1 — Potential parameters for measurement

Measurands and calculations parameters

Behavioural parameters

Total evacuation time or specific evacuation time (floor,

area, sub-population).

Time required to evacuate the population of a location to

areas of safety).
Pre-evacuation activity time.

Travel times.

Emerging behaviour:

merging behaviour,
— congestion.
Individual responses:

exit/route choice.

Del tmes. Iudiv idual peY fu1 TTaIces:
Walking speed in corridors or stairs. — fatigue,
Flow rates through doors or along corridors. — body sway,

Restling time during evacuation.
Route loading.

Othér

ease in use of latching’/devices.
Collective respongseés;

interpersonal distance,

counterflow,

Othel

Observational study

Goal and choice of starting
situation

Initial planning and/or hypothesis
« Type of study: in the field, etc.

¢ Announced or not annouced

« Type of building (use)

. ']E:'imes (daytime, night time/season)
o Etc.

Experiment: investigation design
e Preparation

_1

—[ Evacuatiomexperiment ]

—[ Results and coding data ]

A{Data analysis and interpretation

Conclusion

Controlled experiment

—[Project/ problem formulation

nitial planning and hypothesis

¢ Determine the independent variable and its
measurement mode

e List of controlled factors and their control method

o List of uncontrolled factors but knowledge of which
is relevant for the current experimentation

eTimes (daytime, night time, season)

e Recruitment

eEtc.

Controlled experiment where one factor

varies
¢ Preparation

|

—{Evacuation experiment]

—[Results and coding data ]

—[Data analysis and interpretation

—{Results comparison with hypothesis ]

Conclusion

Figure 1 — Flow chart of steps in designing observational studies and controlled experiments

Some additional decisions about the focus of the experiment are also specified in this step.

For example, will the participants involved in the experiment be the regular users of the building (people
who live or work in the building)? If so, will the occupants be notified about the experiment or will it be
unannounced? In some studies, participants are brought into the test environment (for example, people

© IS0 2024 - All rights reserved
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invited to participate in a cinema evacuation). If an evacuation drill is to be studied, will it be a full building
evacuation or a phased evacuation or something specially arranged for the experiment, such as a partial
evacuation? Will there be people with disabilities in the building? How much of the building population will
be monitored during the evacuation?

If evacuation drills are carried out during the normal use of the building and people are in a part of the
building where they could interfere with evacuation, what effect would this have? For example, in the case of
an evacuation drill in a cinema, how would people waiting in the hallway to enter the auditorium interfere
with movement of people trying to escape?

4.2.2 Types of experiments

Once thelobjectives are chosen, the following elements need to be identified:

— typd of studies (observational evacuation or controlled evacuation, announced or,\unarmnounced
expgriments, in-field or in-lab experiment);

— inflyential factors and outcomes;
— level of granularity of the data collection (individual/collective, macroscopic data/microscopic|data);

— operfationalization of data collection (e.g. objective vs. subjective data; predision and accuracy ¢f chosen
meapuring method).

Experimpnts give qualitative data and quantitative data.

The choife of experiment type has implications for the data collectéd. It can also influence the o¢cupants’
performances, the decision-making or their movement characteristics.

For expgriments undertaken in a laboratory, this is not anZissue. But for experiments in the field} there is
a need t¢ establish how to conduct the experiment, i.e, ahnounced vs. unannounced evacuation. This is an
important factor because it impacts the hypothesis.

In a labofatory, experiments are announced experiments with controlled evacuation.

In the fidld, three possibilities are offered for-an experiment.

— Casq 1: Unannounced experiment.

— Casd 2: Announced experimentwhere date and time are known by the participants.
— Casd 3: Announced experiment where the exact date and time are unknown by the participants.

For anndqunced experiment;sub-cases can exist which include the parameter “regular users” vs. “tecruited
evacueeg”. Recruitmentispresented in 4.2.10.

4.2.3 Development of fire/evacuation scenarios and experimental design

4.2.3.1 | Géneral

A clear definition of the details of the experiment helps to make the data analysis possible, improves the
usefulness of the results, and reduces the likelihood of the data being misinterpreted and misapplied.
The overall data collection and analysis plan considers how the experimental factors, both controlled and
uncontrolled, will meet the specific objectives of the experiment and will satisfy the practical constraints
(time, site availability, availability of recruited participants, etc.).

To develop evacuation scenarios, the researcher may refer to [SO/TS 29761 and I1SO 16733-1.

4.2.3.2 Sample size

The sample size depends on type of experiment (controlled or observational study), the goals and variables
of interest, whether or not there are statistical considerations, the time available for data collection and

© IS0 2024 - All rights reserved

7


https://standardsiso.com/api/?name=87ea315cba78c69d335016b63ad42e16

ISO/TS 17886:2024(en)

data treatment, ethical considerations and the production of useful results. The necessary statistical power
required for data analysis shall be considered.

4.2.4 Data collection protocol

4.2.4.1 General

The data collection protocol documents the details of the experiment, such as the data definition, the
structure of the evacuation experiment, the method of data collection, and the type of analyses to be applied
to the data.

All data g g ich data
is indepgndent of observer bias), reliability (i.e. the accuracy and consistency of the measuring.method),
and validlity (i.e. the degree to which a measure represents what it is supposed to measure)~Thd latter is
particulgrly important for latent variables often queried in surveys (i.e. phenomena that cannot bg directly

observed but need to be inferred, such as emotional states of occupants). Data collection-can be fachieved
by;[ﬁ]

— videps with stationary or moving cameras;

— still photographs;

— humfan observers (observations, interviews);

— meapurements by human observers (e.g. using stop watches to time the evacuation process);
— use ¢f sensors (automated data collection);

— survley questionnaires;

— virtgal reality and/or augmented reality.

4.2.4.2 | Means to identify the persons

During the analysis of the video records, theirecognition of each evacuee at different locations irjside and
outside the building and at diverse phases of the experiment is useful for calculating paramdters and
understgnding behaviours.

Means td identify individuals depends of the type of experiment and the density of the persons.

For an amnounced experiment,;persons (occupants, staff members actively involved in the experiment) can
be equipped with ID badgesiwith a colour and tag inside or a sticker with a number, a geo-localizatign device,
RFID (Radio Frequency ddentification), etc. For unannounced experiments or dense crowds, a system to
identify persons on théwideos, such as filming with overhead cameras with wide angle lenses, triarjgulation
with twd cameras, er'distance measurement with a laser scannerl4! can be used.

4.2.4.3 | Considerations for measurements of walking speeds

Walking|sp€ed is often taken as the speed for a person to move from one location to another in the puilding.
The minimum requirement for collecting this type of data is one camera per location. The location of the
cameras shall allow accurate identification of each participant to allow tracking from the first to the second
location. Cameras shall also be synched in time to enable accurate calculation of average walking speeds.

It is also possible to use video footage from two (or more) time-synched cameras filming the same person
to derive the walking speed. If the same reference point on the person is seen by two (or more) cameras,
triangulation can be used to determine the location of the person as a function of time. Triangulation is the
estimation of the point of intersection of vectors originating at the cameras and pointing at the reference
point on the person. The derived information can then be used to determine the local walking speed of the
person rather than the average walking speed between two reference points as described above. There can
potentially also be other ways to derive the local walking speed.
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To compare and confirm the values, observers placed near each exit can note the time of the last person who
left the location.

