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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 procgdures 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 {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules 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. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence|to
the Worl$ Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.prg/iso/foreword.html.

This document was prepared by Technical Committee;ISO/TC 92, Fire safety, Subcommittee SC 4, Hire
safety engfneering.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found at'www.iso.org/members.html.
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Introduction

In performance-based fire safety design, the designer can need to consider that people will move
through an environment containing fire smoke. For these types of conditions, the movement speed of
occupants is expected to be influenced by the smoke. For example, speed can potentially be reduced due
to visibility and the presence of irritant species affecting vision. The precise influence will depend on
the smoke characteristics (e.g. soot content and species concentration) as well as on the characteristics
of the occupants and the built environment.

This document provides guidance on how visibility irritant speciesoccupant characteristics and
th¢ built environment influence movement speed in fire smoke. In addition, the documént provides
cofrelation between movement speed and selected smoke characteristics, namely visibility’and irritant
spg¢cies concentration. Performance criteria related to visibility and irritant species.are not specified
in this document. Additionally, this document does not consider other sub-incapacitating eff¢cts of fire
spé¢cies, (e.g. influence on cognition from asphyxiant or irritant species), nor does\is consider the effects
of moke on way-finding or behaviour.

© IS0 2022 - All rights reserved v
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Fire safety engineering — Estimating the reduction in
movement speed based on visibility and irritant species
concentration

1 _Scope

ThL aim of this document is to provide designers with correlations that can be used in‘per
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bed fire safety design to represent the reduction of movement speed of buildingfoccups
lking in an environment with low visibility, which also contains irritants. Differént correl
vided for deterministic analysis and probabilistic analysis.

5 recognized that values for visibility and irritant species concentration gan'be used as pel
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criteria in performance-based fire safety design. Performance criteria related to visibility and irritant

Sp
pe

vid

It
du

considered if deemed to have a major impact.
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continue moving if a performance criterion related to visibility ‘er ‘irritant species concer

bcies are not specified in this document. However, it is always necessaty to take into accour
-formance criteria when applying this document. For example, afroccupant cannot be as

lated in the design calculations.

s also recognized that fire smoke can have an influen€e on the cognitive processes of
Fing evacuation. This type of influence on cognitioniis not covered in this document b

e smoke can also influence behaviour (e.g. occupants changing their movement path if m
rsening smoke conditions). This type of behaviour change is not included in this docume
considered if deemed to have a major impact:

some jurisdictions, it is not permitted to-include fire smoke in escape routes as part of the
5ign; this document is not applicabl€in such situations.

Normative references

e following documents‘are referred to in the text in such a way that some or all of the

trelevant
tsumed to
Iitration is

bccupants
ut can be

bving into
nt but can

fire safety

ir content

copstitutes requirements of this document. For dated references, only the edition cited applies. For

un

IS(

3

Hated references,the'latest edition of the referenced document (including any amendment

13943, Firessafety — Vocabulary

Terms and definitions

5) applies.

Fo

" the purposes of this document, the terms and definitions given in ISO 13943 and the follow

ring apply.

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

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

IEC Electropedia: available at https://www.electropedia.org/

3.1
extinction coefficient

C

S
natural logarithm of the ratio of incident light intensity to transmitted light intensity, per unit light
path length

Note 1 to entry: The typical unit is m~1.
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3.2

movement speed

v

speed of an individual occupant

Note 1 to entry: Movement speed is calculated by dividing the length of the movement path followed by the
occupant to get from the start position (A) to the end position (B) by the time taken for the occupant to get from
A to B. Any major stops or pauses along the movement path are omitted from the time used in the calculation of
movement speed.

3.3

unimpedped movement speed
Vu
movemenf speed without interference

Note 1 to eptry: An example of interference is fire smoke.

34
visibility|distance
%4
distance gt which an object with defined characteristics can be seen in fire sthoke

Note 1 to eptry: Characteristics can include whether the object is light-reflecting or light-emitting.

3.5
visibility;impacted movement speed
Vyis
movement speed when movement is influenced by reduced visibility

4 Movement in fire smoke

4.1 General

Occupant$ moving in fire smoke during evacuation will reduce their movement speed due to a variety
of different factors. As far as possible, a built environment shall be designed to allow evacuation using
paths not|affected by fire smoke. However, there can be cases where evacuation through fire smgke
cannot bejavoided. When including such cases in a performance-based fire safety design, the movement
speed shdll be reduced as a function of the smoke characteristics, i.e. visibility and irritant spedies
concentraltion. In addition, characteristics of occupants and the built environment shall be considered.

