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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -

Part 6-1: Smoke obscuration —
General guidance

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC 60695-6-1:2005+AMD1:2010 CSV. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in strikethrough
red text.
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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.

— 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.

— 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 above table.

The language 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 and
ISO/IEC Guide 51.

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

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

A list of all parts in the IEC 60695 series, published under the general title Fire hazard testing,
can be found on the IEC website.

IEC 60695-6 consists of the following parts:
Part 6-1: Smoke obscuration — General guidance
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
contains colours which are considered to be useful for the correct understanding of its
contents. 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 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.

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

The aim of the IEC 60695 series is to save lives and property by reducing the number of fires
or reducing the consequences of the fire. This can be accomplished by:

— trying to prevent ignition caused by an electrically energised component part and, in the
event of ignition, to confine any resulting fire within the bounds of the enclosure of the
electrotechnical product.

— trying to minimise flame spread beyond the product's enclosure and to minimise the
harmful effects of fire effluents including heat, smoke, and toxic or corrosive combustion
products.

One of the contributing hazards is the release of smoke, which may cause loss of vision
and/or disorientation which could impede escape from the building or fire fighting.

Smoke particles reduce the visibility due to light absorption and scattering. Consequently,
people may experience difficulties in finding exit signs, doors and windows. Visibility is often
determined as the distance at which an object is no longer visible. It depends on many
factors, but close relationships have been established between visibility and the
measurements of the extinction coefficient of smoke — see Annex A.

The production of smoke and its optical properties can be measured as well as other fire
properties, such as heat release, flame spread, and the production of toxic gas and corrosive
effluent. This document serves as a guidance document and focuses on obscuration of light
by smoke.

T Numbers in square brackets refer to the bibliography. Document5|
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FIRE HAZARD TESTING -

Part 6-1: Smoke obscuration —
General guidance

1 Scope

This part of IEC 60695 gives guidance on:

a) the optical measurement of obscuration of smoke;

b) general aspects of optical smoke test methods;

c) consideration of test methods;

d) expression of smoke test data;

e) the relevance of optical smoke data to hazard assessment.

This basic safety publication focusing on safety guidance is primarily intended for use by

technical committees in the preparation of safety publications in accordance with the
principles laid down in IEC Guide 104 and ISO/IEC Guide 51.

One of the responsibilities of a technical committee is, wherever applicable, to make use of
basic safety publications in the preparation of its publications.

2 Normative references

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

IEC 60695-1-10, Fire hazard testing — Part 1-10: Guidance for assessing the fire hazard of
electrotechnical products — General guidelines

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

| IEC 60695-4:2005, Fire hazard testing — Part 4: Terminology concerning fire tests for
electrotechnical products

| IEC 60695-6-22, Fire hazard testing — Part 6-2: Smoke obscuration — Summary and relevance
of test methods

3_ 1o bo publishod: Documents
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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

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.

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

o |EC Electropedia: available at http://www.electropedia.org/

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

Documents
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3.11

extinction area of smoke
product of the volume occupied by smoke (3.1.10) and the extinction coefficient (3.1.2) of the
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

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

[SOURCE: ISO HEC-13943:2017,-definition4-93 3.111] Documents
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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 L is light path length.

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

3.1.4
obscuration-by of smoke
reduction 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-by of smoke is usually measured as the transmittance which is normally
expressed as a percentage.

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

[SOURCE: ISO HEC-13943:2017,-definition4-242 3.286]

3.1.5
opacity of smoke
| ratio of incident light intensity to transmitted light intensity through smoke (3.1.10), under
specified 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: ISO AEC-13943:2017 ,-definition4-243 3.287]

3.1.6

optical density of smoke

measure of the attenuation of a light beam passing through smoke (3.1.10) expressed as the
logarithm to the base 10 of the opacity of smoke (3.1.5)

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

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] Documents
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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

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

3.1.10
smoke
visible part of a fire effluent

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

3.1.11
smoke obscuration
reduction of light transmission by smoke (3.1.10), as measured by light attenuation

Note 1 to entry: Compare with the terms extinction area of smoke (3.1.1), extinction coefficient (3.1.2),
obscuration 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).