4.2.4.4 Considerations for collection of movement path data

To extract the parameters from the video recordings, it is first necessary to define the areas of interest with
virtual lines or counting lines in the video frame. Virtual lines can be used to create a 2D spatiotemporal
matrix with two coordinates corresponding to the time and the position of the line.

The identification of these areas of interest then allows the quantification of specific parameters (e.g. flows
of people, number of persons, tracks trajectories).

4.2.4.5

The dens

ratid

by the group (including the area between individuals);

ratid

occupied by the group (including the area between individuals).

4.2.5

Irrespective of jurisdiction, all experiments made with human subjects shall include an ethical
prior to
the profe
experim
see the N

An ethic
shall stil

The expsg

be ay
ensy

ensy
who

Considerations for occupant density and interpersonal distance measurements
ity of occupant flow can be determined for a group of people or for each person in agroup

of the number of people in a group in an egress component divided by the totalfloor area

of the floor area occupied by each individual person in the group divided by the total f

thical considerations

ssional qualification of the investigator and in additionto the deontology on scientific rese
enter/observer shall always address certain ethical iSsues and ensure the respect of the pat
uremberg Code,[2] Helsinki declaration,[] Belment®Report,[Z] and other sources.[2],[8] [°]

hl review is sometimes not mandatory before'the experiment is conducted, but the expe
address certain ethical issues.

rimenter shall:
vare of national laws and regulations on ethics and protection of privacy;
re that physical or emotionalharm to participants is restricted;

re that the benefits of the experiment outweigh any risks, for the individual and for soq
3

obt
resp

refle

obt:[n the informed Censent, in writing, of each participant before or after the experiment;

n the consentof parents in the case of participants who are minors;
ect the privacy, confidentiality and anonymity of the subjects;

ct-ipon the scientific use of personal data (information from questionnaires in particular)

pccupied

oor area

analysis

ata collection. Additional requirements can be applicable’iii certain jurisdictions. Independently of

arch, the
ticipant;

rimenter

iety as a

ensure data integrity (adequacy with what it represents) and ensure that data are not corrupted
(degradation, unintentional modification, etc.) when collecting, capturing and processing data;

include participants' right to terminate the experiment and withdraw their consent at any time without
any negative consequences for the participant;

pay close attention to the environment in which the experiment will be carried out (in order to minimize

risk)

’

de-identify data, i.e. the data collected for the experiment is separated from personal identifiers (e.g.
names). Only de-identified data shall be processed and communicated for publication.
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Two of these ethical principles can be difficult to meet in observational studies: informed consent and right
to terminate the experiment. It is not possible to obtain informed consent before conducting an unannounced
evacuation. However, consent can be obtained from building owners, and prior notice can be given without
providing the exact time and date of the experiment. The researcher shall be aware, however, that prior
notice of any sort can impact the evacuation exercise. National requirements can exist concerning how the
participants shall be informed about the experiment.

A participant can potentially be unable to terminate an evacuation drill. In this case, some means can be
implemented to enable his or her participation to be deleted from the collected data. Alternatively, an
observer can intervene to terminate the experiment. An observer can be present in the space/room who can
terminate the experiment if something goes wrong, or in case of suspicion that people are becoming worried
or about to be injured.

Risks to [the participants shall be minimized but can sometimes not be totally avoidable. The expéfimenter
shall pay] close attention to the environment in which the experiment will be done.

Privacy is protected in various ways, including limiting access to any video or film and destroying the video
or film ohce the data is extracted, or masking the identities of the participants, eitherby’coding their names
or by bllirring or pixelating their images. Any images or personal information shall be kept lo¢ked and
confidential. No personal information shall be retained once the experiment and afalysis are comp|ete.

4.2.6 §ite selection for observational studies

There arp three main considerations in the selection of a site for an obsérvational study:
a) attributes of the building,

b) fire protection features present including any emergency procedures, and

¢) charjacteristics of the occupants.

These characteristics influence evacuation behavigurs. It is assumed that the general purpoge of the
experiment has been determined, i.e. the experimenter has decided what built environment is being studied
(apartmé¢nt building, hotel, shopping mall, factorfy) ship, aircraft, etc.).

The attrfibutes of the building include featuires such as number of floors, floor area, and nymber of
stairwells and escalators. Fire protection.features of interest include type of alarm and notification system,
compartmentation, evacuation histery: of the building, signage, emergency procedures present, and
training| Occupant characteristics-include number of people, location throughout the structure,{mobility
issues, s¢nsory issues, cognitive isstes, interpersonal relationships, familiarity with the building and others.
Details ogn these attributes argshown in Table 2.

Table 2 — Considerations for site selection

Building attributes Fire safety features Occupant characteristjcs
# units Central alarm (y/n) # occupants
# floors Local smoke alarm (y/n) (where) # people who use a wheg¢lchair
# elevatdrs+docation) Pull-bar station (y/n) (where) # people with other mobjility
7 Tmpairment
# staircases (location) Alarm control panel location # people with visual impairment
# daily entrance-exit (location) Alarm monitored (y/n) (by whom) fnlgﬁ:ple with hearing impair-
. . . # people with intellectual im-
# fire exits (location) P.A. system and speakers (y/n) pairment
Spatial organization (plan) Smoke detectors (y/n) # elderly
Complexity Heat detectors (y/n) # children
Balconies (y/n) (where) Fire doors (y/n) (where) Multi-cultural
SOURCE: Reference [2].
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Table 2 (continued)

Building attributes Fire safety features Occupant characteristics
Basement (y/n) Sprinklers (y/n) (where) # occupants living alone
Parking (y/n) (where) Pressurization (y/n) (where) # family groups
Accessibility (y/n) (how-where) Compartments (y/n) (where) Socio-economic
Date of construction Area of refuge (y/n) (where)
Building code in effect (year) Access to roof (y/n) (how)
Pool/Gym/Party room (location) Elevator back to 15t (y/n)
Access to another building (how) Master key (y/n) (where-who)
Multi-oc¢upancy # false alarms per year

Previous drills (date)

Evacuation procedure (explain)

Fire-list (y/n, last update)

Provisions for occupants with disabilities

(explain)

SOURCE: Reference [2].

Besides the features of the structure that are relevant for the collection efyuseful data, the expe]
shall als¢ consider the safety of the occupants. At least one visit to the site will be necessary to ev
appropriateness for the experiment.

EXAMPL Is there a safe area for the occupants to move to during thedrill? It would be inappropriate tg
occupant} of a crowded nightclub onto a busy street.

4.2.7 imes

Experimpnt time is chosen depending on the response expected, the location and circumstances
night tinje, season, etc.). The moment at which the'experiment takes place has an influence on the
involved|in the experiment. Human behaviours_and, therefore, qualitative or quantitative respg
different. For example, people who are awake do not have the same reaction as people who ar
distancep between persons can differ when people are wearing winter clothing compared to
clothing,

4.2.8 (Qbtaining permission

Permission shall be obtained)from the owners or management of any structure/building us
evacuatipn experiment. [t'iS often possible to use a regularly scheduled mandatory evacuati
opportunity to collect data?

