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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -

Part 6-1: Smoke obscuration —
General guidance
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization{compr
Il national electrotechnical committees (IEC National Committees). The object of IEC.is\ to pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
his end and in addition to other activities, IEC publishes International Standards, Techhical Specificat|
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafterpreférred to as

ublication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. International,\governmental and

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordancecwith conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technicalr committee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for international use and are accepted by IEC Nat|
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible{forsthe way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any diverg
etween any IEC Publication and the correspondingational or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestation of-conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftwthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn (to ,the Normative references cited in this publication. Use of the referenced publicatio
dispensable forthe’correct application of this publication.

ttention is dfawn to the possibility that some of the elements of this IEC Publication may be the subje
atent rights) lEC shall not be held responsible for identifying any or all such patent rights.
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redline version of the official IEC Standard allows the user to identify the changes ma

the |previous edition IEC 60695-6-1:2005+AMD1:2010 CSV. A vertical bar appears in the margin
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International Standard IEC 60695-6-1 has been prepared by IEC technical committee 89: Fire
hazard testing.

This third edition cancels and replaces the second edition of IEC 60695-6-1 published in 2005
and Amendment 1:2010. It constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

References to IEC TS 60695-6-30 (withdrawn in 2016) have been removed.
- eferences to [EC TS 60695-6-31 (withdrawn in 2016) have been removed.
— References to ISO 5659-2 have been inserted.

— ['he scope contains some additional text.
— [Ferms and definitions have been updated.
— Pubclause 3.2 has been updated.

— PBubclause 7.1 has been updated.

Thel text of this International Standard is based on the following documents:

Draft Report on vating

89/1472/CDV 89/1504/RVC

Fulllinformation on the voting for its approval can be{found in the report on voting indicated in
the pbove table.

Thellanguage used for the development of this International Standard is English.

It Has the status of a basic safety .publication in accordance with IEC Guide 104 Jand
ISOJIEC Guide 51.

Thig International Standard is to be used in conjunction with IEC 60695-6-2.

In this standard, the following print types are used:
e [talic font: terms defined in Clause 3.

A ligt of all partstin the IEC 60695 series, published under the general title Fire hazard tesling,
can|be found onthe IEC website.

IEC|60695-6 consists of the following parts:

Part6~1--Swmoke-obseuratioh—Generalghidaree—m—0™ — M0 9 0 — |
Part 6-2: Smoke obscuration — Summary and relevance of test methods

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement,
available at www.iec.ch/members_experts/refdocs. The main document types developed by
IEC are described in greater detail at www.iec.ch/standardsdev/publications.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates that-it
confains colours which are considered to be useful for the correct understanding of its
confents. Users should therefore print this document using a colour printer.
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INTRODUCTION

In the design of an electrotechnical product the risk of fire and the potential hazards
associated with fire need to be considered. In this respect the objective of component, circuit

and
tole

IEC

equipment design, as well as the choice of materials, is to reduce the risk of firg
rable level even in the event of reasonably foreseeable (mis)use, malfunction or failure

60695-1-10, IEC 60695-1-11, and IEC 60695-1-12 [1]" provide guidance on(ow this i

be accomplished.

Firgs involving electrotechnical products can also be initiated from ekternal non-elect

sou

Thel
orr

rces. Considerations of this nature are dealt with in an overall fire fazard assessment.

bducing the consequences of the fire. This can be accomplished by:

rying to prevent ignition caused by an electrically enfergised component part and, in
bvent of ignition, to confine any resulting fire within\the bounds of the enclosure of
blectrotechnical product.

rying to minimise flame spread beyond the “product's enclosure and to minimise

broducts.

Ong of the contributing hazards is the_release of smoke, which may cause loss of vi

and

Sm
peo

for disorientation which could impede*escape from the building or fire fighting.

bke particles reduce the visibility due to light absorption and scattering. Conseque

O a

s to

ical

aim of the IEC 60695 series is to save lives and property by(reducing the number of fires

the
the

the

harmful effects of fire effluents including heat; smoke, and toxic or corrosive combustion

sion

ntly,

ple may experience difficulties in finding exit signs, doors and windows. Visibility is often

determined as the distangexat which an object is no longer visible. It depends on nfany

fact

prs, but close relationships have been established between visibility and

megsurements of the extinction coefficient of smoke — see Annex A.

Thel| production of\smoke and its optical properties can be measured as well as other
properties, such-as heat release, flame spread, and the production of toxic gas and corro

effly

by g§moke.

1

the

fire
5ive

ent. This;document serves as a guidance document and focuses on obscuration of light

Numbers in square brackets refer to the bibliography.
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Thig part of IEC 60695 gives guidance on:

a)
b)
c)
d)
e)

Thig basic safety publication focusing on safety guidance is ppiwarily intended for ussd
techinical committees in the preparation of safety publications in accordance with

prin

Ons
bas
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FIRE HAZARD TESTING -

Part 6-1: Smoke obscuration —
General guidance

Scope

he optical measurement of obscuration of smoke;
jeneral aspects of optical smoke test methods;
consideration of test methods;

bxpression of smoke test data;

he relevance of optical smoke data to hazard assessment.

ciples laid down in IEC Guide 104 and ISO/IEC Guide 5%

of the responsibilities of a technical committee is; wherever applicable, to make us
c safety publications in the preparation of its publi¢ations.

the

e of

2 |Normative references

The| following documents are referred to,in the text in such a way that some or all of liheir
confent constitutes requirements of.this document. For dated references, only the edition
citefl applies. For undated referencesj} the latest edition of the referenced document (inclugling
anylamendments) applies.

IEC|60695-1-10, Fire hazagrd-testing — Part 1-10: Guidance for assessing the fire hazargl of
elegtrotechnical products — General guidelines

IEC|60695-1-112, Fire’ hazard testing — Part 1-11: Guidance for assessing the fire hazarg of
elegtrotechnical products — Fire hazard assessment

IEC|60695-4:-2005, Fire hazard testing — Part 4: Terminology concerning fire tests| for
elegtrotechnical products
|ECle6695-6-22—Fire-hazard-testing—rPart-6-2-Smoke-obseuration—Summary-andretevance

of test methods
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IEC Guide 104:4997, The preparation of safety publications and the use of basic safety
publications and group safety publications

ISO/IEC Guide 51:4999, Safety aspects — Guidelines for their inclusion in standards

NOTE 1S0-9122-1:1989, Toxicity testing-of fire-effluents — Part-1.-General,-has been withdrawn-and replacqd by
ASTM-E- 13542008, Standard Test-Method for Heat-and Visible - Smeoke Release Rategfor
y - Dot Usi 5 ~ on Calori

EN{13823:2002, Reaction to fire tests for building products-— Building products,-exclufling
ookings, [ ! nalot e

3 |[Terms, definitions and symbols

3.1| Terms and definitions

For|the purposes of this document, the terms and definitions given in ISOAEC 13943:2017
and|IEC 60695-4, some of which are reproduced below, apply.

ISOland IEC maintain terminologisal databases for use in standardization at the following

add

fesses:

EC Electropedia: availdble at http://www.electropedia.org/

SO Online browsing\platform: available at http://www.iso.org/obp
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uct/of the volume occupied by smoke (3.1.10) and the extinction coefficient (3.1.2) of| the
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3.1

ext
proJi
smoke

Note 1 to entry: The extinction area of smoke is a measure of the amount of smoke. The typical unit is m2.

[SOURCE: ISO HEC-13943:2017,-defirition4-92 3.110]

3.1.2

extinction coefficient

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

light path length

The typical unit is m-".

[SOURCE: ISO AEC-13943:2017,-definition4-93 3.111]

Note 1 to entry:
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3.1.3
mass optical density of smoke

optical density of smoke (3.1.6) multiplied by a factor which is the volume of the test chamber

divided by the product of the mass lost from the test specimen and the light path length

Note 1 to entry: The typical unit is m2-g™".

Note 2 to entry: Optical density of smoke = V/(Am L), where V is test chamber volume, Am is test specimen mass

loss and Lis Tight path Tength.

[SOURCE: ISO AEC-13943:2017 ,-definition-4-225 3.265]

3.1.4
obscuration-by of smoke
reddiction in the intensity of light due to its passage through smoke (3.1.10)

Notel 1 to entry: Compare with the terms extinction area of smoke (3.1.1), extin€tioh coefficient (3.1.2), opac
smoke (3.1.5), optical density of smoke (3.1.6), smoke obscuration (3.1M12), specific extinction are
smoke (3.1.13) and specific optical density of smoke (3.1.14).

Note] 2 to entry: In practice, obscuration-by of smoke is usually measured as the transmittance which is nor

exprgssed as a percentage.

Notel 3 to entry: The obscuration-by of smoke causes a reduction jin visibility (3.1.6).

[SOURCE: ISO HEC-13943:2017,-definition4-242.8.286]

3.1.

opacity of smoke

rati

spetified conditions

Notel 1 to entry:  Also, obscuratien’ of smoke (3.1.4), smoke obscuration (3.1.11).

Notel 2 to entry:  The opacity,of smoke is the reciprocal of transmittance.

Note] 3 to entry:  The ‘opacity of smoke is dimensionless.

Note 1 to entry: Compare with the term specific optical density of smoke (3.1.14).

Note 2 to entry: The optical density of smoke is dimensionless.

[SOURCE: ISO AEC-13943:2017 ,-definition-4-244 3.288]

3.1.7
physical fire model

of incident light intensity to tragsmitted light intensity through smoke (3.1.10), u

ty of
b of

nally

der

the

laboratory process, including the apparatus, the environment and the fire test procedure

intended to represent a certain phase of a fire

[SOURCE: ISO 13943:2017, 3.298]
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3.1.8

SMOGRA

smoke growth rate parameter that is a function of the rate of smoke production and the time of
smoke production

Note 1 to entry: Further details are given in 6.2.4.

3.1.9
SMOGRA index
maximum value of SMOGRA (3.1.8) during a defined test period

Notel 1 to entry: Further details are given in 6.2.4.

3.1110
smoke
visilble part of a fire effluent

[SOURCE: ISO AEC-13943:2017 ,-definition-4-293 3.347]

3111
smxke obscuration
reddiction of light transmission by smoke (3.1.10), as measured-by-light attenuation

Notgl1 to entry: Compare with the terms extinction area of stoke (3.1.1), extinction coefficient (3]1.2),
obsduration of smoke (3.1.4), opacity of smoke (3.1.5), optical densityof smoke (3.1.6), specific extinction ar¢a of
smoke (3.1.13) and specific optical density of smoke (3.1.14).

[SOURCE: ISO 13943:2017, 3.349]

3.112
smoke production rate
amaunt of smoke (3.1.10) produced per unit time in a fire or fire test

Notegl 1 to entry: The smoke production_rate is calculated as the product of the volumetric flow rate of smoke
(3.1./10) and the extinction coefficient (3.4.2) of the smoke at the point of measurement.

Note] 2 to entry:  The typical unit is$\m?-s7".

[SOURCE: ISO AEC-13943:2017 ,-definition-4-295 3.351]

3.113

spelcific extinction area of smoke
extinction area_of smoke (3.1.1) produced by a test specimen in a given time period divided
by the masslost from the test specimen in the same time period

Notel 1 o 'entry:  The typical unit is m2.g™".

[SOfRcEAHS— PR 93——"7——n————————————————————————————————————————————

3.1.14
specific optical density of smoke
optical density of smoke (3.1.6) multiplied by a geometric factor

Note 1 to entry: The geometric factor is equalte-V/(A-L), where V is the volume of the test chamber, A is the
area of the exposed surface of the test specimen, and L is the light path length.

Note 2 to entry: The use of the term "specific" does not denote "per unit mass" but rather denotes a quantity
associated with a particular test apparatus and area of the exposed surface of the test specimen.

Note 3 to entry: The specific optical density of smoke is dimensionless.

[SOURCE: ISO AEC-13943:2017 ,-definition-4-303 3.360]
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3.1.15

visibility

maximum distance at which an object of defined size, brightness and contrast can be seen
and recognized

[SOURCE: ISO HEC-13943:2017,-definition4-350 3.420]

3.2 Symbols

Symbol Quantity Typical units
4 expesed-area-oftest-speeimen T
D linear decadic absorp_tion coefficient 4
(commonly called optical density per metre) m
D' optical density of smoke dimensionles
D yass mass optical density of smoke m?2 kg~!
D, specific optical density of smoke dimensionles
D,.0x (@S0 D,,) maximum specific optical density of smoke dimensionles
1 intensity of incident light W cd
T opacity of smoke (ratio of incident light to transmitted light) dimensionles
k linear Napierian absorptiqn coeffigignt 4
(commonly called extinction coefficient) m
L light path length through smoke m
Am mass loss of test specimen kg
m mass loss rate kg s~!
N extinction area of smoke (also total_smoke) m2
S smoke production rate m2 =1
(rate of change of extinction.area)
t time S
At sampling time interval S
intensity of transmitted light W cd
volume of chamber m3
volume flow' rate of smoke m3 s~1
or spegifie extinction area of smoke m2 kg~
y a con.st.ant of proportionality between visibility and extinction dimensionles
coefficient
2] visibility m

NOTE 1 The-quantities based on log1q, i.e. D, D', Dy4x» Dmass @nd Dg, have similar symbols but they jare
different’quantities and have different units.