The presence of fire smgke-Can cause people to walk faster or slower, depending on conditions. WHile
the presence of a limitéd amount of fire smoke during evacuation, i.e. high-visibility and low-irritant
species cqncentratien, can influence people to temporarily walk faster than their unimpeded walkjng
speed, this increase of movement speed shall not be considered in performance-based fire safety
design. Inpteadjonly the negative impact of fire smoke on movement speed shall be considered, i.e. the
reduction|of movement speed as a function of the smoke characteristics.

Movement speed can be measured in different ways. For example, the speed can be taken as the shortest
distance from start position (A) to end position (B) divided by the time to get from A to B. Alternatively,
the distance of the actual movement path from A to B, including any deviation from the shortest path,
can be divided by the time taken to get from A to B. Also, pauses or stops along the way from A to B can
optionally be included in the calculations.

In this document, movement speed is calculated by dividing the length of the movement path followed
by the occupant to get from A to B divided by the time taken for the occupant to get from A to B. Any
major stops or pauses along the movement path are omitted when calculating the movement speed.

The following subclauses identify factors influencing movement speed in fire smoke (see 4.2 to 4.5). The
following subclauses provide guidance only and, if available for the specific case, data shall be consulted.

2 © IS0 2022 - All rights reserved
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Examples of data can be found in References [1-35]. In Clause 6, a methodology for representing the
influence of visibility and irritant species concentration on movement speed in fire smoke is presented.

4.2 Visibility

Visibility in fire smoke is related to the proportion of light obscured. Light obscuration by fire smoke,
i.e. a measure of smoke density, is often expressed as the extinction coefficient. For the purpose of this
document, the extinction coefficient is expressed according to Formula (1):[36]

1 I

c = = In - (1)
where
C, is the extinction coefficient (m1);
L is the distance travelled by light (m);
I/1, s the fraction between intensity of light after travelling the distance L and initial intensity of
the light ().
It ghall be noted that the measured extinction coefficient of, fite' smoke in experiments ill differ

de
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can influence the measurements. In particular, there is a:strong correlation between the way

thd
Ca
ex
est

Vi
an
co

ob
is 1

q

—

bending on the relationship between the wavelength distribution of the light used in an e
1 the characteristics of the smoke aerosols. Such aspects@s-the size, shape and colour of th

light and the size of the aerosols contributing to the’measured value of the extinction g
Fe shall therefore be taken to make sure an adequate experimental method is employed. Fo

imating the visibility of exit signs emitting visible light.

ibility can be expressed in terms of thegwisibility distance, which is the maximum distanc
object can be seen in fire smoke. The visibility distance can be estimated based on the

efficient according to Formula (2)(_The constant K assumes different values for light;
ects versus light-emitting objects) Formula (2) simplifies the physical phenomenon of vis
herefore only strictly valid for cases where no ambient light sources are present along th

Kperiment
e aerosols
elength of
oefficient.
- example,

inction coefficients calculated based on obscured intensity of infra-red light are not syitable for

e at which
pxtinction
reflecting
bility and
e viewing

path from the observer and thewobject. As a design tool, Formula (2) yields acceptable outcomgs, but the
degigner is free to apply more‘accurate correlations if warranted.
y=XK (2)
CS
where
i$ the visibility distance (m);
K is a constant which equals 2 for light-reflecting objects and 8 for light-emitting object (based
OT The Tange of values fTom Reference [36]);
C, is the extinction coefficient (m1).

When estimating the visibility distance in fire smoke, it is important to distinguish between the two
cases of movement towards a light-reflecting object versus a light-emitting object. When moving
towards a light-emitting object (e.g. lights at human height on the wall), the visibility distance of the
lights (light-emitting object) will be longer than the visibility distance of the adjacent walls (light-
reflecting object). If people move towards the lights on the wall, they will also be able to see any
obstacles between them and the light source. In this case, the correlation for light-emitting objects
is most relevant for estimating the visibility distance, which will in turn determine the reduction of
movement speed. For other cases, i.e. when people are not moving towards light-emitting objects, the
correlation for light-reflecting objects is most relevant for estimating the visibility distance.