4.2.9 ire department information/participation

In order for the-experiment to take place under the best safety conditions, it can be useful to inforn
departmient beforehand of the address, date, time of the experiment, etc. This would also help to 3

rimenter
hluate its

evacuate

daytime,

persons
nses are
e asleep;
summer

bd in an
bn as an

h the fire
wvoid, for

examplelan‘alarmist call from a person whao has noticed cnmpfhing unusual

The fire department can also participate in the experiment. If the fire department is expected to participate

in the evacuation experiment, then a liaison shall be set up with a fire department representative

involved

in the planning of the experiment. The role of the fire department shall be clearly defined in advance and
included in evacuation scenarios. The involvement of the fire department can add realism to an evacuation
exercise, such as their use of stairwells and control of elevators, as well as assistance in evacuating
occupants with mobility, sensory or cognitive impairments. Fire department feedback can be useful to the

interpretation of the results, the conclusion and perspectives.
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4.2.10 Recruitment

4.2.10.1 General

Ideally, the participants in the study will be representative of the population of interest. Often, the
recruitment of a fully representative group of participants is not possible, and this shall be documented as a
limitation on the study results.

EXAMPLE When looking at the effect of alcohol on waking effectiveness of smoke alarms, the participants
would include adults, male and female, of a wide range of ages. When looking at the time to evacuate a theatre, the
participants would be representative of theatre audiences, and would best include all ages, male and female, and a
wide range of mobility, sensory and cognitive abilities reasonably expected to be present in that environment.

Participgnts in an experiment can be people recruited specifically to participate in the_ exgrcise, or
occupants using a public space who are unaware of the exercise, or occupants living or werking in their
usual enyironment, whether aware or not of the exercise.

In order|to thank participants for their participation, they may be compensated or,féimbursed pfter the
experiment. This shall be noted in the experiment description. Appropriate reimburisement is a recpuitment
issue: hgqw much participants are paid can influence who chooses to participate. People with |jobs can
potentially be less likely to participate. Details on compensation or reimbursement shall be pafrt of the
descriptjon of an experiment when used as an incentive to influence behavietr:

4.2.10.2( Participants recruited to participate in an experiment

Participgnts can be recruited for a study through a variety of means»A study can seek participants who meet
specific flemographic categories (e.g. college-age students willing*to participate in an experiment studying
the effedt of alcohol on wakening, or older adults with a range of hearing or vision impairmentg, etc.) or
participgnts can be sought from the general public if the experiment is collecting data that applies tp a broad
section df the public. Participants recruited for an experiment may be aware that they are taking gart in an
evacuatipn experiment, but they are not necessarily informed of all the scenarios. For example, th¢y can be
not told that some of the exits will be unavailable during the experiment. In other cases, the audierjce might
be told they were recruited for another purposeyfor example, to watch and comment on a movie|when in
reality they will be participating in an evacuation experiment.

4.2.10.3| Participants involved in observational studies

4.2.10.3{1 Participants using public spaces

For unapnounced observational studies that take place in public-use spaces, such as cinemas, fhopping
centres and transit systems,it will not be possible to notify participants of the experiment befor¢hand. In
this casd, it is possible that participants will never be aware that they were involved in a research project
and will pot therefore&be’able to sign the informed consent as mentioned in 4.2.5.

4.2.10.3{2 Occupants in their usual environment

etimes be necessary to notify occupants before an evacuation experiment in a structure where
they livelg e goalis an-un3 unced-evacuation,a-notice can-si ainh that an
evacuation drill will take place within a fairly short period of time, without being specific. This notice can be
reassuring to people who might become anxious when the alarm sounds. However, it can also give warning
that will result in non-evacuation (knowing that it is a drill) or other non-routine behaviour.

ALOT K ne _ggo aWalalva e a nNanno ncega.e aVa ara a N mp exn

If, according to the scenario, the alarm is to be initiated by a building occupant, his or her role in the
experiment shall be thoroughly planned out.

If there are concerns about the safety of people with limitations or health issues among the participants, the
experiment can be discussed with them in advance, especially if there is no plan in place for how they are
expected to respond in an evacuation. Often people with difficulties want to participate in drills to assess
their own and others’ performance. They can be given the option to opt out, but if they do opt out, they
shall be given guidance for the best procedure to follow in the event of an alarm or actual incident. Limiting
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participation of people with disabilities, however, can cause different results in the experiment than would
occur in an actual evacuation, as other occupants may respond, react and behave differently in a situation
with and without people with difficulties around them.

4.3 Preparation

4.3.1 Determine necessary equipment

Once permission is obtained, on-site preparations can be made a few days before the experiment. An
inventory of equipment required in the experiment shall be compiled. The size of the structure used in the
experiment will impact the amount of equipment required. For a field experiment, an inventory of existing
equipme i T ; T E-Tameras)
can be d¢termined. For observational studies, the occupants’ familiarity with the structure’s evaguati

and routjne can use help in predicting occupant movements, which will determine equipment\placgment.

The necdssary equipment can include cameras, meters, area markings and microphones for-sound §ampling.
If crowd| density has to be calculated from measurements, it can be necessary to mark out the roverage
areas to pe monitored. The number of video cameras and their locations depend on the layout of thelbuilding
and the goal of the experiment. Passages, corridors, staircases and doors are some-typical points of|interest.

Particuldr attention is paid to the equipment because the success of the experiment depends on it for both
quantitafive data (speeds, times, flows, etc.) and qualitative data (behaviours, etc.). It is therefore ijportant
to check|that all instruments are reliable and calibrated.

Cameras|can need power sources and battery backup.

A systen] for communication among the organizers, the video control centre, and all persons involved in the
experiment shall be provided.

If the scgnario includes the use of a smoke generator during the experiment, precautions shall be taken and
provisiohs made to remove the smoke after the experiment.

4.3.2 Determine and train necessary staff

Observers, camera and sound team, evacuation-trained occupants if any, fire department representatives if
invited tp participate, and fire security personnel if present in the considered building, shall all be informed
of their roles in the experiment. Caré.shall be taken to prevent the actions of researchers and their team
from impacting the results.

Depending on the scenarios, the Toles and responsibilities of each stakeholder involved in the experiment
shall be dlefined and formulated with precision.

The number of staff shall be adapted to the measurements to be taken and the means used (video or
observeifs with meters):

All stakeholders/staff shall to be familiar with the building, so a visit before the experiment could Be useful.

4.3.3 oecument characteristics of the space

4.3.3.1 General

The characteristics of the space shall be documented so that the initial conditions faced by the participants
can be recorded. They can be taken a few days before or even after the experiment, as long as they will
accurately reflect the conditions during the experiment.

4.3.3.2 Physical description of the space

The physical measurements of the space are useful for drawing plans and elevations of the building. They are
also useful for indicating the initial locations of occupants and staff and for some calculations (speed, flow,
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etc.) and behaviours observed. These measurements also depend on the type of experiment, observational

or controlled.

Important measurements include travel paths (length and width of travel segments), stairwell dimensions,
including dimension of steps (tread, riser and nosing), and number of steps in each flight. See Figure 2 for

ISO/TS 17886:2024(en)

the dimensions of interest in a stairwell. Table 3 gives escalator attributes.

SOURCE | Reference [2], used with the permission of the author.