NO[TE\2__The use of the term "specific" in the case of specific optical density of smoke, Dy, does not denote
"per unit mass".

4 General aspects of smoke test methods

4.1 Fire scenarios and physical fire models

During recent years, major advances have been made in the analysis of fire effluents. It is
recognized that the composition of the mixture of combustion products is particularly
dependent upon the nature of the combusting materials, the prevailing temperatures and
ventilation conditions, especially access of oxygen to the seat of the fire. Table 1 shows how
the different types of fire relate to the changing atmosphere. Conditions for use in laboratory
tests (small or large-scale) can be derived from the table in order to correspond, as far as
possible, to real-scale fires.
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Fire involves a complex and interrelated array of physical and chemical phenomena. As a
result, it is difficult to simulate all aspects of a real-scale fire in a smaller scale apparatus.
This problem of physical fire model validity is perhaps the single most perplexing technical
problem associated with all fire testing.

General guidance for assessing the fire hazard of electrotechnical products is given in
IEC 60695-1-10 and IEC 60695-1-11.

After ignition, fire development may occur in different ways depending on the environmental
conditions, as well as on the physical arrangement of the combustible materials. However, a
X X L the

e 1 is the incipient stage of the fire prior to sustained flaming, with little rise.in the(fire
temperature. Ignition and smoke generation are the main hazards during’ this stage.
e 2 (developing fire) starts with ignition and ends with an exponential rise lin the fire rpom
temperature. Spread of flame and heat release are the main hazards in jaddition to smoke
ing this stage. Stage 3 (fully developed fire) starts when the, surface of all of|the
conbustible contents of the room has decomposed to such an extent that sudden ignition
occprs all over the room, with a rapid and large increase in temperatore (flash-over).

At the end of stage 3, the combustibles and/or oxygen have)been largely consumed [and
henge the temperature decreases at a rate which depends an.the ventilation and the heatjand
mags transfer characteristics of the system. This is known-as decay.

In gach of these stages, a different mixture of deceamposition products may be formed [and
this| in turn, influences the smoke-density produced during that stage.-Mereover In orddr to
selgct an appropriate fire test, information is required on the fire scenario being considererji, in
parficular the conditions of incident heat flux;,0oxygen availability and the facilities for venting
the smoke.

Stage 3

Stage 2

Stage 1

Fully developed fire Decay stage

Non-flaming Developing fire

Well-ventilated
flaming

Firetypes 1a), Fire type 3b)

1b)-and 1c)

Compartment temperature

Fire type 2)

Ignition Flash-over Time

Figure 1 — Different phases in the development of a fire within a compartment

4.2 Factors affecting smoke production
4.21 General

Many factors affect the production of smoke and the properties of smoke. A full description of
such properties is not possible, but the influence of several important variables is recognized.
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4.2.2 Modes of decomposition

Smoke is a consequence of combustion. Combustion may be flaming or non-flaming, including
smouldering, and these different modes of combustion may produce quite different types of
smoke. In non-flaming combustion, volatiles are evolved at elevated temperatures. When they
mix with cool air, they condense to form spherical droplets which appear as a light-coloured
smoke aerosol.

Flaming combustion produces a black carbon-rich smoke in which the particles have a very
irregular shape. The smoke particles from flaming combustion are formed in the gas phase
and_in regions where oxygen concentrations are low enough to cause incomplete combustion.
The| carbonaceous smoke particles in the flames emit radiant energy (as black-body emissjon)
which is seen as yellow luminosity.

Thel| particle size of the spherical droplets from non-flaming combustion is generally of|the
order of 1 um, whereas the size of the irregular soot particles from flaming-combustioh is
larger but much harder to determine and is dependent on the measuring technique.

often observed for wood fires that the amount of smoke is less with flaming combustion
with non-flaming combustion. For plastics, however, no such-generalization can| be
made: the smoke produced under non-flaming conditions can e’less or more than under
flaming conditions. For these reasons, it is important to record in a smoke test whether
ignifion occurs, as well as the times of ignition and extinctiofy of flames on the test specirlen.

In addition, cold smoke may be generated from the rear of composites; this may djffer
subptantially in colour and composition from the smoke.produced from the exposed surface.
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The heat flux on the test specimen influences how the material burns; it is good practice to
evaluate the smoke generated from materials at low levels of incident irradiance (e.g.
15 kW-m=2 to 25 kW-m2) as well as at higher levels (e.g. 40 kW-m-? to 50 kW-m-2). In this way,
the effects of the growth phases of a fire on the smoke-generating propensity of a material
can be assessed.

4.2.3 Ventilation and the burning environment

Smoke production depends upon the fire scenario and not just on what material is being
burnt. It is known that, for some materials, the production of smoke is increased considerably

The| rate of burning and the area involved in burning should always be considered when
detérmining smoke production in fires. A material generating small quantities of\smoke|per
element of burning area may give large quantities of smoke in a fire due to the rapid spread of
flames over large surface areas.

4.2.4 Time and temperature

Thel| particle size distribution of smoke aerosols changes with timex8moke particles coagullate
as they age. Some properties also change with temperature so that'the properties of ageq, or
cold smoke may be different from young, hot smoke. These factors are important for|fire
engjneers when they are considering potential smoke movément in large buildings. These
factprs also have to be considered when designing smoke-iests.

NOTE Guidance on fire safety engineering is given in IEC 60695-1-12 [1].
4.2)5 Removal mechanisms for smoke particles

Large smoke particles may be removed.by’a number of mechanisms. In cumulative Jtest
pro¢edures where a radiant heat source“is immersed in the combustion gases, reheated
decpmposition may occur as the smoke particles recirculate. Other mechanisms for rempval
of larger particles include the deposition of particles on the internal surfaces of the chanpber
and| the action of fan stirrers. Aspects of these mechanisms also occur in real fires when
smqke circulates within a fire compartment. Because these effects are possible in cumuldtive
smqke tests, it is recognized.that the early stages of the exposure (for example the ffirst
10 min) are the most relevantfor the determination of the rate of smoke generation.

5 |[Principles of smoke measurement

5.1 Generat

Smoke consists of an aerosol of particles. It can either be measured as a function of its
grayimetric properties (the mass of smoke particles), its light-obscuring properties, qr a
mixture,of the two [3]. This document is concerned with the reduction of visibility caused by
the “obscuration or—ASIHHY SmMoke and therefore gravimetric methods are not discussed.
Obscuring properties are a function of the number, size and nature of the particles in the light
path. If the particles are considered as opaque, the capacity of the smoke to obscure light is
related to the sum of the cross-sectional areas of the particles in the light path. It is measured
in units of area, e.g. square metres (m?).

The measurements may be made in small-, large-, or real-scale tests. They may be performed
in closed systems which are called cumulative or static methods. They may also be performed
in flow-through systems, and these are called dynamic methods.

5.2 Bouguer's law

Optical smoke measurements are derived from Bouguer's law which describes the attenuation
of monochromatic light by an absorbing medium:
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I/T = et (1)

k= (/L) In(I/T) (2)

(The units of k are reciprocal length, e.g. m™)

where

T is the intensity of transmitted light;

I S ne miensity or mcilaent ngnt,
L |s the light path length through the smoke;
k |s the linear Napierian absorption coefficient (extinction coefficient), see Figure'2.

L

A
\i

Smoke with extinction
coefficient = k

IEC
Figure 2 — Attehuation of light by smoke

5.3 Extinction area

A useful measurement of the.amount of smoke is the total effective cross-sectional area of all
the [smoke particles. This @rea is known as the extinction area of smoke, S.-The-extindtion
e—FeTnThis can be thought of as the total area of the shadows cast by the smoke particles jin a
beam of light (see Figure 3).

If tHe smoke is.homogeneous, i.e. not layered, the extinction area of smoke is related both to
the |extinction{¢oefficient of the smoke and to the volume in which the smoke is contained by
the equation:

S=kV )

where V is the volume of the chamber in which the smoke is contained.

Thi : | lias it 4 . _
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Figure 3 — Extinction area

Log4q units

path length, (D), which is properly named the linear decadic absorption coefficient and, li

(ling

The

SeV|
the
is p
app

5.5

ar Napierian absorption coefficient), also has units of reciprocal length (e.g. m™).

1/ T=10PL

D = (1/L)1ag+o(l/T)

k=DIn(?0) or k=2,303D

extinction area of smoke (S) can-also be calculated from D using the equation:

§=2303DV

eral variants of base*10 units can be found in the literature. A commonly used quanti
dimensionless ,optical density of smoke, D' = log1o(I/T). For a given amount of smoke
roportional to ‘the light path length and is thus apparatus-dependent; results from
aratus cannetbe directly compared to results from other apparatus.

Light sources

Bot

n'white light and monochromatic laser light sources are used for smoke measurement.

ome studies, base 10 logarithms are used to calculate the optical density per unit light

ek

(6)

(7)
y is

one

Since light attenuation through smoke is dependent on the absorption and scattering of light,
and since the latter is dependent on wavelength, caution should be exercised when
comparing data obtained from measuring systems using different light sources.

5.6

Specific extinction area of smoke

In tests where the mass loss of the test specimen is measured, the specific extinction area of
smoke, oy, can be calculated:

or =S/Am
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where Am is the mass loss of the test specimen.

The

units of oy are area/mass, e.g. m2-kg™".

021

The specific extinction area of smoke, or, is a basic measurement of smoke that can be made

in a

Il scales of tests. It is independent of

the light path length over which the measurement is taken;

the flow rate of gases;

The]
unit

For
lose
pyrd
Sup
of n
vols
0,5

It is
gen
the
alsd

he surface area of the exposed product; and
he mass of the test specimen.

specific extinction area of smoke, oy, is used to define the smoke-producing capacity
mass loss of the test specimen.

example, consider an 80 g test specimen that is tested under non-flaming condition
s 50 g of mass leaving a residue of 30 g. The smoke producedrom the 50 g of vol

lysis products has an extinction area of 4 m2. The oy value will-therefore be 0,08 m?
hass leaving 20 g of residue. The smoke produced from\the combustion of the 60
m2.g-".

important to realise that or does not give .information on either the amount of sm

mass loss of the test specimen (Am) or the'mass loss rate of the test specimen (m)—+
-be-knrown is necessary to obtain the jmformation. Then, the extinction area of the sm

gengrated is given by:

Ind

wheg

and

S=orAm

ynamic systems (see 642);'the specific extinction area may be obtained from:

or =kvV/m
re

s the volume flow rate;

s the- mass loss rate;

the’smoke production rate. S. is given by:

5. It
htile

g’

pose that the same test specimen is tested under flaming conditions and that it loses 60 g

y of

tile degradation products has an extinction area of 30qm%The oy value in this case will be

oke

erated in a fire or the rate of smoke generation in a fire.Te-obtain-this-information; Either

hust
oke

(10)

5.7

S=orm

Mass optical density of smoke

(11)

When working in log4q units the equivalent variable to oy is called the mass optical density of

smoke (Dmass) and is related to oy as follows:

The

Dumass = or/In(10) = or/ 2,303

unit of Dmass is area per mass, e.g. m? kg'.

(12)
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tatic systems (see 6.1):

Dmass = D 'V/(Am L)

where

Dunuss is the mass optical density of smoke;

D!

Am

Ind

5.8

If thle constant of proportionality () between visibility (@) and ‘% {or D) is known, then visit

can
occC

Thel| calculation of visibility is describéd in more detail in Annex A, and examples of

reld

megdsurement units, are given in Anhex B and Annex C.

6

6.1
6.1.

In 4 static .smoke test, the test specimen burns in a closed chamber and the smoke produ

buil

homogeneous. The amount of smoke is measured by monitoring the attenuation of a

bea

6.1.

is the optical density of smoke;

is the volume of the chamber;

(13)

is the mass loss of the test specimen;

is the light path length.

ynamic systems, the mass optical density of smoke can be obtained from:
Dmass =DV/m
Visibility

be readily calculated if the amount of smoke (extinction\afea) is known and if the vol
ipied by the smoke is also known.