© IS0 2022 - All rights reserved
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As people walk in fire smoke, they will typically reduce their movement speed as a function of
decreasing visibility to avoid potentially dangerous collisions with obstacles (e.g. building features or
other people) or to reduce the risk of falling. The movement speed starts to reduce once low visibility
prohibits free movement, i.e. when people are no longer able to move at their unimpeded speed without
risking injury due to a collision or fall. In theory, this means that there is an upper limit, i.e. an upper
visibility distance, where a specific occupant moving at their preferred speed will start to reduce their
movement speed.

At lower visibility, the movement speed reduces as the visibility becomes lower, until a lower limit, i.e.
a lower visibility distance, is reached. The lower visibility distance typically corresponds to smoke-
logged copdittons; whichcreateasitratiomrsimttar tomovenmentinmcomptetedarkness—Betow thetower
visibility dlistance, people move at a constant low movement speed, which is expected to be a speed at
which collisions or falls lead to limited injuries.

4.3 Irritant species

Movement speed in smoke is affected by irritant species, which can cause acute eye/respiratory tract
irritation |and subsequent tear generation. In addition to being painful, thesé€ irritant effects will
reduce people’s ability to move without risking collision or falls, i.e. people will\not be able to see the
surrounding environment. Although the irritant effects can increase gradudllyas a function of irritant
species cgncentration, it is expected that a major reduction of movement speed occurs when it beconpes
difficult for people to keep their eyes open. At this level of irritant species concentration, a situatjon
similar tg movement in complete darkness occurs. This means that people move at a constant lpw
movement speed, which is typically a speed at which collisions or falls lead to limited injuries.

The influgnce of irritant species on movement speed is notirelevant if people are wearing certpin
types of personal protective equipment. For example, fire.figlters wearing breathing apparatus wotild
typically not be influenced by irritant species, but can still reduce their walking speed due to decreas|ng
visibility.

4.4 Ocdupant characteristics

The ability to move through fire smoke depends on occupant characteristics. For example, such asperts
as visual acuity and night vision ability are-expected to influence how the movement speed is reducgd.
Similarly, people have different susceptibility to irritant species. In addition, the unimpeded movement
speed varjes within a population. This'unimpeded speed is expected to influence the visibility distafce
at which $peed reduction starts,\i.é. occupants initially moving slowly will only start to reduce their
movement speed when the smoke becomes very dense.

The variapility of charactéristics within a population can, to a large extent, be handled by choosing|an
appropriate risk analysis\approach. However, the designer shall pay careful attention to any systemgtic
trends that are to be~expected for a specific situation. For example, adjustments of the correlatjon
between movemefit)speed and visibility distance or irritant species concentration shall be made| in
case of a|population with, on average, reduced visual acuity and increased sensitivity to irritajts,
e.g., elder]y.or, children. It is also possible that fear of falling and subsequent injury can influence
some popllations (e.g. elderly and people with specific medical conditions such as arthritis, multiple
sclerosis, etc.) to further reduce their movement speed as a function of visibility distance or irritant
species concentration. Designs for buildings in which the occupant characteristics can be expected to
change with time shall consider the expected population over the lifetime of the building.

4.5 Built environment

Certain features of the built environment influence movement speed in fire smoke. The influence of
many of these features have not yet been quantified and are therefore not explicitly included in this
document. However, the designer can modify the provided correlations based on data, making sure
the suggested modifications are properly justified. Justification of modifications shall always be
documented.

4 © IS0 2022 - All rights reserved
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Examples of important features of the built environment and their potential influence on movement in
fire smoke are listed below.

Uneven or coarse floor surfaces: lower unimpeded movement speed and a more rapid re
movement speed in fire smoke.

duction of

Uneven wall surfaces and obstacles: more rapid reduction of movement speed in fire smoke.

Handrail along wall: higher minimum movement speed in fire smoke.

Continuous visual way-guidance system (e.g. light strip): higher minimum movement speed in fire

Th

smoke.