2,53 m

Figure 2 — Stairwell measurements

Table 3 — Escalatorattributes

Factor Attributes Questions
Label
Type Scissor/enclosed, etc.
Connectipng floors
Location Internal location, external, etc.
Speed
Directior
Angle
Clear Wiglth
Steps
Length of approach Distance from start of escalator to first step
Length of run-off Distance from last step to end of escalator
# steps
Rise height/tread depth
Nosing
Edge of steps
Consistency
Condition Debris/damage/etc.
Material
Diagonal length
Occupiable area
End notification
Handrail
SOURCE: Reference [5].
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Table 3 (continued)

Factor Attributes Questions

Projection

Material used

Height from the step
Clear head room Step to the bottom of stair above
Condition
Lighting

Normal

Emergency levels
Access
Sign/guiglance Presence/illumination levels, etc.
SOURCE: Reference [5].
4.3.3.3 | Alarm measurements
In order fo verify that the participants are well informed about the hazard, saniples of ambient soujnd levels
shall be taken before or after the experiment in public areas, corridors and-stairwells, as well as r¢strooms
and offides (in office building) and hotel rooms. Samples shall also be taken'in several rooms in apqrtments.
Samples|shall be taken in travel paths during the evacuation while the-alarm is sounding, and if|possible,
in office$, hotel rooms and apartments if this can be done withoutinterfering with the evacuation. Sound
samples ghall be taken with open/closed door and open/closed windows. The two sets of sound samples are
taken at the same place.
Sound njeasurement locations shall be clearly identified<on the building map. A comparison with the
evacuatipn path could give also information.
4.3.4 Technical preparation
Several devices can be used in an evacuationéxperiment. Numbers and choices of technical devices depend
on the objjectives and hypothesis of the experiment and on the characteristics of the site/building.
Each device has its own technical considerations to be taken into account.
As cameras are used to monitor experiments and to estimate quantitative and qualitative parametgrs, some
technical aspects are specified-here to achieve these objectives.
All equipment shall be numbered for reference and each device shall be tested before the drill. If camgras have
automatic shutoffs whemno movement is detected for some period of time, that option shall be deactivated.
The congistency and<taceability of the numbering shall also be checked before the drill. Camerag shall be
synched [in time because post resynchronization is difficult and not always possible.
Specific prands-of cameras and other equipment and data processing software are not discussed in this
document,

4.3.5 Camera placement

Observations are useful for collecting both quantitative data (speeds, times) and qualitative data (paths
adopted, types of behaviours, etc.). The location of camera is very important for minimizing errors in the
exploration of videos.

The location of people in a building is typically assumed to be the place they are standing, which can
generally be taken as the point on the floor located between their feet. If the camera can capture the feet
of the participants, their position can be relatively easy to determine. However, due to such aspects as high
person densities or obstructions, it is not always possible to capture the location participant’s feet. In such
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cases, the experimenter then needs to monitor the location of another part of the body (e.g. upper body, neck
or head) and infer the participant’s location from this data.

A common strategy for determining participant’s location is to place cameras filming downwards from the
ceiling of the building. This location often makes it possible to distinguish participants’ upper body in spite
of high person densities.

As the location of participants is often taken to be the location of their feet, the reference mesh is typically at
floor level. This reference mesh can be marked before the experiment and filmed by cameras in order to be
used in the subsequent analysis.

The cameras and other measurement dev1ces shall be placed in optlmal positions, based on expected

- - - or hotel,
idor. As it
boints. If
shall be
F shall be

€ owner.
Surveillgnce cameras can be used if already strategically placed, provided this'dees not violate local ethical
considerptions. If such cameras are used, their settings and resolution shall be considered for the analysis, in
order to protect privacy. Additional cameras installed for an unannounced evacuation shall be ungbtrusive
and installed in such a way that their view of the area is unobstructed-and they do not influencel evacuee
behavioyr.

Mobile cameras can be used along with fixed cameras in order to'€over the entire space or to folloy the last
person during the evacuation.

The location of cameras and other identification devices-shall be determined based on the hypothesis
(scenarigs) or objectives being studied in the experiment.’In some cases (e.g. when the aim is to collect data
on people density) many cameras and careful consideration of their placement can be necessary,In other
cases (e.g. when determining average walking speed between two locations) fewer cameras can beneeded.

In order|to track people through the building, the film footage needs to be time synched. This pynching
can be athieved by starting all cameras atthe same time, synchronizing the internal clock of the fameras,
filming the same watch with cameras, using a sound signal to find a common time in all films, etc.

Numberg of cameras depends on-the scenarios and the means of identification of the persons| Camera
rapidness, suppression of blind spets and camera position in height are parameters to be considered.

Human Qehaviour can be observed with zenith cameras, frontal cameras or their combinations. Fpr zenith
cameras| the placement of.the cameras is done in order to limit perspective distortion and angle digtortion.

To facilifate image pré€essing and to extract information, it is necessary to know/consider the following
points in the positioning of cameras.

— Geometricalparameters: distribution of cameras, inclination/orientation of cameras relative to pbserved
surfaces,wisibility/absence of obstacles in the area to be monitored.

— Technical parameters related to the devices: cameras operating mode, type of connection needed
to connect camera to the recorder system, recorder capacity (recording on a computer or in a video
recorder), proximity of the power sources.

— Camera-related settings: image quality, sound quality, brightness, ambient lighting, angle of incidence.
— Environmental conditions: lighting conditions, use of a smoke generator.

To verify that the surveillance zone is satisfactory and to reach the best angle for focusing and video quality,
the height of the cameras' positioning is also to be tested before the experiment to limit perspective and
angle distortions.
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Perspective distortion and angle inclination distortion corrections are described in Annex A.

4.3.6 Preparation of occupants

The necessary preparation of occupants will depend to some degree on the scenario being tested. The
general scenarios discussed here include:

a) occupants in the usual work or living environment;
b) participants recruited to participate in an experiment; and

¢) participants who are using public spaces and are unaware of the experiment.

For expefiments that take place where the participants live or work and for experiments where participants
are recrpited, material explaining the experiment shall be prepared and distributed. It shall lexplain the
experiment and provide contact information so that an occupant can discuss the experiment with someone
on the rgsearch team who will tell occupants what they are expected to do during the evacuation.

To avoid|confusion and misunderstanding, to build trust, and to contribute to exploring/comparing results,
ideally, epch participant will sign a form including "organization" and "participant’.components.

The “orghnization form” shall specify, in particular, the following information:
— the grganizer/researcher of the experiment;

— the gbjectives of the experiment;

— the date, time and location of the experiment;

— an explanation of the risks;

— notification that the information is anonymous;

— notification that data collected by the researchers will remain strictly confidential and for the gxclusive
use ¢fthe investigators concerned. The identity of participants will notappearin any report or publication
and pny information about them will be tyeated confidentially;

NOTE Some jurisdictions or ethical bodies will require that the data be destroyed after some peripd of time
after|use.

— whether or not the experience.is remunerated or compensated (movie ticket, etc.).
The "partticipant form" shall specify, in particular, the following information:

— age;
— gender;

— agreement/cerisent to participate.

In all cades; note the number of building occupants, the population characteristics, and the presenice or not
ofpeoplf writh impqirmpnfc/dicnhi]ifipc (nnmhnr of ppnp]p with disabilities type of disahilities _etc )

4.3.7 Preparation of data collection instruments

4.3.7.1 General

If a questionnaire is to be distributed to the participants in a study after the event, it shall be developed
prior to the experiment, to be handed out immediately after the evacuation.

In cases where participants in public places will not be informed prior to the experiment, informed consent
shall be obtained from the building owner or manager, or other responsible person before the event, and
from the participants after the event.
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Preparation of questionnaire

For each experiment a questionnaire can be developed to complete the observations and to collect more

details.