=y K/S)

and x=wk=2303wD

tionships between smoke parameters measured in various tests, using var

Static and dynamic methods

Static methods

1 Principles

s up over time. In some tests, a fan stirs the smoke to prevent layering and to mal

(14)

ility
yme

(15)

(16)

the
ous

ced
e it
ight

m ehining fhrnngh the smoke

2 Extinction area of smoke

The extinction area of smoke is a useful measure of the amount of smoke produced, and is a
function of the opacity of smoke, (I/T), the volume of the chamber, V, and the light path
length, L.

S=WWV/Lymn(I/T)

(17)

This equation only applies if the smoke is homogeneous. The units of extinction area are

typi

cally square metres (m?).
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021

See Annex C for relationships between per cent transmission, as measured in a "three metre

cub

6.1.

e" enclosure, and extinction area.

3 Specific optical density of smoke

In some tests,—includingtEC60695-6-30-and e.g. 1SO 5659-2 [4], the amount of smoke is

calculated from the optical density of the smoke, and it is normalised to the surface area of

the

test specimen, 4. The quantity calculated is Dy, the specific optical density of smoke.

De=[V/Alllog. e/ T)

(18)

Thel thickness of the test specimen will affect the amount of smoke produced. Ds-va

sho

ld not be directly compared for test specimens of different thicknesses. Conversel

comparisons are made, then the test specimen thickness-should shall be kept constant.

Sed Annex B for relationships between Ds and some other smoke paramgtérs as measure

ISO

6.1

5659-2 [4].

1) Prediction of visibility

The| purpose of measuring Ds (or S) is to enable the prediction of visibility. However,

Visi
is &
bas

ility within the test chamber is not usually what is required to be known. What is requ
[n estimation of visibility in a given fire scenario. |t is’possible to make such estimat
cd on data obtained in static tests such as+EG-66695-6-30 ISO 5659-2 [4] but it-must

to Qe appreciated that such calculations are only/ estimates, as changing the physical
model will probably change both the smoke production process and the way in which
smqke will age.

6.2
6.2.

Dynamic methods

1 Principles

In dynamic tests, the smoke from ‘the test specimen is drawn through an exhaust system
measured flow rate and the. opacity of-the smoke-stream is measured at regular intervalg
morjitoring the transmitted (infensity of a light beam shining through the smoke (see Figure
The| flow rate of the smoke is measured at a position close to where the opacity of smok
megsured.

6.2.
The

v Smoke with extinction v
coefficient = &

ues
y, if

d in

the
ired
ons
has
fire
the

at a
5 by

e is

T IEC
Figure 4 — Dynamic smoke measurement
2 Smoke production rate

smoke production rate at any given moment () is calculated using the equation:

S=kV

where

Vis

the volume flow rate of the exhaust gases;

(19)
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S has units of area/time, e.g. m2.s™".

The smoke production rate is readily ascertained in dynamic systems. It expresses the
extinction area of smoke produced per unit time.

S=kV=(1/L)InWIV (20)

When the exposed test specimen area involved is known, as in the cone calorimeter
ASTM E1354 [5] and ISO 5660 [6], or in furniture calorimeters, the smoke production rate can
be normalized per unit area of the exposed test specimen. The units then become reciprocal
tima, e.g. (m?4/s)/m<, i.e. s7'.

6.2, Total smoke production

Integrated data—en to give total smoke production is also of interest, eSpecially when
conjparing materials or scenarios which may produce smoke for unequal-periods of time.
Total smoke production is measured as the extinction area produced-in the defined {ime
intefval and is given by:

S=[8.dt (21)
whdre
S |s the total smoke production, i.e. the total extinction area of smoke;

t |s the time.

Thel time over which the summation is performed.should be specified. In the cone calorimgter,
this|is to the end of the test, which, in simple cases, is when the mass loss rate per unit grea
of the test specimen has reached a spegified value (for example 25 g-m=2-s~'). The {otal
smake production may be expressed per unit of burning area if this is known.

Thel| total smoke production from a burning test specimen, measured in a closed system,|will
ofteh be substantially less than(the fotal smoke production from a similar burning [test
megsured in a dynamic system.-This is because measurements in static systems are njore
inflyenced by losses due to.ageing and deposition or interaction at the chamber walls.

6.24 SMOGRA index
SMPDGRA is an abbrgviation for smoke growth rate. SMOGRA values are affected by both|the

smake production.rate and the time at which the smoke is being produced, and are calculated
using the follewing formula:

SMOGRA = 10 000 X [SPRav({) / (¢ - t,)] (22)

where
SPRav(t) is the smoke production rate at time ¢, and

ty is the time at which the test specimen is first exposed to the test flame.

The SMOGRA index is defined as the maximum value of the function during the time period of
the test. The SMOGRA index was devised in the development of EN 13823 [7], which is an
intermediate scale corner test used for the regulation of building products in Europe. As a
single value parameter for regulatory purposes, some consider that the SMOGRA index gives
a better indication of the severity of smoke production than either total smoke production or
the average smoke production rate.

NOTE In EN 13823 the SPR value is a 60 s moving average, and the start of exposure of the test specimen to the
test flame is at £ = 300 s.
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Figure 5 shows an example SPRav versus ¢ curve, and Figure 6 shows the SMOGRA curve
derived from these data. The peak smoke production rate is 0,5 m?.s™' at ¢t = 960 s, and the
SMOGRA index is 8,2 m?.s? att = 857 s.

The SMOGRA index may be a useful parameter for assessing smoke hazard because it
combines the smoke production rate with the time elapsed to reach it. Note that the SMOGRA
index always refers to a time shorter than the time of maximum smoke production (in the
given curves, 857 s compared to 960 s).

However, the SMOGRA index should be treated with extreme caution in cases where there is

an early rapid but low smoke production. In such cases, the SMOGRA value at small ¢
valdes may be larger than values calculated from the significant part of the curve)and

obtained SMOGRA index may be both irrelevant and misleading.

SPR_ Im?xs™!
av

SMOGRAIM?xs~2

Peak SPR_, = 0,5 m2xs~' at 1= 960 s

{k
0,6 l
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04f / \
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Figure 5 — Example SPRav versus ¢ curve
SMOGRA Index =8,2 m?xs2 atr=857 s
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7 Test methods

Figure 6 — SMOGRA curve derived from Figure 5

71 Consideration of test methods

— tO
the

It is important to consider the physical fire model or models most relevant to the hazard being
assessed, and to select tests which have physical fire models similar to those being assessed

(see IEC 60695-6-2).
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In the selection of test methods, the following questions should be asked of each method

under consideration:

e can the test accommodate the geometry and configuration of the product in question?

o does the test method replicate the stage of fire of interest?

e does the test give data in an appropriate format, and with sufficient discrimination and
resolution?

If the answer to any of these questions is no, the method under consideration—wil-need
modification; shall either be modified or an alternative method shall be considered. The test
metfilod(S) Selecied shall be relevant 1o the Tife scenario of concern.

In gqases where fire tests are not yet specified, and need to be developed or altered-for|the
spefial purpose of an IEC technical committee, this shall be done in liaison with 4E€ technjical
conmittee 89.

A flow chart outlining the stages to be followed in assessing the suitability of an existing
method for a new application is shown in Figure 7.

7.2| Selection of test specimen

Different types of test specimens may be tested. In produgt testing, the test specimen |s a
manufactured product. In simulated product testing, the test*specimen is representative pf a
porfion of a product. The test specimen may also be, a(basic material (solid or liquid) ¢r a
composite of materials.

The| nature of the test specimen is governed to allarge extent by the scale of the smoke fest.
Small-scale tests are suited more to the testing of materials and small products, of of
repfesentative test specimens of larger proddcts. On a larger scale, whole products may be
tested. Given the choice, it is always preferable to select a test specimen that most clogely
refl¢cts end use.

8 |Presentation of data

Thefre are many different_ways of presenting smoke data. This makes it difficult, Jand
sonmetimes impossible, o' make comparisons between smoke data from different tests. It also
malkes it difficult to relate the results of tests to a measure of the fire hazard presented by| the
material or by the proeduct being tested. To help overcome these problems, it is recommen(ded
that, wherever possible, smoke data should be reported in terms of the extinction areq of
smqke. All otherrelevant parameters shall be reported. These include full details of the nafure
of the test speeimen, the conditions of the test and any observations of unusual behaviour

Normalized smoke data are often reported, e.g. smoke production per unit mass and smjoke
prodluction per unit surface area. When this is the case, it is important that the primary data
(i.e. before being normalized) should also be reported.

9 Relevance of data to hazard assessment

Realistic assessments of the fire performance of a product can only be obtained by testing a
real-scale test specimen in the form and orientation in which it is actually used. An isolated
small-scale test, not representative of the final use of the product, can only indicate the
response of a product to the physical fire model selected. It is emphasized that no fire or
smoke test can, in normal circumstances, measure fire or smoke hazard; in addition, it cannot
be assumed that satisfactory results of a single standard fire or smoke test will guarantee a
given level of safety. Results from a variety of fire tests will provide information to assist in the
determination and subsequent control of fire and smoke hazards.
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The potential hazard due to the obscuration of-light smoke caused by-smokeproductionfrom
burning material depends on a number of factors. These include:

the total smoke produced,;

the specific extinction area of smoke, i.e. the amount of smoke produced per unit mass

loss of the burning material;

the mass loss rate of the burning material (this will depend on how much material is

involved in the fire, and on how easily it burns);
the smoke production rate (this is the product of the above two quantities);

lo 1 H lotaletle L H H
T VUTUTTIT TTIU WITTICTT UTS SITTUAT TS SoPTT AUllly.

Thelre are many other factors associated with visibility in an escape route, including;

5ize, luminance, contrast and intensity of a light-emitting sign;
Size and contrast of reflecting objects;

bresence of external illumination;

and|human response factors, including

visual acuity;
Hark adaptation;
rritancy.

It fgllows, therefore, that just considering the smoke _producing potential of a unit mass or
area of a material is not sufficient to enable a hazardvassessment to be made. A material

ah

amd
Smd

alo

is Igrge, and/or if the volume into which;the smoke can spread is small.

unit
with

gh specific extinction area of smoke or a high Ds value may not present a hazard if| the
unt of material present in the hazard scenario is small, and/or if the volume into which| the
ke can spread is large. Similarly, a matefial with a low specific extinction area of smokg or

w Dy value may present a hazard if thevamount of material present in the hazard scenfario
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Annex A
(informative)

Calculation of visibility

General

Figure A.1 shows the relationships reported by Jin [8] between visibility and the extinction
coefficient of the smoke which is causing obscuration. Two lines are shown in Figure A.1; one
is for light-emitting signs and the other is for light-reflecting signs. Visibility is approxim

Visi
emi

Jin

NOT

and
ght-
this

ely.

tely
invdrsely proportional to the extinction coefficient, i.e. @ = yl/k, y being the constarj( of
proportionality. However, there is a considerable spread in the experimental data,
ility also depends on other factors such as external illumination, the brightness of li
ting signs, and the reflectance of light-reflecting signs. Calculations of visibility using
relationship should therefore only be considered as estimates.
selected values for y of 3 and 8 for light-reflecting and light-emijtting signs, respectiy
In BS DD240-1 [9], values of 2,30 and 5,76-have-been-selected wergveported.
[ BS DD240-1 has been superseded and replaced by BS 7974:2001 [10];
T A
E
~2 5 Light-emitting —_— o=ylky=8
signs
1,5 —_— e — w=ylky=3
Inf:reasing Experimental
T r pgithess spread of data
0,7 +
0,5 \
TN
N
S
Increasing
0,3 = reflectance Light-reflecting
N signs
N
02 1 I N, I -
5 7 10 15 20
o (m) IEC

A.2

Figure A.1 — Visibility (@) versus extinction coefficient (k)

Example

An example of a typical estimation of visibility is as follows.

| Suppose a 10 mm thick test specimen of material is tested in an+EC-80695-6-30 ISO 5659-2
apparatus. The maximum D; value obtained is Dmax. Suppose we wish to calculate an
estimate of the minimum visibility of a light emitting sign in a room of volume V if a 10 mm

thick test specimen of the material, with a surface area of A, burns in a similar manner in the
room.
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We know that: w=yV/S) (A1)

and, for the purpose of the estimation, we assume that y = 8 for a light-emitting sign.

We first need to calculate how much smoke will be produced in the postulated scenario. This
is given by:

S= 2,303 Dmax A (A2)

so the estimated visibility is given by:

@=8x[V/(2,303 Diax A)] A.3)

It should be noted that such a calculation assumes that the smoke is homogeneous wheieas
in many real fires, the smoke tends to form in a buoyant hot layer. It isyalso assumed that
smqke production varies linearly with the area of the test specimén burned. Also,l no
conpideration of the effect of irritants is made. Some limited research suggests that |eye
irritants might reduce vision by 50 % up to 95 %.