Geometry requiring decision making (e.g. way-finding choices) along the evacuation p
unimpeded movement speed and a more rapid reduction of movement speed in fire’smoK

e designer can consult available data (e.g. movement experiments in smoke filled enviror

ordler to quantify the influence of identified features (see examples in 4.1). Thé features listed

on
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y examples and there can potentially be other aspects of the built environment that alsg
vement speed in fire smoke.

Risk analysis approach

discussed in ISO 23932-1, all fire safety engineering )Janalyses are risk analyses,
ferentiation between levels being reflected in terms. of the level of treatment of unce

analysis. The lowest level of treatment of uncertainty is achieved by the qualitative a
ich deviations from the tolerable risk, often taken as the deviations from regulatory p
 identified and addressed. The intermediate level of treatment of uncertainty is achiey
ferministic analysis, in which the trial fire safety design is evaluated using a set of wors
e scenarios. The highest level of treatment‘of uncertainty is achieved by the probabilisti

re

Wwhich the full range of representative scenarios are identified and evaluated. Probabilist
resents the most explicit treatment of uncertainty, in that the full range of representative

ar¢ identified and evaluated, either-.as;specific scenarios or distributions, including uncert
variability in the input parameters(

Bo
thg
fir
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h deterministic and probabilistic analysis for the fire safety objective of life safety usuall
selection and evaluation of both evacuation and fire scenarios. In cases where movemer
b smoke cannot be avoided, account shall be taken of the influence of fire smoke on the |
people. The requireménts in this document are therefore mainly applicable to determi
babilistic analysis.

the deterministic analysis, a worst credible scenario approach is used to address unce

context of’movement through fire smoke, this means that a conservative estimate of u
vement.speed and a conservative estimate of the reduction of movement speed in smokK
blied:

the)probabilistic analysis, the designer shall attempt to represent the full range of scenar

hth: lower
e.

ments) in
above are
influence

with the
rtainty in
halysis, in
rovisions,
ed by the
t credible
C analysis,
c analysis
scenarios
ainty and

y involves
It through
movement
nistic and

rtainty. In
nimpeded
e shall be

ios. In the

context of movement thought fire smoke, this means that a representative distribution of unimpeded
movement speed and a representative reduction of movement speed in smoke shall be applied.

6

Correlations for design

6.1 General

The representation of movement speed in fire smoke in performance-based fire safety design is a
process in which first the reduction caused by visibility is addressed, followed by consideration of
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irritant species. The consideration of visibility is a two-step process where the following two elements
are selected:

1) the unimpeded movement speed, i.e. the movement speed without fire smoke; and

2) the correlation describing the reduction of movement speed in fire smoke as a function of visibility
distance.

In performance-based fire safety design, an occupant is assumed to move at the selected unimpeded
movement speed, v,, until the selected correlation dictates a reduction of speed due to visibility. The

reduced s

peed due to visibility is called the visibility-impacted movement speed, v,,...

The two-3
Method II
probabilis
reduction
analyses.

movemen

The two-S

In additio
taken intg

In case of
example,
slowest 0(

In specifi

in (v, v

tep process is different for deterministic and probabilistic analyses. Method I (see 6(2)'3
(see 6.3) are applicable to deterministic analyses and Method III (see 6.4) is applicable
tic analyses. Methods [ and II provide a worst credible estimate (conservative estimate) of
of movement speed in smoke, which is why these methods are appropriate for-determinis
Method III provides a representative estimate sampled from distributions of the reductior
f speed in smoke, which is why this method is appropriate for probabilistic aralyses.

tep process is illustrated schematically in Figure 1 and in Formula (3}

vis.

is the movement speed (m/s);
is the unimpeded movement speed (m/s);
is the visibility-impacted movement speed. (m/s).

h to the two-step process above, the irritant species concentration of fire smoke shall also
consideration (see 6.5). The same approach is used for Methods I to III below (see 6.2 to 6|

social groupings (e.g. families ‘moving together) special considerations shall be made. |
t can be assumed that group members (e.g. a family) travel together at the speed of
cupant.

C cases, the movement speed in smoke can be dictated by factors other than visibility

irritant species concentrations=—For example, people will reduce their movement speed as a funct

of inter-p
visibility/|
distance g

brson distance in-cases with high crowd density. At short inter-person distances and hi
low-irritant species concentrations, the reduction of movement speed due to inter-pers
an be more pfominent than the reduction due to fire smoke.

nd
to
he
tic
of

(3)

be
4).