Questionnaires are developed in accordance with ethical considerations.

Questionnaires shall be carefully thought out and tested. They include an introduction with a description of
the purpose, an explanation of what people need to do, a statement that the data collected is confidential,
etc. and a conclusion with thanks. Questionnaires shall be tested to validate the questions, to verify the
coherence of the questions, to have an idea of the time needed to complete them, etc.

They inc

ude gpnprnl guestions on the participant the hnilding etc_and guestions requesting fee

dback on

the expe

riment. Questionnaires include closed-ended questions (predefined options, answers lim

open qugstions (free answers, own answers) and an empty part for participants’ comments.

Specific
firefight

questionnaires shall be provided for all people (participants public members;) staff n
1S, observers, etc.) present in the experiment.

Questionnaires can be distributed after the experiments and collected immediately or sent back a
later, witlh the return address indicated on the questionnaire if they are to be returned later.

Questiornaires can also be online on a website, which affords the opportunity to record r

automat

4.3.7.3

Oral que
of questi

cally into a database.

Preparation of interviews

stions are developed in accordance with ethical considerations. Interviews can be structu
pns), semi-structured (with a framework of themes) or'unstructured (no prearranged ques

a combination.

4.4 Evpcuation experiment

4.4.1 General

In order
executio
event pr
will be ¢
in which

Fo calculate the diverse parametérs'and compare the data, there are three key elements to t
h of the exercise: set-up for the experiment, the evacuation event or experiment itself, 3
cedures. These are describied in the following subclauses. In some studies, only a single ey
pbnducted. In others, the-participants can carry out repeated evacuations under varying s
case the steps belowaretepeated.

4.4.2 $et-up for the experiment

— Prio

- to the experiment, all equipment shall be tested.

— All dquipmentshall be calibrated and synchronized. For example, the internal clocks of came

be s
Simi
adju

— Grid

— Sign

ynchrenized so that occupant movements between camera locations can be tracked ac

ted) and

nembers,

few days

esponses

red (lists
tions) or

he actual
nd post-
acuation
cenarios,

ras shall
curately.

!arly, sound equipment if used shall be synchronized. Cameras shall be installed and th¢ir views
i ; idor, etc.).

— If sounds are part of the experiment, ambient noise samples shall be collected and the location of the
samples recorded.

s for data post-treatment, if used, shall be put in place.

age, if used, shall be installed.

— If the alarm will be activated by a building occupant, the procedure shall be planned beforehand.
For example, the occupant might pull a building alarm or might telephone the fire department at the
appointed time, before evacuating the building.
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— When the experiment involves subjects who are participating with knowledge of the event, for ease
of identification in the video record, they can be assigned numbers that they can wear affixed to their
clothing or on headgear or they can wear colour-coded clothing. (When the participants are not aware of
the experiment ahead of time, researchers will have to rely on identification based on individual features,
including identification of clothing).

— Participants shall sign the informed consent prior to start the experiment.

— Materials shall be provided to compile data collected to assure data traceability (e.g. computer supports).

4.4.3 Evacuation event

When evETyThing is ready, the experiment can begin according to the pre-established plamn.
For obsefvational studies, in many cases the sequence of events is as follows:

— Camras are started and observers, if any, take their positions before the alarm sounds. The team who
will take sound measurements shall be waiting at their first location. Observers andithie audio t¢am shall
be careful not to interfere with the evacuation in any way.

— Accdrding to the plan, the alarm is sounded. This can be done at the alarni panel, an occupant/who has
beer] trained in advance can manually pull the alarm, or the alarm could be activated by smoke.

— When everyone has reached a location of safety, the ‘all-clear’ anitouncement can be made, |allowing
occupants to return to the building.

4.4.4 Post-event procedures

— The fameras and other devices are turned off, dismantled'and any physical damage to walls, etd. shall be
repalired.

— Letters and questionnaires, if used, are distributed'to the occupants, with instructions on how to return
completed forms (questionnaires can also be campleted at the end of the experiment).

— Quegtionnaires shall be marked with unit numbers or some other identifying detail that will allow
mat¢hing the occupant’s starting locatien with their subsequent actions and observations. Informed
congent forms are collected from participants if the consent was obtained after the experiment.

— Interviews, if any, are conducted:

4.5 Coding data

Coding i3 used to format data, facilitate analysis and draw conclusions. The first step is to organize|the data.

In order|to facilitate the use of the data obtained by questionnaires and video recordings, the elgboration
of an obdervation/grid or a rating scale can be useful. These observation/evaluation grids contain yariables
that can |pe used-for data analysis. For example, similar examples of data analysis can be examined in order
to identify types of behaviour that can be expected, or a data scan can be performed in order tq develop
a first-passilist of actions and associated metrics to quantify them. This makes it possible to |obtain a
chronology of the actions/events to be monitored (See an example in Reterence [10]J-

The method for coding and storing the data collected in the experiment depends on the medium used. Each
medium will be discussed separately below.

— Questionnaire data is coded and stored. Responses to questions can be recorded in a spreadsheet or
other database. Each questionnaire represents a single case, and each question or every subpart of a
question represents a variable. Each case shall have a unique identifier and demographic data such as age,
initial location, etc. shall be included on the data collection form and recorded in the database. Closed-
ended questions, such as multiple-choice questions or questions with simple answers, such as age or
floor of origin, do not require coding. Open-ended questions with narrative answers will require some
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interpretation. The coding shall be done in stages. First, all responses to a question are recorded (listed).
Then, the individual responses can be aggregated in a logical fashion that groups similar responses.

» o« » o«

EXAMPLE 1 Individual descriptions of preparation actions (“got coat,” “grabbed purse,” “picked up briefcase”)
could all be grouped in a category of answers labelled “gathered belongings.” Then various grouped responses
can then be ordered in categories (e.g. “preparation,”

” s

warning,” “investigation,” etc.).

— Videotapes shall be carefully reviewed in order to extract information that can be entered into a
spreadsheet or other database. For consistency, it is important that the researcher(s) analyse videotapes
in the same way. Before the actual analysis of the video data, it shall be verified that they will analyse
videotapes in the same way. For this purpose, it is advisable for people to analyse a video extract over a
short period of time and then compare their coding. Any discrepancies shall then be resolved.

The feview of the videotape will involve uniquely identifying each evacuee, from their first appearance
on cpmera, and then time stamping each pertinent benchmark or point of reference as-it.is|reached.
It is [essential for the benchmarks to be precisely defined before the analysis of the videotapp begins.
Varigbles such as gender, age (or age category) and presence of obvious movement\{imitation can be
assepsed and recorded for each evacuee. Other details can be noted when they og€ur, such as pttempts
to uge the elevator, turning back behaviour, etc.

EXAMPLE 2 “Entering the stairwell” can be defined as the time when a person’s'foot touches the landing.

Similarly, rules shall be defined for formation of groups or traveling,‘alone.” Movement lithitations
can jnclude mobility impairments (disabilities) as well as assisting:ahother person with a nlovement
impgirment, helping small children, carrying pets, children or objects, etc. Many limitations wjill not be
reacallily available unless the researcher has been made aware of them outside of the experiment.

Quantitative measurements from videos recordings can be made manually or post-processed.

There arf different methods for treating data from videos: statistical methods, counting system, localization,
estimatipn of movement, and use of some specific algorithims for human movement in crowd for example.