Note also that the simple relationship @ = y/k reported by.din is only valid over a relatiyely
smgll range of viewing distances. It also refers to the. visibility of targets whereas |the
recggnition of signs requires the resolution of the sign’ details. A more complex equation [has
been proposed for recognition distances in smoke [11}) which will properly extrapolate to clear
air conditions. The determination of the visibility 6f an illuminated exit sign in a corridorylike
scepario has been examined by Rubini et al. [12];
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Annex B
(informative)

Relationships between D, and some other smoke parameters

021

as measured in-1EC-60695-6-30-and{EC 60695-6-31 1SO 5659-2 [4]

A simple calculation can be performed to convert the specific optical density of smoke, Ds, as
measured in+EC-60695-6-30-andHEC-60695-6-31 ISO 5659-2, to an extinction area S.

Althlough such a conversion may prove to be useful to compare smoke obscuration data‘u
the [same units, caution should be exercised when doing so, as such a calculation _does

tak
(e.

Thus, a Ds measurement, expressed in terms of S, should not be directly-'compared
another value of S, measured from a different testing method.

For|a given test specimen surface area, the specific optical density-of smoke, Ds, is dirg

pro
exp

Tab
tran
ISO

into account the different conditions of testing from one set of experiments te-ano
. geometric factors of the testing chambers).

ortional to the extinction area of smoke, S. In the case of 4ECL80695-6-30 ISO 5659-2,
bsed surface area of the test specimen is 0,004 225 m? and

S =(0,00973 m?) Dg (
le B.1 shows the relationship between the specific optical density of smoke, the per

smission and the extinction area of smoke forEC80695-6-30 and 1EC 6806895-4
5659-2 data.

Table B.1 — Conversion from\D; to some other smoke parameters
as measured inH1EC-60695-6-30-and IEC 60695-6-31 ISO 5659-2

5ing
not
ther

with

ctly
the

B.1)

cent

Ds Percent transmission Extinction area, S
% m?
450 0,04 4,38
400 0,09 3,89
350 0,22 3,41
300 0,53 2,92
250 1,28 2,43
200 3,05 1,95
150 7,31 1,46
100 17,48 0,97
75 27,03 0,73
50 41,80 0,49
30 59,26 0,29
20 70,55 0,19
15 76,98 0,15
10 83,99 0,10
5 91,65 0,05
0 100,00 0,00

Figure B.1 gives a useful visual representation of the smoke parameters listed in Table B.1.
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Figure B.1 <.Smoke parameters related to D, as measured in-lEC-60695-6-30-and
IEC60695-6-31 1SO 5659-2
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Annex C
(informative)

Relationships between per cent transmission, as measured in a
"three metre cube” enclosure, and extinction area

The test specimen is burned in a "three metre cube" enclosure and the per cent transmission
of light is calculated from the ratio of the incident light to the transmitted light (//7). The test is
a static smoke test.

The| test specified in IEC 61034-1 [13] and IEC 61034-2 [14] is a specific application™ef |this
type of test relating to cables.
Tabje C.1 shows the conversions between the per cent transmission and extinction areq for
the | "three metre cube". Figure C.1 gives a useful visual representation of the smoke
parameters listed in Table C.1.
NOTE For cables with an overall diameter above 20 mm, the recorded minifaby»' light transmittance [is a
nornjalized value.
Table C.1 — Conversions from per cent transmission, as measured
in the "three metre cube” to amount of smokKe (extinction area)
Percent transmission Amount of smoke, S
m2

0,10 62,18

0,20 55,94

0,40 49,70

1,00 41,45

2,00 35,21

4,00 28,98

5,00 26,97

10,00 20,73

15,00 17,08

20,00 14,49

30,00 10,84

40,00 8,25

50,00 6,24

60,00 4,60

70,00 3,21

80,00 2,01

90,00 0,95

100,00 0,00
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Figure C.1 — Extinction area (amount of smoke) related to
per. cent transmission as measured in the "three metre cube”
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization{compr
Il national electrotechnical committees (IEC National Committees). The object of IEC.is\ to pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
his end and in addition to other activities, IEC publishes International Standards, Techhical Specificat|
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafterpreférred to as

ublication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. International,\governmental and

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordancecwith conditions determine
greement between the two organizations.

© = o= Q

he formal decisions or agreements of IEC on technical matters express,as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technicalr committee has representation frof
terested IEC National Committees.

=0 - Q

FC Publications have the form of recommendations for international use and are accepted by IEC Nat]
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content off
ublications is accurate, IEC cannot be held responsible{forsthe way in which they are used or for
isinterpretation by any end user.

_ 100 —

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any diverg
etween any IEC Publication and the correspondingational or regional publication shall be clearly indicat
he latter.

oo o =

FC itself does not provide any attestation of-conformity. Independent certification bodies provide confo
ssessment services and, in some areas, @ccess to IEC marks of conformity. IEC is not responsible fof
rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.
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ther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftwthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.
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This third edition cancels and replaces the second edition of IEC 60695-6-1 published in 2005
and Amendment 1:2010. It constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

References to IEC TS 60695-6-30 (withdrawn in 2016) have been removed.
References to IEC TS 60695-6-31 (withdrawn in 2016) have been removed.
References to ISO 5659-2 have been inserted.

The scope contains some additional text.

Terms and definitions have been updated.
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— Subclause 3.2 has been updated.

— Subclause 7.1 has been updated.

The text of this International Standard is based on the following documents:

Draft Report on voting
89/1472/CDV 89/1504/RVC

Full information on the voting for its approval can be found in the report on voting indicated in

the

The]

It h
ISO

Thig

2hnova tahla
P-OV-8—+3+6-

language used for the development of this International Standard is English.

as the status of a basic safety publication in accordance with IEC Guide 104
IEC Guide 51.

International Standard is to be used in conjunction with IEC 60695-6-2.

In this standard, the following print types are used:

A lis
can

IEC

Par

Par

This
acc
ava
IEC

The
stal
spe
[ ]

talic font: terms defined in Clause 3.

be found on the IEC website.
60695-6 consists of the following parts:
6-1: Smoke obscuration — General guidance

6-2: Smoke obscuration — Summagy and relevance of test methods

are described in greater detail at www.iec.ch/standardsdev/publications.

ility date indicated on the IEC website under webstore.iec.ch in the data related to
cific document. At this date, the document will be

reconfirmed,

vithdrawn,

and

t of all parts in the IEC 60695 series, published underthe general title Fire hazard testing,

document was drafted in aceordance with ISO/IEC Directives, Part 2, and develope{d in
brdance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplemient,
lable at www.iec.ch/members_experts/refdocs. The main document types developed by

committee has-decided that the contents of this document will remain unchanged until| the

the

1 1 : ! [Ere]
cplialtlU Uy a TCVISTU CUIiIUII, Ul

e amended.
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INTRODUCTION

021

In the design of an electrotechnical product the risk of fire and the potential hazards
associated with fire need to be considered. In this respect the objective of component, circuit
and equipment design, as well as the choice of materials, is to reduce the risk of fire to a
tolerable level even in the event of reasonably foreseeable (mis)use, malfunction or failure.

IEC 60695-1-10, IEC 60695-1-11, and IEC 60695-1-12 [1]" provide guidance on how this is to
be accomplished.

Fire
sou

The
orr

Ons

s involving electrotechnical products can also be initiated from external non-elect
rces. Considerations of this nature are dealt with in an overall fire hazard assessment.

bducing the consequences of the fire. This can be accomplished by:

rying to prevent ignition caused by an electrically energised component part and, in
bvent of ignition, to confine any resulting fire within the bounds ef-/the enclosure of
blectrotechnical product.

rying to minimise flame spread beyond the product's enclosure and to minimise

broducts.

of the contributing hazards is the release of smoke, which may cause loss of vi

andfor disorientation which could impede escape fromithe building or fire fighting.

Sm
peo

bke particles reduce the visibility due to light absorption and scattering. Conseque
ple may experience difficulties in finding exit'signs, doors and windows. Visibility is 0O

ical

aim of the IEC 60695 series is to save lives and property by reducing the namber of fires

the
the

the

harmful effects of fire effluents including heat, smoke, ang toxic or corrosive combustion

sion

ntly,
ften

det¢rmined as the distance at which an_object is no longer visible. It depends on nmjany

fact
med§

The]

prs, but close relationships have*’been established between visibility and
surements of the extinction coefficient of smoke — see Annex A.

production of smoke and its(optical properties can be measured as well as other

properties, such as heat release,. flame spread, and the production of toxic gas and corro

effly
by 3

moke.

the

fire
5ive

ent. This document serves’as a guidance document and focuses on obscuration of light

1

Numbers in square brackets refer to the bibliography.
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FIRE HAZARD TESTING -

Part 6-1: Smoke obscuration —
General guidance

Scope

part of IEC 60695 gives guidance on:
he optical measurement of obscuration of smoke;
jeneral aspects of optical smoke test methods;
consideration of test methods;
bxpression of smoke test data;
he relevance of optical smoke data to hazard assessment.
basic safety publication focusing on safety guidance is primarily intended for use

nical committees in the preparation of safety publications in accordance with
ciples laid down in IEC Guide 104 and ISO/IEC Guide 51

of the responsibilities of a technical committee is; wherever applicable, to make us
c safety publications in the preparation of its publi¢ations.

Normative references

ent constitutes requirements of-.this document. For dated references, only the ed
 applies. For undated references; the latest edition of the referenced document (inclu
amendments) applies.

60695-1-10, Fire hazard\testing — Part 1-10: Guidance for assessing the fire hazar
trotechnical products — General guidelines

60695-1-11, Fire-hazard testing — Part 1-11: Guidance for assessing the fire hazar
trotechnical products — Fire hazard assessment

60695-4,) Fire hazard testing - Part4: Terminology concerning fire tests
trotechnical products

IEC

following documents are referred to,in the text in such a way that some or all of l]heir

the

e of

tion
ding

0 of

0 of

for

60695-6-2 _Fire hazard qufing — Part 6-2: Smoke obhscuration — Qummnry and relev.

nce

of test methods

IEC Guide 104, The preparation of safety publications and the use of basic safety publications

and

ISO

ISO

group safety publications
/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

13943:2017, Fire safety — Vocabulary
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3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in 1SO 13943:2017 and
IEC 60695-4, some of which are reproduced below, apply.

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

° EC L
|==a > =,

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
extJinction area of smoke
prodluct of the volume occupied by smoke (3.1.10) and the extinction coefficieht (3.1.2) of| the
smqgke

Note| 1 to entry: The extinction area of smoke is a measure of the amount of smoke(The typical unit is m?.

[SOURCE: ISO 13943:2017, 3.110]

3.1.2
extlnction coefficient
natyral logarithm of the ratio of incident light intensity,to” transmitted light intensity, per [unit
light path length

Notel 1 to entry:  The typical unit is m™".

[SOURCE: ISO 13943:2017, 3.111]

3.1
mass optical density of smoke
optical density of smoke (3.1.6) multiplied by a factor which is the volume of the test chamber
diviled by the product of the mass lost from the test specimen and the light path length

Notel 1 to entry: The typical unit is m?.g™".

Notel 2 to entry: Optical(density of smoke = V/(Am L), where V is test chamber volume, Am is test specimen fass
loss fand L is light path(length.

[SOURCE: 1S© 13943:2017, 3.265]

3.14
obscuration of smoke
redliction in the intensity of light due to its passage through smoke (3.1.10)

Note 1 to entry: Compare with the terms extinction area of smoke (3.1.1), extinction coefficient (3.1.2), opacity of
smoke (3.1.5), optical density of smoke (3.1.6), smoke obscuration (3.1.11), specific extinction area of
smoke (3.1.13) and specific optical density of smoke (3.1.14).

Note 2 to entry: In practice, obscuration of smoke is usually measured as the transmittance which is normally
expressed as a percentage.

Note 3 to entry: The obscuration of smoke causes a reduction in visibility (3.1.6).

[SOURCE: ISO 13943:2017, 3.286]


http://www.iso.org/obp
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5

opacity of smoke
ratio of incident light intensity to transmitted light intensity through smoke (3.1.10), under

spe

cified conditions

Note 1 to entry:  Also, obscuration of smoke (3.1.4), smoke obscuration (3.1.11).

Note 2 to entry: The opacity of smoke is the reciprocal of transmittance.

Note 3 to entry: The opacity of smoke is dimensionless.