[SOURCE: ISO 13943:2017, 3.349]

3.1.12
smoke production rate
amount of smoke (3.1.10) produced per unit time in a fire or fire test

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 AEC-13943:2017,-definition-4-295 3.351]

3.1.13

specific extinction area of smoke

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

Note 1 to entry: The typical unit is m2.g™".
[SOURCE: ISO HEC-13943:2017,-definition4-304 3.358]

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] Documents
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visibility

maximum distance at which an object of defined size, brightness and contrast can be seen
and recognized
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[SOURCE: ISO HEC-13943:2017,-definition4-350 3.420]

3.2 Symbols

Symbol Quantity Typical units
A exposed area of test specimen m2
D linear decadic absorp_tion coefficient 4
(commonly called optical density per metre) m
D' optical density of smoke dimensionless
D yass mass optical density of smoke m?2 kg~!
D, specific optical density of smoke dimensionless
D, (also D,,) maximum specific optical density of smoke dimensionless
1 intensity of incident light W cd
T opacity of smoke (ratio of incident light to transmitted light) dimensionless
k linear Napierian absorptign coeffigignt 4
(commonly called extinction coefficient) m
L light path length through smoke m
Am mass loss of test specimen kg
1t 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 specific extinction area of smoke m2 kg~1
y a con.st.ant of proportionality between visibility and extinction dimensionless
coefficient
2] visibility m
NOTE 1 The quantities based on log1q, i.e. D, D', Dy,4x» Dmass @nd Dg, have similar symbols but they are
different quantities and have different units.
NOTE 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 correspondDas far as

possible, to real-scale fires. ocuments
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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
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).

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-density produced during that stage.-Mereover 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.

Stage 3

Stage 2

Stage 1

Non-flaming Fully developed fire Decay stage

Developing fire

flaming

Fire types 1a), Fire type 3b)

1b) and 1c)

Compartment temperature

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 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 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.
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.

Documents

Document Sharing Hub

Full document details: IEC 60695-6-12021RLV


http://www.avadocuments.com/doc/iec-60695-6-1-2021-rlv
http://www.avadocuments.com/doc/iec-60695-6-1-2021-rlv

AT LZ0C L-9-S6909 D3| ‘S|ie1dp Juswndop jjing

gnH Buueys uawnoog

Sjus2und0d

‘0S| yum sutewsad yybuAdon ‘610 0sI"mmm
:ssalppe Buimoj|o} 8y} je jele}aI09S |BJjud) OS| 9y} JO 8}Isgom 8y} wWoJj pue Jaqwaw QS| Aue wouj paule}qo aq ued piepuels SIyl QS| ‘uoljezipiepue}s Joj uoneziuebiQ
|euoljeulalu| ay} jo uoissiwiad ay} yym paonpoidal s| ‘ojdoad o} jealy; a4y 8y} buissasse Joj sauljeping ‘L L0Z:90/64 OS] woij usxe) sabejs il Jo SoljSliejoeley) — | ajqel ay] v