When miiltiple media are used (for example, video aiid questionnaires), it is extremely helpful if it if possible
to match{ questionnaire responses and videotaped observations for the same person. Comparisons|will help
to validate the questionnaire responses and to*verify details on the videotape such as age and presence of
mobility|limitations.

4.6 Ddta analysis

4.6.1 General

After codling, data analysistinvolves converting the raw information into a format where it can bg¢ further
analysed and the various“elements comprising evacuation (travel speed, delay times, occupant densities,
etc.) can[be summarized.and studied. For evaluating behaviour and movement of people, the reseagcher can
find technical information in ISO/TR 16738.

The initipl conditions for the experiment shall be recorded, such as the number of participants, their initial
locationyd, the \demographics (age, gender, mobility and cognitive abilities, etc.), mobility charagteristics
(populatiiomphysical size, presence of disability, etc.), the presence of smoke, congestion levels, or|merging
flows, etc.

Employed data collection methods shall also be specified.

Both quantitative and qualitative aspects are analysed. Depending on the experiment’s purpose, data are
analysed at the individual or aggregate level. Parameters can be calculated for an individual or for a group
or both. Interaction between data shall also be considered when interpreting qualitative or quantitative
responses.

Note that each parameter/indicator has a relative error which can also be calculated. To complete the
analysis of the data, it is sometimes necessary to make a statistical analysis of the experimental data in order
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to limit the errors of interpretation of quantitative or qualitative data. Data that is then used for building
relationships for human flow parameters (e.g. flow time) or for studying observed behaviours.

The quantitative indicators covered in the following subclauses are not exhaustive.

4.6.2 Calculation of evacuation times in observational studies

The three main elements of evacuation time to be determined are:

a) starting time;

b) movement time; and

c) tota

Starting
participd
appears
stands a

Moveme
safety (o

Total ev:
safety. It
place.

These tif
reported
example

4.6.3 (

4.6.3.1

The ability to calculate travel speeds for participants will be highly dependent on camera location

of identi
on stairg
mobile d

4.6.3.2

The trav
the travg
between
is uncert
while seq

evacuation time.

time is the time between the sounding of the alarm or the presentation of the firist’'cug
nt’s commencement of evacuation. In case of a residential fire drill, this can be thejtime th
[on camera) at the door of his or her apartment. In a cinema evacuation, it cancbé’the time
nd begins their attempt to leave.

t time is the time that elapses from the start time, until the participant reaches the lo
ften outside the building). This is the person's travel time, from startte finish.

icuation time is the time from the sounding of the alarm until«¢the person reaches the lg
can also be the time interval between the sounding of the aldrm and the last person wh

hes are calculated for each participant. They can be reperted as averages for all occupants
in time intervals. The times shall be reported in such*away as to show the distribution of't
minimum and maximum times, means, standard.deviation and quartiles.

[alculation of travel speeds

General

fying the individual participants:-Methods for calculating travel speeds on horizontal surf
are described in this subclause. Other techniques for calculating travel speeds includg
pvices with sensors.

Calculating travel speeds on horizontal surfaces

el speed calculation on horizontal surfaces can be made by simply establishing two poil
] route and<dividing the time it takes an occupant to move from one to another by the
the two poiits. If the distance is long, and portions are not covered by cameras or observe
ainty in‘the actual travel time. The elapsed time can include rest stops or other delays, for
bking\information or waiting for firefighters to pass in the stairs.

and the
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Or can be
imes, for
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example

Alternat

vely, individual occupants can be observed for a fixed interval of time, allowing the

observer

to obtain the distribution of path lengths travelled in that certain time interval.[l1] By this method, it is
possible to determine the true law of distribution of random value argument: travel speed. The result is that
the experimenter obtains the distribution of the random variable of path length that different people passed
through for the same time interval. This random variable is a linear function of a random argument, i.e. it
reflects the true law of distribution of the random variable speed circulation.[11]

This second method is an effective way to calculate instantaneous walking speeds when the time interval is
short. However, it is important for this time interval not to be too short. For example, with a time interval as
short as 0,1 s, body sway or a small error could influence the calculation more than the participant's actual
location change.
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Another method is to calculate the travel speed with mobile cameras which follow the last person who left
the place (in individual value).

4.6.3.3 Calculating travel speeds on stairs

Travel speed on stairs can be calculated similarly, in terms of observing the participant’s presence at defined
starting and end points for the travel time or during a fixed interval of time. The travel distance on the stairs
shall be calculated and reported based on the diagonal distance along the stair treads and an arced path
along the landings.

It can be interesting to note the effective space used by the evacuee on stairs, which will consequently
impact other parameters.[12].[13]

Movement on landings is included in the calculation of movement on stairs. However, as with™{ravel on
horizonthl surfaces, some elapsed time can include rest stops. People taking a break on stairs'often do so on
the landjng where there is more space for other people to pass them. Rest stops shall notbe.included in the
travel speed calculations but shall be recorded and reported separately.

For the domparison, it can be interesting to specify the speed on the stairs and the time spent in landings in
relation fo the dimension of the staircases and the crowdedness in the staircase:dt can also be interesting
to note the behaviour before entering the stairs. Depending on the case, it cap-be interesting to evaluate the
impact opn the travel speed on stairs following the entrance of other people’coming from the lower|floors in
the stairfase, merging flows.[14],[15]

NOTE There can also be people in refuge areas on stairs which can affect the travel distances for people moving
in the stajrs.

4.6.4 [Establishing values of evacuation flows

Flows of|persons through restrictions such as corridorsjstairs and doorways, etc. can be established with
stopwat¢hes and video cameras.

Flow ratg¢ of doorways or stairs is the number of evacuated people within a certain time interval.

4.6.5 stablishing values of flow intensity (specific flow)

Flow int¢nsity of persons can be established with stopwatches and video cameras.

Specific flow is the flow rate divided by the width of an egress component (doorway width, exitfopening
space width). It is also calculated-as the speed multiplied by the occupant/persons density.

4.6.6 (Calculation of occupant density

Occupank density candbe determined for a group of people or for each person in a group.

Occupank density ean be calculated by marking corridor sections with a grid, or overlaying a grid on the
video. Ojseryations of the number of evacuees within the grid will provide the occupant density (i.ef persons
per mZ o mAper person) Den51ty can also be obtained by dividing the number of 1nd1v1duals in the group
by the tata : lal : s, il shall be
clearly documented how the grld space is defmed For example if only part of the landmg is used in the
evacuation, the occupant density may include or not include the generally unoccupied space. This shall be
clearly reported so that data from different sources can be compared.

Density can be measured globally (from the beginning line to ending line) or locally (cell/grid by cell/grid).
The size of the cell can be expressed as a percentage of anthropomorphic data (i.e. body depth, shoulder
breadth).
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4.6.7 Calculation of interpersonal space

In a walking situation, some parameters (speed walking, flow, etc.) depend on interpersonal distance and
other constraints (dimensions, obstacles, etc.). This can produce different spatial arrangement of crowd

flow/group proximity patterns. This reflects the social force.[16]

The calculation of interpersonal space and body sway are made similarly. Both require an overhead camera
to record the space and the sway, and a grid that will allow measurement of the distance. The grid can be

placed on the floor beforehand or can be overlaid on the video.