[SOURCE:-1S0 13943:2017 3 287]

3.1.
opt
mea
log3

Note|

Notel

[SOURCE: ISO 13943:2017, 3.288]

3.1.

physical fire model

labg
inte

6
cal density of smoke
sure of the attenuation of a light beam passing through smoke (3.1.10) expressed as|the
rithm to the base 10 of the opacity of smoke (3.1.5)

1 to entry: Compare with the term specific optical density of smoke (3.1.14).

2 to entry:  The optical density of smoke is dimensionless.

7

ratory process, including the apparatus, the environment and the fire test procedure
hded to represent a certain phase of a fire

[S

3.1.
SM
sm
sm

Not
3.1,
SM
ma

Not

3.1
sm
visi

{10

URCE: 1ISO 13943:2017, 3.298]

GRA
ke growth rate parameter that is-a*function of the rate of smoke production and the time of
ke production

1 to entry: Further details are’given in 6.2.4.

GRA index
imum value of SMOGRA (3.1.8) during a defined test period

1 to entry: {Eurther details are given in 6.2.4.

ke
le‘part of a fire effluent

[SO

3.1.

URCE: ISO 13943:2017, 3.347]

11

smoke obscuration
reduction of light transmission by smoke (3.1.10), as measured by light attenuation

Note
obsc

1 to entry: Compare with the terms extinction area of smoke (3.1.1), extinction coefficient (3.1.2),
uration of smoke (3.1.4), opacity of smoke (3.1.5), optical density of smoke (3.1.6), specific extinction area of

smoke (3.1.13) and specific optical density of smoke (3.1.14).

[SO

URCE: ISO 13943:2017, 3.349]
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3.1.12
smoke production rate

amount of smoke (3.1.10) produced per unit time in a fire or fire test

IEC 60695-6-1:2021 © IEC 2021

Note 1 to entry: The smoke production rate is calculated as the product of the volumetric flow rate of smoke

(3.1.10) and the extinction coefficient (3.1.2) of the smoke at the point of measurement.

Note 2 to entry:  The typical unit is m2-s™".

[SOURCE: ISO 13943:2017, 3.351]

3.14;6
spefcific extinction area of smoke

extinction area of smoke (3.1.1) produced by a test specimen in a given time perigd-divi
by the mass lost from the test specimen in the same time period

Notel 1 to entry:  The typical unit is m2.g™".

[SOURCE: ISO 13943:2017, 3.358]

3.1014
spelcific optical density of smoke

optical density of smoke (3.1.6) multiplied by a geometric factar

Notel 1 to entry:  The geometric factor is V/(A-L), where V is the volume of the test chamber, A is the area o

expgsed surface of the test specimen, and L is the light path length”

Note]l 2 to entry:  The use of the term "specific" does not dénote "per unit mass" but rather denotes a qug
assolciated with a particular test apparatus and area of the exposed surface of the test specimen.

Notel 3 to entry:  The specific optical density of smoke_is‘dimensionless.

[SOURCE: ISO 13943:2017, 3.360]

3.1115
visibpility

ded

If the

ntity

maxXimum distance at which anlobject of defined size, brightness and contrast can be seen

and|recognized
[SOURCE: ISO 13943:2017, 3.420]

3.2| Symbols

(commonly called optical density per metre)

Symbol Quantity Typical units
A exposed area of test specimen m?2
linear decadic absorption coefficient
2] m—1

D’ optical density of smoke dimensionless
Diass mass optical density of smoke m2 kg~
Dy specific optical density of smoke dimensionless
D, (also D,,) maximum specific optical density of smoke dimensionless
1 intensity of incident light cd
T opacity of smoke (ratio of incident light to transmitted light) dimensionless

linear Napierian absorption coefficient

k (commonly called extinction coefficient) m~"
L light path length through smoke m
Am mass loss of test specimen kg
m mass loss rate kg s~!
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Symbol Quantity Typical units

N extinction area of smoke (also total smoke) m?

S smoke production rate m2 =1
(rate of change of extinction area)

t time s

At sampling time interval S

T intensity of transmitted light cd
volume of chamber m3
volume flow rate of smoke m3 =1

oy specific extinction area of smoke m2 kg~

¥ a constant of proportionality between visibility and extinction dimensionles

coefficient

2] visibility m

NO
diffl

NO
"pel

TE 1 The quantities based on logqq, i.e. D, D', Dy,4x, Dmass and Dg, have similar symbols but they
brent quantities and have different units.

are

TE 2 The use of the term "specific" in the case of specific optical density of :smoke, Dy, does not denote

r unit mass".

4

4.1

Dur
recq
dep)
ven
the

test
pos

Fire

General aspects of smoke test methods

Fire scenarios and physical fire models

ng recent years, major advances have béen made in the analysis of fire effluents.
gnized that the composition of the mixture of combustion products is particu
endent upon the nature of the combusting materials, the prevailing temperatures
ilation conditions, especially accesstof oxygen to the seat of the fire. Table 1 shows
different types of fire relate to thei€hanging atmosphere. Conditions for use in labora

5 (small or large-scale) can be derived from the table in order to correspond, as faf

Sible, to real-scale fires.

tis
arly
and
how
tory
as

involves a complex and"interrelated array of physical and chemical phenomena. As a

pro

Ger
IEC

Aftg

It, it is difficult to simulate all aspects of a real-scale fire in a smaller scale apparatus.

res
Thii problem of physical fire model validity is perhaps the single most perplexing techrfical

lem associated-with all fire testing.

eral guidance for assessing the fire hazard of electrotechnical products is given in

60695-4-10 and IEC 60695-1-11.

con

r.ignition, fire development may occur in different ways depending on the environmental
e | : ‘ i I bl iale 4 jr,a

general pattern can be established for fire development within a compartment, where the
general temperature-time curve shows three stages, plus a decay stage (see Figure 1).

Stage 1 is the incipient stage of the fire prior to sustained flaming, with little rise in the fire
room temperature. Ignition and smoke generation are the main hazards during this stage.
Stage 2 (developing fire) starts with ignition and ends with an exponential rise in the fire room
temperature. Spread of flame and heat release are the main hazards in addition to smoke
during this stage. Stage 3 (fully developed fire) starts when the surface of all of the
combustible contents of the room has decomposed to such an extent that sudden ignition
occurs all over the room, with a rapid and large increase in temperature (flash-over).
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At the end of stage 3, the combustibles and/or oxygen have been largely consumed and
hence the temperature decreases at a rate which depends on the ventilation and the heat and
mass transfer characteristics of the system. This is known as decay.

In each of these stages, a different mixture of decomposition products may be formed and
this, in turn, influences the smoke produced during that stage. In order to select an
appropriate fire test, information is required on the fire scenario being considered, in
particular the conditions of incident heat flux, oxygen availability and the facilities for venting
the smoke.

t 3
Stage

Stage 2

Stage 1

Non-flaming Developing fire Fully developed fire Decay'stage

flaming

Compartment temperature

Fire types 1a),
1b) and 1c)

Fire type 3b)
Fire type 2)

|
|
|
|
|
|
|
|
: Well-ventilated
|
|
|
|
|
|
|

Ignition Flash-over Time

Figure 1 — Different phases in the development of a fire within a compartment

4.2| Factors affecting smoke production
4.21 General

Many factors affect the production of\smoke and the properties of smoke. A full description of
such properties is not possible, but_the influence of several important variables is recognizgd.

4.2 Modes of decomposition

Smoke is a consequence, of combustion. Combustion may be flaming or non-flaming, includiing
smquldering, and thesg different modes of combustion may produce quite different typep of
smake. In non-flaming combustion, volatiles are evolved at elevated temperatures. When they
mix|with cool air;\they condense to form spherical droplets which appear as a light-coloyred
smqke aerosdll

ing"combustion produces a black carbon-rich smoke in which the particles have a yery
ular. shape. The smoke particles from flaming combustion are formed in the gas phase

The carbonaceous smoke particles in the flames emit radiant energy (as black-body emission)
which is seen as yellow luminosity.

The particle size of the spherical droplets from non-flaming combustion is generally of the
order of 1 um, whereas the size of the irregular soot particles from flaming combustion is
often larger but much harder to determine and is dependent on the measuring technique.

It is often observed for wood fires that the amount of smoke is less with flaming combustion
than with non-flaming combustion. For plastics, however, no such generalization can be
made: the smoke produced under non-flaming conditions can be less or more than under
flaming conditions. For these reasons, it is important to record in a smoke test whether
ignition occurs, as well as the times of ignition and extinction of flames on the test specimen.
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In addition, cold smoke may be generated from the rear of composites; this may differ
substantially in colour and composition from the smoke produced from the exposed surface.
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The heat flux on the test specimen influences how the material burns; it is good practice to
evaluate the smoke generated from materials at low levels of incident irradiance (e.g.
15 kW-m=2 to 25 kW-m2) as well as at higher levels (e.g. 40 kW-m-? to 50 kW-m-2). In this way,
the effects of the growth phases of a fire on the smoke-generating propensity of a material
can be assessed.

4.2.3 Ventilation and the burning environment

Smoke production depends upon the fire scenario and not just on what material is being
burnt. It is known that, for some materials, the production of smoke is increased considerably

The| rate of burning and the area involved in burning should always be considered when
detérmining smoke production in fires. A material generating small quantities of\smoke|per
element of burning area may give large quantities of smoke in a fire due to the rapid spread of
flames over large surface areas.

4.2.4 Time and temperature

Thel| particle size distribution of smoke aerosols changes with timex8moke particles coagulate
as they age. Some properties also change with temperature so that'the properties of aged, or
cold smoke may be different from young, hot smoke. These factors are important for|fire
engjneers when they are considering potential smoke movément in large buildings. These
factprs also have to be considered when designing smoke-iests.

NOTE Guidance on fire safety engineering is given in IEC 60695-1-12 [1].
4.2)5 Removal mechanisms for smoke particles

Large smoke particles may be removed.by’a number of mechanisms. In cumulative Jtest
pro¢edures where a radiant heat source“is immersed in the combustion gases, reheated
decpmposition may occur as the smoke-particles recirculate. Other mechanisms for rempval
of larger particles include the deposition of particles on the internal surfaces of the chanpber
and| the action of fan stirrers. Aspects of these mechanisms also occur in real fires when
smqke circulates within a fire compartment. Because these effects are possible in cumuldtive
smaqgke tests, it is recognized.that the early stages of the exposure (for example the ffirst
10 min) are the most relevantfor the determination of the rate of smoke generation.

5 |[Principles of smoke measurement

5.1 General

Smoke consists of an aerosol of particles. It can either be measured as a function of its
grayimetric properties (the mass of smoke particles), its light-obscuring properties, qr a
mixjure,of the two [3]. This document is concerned with the reduction of visibility caused by
the obscuration of SmMoke and therefore gravimetric methods are not discussed. obscuring
properties are a function of the number, size and nature of the particles in the light path. If the
particles are considered as opaque, the capacity of the smoke to obscure light is related to
the sum of the cross-sectional areas of the particles in the light path. It is measured in units of
area, e.g. square metres (m?).

The measurements may be made in small-, large-, or real-scale tests. They may be performed
in closed systems which are called cumulative or static methods. They may also be performed
in flow-through systems, and these are called dynamic methods.

5.2 Bouguer's law

Optical smoke measurements are derived from Bouguer's law which describes the attenuation
of monochromatic light by an absorbing medium:
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I/T = et

k= (/L) In(Z/T)

(The units of k are reciprocal length, e.g. m™)

where

T
1
L
k

5.3

Au
the
tho
Fig

If tHe smoke is.homogeneous, i.e. not layered, the extinction area of smoke is related bot
extinction{¢oefficient of the smoke and to the volume in which the smoke is contained by

the
the

is the intensity of transmitted light;

S e miensity or mcilaent ngnt,
s the light path length through the smoke;
s the linear Napierian absorption coefficient (extinction coefficient), see Figure 2.

L

A
\i

Smoke with extinction
coefficient = k

IEC

Figure 2 — Attehuation of light by smoke

Extinction area

seful measurement of the. amount of smoke is the total effective cross-sectional area o

smoke particles. This(area is known as the extinction area of smoke, S. This can
ght of as the total area of the shadows cast by the smoke particles in a beam of light
re 3).

equation:

S=kV

(2)

f all

be
see

h to

©)

where V is the volume of the chamber in which the smoke is contained.
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Figure 3 — Extinction area

Log4q units

path length, (D), which is properly named the linear decadic absorption coefficient and, li

(ling

The

SeV|
the
is p
app

5.5

ar Napierian absorption coefficient), also has units of reciprocal length (e.g. m™).