For
he
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visibility distance, V (m)

movement speed, v (m/s)

movement speed due to reduced visibility
unimpeded movement speed

Figure 1 — Schematic represéntation of the two-step process

. Method I — Single conservativeestimate for deterministic analysis

thod I shall be used for simple calculations of movement through fire smoke when a det

the first step, a conservative value of the unimpeded movement speed shall be selected. If p

mpeded movement speed for a specific data set can be used. As an alternative, a value

cap be used as the-unimpeded movement speed for an able-bodied population. However,

sh
eld
un

1l not be used if*the population consists of occupants who cannot be considered able-b

mpededmovement speed was selected.

hlysis is employed and it is assuried that all occupants are moving at the same speed. An ex
bign involving unimpaired adults evacuating through a building where fire smoke is preseit.

pcific data are available, the selection shall be based on this data. For example, the 20th pe

erly people er-people with movement-related disabilities. It shall be documented on whaf

2022(E)

brministic
ample is a

bpulation-
rcentile of
bf 1,0 m/s
this value
pdied, e.g.

basis the

the seeond step, a correlation describing the reduction of movement speed as a function o
tance shall be selected. If populatlon spec1f1c data are avallable the selectlon shall be basged on this

visibility

be used.

As an alternatlve Formula (4] and Formula (5) can be usedforan ablebodled populatlon ho are not
expected to have reduced visual acuity or reduced night vision ability:

forV>0,6 v, = % 4
forV<0,6 v,,=0,2
where

©lI

%4 is the visibility distance (m);
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V,is is the visibility-impacted movement speed (m/s).

It shall be documented how the correlation between movement speed and visibility distance was
selected.

Figure 2 shows the correlation between movement speed and visibility for an assumed unimpeded
movement speed of 1,0 m/s and the reduction of movement speed due to visibility according to

Formulae (4) and (5).
Y

14 =

1,2

0,8 -
0,6 -
0,4 -

0,2

Key
X  visibillty distance, V (m)
Y moverhent speed, v (m/s)

Figure 2 — Example of correlation between movement speed and
visibility distance according'to Method I for an able-bodied population

6.3 Method II — Multiple conservative estimates for deterministic analysis

Method Il|shall be used for thore complex calculations of movement through fire smoke when a range
of movement speeds is assumed and a deterministic analysis is employed. An example is a des]gn
involving punimpaired adults ranging in age, evacuating in a building where smoke is present.

In the firgt step, aqtange of values of the unimpeded movement speed shall be selected. If populatipn-
specific data aresavailable, the selection shall be based on this data. For example, the 20th percentijle,
the 35th perceéntile and the 50th percentile (median) of unimpeded movement speed for a specific data
set can be|used, assuming an equal proportion of occupants for each of the three selected speeds. As|an
alternative, an able-bodied population can be assumed to consist of equal proportions of people with
an unimpeded movement speed of 1,0 m/s (very slow), 1,15 m/s (slow) and 1,3 m/s (medium). However,
these values shall not be used if the population consists of occupants who cannot be considered able-
bodied, e.g. elderly or people with movement-related disabilities. It shall be documented on what basis
the unimpeded movement speed was selected.

In the second step, correlations describing the reduction of movement speed as a function of visibility
distance shall be selected. If population-specific data are available, the selection shall be based on
this data. For example, correlations representing the 20th percentile, the 35th percentile and the 50th
percentile (median) for a specific data set can be used, assuming an equal proportion of occupants for
each of the three selected correlations. As an alternative, an able-bodied population who is not expected
to have reduced visual acuity or reduced night vision ability can be assumed to consist of three groups of
occupants reducing their speed in smoke according to Formulae (6) to (10). These groups of occupants

8 © IS0 2022 - All rights reserved
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are referred to as 'very early reduction’' [Formula (6) and Formula (7)], 'early reduction’ [Formula (8)
and Formula (9)] and 'medium reduction' [Formula (10)]:

Very early reduction:

1

for V> 0,6 Vyis = 3 |4 (6)
for V<0,6 Vyis = 0,2 (7)
Early reduction:

1
forV>0,15 v, = 3 V+0,15 (8)
forV<0,15 v,=0,2 €))]
Medium reduction:

1
forV=0 Vyis = 3 V+0,3 (10)

whHere

%4 is the visibility distance (m);

v,is is the visibility-impacted movement speed (m/s).
It $hall be documented how the correlations between movement speed and visibility distaince were
selected.