When the camera is fixed vertically, each human head is represented in the form of a sphere and each body
in the form of a cylinder. The interpersonal distance can be calculated with the projection on the defined

ALL,
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4.6.8 (alculation of body sway

ex A.

Body swhy (slight postural movements made by an individual in order to maintain a balanced position) can

be measfired by the total displacement of the centre of mass relative to the base of support over ti
sway influence variation movements in walking pattern and by consequence space occupied by eac
This latter parameter is useful for calculating other parameters, like flow.

For each|person, sway amplitude can be calculated as the distance from each bady centroid positior
of progr¢ssion.

4.6.9 (alculating flow at a doorway

Restriction of the overall flow can be the consequence of movenient through elements which res
space, lilfe a doorway. Width, design of the doorway and its usé-by occupants (fully open, partially o
are parajneters to consider.

Quantitative measures (speed movement, specific flow; etc.) and qualitative parameters (charact
door me¢hanism, how the door is open, etc.) shall beiincluded. The fluctuation in the opening and (
the doorlinfluences egress time.

An effective width can be calculated for a @hiform period of time by the comparison between t
width of|the doorway and the width used.ll?] Then, the specific flow through a doorway is calculg
the effective width.

4.6.10 $etting parameter values-of human flows in case of merging/merging process

ne. Body
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eristic of
losing of
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The merging process occursatthe floor-stair interface, in ajunction in a corridor, or at a corner (bi-di

rectional

flows). For example, in the\staircase, confluence of a flow occurs between the evacuees descencﬂ:lng from

pact on

am after

— the proportional share of downstream flow accounted for by flows that have met at merge points.

The merging ratio is the flow mergers divided by the total occupant flow.

4.6.11 Number of occupants on each floor

The number of occupants on each floor is necessary for calculating quantitative indicators (time

to enter

in a staircase, etc.) or explaining qualitative parameters. The number of occupants can be established with

stopwatches and video cameras floors to floor.
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4.6.12 Congested situations

Congestion and queuing in front of bottlenecks are correlated with the number of persons. This relates to
walking speed and population density.

4.6.13 Questionnaires and interviews

Statistical data obtained from the questionnaires and comparison of the data can be completed by the
results of the qualitative analysis method used to explore interviews.

4.6.14 Behaviours

Qualitati
video an

4.6.15 ¢

Intelligih
can be c4

4.7 1In
After the

4.8 Ex

The stef
example

ve and quantitative human behaviours or decision-making process analysis are obtained
hlysis coupled with questionnaires and interviews.

jound measurements

ility can be reached from sound samples. The loss of acoustic transmissionin‘the diverse
Iculated.

ferpretation and documentation of results

analysis of the qualitative and quantitative data, the next stepsinvolve interpretation.

amples

s taken to design evacuation experiments are shown in several examples in Annex B.
5, not all steps were reported. In these cases, the missing steps are noted.

from the

ocations

In some
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Annex A
(informative)

Perspective distortion and angle distortion corrections

A.1 Perspective distortion and angle distortion

The imp¢rtance of perspective distortion and angle distortion depends on the degree of precision

when esf

A.2 Pe

Due to
Wide-an
image (s

Figure

It is pos
physical
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calibrati

Itis also
participd
package,

A3 Arx

If the dis|
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for the q

ablishing a location and the data in which the observer is interested.

rspective distortion

short distances between cameras and the participants, wide-angle lenses can be n
ble lenses have the advantage of widening the field view of the camera,_but will also di

be Figure A.1).

A.1 — Distortion of a mesh with square cells when filmed with a camera with a widg
lens

ible to quantify the distortion effects by filming a mesh of known dimensions. By matg
dimensions of the mesh with the distorted dimension in the camera image, a distortion m
ated. This matrix can then be (sed to achieve an undistorted image. This matrix can s
bn pattern.

possible to correct the perspective with a compromise between the distance between cam
nts. Lens-opening, acquisition of time and lighting is necessary. It is also possible to use a

1gle distortion

ent, aanesh on the floor can be used even if a part of the upper body is used as a refere
osition of the person. However, if the distance is short this type of approximation can

required

bcessary.
stort the

-angle

hing the
atrix can
brve as a

eras and
software

tance between overhead cameras and the participants is long enough, i.e. if the height of tzte ceiling

ce point
give rise

atic measurement errors due to the angle distortion (see Figure A.2). Similar errors oc

fur if the

to syster
cameras

are not placed directly overhead, but instead film participants at an angle.

There are several ways to compensate for angle distortion when a part of the upper body is used as areference
point and cameras cannot be placed directly overhead at a sufficiently large distance. One approach is to use
a mesh at the approximate height of the body part being observed, e.g. at head level. Key points of the mesh
can be marked on walls or a mesh can be created at the desired height before the experiment and filmed by
the cameras. This mesh can then be used in the subsequent analysis. One limitation of this approach is that
an approximate height of the body part needs to be assumed when the height of the mesh is decided. This can
in turn give rise to angle distortions due to varying height of the participants, i.e. that fact that the observed
body partis not at the same height for all participants. The angle distortion can be removed more accurately
when the actual body heights of each participant can be obtained. Using markers with an identifier, such as
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two-dimensional barcodes, each participant can be identified by computer image detection and then the
trajectory data can be connected to their body height data to remove the angle distortion.

An alternative approach for avoiding angle distortion is to use triangulation with two cameras. This
approach requires two cameras placed in different locations filming the same body part of the participant.
By identifying the body part in the two video images and determining where the vectors from the two
cameras to the body part intersect, it is possible to determine the location of the participant.[4] This approach
eliminates the problem of angle distortion.

s

L |
5 L=

Key
1 estinpated location
2 exact location

Figure[A.2 — Angle distortion for long (left) and short (right) distances for a mesh located at floor
level when the upper body is used as areference point for participants’ location

© IS0 2024 - All rights reserved

26


https://standardsiso.com/api/?name=87ea315cba78c69d335016b63ad42e16

ISO/TS 17886:2024(en)

Annex B
(informative)

Example exercises

B.1 General

This annex will describe the steps taken to design experiments that have been described in theliterature.

Although all steps were not reported in all cases, missing information will be noted.

B.2 French cinema experiment(29]

B.2.1 What is measured/purpose of study

The purpose of this studyl2%] was to collect data on pre-movement times, trayel times, walking spee
stairs and flow rates through doorways, and to observe and analyse behaviours that influence evac
a cinema theatre.

B.2.3 Recruitment

The 122|participants in the study were volunteers. The public was made up of 30 women and
between|19 and 63 years old, averaging 32,6\years and coming from various socio-professional c
(executives, engineers, students, technicians, and administration staff). The audience consists

aware of{safety in the broad sense and notonly fire safety. (56 participants were police constable s

ds down
uation in

idn of the
ilability of

92 men,
htegories
f people
tudents).

Participgnts were recruited from eitfer private organizations or public institutions such as Ecole dle Police,

Paris Firg Brigade.

A cinemd ticket was given as compensation.

The participants were informed that they were participating in evacuation drills but did not K
details of the experimental design.

now the

ulations.
t was on

ilable for

wheelchairs. There were three exit doors in the cinema room and in the hallway outside the cinema room

there were doors leading to stairs down to ground level.