1/ T=10PL

D = (1/L)1ag+o(l/T)

k=DIn(?0) or k=2,303D

extinction area of smoke (S) can-also be calculated from D using the equation:

§=2303DV

eral variants of base*10 units can be found in the literature. A commonly used quanti
dimensionless ,optical density of smoke, D' = log1o(I/T). For a given amount of smoke
roportional to ‘the light path length and is thus apparatus-dependent; results from
aratus cannetbe directly compared to results from other apparatus.

Light sources

Bot

n'white light and monochromatic laser light sources are used for smoke measurement.

ome studies, base 10 logarithms are used to calculate the optical density per unit light

ek

(6)

(7)
y is

one

Since light attenuation through smoke is dependent on the absorption and scattering of light,
and since the latter is dependent on wavelength, caution should be exercised when
comparing data obtained from measuring systems using different light sources.

5.6

Specific extinction area of smoke

In tests where the mass loss of the test specimen is measured, the specific extinction area of
smoke, or, can be calculated:

or =S/Am
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where Am is the mass loss of the test specimen.

The

units of oy are area/mass, e.g. m2-kg™".

The specific extinction area of smoke, oy, is a basic measurement of smoke that can be made
in all scales of tests. It is independent of

the light path length over which the measurement is taken;

the flow rate of gases;

The]
unit

For
losH

pyrd
Sup
of n

vols
0,5

It is
gen
spe
info

Ind

wheg

and

he surface area of the exposed product; and
he mass of the test specimen.

specific extinction area of smoke, oy, is used to define the smoke-producing capacity
mass loss of the test specimen.

example, consider an 80 g test specimen that is tested under non-flaming condition
s 50 g of mass leaving a residue of 30 g. The smoke producedrom the 50 g of vol

lysis products has an extinction area of 4 m2. The oy value will-therefore be 0,08 m?

hass leaving 20 g of residue. The smoke produced from\the combustion of the 60
m2.g-".

important to realise that or does not give .information on either the amount of sm
erated in a fire or the rate of smoke generation in a fire. Either the mass loss of the
cimen (Am) or the mass loss rate of the test specimen (m) is necessary to obtain
rmation. Then, the extinction area of the“smoke generated is given by:

S=orAm

ynamic systems (see 6.2),the specific extinction area may be obtained from:

or =kvV/m

re

s the volumie-flow rate;

s the mass loss rate;

the 'smoke production rate, S, is given by:

5. It
htile

g’

pose that the same test specimen is tested under flaming conditions and that it loses 60 g

y of

tile degradation products has an extinction area of 30qm%The oy value in this case will be

oke
test
the

(9)

(10)

5.7

S=orm

Mass optical density of smoke

(11)

When working in log4q units the equivalent variable to oy is called the mass optical density of

smoke (Dmass) and is related to oy as follows:

The

Dimass = or/in(10) = or/ 2,303

unit of Dmass is area per mass, e.g. m? kg'.

(12)
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tatic systems (see 6.1):

Dmass = D 'V/(Am L)

where

Duass is the mass optical density of smoke;

D!

Am

Ind

5.8

If thle constant of proportionality () between visibility (@) and ‘% {or D) is known, then visit

can
occC

Thel| calculation of visibility is describéd in more detail in Annex A, and examples of

reld

megdsurement units, are given in Anhex B and Annex C.

6

6.1
6.1.

In g static .smoke test, the test specimen burns in a closed chamber and the smoke produ

buil

homogeneous. The amount of smoke is measured by monitoring the attenuation of a

bea

6.1.

is the optical density of smoke;

is the volume of the chamber;

021

(13)

is the mass loss of the test specimen;

is the light path length.

ynamic systems, the mass optical density of smoke can be obtained from:
Dmass = DV/m
Visibility

be readily calculated if the amount of smoke (extinction\afea) is known and if the vol
ipied by the smoke is also known.

=y K/S)

and x=wk=2303wD

tionships between smoke parameters measured in various tests, using var

Static and dynamic methods

Static methods

1 Principles

s up over time. In some tests, a fan stirs the smoke to prevent layering and to mal

(14)

ility
yme

(15)

(16)

the
ous

ced
e it
ight

m ehining fhrmlgh the smoke

2 Extinction area of smoke

The extinction area of smoke is a useful measure of the amount of smoke produced, and is a
function of the opacity of smoke, (I/T), the volume of the chamber, V, and the light path
length, L.

S=WWV/Lymn(I/T)

(17)

This equation only applies if the smoke is homogeneous. The units of extinction area are

typi

cally square metres (m?).
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See Annex C for relationships between per cent transmission, as measured in a "three metre
cube" enclosure, and extinction area.

6.1.

3 Specific optical density of smoke

In some tests, e.g. ISO 5659-2 [4], the amount of smoke is calculated from the optical density
of the smoke, and it is normalised to the surface area of the test specimen, 4. The quantity
calculated is Ds, the specific optical density of smoke.

The| thickness of the test specimen will affect the amount of smoke produced. Ps va

sho

conjparisons are made, then the test specimen thickness shall be kept constant.

Sed Annex B for relationships between Ds and some other smoke parametérs as measure
ISO|5659-2 [4].

6.1

The| purpose of measuring Ds (or S) is to enable the prediction of visibility. However,

Visi
is 4
bas
suc

6.2
6.2.

In dynamic tests, the smoke from.the test specimen is drawn through an exhaust system
megasured flow rate and the opacity of smoke is measured at regular intervals by monito]

the

ratg of the smoke is measured at a position close to where the opacity of smoke is measur

6.2.

1) Prediction of visibility

D=L AL HogrmdA-T)

(18)

7T OGO ey

ld not be directly compared for test specimens of different thicknesses. €onversel

pility within the test chamber is not usually what is required to be known. What is requ
In estimation of visibility in a given fire scenario. }t,is"possible to make such estimat
bd on data obtained in static tests such as ISO 5659-2 [4] but it has to be appreciated

Dynamic methods

1 Principles

transmitted intensity of a.light beam shining through the smoke (see Figure 4). The

1

—

s Smoke with extinction v
coefficient = &

ues
y, if

d in

the
ired
ons
that

n calculations are only estimates, as changing the physical fire model will probably change
both the smoke production process and the way inswhich the smoke will age.

at a
ring
flow
ed.

Figure 4 — Dynamic smoke measurement

2 Smoke production rate

The smoke production rate at any given moment () is calculated using the equation:

S=kV

where

V is the volume flow rate of the exhaust gases;

N

has units of area/time, e.g. m2.s-'.

(19)


https://iecnorm.com/api/?name=d1c3c97a474d72e1dfbef521685c1ff6

- 22 - IEC 60695-6-1:2021 © IEC 2021

The smoke production rate is readily ascertained in dynamic systems. It expresses the
extinction area of smoke produced per unit time.

§=kV= (/L)W (20)

When the exposed test specimen area involved is known, as in the cone calorimeter
ASTM E1354 [5] and ISO 5660 [6], or in furniture calorimeters, the smoke production rate can
be normalized per unit area of the exposed test specimen. The units then become reciprocal
time, e.g. (m?/s)/m?, i.e. s7".

6.2, Total smoke production

Intejgrated data to give total smoke production is also of interest, especially when coOmpafing
materials or scenarios which may produce smoke for unequal periods of time~Total smoke
prodluction is measured as the extinction area produced in the defined time\interval anfd is
givgn by:

S=[8dt (21)
whegre
S |s the total smoke production, i.e. the total extinction area of smoke;

t |s the time.

The| time over which the summation is performed sheould be specified. In the cone calorimeter,
this|is to the end of the test, which, in simple cases, is when the mass loss rate per unit area
of the test specimen has reached a specified value (for example 25 g-m=2.s~'"). The fotal
smqke production may be expressed per unit of.\burning area if this is known.

Thel| total smoke production from a burning'test specimen, measured in a closed system,|will
ofteh be substantially less than thegfotal smoke production from a similar burning [test
megsured in a dynamic system. This'is because measurements in static systems are more
inflyenced by losses due to ageing.and deposition or interaction at the chamber walls.

6.24 SMOGRA index
SMOGRA is an abbreviation for smoke growth rate. SMOGRA values are affected by both|the
smaqake production ratéyand the time at which the smoke is being produced, and are calculated
usirg the followind formula:

SMOGRA = 10 000 X [SPRav(t) / (¢ - 1y)] (22)

whdre

SPRav(7) s the smoke production rate at uime f, and

ty is the time at which the test specimen is first exposed to the test flame.

The SMOGRA index is defined as the maximum value of the function during the time period of
the test. The SMOGRA index was devised in the development of EN 13823 [7], which is an
intermediate scale corner test used for the regulation of building products in Europe. As a
single value parameter for regulatory purposes, some consider that the SMOGRA index gives
a better indication of the severity of smoke production than either total smoke production or
the average smoke production rate.

NOTE In EN 13823 the SPR value is a 60 s moving average, and the start of exposure of the test specimen to the
test flame is at # = 300 s.
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Figure 5 shows an example SPRav versus ¢ curve, and Figure 6 shows the SMOGRA curve
derived from these data. The peak smoke production rate is 0,5 m?.s™' at ¢t = 960 s, and the
SMOGRA index is 8,2 m?.s? att = 857 s.

The SMOGRA index may be a useful parameter for assessing smoke hazard because it
combines the smoke production rate with the time elapsed to reach it. Note that the SMOGRA
index always refers to a time shorter than the time of maximum smoke production (in the
given curves, 857 s compared to 960 s).

However, the SMOGRA index should be treated with extreme caution in cases where there is

an early rapid but low smoke production. In such cases, the SMOGRA value at small ¢
valdes may be larger than values calculated from the significant part of the curve)and

obtained SMOGRA index may be both irrelevant and misleading.

SPR_ Im?xs™!
av

SMOGRAIM?xs~2

Peak SPR_, = 0,5 m2xs~' at 1= 960 s

{k
0,6 l
05F
//\\
04f / \
03Ff \
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01F /
0’1 1 ’ 1 1 1 ‘\‘_l =
0 300 600 900 1200 1500
Time (s)
IEC
Figure 5 — Example SPRav versus ¢ curve
SMOGRA Index =8,2 m?xs2 atr=857 s
A
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8 -
7 .
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7 Test methods

Figure 6 — SMOGRA curve derived from Figure 5

71 Consideration of test methods

— tO
the

It is important to consider the physical fire model or models most relevant to the hazard being
assessed, and to select tests which have physical fire models similar to those being assessed

(see IEC 60695-6-2).
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In the selection of test methods, the following questions should be asked of each method

under consideration:

e can the test accommodate the geometry and configuration of the product in question?

e does the test method replicate the stage of fire of interest?

e does the test give data in an appropriate format, and with sufficient discrimination and
resolution?

If the answer to any of these questions is no, the method under consideration shall either be
modified or an alternative method shall be considered. The test method(s) selected shall be
releVant to the 1ife scenario of concern.

In dases where fire tests are not yet specified, and need to be developed or altered-for|the
spetial purpose of an IEC technical committee, this shall be done in liaison with AEC technjical
conmmittee 89.

A flow chart outlining the stages to be followed in assessing the suitability of an exigting
method for a new application is shown in Figure 7.

7.2| Selection of test specimen

Different types of test specimens may be tested. In produgt 'testing, the test specimen |s a
manufactured product. In simulated product testing, the test'specimen is representative pf a
porfion of a product. The test specimen may also be, aCbasic material (solid or liquid) ¢r a
composite of materials.

The| nature of the test specimen is governed to atlarge extent by the scale of the smoke fest.
Small-scale tests are suited more to the testing of materials and small products, of of
repesentative test specimens of larger products. On a larger scale, whole products may be
tested. Given the choice, it is always preferable to select a test specimen that most clogely
refl¢cts end use.

8 |Presentation of data

Thefre are many different_ways of presenting smoke data. This makes it difficult, Jand
sonmetimes impossible, o' make comparisons between smoke data from different tests. It also
makes it difficult to relate the results of tests to a measure of the fire hazard presented by|the
material or by the proeduct being tested. To help overcome these problems, it is recommen(ded
that, wherever possible, smoke data should be reported in terms of the extinction aregq of
smake. All otherrelevant parameters shall be reported. These include full details of the nafure
of the test specimen, the conditions of the test and any observations of unusual behaviour

Normalized smoke data are often reported, e.g. smoke production per unit mass and smnjoke
prodluction per unit surface area. When this is the case, it is important that the primary data
(i.e. before being normalized) should also be reported.