As|shown in Figure 3, the combinatiotrof the groups slow, very slow and medium (related tp v ) with
th¢ groups very early reduction, early reduction and medium reduction (related to v,;,) results in nine
combinations.
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Figure 3 — Example of correlations between movement speed and
visibility distance according to Methed'II for an able-bodied population

6.4 Method III — Representative estimate for probabilistic analysis

Method II] shall be used for calculations of movement through fire smoke when a probabilistic analyjsis
is employg¢d. In these types of calculations, the full range movement speeds of occupants in fire smagke
shall be efnployed. Occupants may-be/assigned an individual speed and reduction, where the speed gnd
reduction|are not the same for all'and are random.

In the firgt step, a representative distribution of unimpeded movement speeds shall be selected| If
population-specific data~aré available, the distribution shall be derived based on this data. As|an
alternative, the distribution for an able-bodied population can be assumed to follow a trianguflar
distributipn with a ‘minimum value of 1,0 m/s, a median value of 1,3 m/s and a maximum vajue
of 1,6 m/9. Howevery these values shall not be used if the population consists of people who cannot|be
considerefl ablesbodied, e.g. elderly or people with movement-related disabilities. Irrespective of hpw
the distrilpution'is selected the unlmpeded speed of an occupant in de51gn calculatlons shall be samp ed
from the kele mhat ba eded
movement speeds was selected

In the second step, a distribution of correlations describing the reduction of movement speed as a
function of visibility distance shall be selected. If population-specific data are available, the distribution
of correlations shall be derived based on this data. As an alternative, an able-bodied population who are
not expected to have reduced visual acuity or reduced night vision ability can be assumed to reduce
their speed in smoke according to Formula (11) to Formula (12):

forV>(0,2-m3 v, =%V+m (11)

VI1s

forV<(02-m)3 v, =0,2 (12)

vis
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where
% is the visibility distance (m);
v,is s the visibility-impacted movement speed (m/s);
m is the constant following a triangular distribution with a minimum value of 0, a median value
of 0,3 and a maximum value of 0,6.
Irrespe n occupant
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rumented how the distribution of correlations describing movement speed as a function o
tance was selected.

b Consideration of irritant species

ufficiently high concentrations of irritant species are present in the fire smoke, consider
taken of the influence of irritant species on movement speed. Research has shown that b
hsity and irritant smoke affect movement speed.[32] If population,specific data are ava
luence shall be derived based on this data.

aller than 0,1, the movement speed derived according toMethod I to III can be used unch
ues of Xpgc higher than or equal to 0,1, the movement speed can be reduced to 0,2 m/s.[37-39

apacitation can be found in ISO 13571.

Th correlation for Xgg is reproduced from 1§0“13571:2012 in Formula (13):

wh

an

+ PyBr + Pur + (pSOZ + (pNOZ + Pacrolein + (pformaldehyde +
E E.
SOy

Pirritant
Fe.

1

Fupr  Fur FN02 acrolein Fformaldehyde

is the average cgn¢éntration of the irritant gas (ul . 171);

F is the concéntration of each irritant gas that is expected to seriously compromise d

tenabilitg(ul . 11);

d where

Fyp =1 000ul.171 Fyo, =250ul.1"

Fypy =1 000l .1 Fyerolein =301l 171

a

an alternative to the case in which data is not available, the fractional effective concentra
defined in ISO 13571, can be used to estimate the reductioh{of movement speed. For valu

t shall be
visibility

htion shall
bth smoke
ilable, the

tion, Xpgc,
es of Xppe
inged. For
However,

ount shall be taken of performance criteria for irritant species concentration, e.g. occupants cannot
assumed to continue moving after incapacitation(A discussion of the connection betweel

N Xpgc and

(13)

ccupants’

Fyp =500 Hl-l—l Fformaldehyde =250 “1-1-1

Fso, =150l I F, = determined on a case-by-case basis

As stated in ISO 13571, it is estimated that the uncertainty associated with the use of Formula (13)
is 50 %. This can potentially be significantly larger if the products involved in the fire generate
toxicologically important quantities of additional irritants.
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