B.2.5 Equipment/instruments

Fixed cameras and mobile cameras were used to collect data on pre-movement times, exit choices and other

behaviours and to record crowd density. The recording equipment included existing surveillance
on the outside exits and the hallway and two hand-held cameras in the theatre. These mobile cam
follow the last person who left the place. Times were measured by observers using mobile cam

cameras
eras also
eras and

stopwatches. A questionnaire was developed to report details about the individuals (age, etc.) and to report

their movements and decisions.
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B.2.6 Experiment

The participants participated in four different theatre evacuation scenarios:

a) all exits available;

b) only one exit available from the cinema room and that exit leading to downward stairs;
c) all exits from the cinema room available but one hallway exit blocked; and

d) one cinema room exit and one hallway exit blocked, but staff assisting with instructions.

The participants' movements were recorded on video in the cinema room, in the hallway and at the

outside ¢xits. Observers recorded times at various Iocations along the exit routes. The questionn
administered after the four drills were completed.

B.2.7 Analysis

Time to [evacuate the cinema room was calculated as the time from the sounding”ofthe alarm
time at Which the last person left the cinema room. The total evacuation time was calculated as th
which thg last person left the building. Pre-movement time was reported as thetimé from alarm rec
(defined|here as the time when the cinema room lights were turned back gnj)\until the time at W
majority|of the participants were standing. The flows through doorways.were based on the time
the first pnd last person leaving the area.

B.2.8 Results
The expg¢riments allowed the quantification of some characteristic values of evacuation in a cinem

qualification of some human behaviours.

B.3 North America mid-rise administratiye'building pre-evacuation[21]

B.3.1 What is measured/purpose of study

The purgose of this study[2ll was to collectpre-evacuation data and evacuation times during an unan
evacuatipn exercise from a mid-rise administrative building. Pre-evacuation is defined as the time
the alarm sounding and the arrival atia stair entrance.

B.3.2 Type of study

This wad an observational study of an unannounced experiment. It was part of a project to evaluate
notificatjon systems and‘emergency procedures.

B.3.3 Recruitment

The parfficipants were the resident population from a mid-rise office building. 825 people were p
the complex@atthe time of the experiment.

aire was

until the
e time at
ognition
'hich the
between

h and the

nounced
between

different

resent in

B.3.4 Site selection and description

The experiment was conducted in an administrative office complex consisting of a 14-floor tower and three-

floor low-rise structure.

B.3.5 Equipment/instruments

Video, manuals and survey techniques were used.

People were counted via video camera and manual counting by observers and stopwatches. The position of

observers and cameras were chosen in such a way as to not influence the evacuation. Video came
installed in such a way as to preserve anonymity.
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Data from the exits of the building were collected with the security cameras outside of the building.

B.3.6 Experiment

During an emergency fire and earthquake exercise, the time taken to arrive at the stairs entrance after
receiving notification from a voice notification system was measured.

B.3.7 Analysis

Analysis involved the development of a simple set of guidelines for data collection and a scheme to estimate
time of groups of evacuees.

A post-eyent survey was completed. T e TeSponses were collected via email or on a hardcopy 24 hgurs after
the expefiment.

B.3.8 Results

The experiment allowed the presentation of numerical (pre-evacuation times, ovetall evacuati¢n times,
survey responses) and descriptive results following the phases of the evacuation.

It provided an evaluation of average pre-evacuation time for each group of evacuees.

Numericpl and descriptive data collected are connected through a graphjcal-scheme.

B.4 Swedish cinema experimentl(22]

B.4.1 hat is measured/purpose of study

The purpose of this studyl22] was to collect data on pre-movement times and to observe and analyse
behavioyrs that influence evacuation in a cinema theati'e when one of six different types of alarm systems is
used. The objective was to see which type of alarm wiould be most effective in reducing delays in evacuation.

B.4.2 Type of study

This wad an observational study, as the pesearchers used members of the general public who were unaware
that an gxperiment was taking place. Although they were able to manipulate the independent variable (in
this case] the type of alarm) they werenot able to control the participant population.

B.4.3 Recruitment

There was no recruitment'for these experiments. The participants were members of the general pyblic who
were in the theatre to seea movie.

B.4.4 Site seleetion and description

The cinema theatre was located in a city in the south of Sweden. A cinema complex comprising of|multiple
cinema theatres was chosen. A cinema in a large metropolitan area was chosen in order to reduce the risk of

rumourstofthe exneriments snreading to a large nrgngortion of notential cinema visitg

B.4.5 Equipment/instruments

Cameras were used to collect data on pre-movement times and other behaviours. A questionnaire was
developed to report the individuals' behaviours and attitudes.

B.4.6 Experiment

The movie theatre was evacuated 18 separate times, with six different alarm systems tested three times
each. The participants’ behaviours were recorded on video in the cinema theatre. The questionnaire was
administered after the experiment.
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B.4.7 Analysis

The time taken for participants to respond (pre-movement time) was derived for all 18 experiments using
the recorded video footage. In addition, replies to questionnaires were reviewed to determine participant
demographics, behaviour and associations with the different alarms.

B.4.8 Results

The results of the study revealed that an acoustic alarm combined with an information sign was a good,
simple and cost-effective way to improve evacuation safety for places like cinema theatres. Furthermore, a
voice alarm is often effective as it makes people determined to evacuate. However, it is important to carefully
choose appropriate voice messages. For example, the experiments showed that a message recorded with a
female vpice with south Swedish accent was interpreted more accurately than a message recorded [n a male
voice with a Stockholm dialect.

B.5 Swedish road tunnel experimentl23]

B.5.1 What is measured/purpose of study

The purpose of this study[23] was to observe how motorists respond in an emergency and how they|perceive
availabld information, and to investigate if flashing green lights can influence €xit choice in a road funnel.

B.5.2 Type of study

This wap a controlled experiment, as the researchers were able”to determine the compositign of the
participgnt population and were able to manipulate the independent variables (in this case, the design of the
emergengy exits and their exposure to voice messages).

B.5.3 Recruitment

Employeps of a road administration agency were-tecruited through announcements on posters, in emails
and at a|meeting. They were employees of the.dgency but were not involved in that road tunnel jor in the
planning of the experiment. They were screered for anxiety and depression. They were told that they were
participdting in an experiment involving-driving and understanding road signs but were not told| the true
purpose |of the study. There were 29 partieipants and they were reimbursed for their participation,

B.5.4 {ite selection and description

The site(was a road tunnel dunder the city. There were emergency exits in the tunnel and signs| at 20-m
intervalq that indicated the'distance back to the tunnel entrance. There was a fire alarm system conisting of
signs at the ceiling with-flashing amber lights and static amber text and a voice message in SwedisH, English
and Gerrpan over thepublic address system, preceded by an alarm tone.

B.5.5 Hquipment/instruments

This stu<|ly ihyolved the use of cameras, questionnaires, surveys, interviews and focus groups. Fiftden video
cameras|were installed to cover the entire area (exits, vehicles and the participants as they movgd in the
tunnel on foot). Smoke machines were used to generate non-irritant theatrical smoke. Green flashing lights
were installed at two of the three exits. The participants attached identifying numbers to their clothing and
their vehicle.

Questionnaires were prepared. For the interviews, a set of 24 open-ended questions were prepared. For the
focus groups, a checklist covering the same issues as the interviews was prepared. The interviews and focus
groups were recorded.

B.5.6 Experiment

The participants met and were given instructions for the study they thought they were involved in and then
drove their cars to the tunnel entrance where they completed a first questionnaire. As they drove their
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