9 Relevance of data to hazard assessment

Realistic assessments of the fire performance of a product can only be obtained by testing a
real-scale test specimen in the form and orientation in which it is actually used. An isolated
small-scale test, not representative of the final use of the product, can only indicate the
response of a product to the physical fire model selected. It is emphasized that no fire or
smoke test can, in normal circumstances, measure fire or smoke hazard; in addition, it cannot
be assumed that satisfactory results of a single standard fire or smoke test will guarantee a
given level of safety. Results from a variety of fire tests will provide information to assist in the
determination and subsequent control of fire and smoke hazards.
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The potential hazard due to the obscuration of smoke caused by burning material depends on
a number of factors. These include:

the total smoke produced,;

the specific extinction area of smoke, i.e. the amount of smoke produced per unit mass

loss of the burning material;

the mass loss rate of the burning material (this will depend on how much material is

involved in the fire, and on how easily it burns);
the smoke production rate (this is the product of the above two quantities);

lo 1 H lotale—ble L H H
NS VUTUTTIT TTIU WITTICTT UTS SITTURAT TS oPTT AUllly.

Thelre are many other factors associated with visibility in an escape route, including;

5ize, luminance, contrast and intensity of a light-emitting sign;
Size and contrast of reflecting objects;
presence of external illumination;

human response factors, including

visual acuity;
Hark adaptation;

rritancy.

It fgllows, therefore, that just considering the smoke _producing potential of a unit mass or
area of a material is not sufficient to enable a hazardvassessment to be made. A material

ah

amqunt of material present in the hazard scenario is small, and/or if the volume into which

Smd

alo

is Igrge, and/or if the volume into which;the smoke can spread is small.

unit
with

gh specific extinction area of smoke or a high Ds value may not present a hazard if| the

the

ke can spread is large. Similarly, a matefial with a low specific extinction area of smokg or
w Dy value may present a hazard if thevamount of material present in the hazard scenfario
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Figure 7 — Evaluation and consideration of smoke test methods
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Annex A
(informative)

Calculation of visibility

A.1 General

Figure A.1 shows the relationships reported by Jin [8] between visibility and the extinction
coefficient of the smoke which is causing obscuration. Two lines are shown in Figure A.1; one

is for light-emitting signs and the other is for light-reflecting signs. Visibility is approximTely
ylk, y being the constant of

invgrsely proportional to the extinction coefficient, i.e. @ =
proportionality. However, there is a considerable spread in the experimental data,
visibility also depends on other factors such as external illumination, the brightness of li
emifting signs, and the reflectance of light-reflecting signs. Calculations of visibility using
relationship should therefore only be considered as estimates.
Jin pelected values for y of 3 and 8 for light-reflecting and light-emijtting signs, respectiy
In BS DD240-1 [9], values of 2,30 and 5,76 were reported.
NOTE BS DD240-1 has been superseded and replaced by BS 7974:2001 [10];
T A
E
~2 F Light-emitting o=ylk,y=8
signs
1,5 + —_— — — 0 =ylk,y=3
Increasing "
. Experimental
T r pgithess spread of data
0,7 +
0,5 \
’ — \
N
Increasing
0,3 = reflectance Light-reflecting
N signs
N
02 1 I N, I -
5 7 10 15 20
o (m) IEC

and
ght-
this

ely.

Figure A.1 — Visibility (@) versus extinction coefficient (k)

A.2 Example

An example of a typical estimation of visibility is as follows.

Suppose a 10 mm thick test specimen of material is tested in an ISO 5659-2 apparatus. The
maximum Ds value obtained is Dmax. Suppose we wish to calculate an estimate of the
minimum visibility of a light emitting sign in a room of volume ¥V if a 10 mm thick test specimen
of the material, with a surface area of 4, burns in a similar manner in the room.
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We know that: w=yV/S) (A1)

and, for the purpose of the estimation, we assume that y = 8 for a light-emitting sign.

We first need to calculate how much smoke will be produced in the postulated scenario. This
is given by:

S= 2,303 Dmax A (A2)

so the estimated visibility is given by:

@=8x[V/(2,303 Diax A)] A.3)

It should be noted that such a calculation assumes that the smoke is homogeneous wheieas
in many real fires, the smoke tends to form in a buoyant hot layer. It isyalso assumed that
smqke production varies linearly with the area of the test specimén burned. Also,l no
conpideration of the effect of irritants is made. Some limited research suggests that |eye
irritants might reduce vision by 50 % up to 95 %.

Note also that the simple relationship @ = y/k reported by.din is only valid over a relatiyely
smgll range of viewing distances. It also refers to the. visibility of targets whereas |the
recggnition of signs requires the resolution of the sign details. A more complex equation [has
beep proposed for recognition distances in smoke [11} which will properly extrapolate to clear
air conditions. The determination of the visibility 6f an illuminated exit sign in a corridorilike
scepario has been examined by Rubini et al. [12]:
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Annex B
(informative)

Relationships between D, and some other smoke parameters
as measured in ISO 5659-2 [4]

A simple calculation can be performed to convert the specific optical density of smoke, Ds,
measured in ISO 5659-2, to an extinction area S.

Althlough such a conversion may prove to be useful to compare smoke obscuration data‘ug
the [same units, caution should be exercised when doing so, as such a calculation _does

as

ing
not

take into account the different conditions of testing from one set of experiments te-another

(e.d. geometric factors of the testing chambers).

Thus, a Ds measurement, expressed in terms of S, should not be directly-‘compared ith

another value of S, measured from a different testing method.

For|a given test specimen surface area, the specific optical densitj/~of smoke, Ds, is dirgctly
proportional to the extinction area of smoke, S. In the case of ISO 5659-2, the expdsed

surfiace area of the test specimen is 0,004 225 m? and

S = (0,00973 m?) Dy (B.1)

Table B.1 shows the relationship between the specific optical density of smoke, the per¢gent

transmission and the extinction area of smoke forJSO 5659-2 data.

Table B.1 — Conversion from Dgto some other smoke parameters
as measured in ISO 5659-2

Ds Percent transmission Extinction area, S
% m?
450 0,04 4,38
400 0,09 3,89
350 0,22 3,41
300 0,53 2,92
250 1,28 2,43
200 3,05 1,95
150 7,31 1,46
100 17,48 0,97
75 27,03 0,73
50 41,80 0,49
30 59,26 0,29
20 70,55 0,19
15 76,98 0,15
10 83,99 0,10
5 91,65 0,05
0 100,00 0,00

Figure B.1 gives a useful visual representation of the smoke parameters listed in Table B.1.


https://iecnorm.com/api/?name=d1c3c97a474d72e1dfbef521685c1ff6

- 30— IEC 60695-6-1:2021 © IEC 2021
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50 —
0 —— 100 —-— 0o —1
IEC
Figure B.1— Smoke parameters related to D, as measured in ISO 5659-2
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Relationships between per cent transmission, as measured in a
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Annex C
(informative)

"three metre cube” enclosure, and extinction area

The test specimen is burned in a "three metre cube" enclosure and the per cent transmission
of light is calculated from the ratio of the incident light to the transmitted light (//7). The test is
a static smoke test.

The]
typ4

Tab
the

of test relating to cables.

parameters listed in Table C.1.

NOT]
norm

alized value.

test specified in IEC 61034-1 [13] and IEC 61034-2 [14] is a specific application~of

le C.1 shows the conversions between the per cent transmission and extinction ared
"three metre cube". Figure C.1 gives a useful visual representation of the sni

E  For cables with an overall diameter above 20 mm, the recorded minimum’ light transmittance |i

Table C.1 — Conversions from per cent transmission, as measured
in the "three metre cube” to amount of smokKe (extinction area)

Percent transmission Amount of smoke, S
m2
0,10 62,18
0,20 55,94
0,40 49,70
1,00 41,45
2,00 35,21
4,00 28,98
5,00 26,97
10,00 20,73
15,00 17,08
20,00 14,49
30,00 10,84
40,00 8,25
50,00 6,24
60,00 4,60
70,00 3,21
80,00 2,01
90,00 0,95
100,00 0,00

this

for
oke
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Figure C.1 — Extinction area (amount of smoke) related to
per. cent transmission as measured in the "three metre cube”
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INTRODUCTION

Lors de la conception d’un produit électrotechnique, il est nécessaire d’envisager le risque
d’incendie et les dangers potentiels associés au feu. Dans cette perspective, I'objectif lors de
la conception des composants, des circuits et des équipements ainsi que le choix des
matériaux est de réduire le risque d’incendie a un niveau tolérable dans le cas d’une
(mauvaise) utilisation, d’un mauvais fonctionnement ou d’une défaillance raisonnablement
prévisible.

L’IEC 60695-1-10, I'EC 60695-1-11 et I'IEC 60695-1-12 [1]" fournissent des
recfmmandations pour atteindre cet objectit.

Les|incendies impliquant des produits électrotechniques peuvent également étre déclendhés
par|des sources externes non électriques. Les considérations de cette nature~sont trai{ées
danp une évaluation globale du danger d’incendie.

La gérie IEC 60695 a pour objectif de sauver des vies humaines et de./protéger les biens
matgriels en réduisant le nombre d’incendies ou les conséquences{de l'incendie. Pouf ce
faire, il est possible de:

— lenter de prévenir I'allumage provoqué par un composant seus tension électrique et| en
cas d’allumage, de confiner tout incendie en résultant dans’les limites de I'enveloppe du
broduit électrotechnique.

— lenter de réduire le plus possible la propagation des flammes au-dela de I'enveloppeg du
broduit et de réduire le plus possible les effets dangereux des effluents du feu comprenant
a chaleur, la fumée, ainsi que les produits de combustion toxiques ou corrosifs.

L'un des dangers impliqués est le dégagementrde fumée, qui peut entrainer une pertq de
visipn et/ou une désorientation pouvant entraver I'’évacuation des immeubles ou la lutte coptre
I'ingendie.

Les| particules de fumée réduisent la\visibilité du fait de I'absorption de la lumiére et d¢ sa
diffysion. En conséquence, les personnes peuvent avoir des difficultés a trouver les signaux
de gortie, les portes et les fenétres. La visibilité est souvent définie comme étant la distang¢e a
parllir de laquelle un objet n.ést plus visible. Elle dépend de nombreux facteurs, mais [des
relations étroites ont été établies entre la visibilité et les mesurages du coefficient d’extindtion
de g fumée — voir ’Annexe A.

Le pégagement dg fumée et ses propriétés optiques peuvent étre mesurés avec d’aufres
promriétés du feu telles que le dégagement de chaleur, la propagation des flammes dt la
production de)'gaz toxiques et d’effluents corrosifs. Le présent document fournit |des
recommandations et traite de I'obscurcissement de la lumiére par la fumée.

1 Les nombres entre crochets se référent a la bibliographie.
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Domaine d’application

hu mesurage optique de l'obscurcissement de la lumiere par la fumée,;

Bux aspects généraux des méthodes d’essais optiques de la fumée;

Aux considérations concernant les méthodes d’essai;

b I'expression des résultats d’essais de fumée;

h la pertinence des résultats des mesurages optiques de la fumge,pour I’évaluation
Hanger.

présente publication fondamentale de sécurité portant surydes recommandations
irité est avant tout destinée a étre utilisée par les comités d'études dans le cadre
boration de publications de sécurité, conformément’(aux principes établis dang
je 104 de 'lEC et dans le Guide ISO/IEC 51.

e des responsabilités d'un comité d'études_consiste, le cas échéant, a utiliser
ications fondamentales de sécurité dans le cadfe de I'élaboration de ses publications.
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3 Termes, définitions et symboles

3.1 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I''SO 13943:2017 et de
I'IEC 60695-4, dont certains sont reproduits ci-dessous, s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

o hananas ol
oW YWwuv O

3.1
surface d’extinction de la fumée

prodluit du volume occupé par la fumée (3.1.10) et le coefficient d’extinction (3.1.2) d
fumpe

Y%
)

Notel 1 a I'article: La surface d’extinction de la fumée est une mesure de la quantitéyde fumée. Elle est exprimée

en 2.

[SOURCE: ISO 13943:2017, 3.110]

312
coeffficient d’extinction
logdrithme népérien du rapport de l'intensité lumineuse incidente a l'intensité luminduse
émipe, par unité de longueur de la trajectoire optique

Note| 1 a I'article: Il est exprimé en m™".

[SOURCE: ISO 13943:2017, 3.111]

3.13

densité optique massique de la<fumée

denfsité optique de la fumée (3:1.6) multipliée par un coefficient, qui est le volume de la
chambre d’essai divisé parile” produit de la perte de masse de I'éprouvette d'essai gt la

longueur du trajet optique

Note| 1 a I'article: Elle et éxprimée en m2.g~".

Notel 2 a I'article: _Densité optique de la fumée = V/(Am L), ou V est le volume de la chambre d’essai, Am ¢gst la
perte¢ de masse de I'éprouvette d’essai et L est la longueur du trajet optique.

[SOURCE::S0O 13943:2017, 3.265]

3.14
obscurcissement de la lumiére par la fumée
réduction de l'intensité de la lumiére lors de son passage a travers la fumée (3.1.10)

Note 1 al'article: A comparer avec les termes surface d’extinction de la fumée (3.1.1), coefficient
d’extinction (3.1.2), opacité de la fumée (3.1.5), densité optique de la fumée (3.1.6), obscurcissement di a la
fumée (3.1.11), surface spécifique d’extinction de la fumée (3.1.13) et densité optique spécifique de la
fumée (3.1.14).

Note 2 a l'article: En pratique, I'obscurcissement de la lumiére par la fumée est mesuré généralement comme la
transmittance, qui est exprimée normalement en pourcentage.

Note 3 a I'article: L’obscurcissement de la lumiére par la fumée provoque une diminution de la visibilité (3.1.6).

[SOURCE: ISO 13943:2017, 3.286, modifié¢ — Le terme "obscurcissement par la fumée" a été
remplacé par "obscurcissement de la lumiére par la fumée".]
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3.1.5

opacité de la fumée

rapport de lintensité lumineuse incidente a lintensité lumineuse transmise a travers la
fumée (3.1.10), dans des conditions spécifiées

Note 1 & l'article:  Egalement, obscurcissement de la lumiére par la fumée (3.1.4), obscurcissement di & la
fumée (3.1.11).

Note 2 a l'article: L’opacité de la fumée est I'inverse de la transmittance.

Note 3 a l'article: L’opacité de la fumée est une grandeur sans dimension.

[SOURCE: ISO 13943:2017, 3.287]

3.16
densité optique de la fumée
megure de l'atténuation du rayon lumineux passant a travers la fumée (3-:90), exprimée
comme le logarithme décimal de I'opacité de la fumée (3.1.5)

Note] 1 a I'article: A comparer avec le terme densité optique spécifique de la fumée (8-1.14).

Notel 2 a I'article:  La densité optique de la fumée est une grandeur sans dimension-

[SOURCE: ISO 13943:2017, 3.288]

3.1f7
mogdléle physique du feu
pro¢édé de laboratoire, incluant I'appareillage, I'environnement et le mode opératoire d’efgsai
au feu, destiné a représenter une certaine étape d’un incendie

[SOURCE: ISO 13943:2017, 3.298]

3.1.

SMOGRA
paramétre de vitesse de développement de la fumée qui dépend du rapport entrg¢ la
prodluction de la fumée et le temps'de production de la fumée

Notel 1 a I'article: De plus amples_informations sont données en 6.2.4.

3.19
indice SMOGRA
valdgur maximale.de-SMOGRA (3.1.8) pendant une période d’essai définie

Notel 1 a I'articley ™ De plus amples informations sont données en 6.2.4.

3.1/10
fumée
partrevisibte deseffluentsdufeu

[SOURCE: ISO 13943:2017, 3.347]

3.1.11

obscurcissement di a la fumée

réduction de la transmission de la lumiére due a la fumée (3.1.10), mesurée par I'atténuation
du rayon lumineux

Note 1 & l'article: A comparer avec les termes surface d’extinction de la fumée (3.1.1), coefficient
d’extinction (3.1.2), obscurcissement de la lumiere par la fumée (3.1.4), opacité de la fumée (3.1.5), densité
optique de la fumée (3.1.6), surface spécifique d’extinction de la fumée (3.1.13) et densité optique spécifique de la
fumée (3.1.14).

[SOURCE: ISO 13943:2017, 3.349]
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3.1.12

taux de dégagement de fumée

quantité de fumée (3.1.10) produite par unité de temps au cours d’'un feu ou au cours d’un
essai au feu

Note 1 a l'article: Le taux de dégagement de fumée est calculé comme étant le produit du débit volumétrique de
fumée (3.1.10) par le coefficient d’extinction (3.1.2) de la fumée au point de mesure.

Note 2 a l'article: Il est exprimé en m2.s~".

[SOURCE: ISO 13943:2017, 3.351]

3.113

surface spécifique d’extinction de la fumée
surface d’extinction de la fumée (3.1.1) produite par une éprouvette d’essai _pendant june
péripode donnée divisée par la perte de masse de I’éprouvette pendant la méme-période

Note] 1 a 'article:  Elle est exprimée en m2 - g~".

[SOURCE: ISO 13943:2017, 3.358]
3.1(14

densité optique spécifique de la fumée
denfsité optique de la fumée (3.1.6) multipliée par un coefficient géométrique

Notel 1 a l'article:  Le coefficient géométrique est V/(A-L), ou V ést le volume de la chambre d’essai, A est |'aire
de Ig surface exposée de I'éprouvette d’essai, et L est la longuetr du trajet optique.

Notel 2 & I'article:  Le terme "spécifique" ne signifie pas "par unité de masse", mais indique plutét une grandeur
assolciée a un appareillage d’essai particulier et a I'aire de\la surface exposée de I'éprouvette.

Notel 3 a I'article:  La densité optique de la fumée est\une grandeur sans dimension.

[SOJURCE: ISO 13943:2017, 3.360]
3.1/15

visipilité

distance maximale a laquele.un objet de dimension, luminosité et contraste définis peut Btre
vu gt reconnu

[SOURCE: ISO 13943:2017, 3.420]

3.2| Symboles

Symbole Grandeur Unités types
A surface exposée de I'éprouvette d'essai m2
Y coefficient d’absorption linéaire décimal .
(communéement appelé densité oplique par metre) A
D’ densité optique de la fumée sans dimension
D ass densité optique massique de la fumée m2 kg-"
D, densité optique spécifique de la fumée sans dimension
D, (aussi D,) | densité optique spécifique maximale de la fumée sans dimension
1 intensité du flux lumineux incident cd
opacité de la fumée (rapport du flux lumineux incident sur le flux lumineux . )
T transmis) sans dimension
k coefficient d’absorption linéaire népérien y
(communément appelé coefficient d’extinction) m=
L longueur du flux lumineux traversant la fumée m

Am perte de masse de I'éprouvette d'essai kg
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Symbole Grandeur Unités types

it vitesse de perte de masse kg s-'
surface d’extinction de la fumée (aussi fumée totale) m?2
taux de dégagement de fumée
(vitesse de changement de la surface d’extinction) m2 s—1

t temps s

At intervalle de temps s

T intensité du flux lumineux transmis cd
volume de la chambre m>

v vitesse du flux volumique de la fumée m3s—]

oy surface spécifique d’extinction de la fumée m2kg—1
constante de proportionnalité entre la visibilité et le coefficient d’extinction san's dimensijon

® visibilité m

NOJTE 1 Les grandeurs fondées sur logqq, c’est-a-dire D, D', Dy,4x> Dimass €t Dy, ont dés) symboles semblahles

mals sont des grandeurs différentes et elles ont des unités différentes.

NOJTE 2 L'’utilisation du terme "spécifique" dans I'expression densité optique\specifique de la fumée, Dg,| ne
sigpifie pas "par unité de masse".

4 |Aspects généraux des méthodes d’essai dédfumée

4.1| Scénarios et modéles physiques du feu

Au pours des derniéres années, des progréS,importants ont été réalisés dans I'analyse |des
efflyents du feu. Il est reconnu que la composition du mélange des produits de combustion
dépend particulierement de la nature des matériaux en combustion, des températures syr le
site| et des conditions de ventilation, \netamment 'accés d’oxygeéne sur le foyer de I'incendie.
Le Tableau 1 présente la maniére dont les différents types de feu sont liés aux changeménts
d’atmosphére. Les conditions 3 utiliser lors des essais de laboratoire (a petite ou a grande
échklle) peuvent étre tirées du'tableau afin qu'elles correspondent, autant que possible, aldes
feux en grandeur réelle.

Un jncendie met en_ eeuvre un ensemble complexe de phénoménes physiques et chimiques
étragitement liés. ll-en‘résulte qu’il est difficile de simuler tous les aspects d’un incendig en
grampdeur réelle a I'aide d’un appareillage a échelle plus petite. Le probléme de la validite du
modéle physigque*du feu est peut-étre le probléeme technique le plus préoccupant lié a touq les
esshis au fe:

Deqd recemmandations générales pour ['évaluation du danger d’incendie des produits
élegtretechnigues sont données dans I'lEC 60695-1-10 et dans I'lEC 60695-1-11.

Apres l'allumage, l'incendie peut se développer de différentes fagons, selon les conditions
d’environnement et la disposition des matériaux combustibles. Il est cependant possible
d’établir un schéma général du développement d’un incendie a l'intérieur d’'un compartiment,
dans lequel la courbe générale temps-température présente trois phases ainsi qu’une phase
de déclin (voir la Figure 1).

La phase 1 correspond a la naissance du feu avant la combustion soutenue avec flammes,
s’accompagnant d'une faible augmentation de la température de la piéce. L’allumage et le
dégagement de fumée sont les principaux dangers durant cette phase. La phase 2 (feu en
cours de développement) commence avec l'allumage et finit avec une augmentation
exponentielle de la température de la piéce. La propagation des flammes et le dégagement de
chaleur sont les principaux dangers, en plus de la fumée, durant cette phase. La phase 3 (feu
pleinement développé) débute lorsque la surface de tous les objets combustibles dans la
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piece s’est suffisamment décomposée pour que survienne un allumage soudain dans toute la
piece, avec un accroissement de température rapide et important (embrasement éclair).

A la fin de la phase 3, les combustibles et/ou 'oxygéne ont été en grande partie consumés et
la température décroit a une vitesse dépendant de la ventilation et du transfert de chaleur et
de masse du systéme. C’est la phase de déclin.

A chacune de ces phases, il peut se former un mélange différent de produits de
décomposition, et cela exerce une influence sur la fumée produite pendant ces phases. Afin
de choisir un essai au feu adapte des mformatlons sur le scénario d’'incendie enwsage sont
eXchca CTl paluuuncl, Ul |ca L;UIIUILIUIID UU IIU)\ LIIUIIIIIqUU IIIL:IUUIII., IUAyyCIIU UIDPUIIIUIu et

les Bquipements de ventilation de la fumée.

Phase 3

Phase 2

Phase 1

Feu pleinement
développé

Feu en cours de
développement

Stade de
déclin

Sans flammes

Bien ventilé

Types de feu 1a), Type de feu'3b)

1b) et 1c)

Type de feu 2)

Température du compartiment

Allumage Embrasement éclair Temps

Figure 1 — Différentes phases du développement d’un feu
a I’'intérieur d’un compartiment

4.2| Facteurs affectant le dégagement de fumée
4.2 Généralités

De | nombreux facteurs. influent sur le dégagement de fumée ainsi que sur [ses
carqctéristiques. Une description compléte de ces caractéristiques n’est pas possible, mgis il
est feconnu que plusieurs variables importantes exercent une influence.

4.22 Modes:de décomposition

La fumée_estle produit d’'une combustion. Cette derniére peut étre une combustion aveg ou
sanpg flammes, y compris le feu couvant, et ces différents modes de combustion peuyent
prouwe dlfferents types de fumee Dans une combustlon sans flammes des substarnces
: Iair
fra|s elles se condensent en gouttes spherlques qU| apparaissent sous forme d aerosol de
fumée légérement coloré.

La combustion avec flammes produit une fumée noire, riche en carbone, dont les particules
ont une forme trés irréguliére. Les particules de fumée provenant de la combustion avec
flammes vives sont formées en phase gazeuse et dans des zones ou les concentrations
d’oxygéne sont assez basses pour causer une combustion incompléte. Les particules de
fumée charbonneuse dans les flammes émettent une énergie rayonnante (identique a
I’émission de corps noirs) qui est visible sous la forme d’'une lumiére jaune.

La taille des particules des gouttelettes sphériques provenant de la combustion sans flammes
est généralement de I'ordre de 1 um, celle des particules de suie irrégulieres issues d'une
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combustion avec flammes vives est, par contre, souvent plus grande mais bien plus difficile a
déterminer et elle dépend de la technique de mesure.

Dans les feux de bois, il est souvent observé que la quantité de fumée est moins importante
dans une combustion avec flammes que dans une combustion sans flammes. Cependant, en
ce qui concerne les plastiques, une telle généralisation n’est pas possible: la fumée produite
par un feu sans flammes peut étre plus importante ou moins importante que celle produite
lors d’'une combustion avec flammes. Pour ces raisons, il est important de noter, pendant
I’essai de fumée, s’il y a allumage ou pas, et, le cas échéant, les temps d’allumage et de
disparition des flammes de I'éprouvette d'essai. En outre, une fumée froide, dont la couleur et
la (‘nmlnncifinn peuvent étre sensiblement différentes de la fumée pmduifp par la_surface
exppsée, peut étre émise par la face non visible des composites.
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