| 06 01 0. 17001 1L°0 y b < G > Sl > 009 < 5 069 01 0S¢ 06l 01 0§ ally Janoyse(}-jsod 'q
W juswiyedwoo
| 08 01 0. 7'0012°0 L < 0L 01g 0Z 01 G| 006G 01 0§ e 009 0} 00€ 0€ 01 0 paje|iuaa Ajjood e uj Ajjesausb
‘all} pazi|eoo| ‘|lews ‘e
, Bulweyy pejejnuentepun ‘¢
py G6 < 5 G600 > L > oz =~ 0c~ 005 01 09 069 0} 0S¢ 09010 p Bulweyy paje|usa-jlsp "2
o
~ _ uolneipel paijdde Ajjeulaixa
) ° ° b<< 0 0 q 005 3 00} wouy siskjolAd oiqosseue 0
L
- L > 0z 0z 2 009 01 00€ _ uoljeipel paijdde Ajjeulaixa
© ° ° 4 wouj sisAjolAd aAlEPIXO °q
W a|geoldde (Buliepinows)
4 06 01 09 Lo1L0 - 4 0z p 58 01 G¢ 008 3 0S¥ Jou Buiuiesns-jles e
~ - ;
m Bulwe|j-uoN L
,.I_. Aouaionye o, AJA (ownd) oppes pajsneyxy paulesjug 19Ake| Jaddn aoeyins |ang ZW/M
© ([oo]+[c02)) [z09] @ouajeAlnbe % Do abeys aJig
3 [eoolx00L A1e/|en4 aoepns [any
% [09] awnjoA uabAxQ ainjesadwal "xe 0} Xn|j JeaH
©
Q » (1102:90261 OSI Ul | d|jqe] wouy) sabejs aily jo solysiidjoeIRy) — | d|qEL



https://eur03.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.iso.org%2F&data=04%7C01%7Clso%40iec.ch%7C0fdd224aa9bf485faa8e08d942a631a1%7Ca7637f093d864148997bedcd40bee856%7C0%7C0%7C637614103844846612%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=twXW1AKJIjg4csbf0aU2kAq2KiNQRXcvd%2BsQrp2tvOY%3D&reserved=0
http://www.avadocuments.com/doc/iec-60695-6-1-2021-rlv
http://www.avadocuments.com/doc/iec-60695-6-1-2021-rlv

AT LZ0C L-9-S6909 D3| ‘S|ie1dp Juswndop jjing

gnH Buueys uawnoog

Sjus2und0d

2021 RLV © IEC 2021

IEC 60695-6-1

- 18 —

"JUSA WOOJ BY} 8PISIN0 UOIISNqWI0d AIBPUODSS WO} }NSal 8s8y) ‘A|[eJouss "painsesw ueaq sAeY SOljel JOMO| JO sadueisu|
‘ajendoiddeul si onjes aouajeainba [eqo|b e Jo asn ay) {painseaw usaq jou sey oljel aduajealinba swnid ay

‘Bulwe|) paje|lUSA-||M O} Je|lwlS 8q 0} PaWNSSY ¢

1aAe| Jaddn ay) ojul puaixa sawe|} ay) {(s)buiuado uoneiuaa ayy Aq payiwi| si puewap uabAxo s,ally 8yl

*IN020 Aew oljel S|y} Ul 8SB8IOU| BWOS ‘| pue G/‘0 ~ Usamlag
"G/‘0 ~ 0} dn soljes aous|eAInba Joj oljed SIY} Ul @sealou] Juedlylubls ou S| @18y ] "JUB)SISaJ-ally aie jey) s|elslew Joy Jaybly apnjiubew jo Joplo ue o} dn aq Ued Aew-Oljel Byl 4

‘|lony j0 Aujige|ieae ayy Aq pajjoJjuod si ayes Buluing sy} pue ‘108[qo Jayjoue yiim }0BIU0D AQ pajeound) jou ale sswels ayy ‘Ajueoyiubis plaik 0D 8y} 8sealoul 0} pajeliia
ApueoiyiuBis 194 jou si Jeke| Jeddn sy} Jo tahe| Jaddn seb joy a8y} mojaqg si di} swWely 8yl ‘MOjul 8y} JO WOoOoJ 8y} Ul ey} 0} paledwod |jews s| uoijdwnsuod usbAxo s,ally 8yl

"SUOI}IPUOD |BWIBY) PUB UOIIB|IIUBA |BD0| 8y} pue Aljsiwayo |elaiew sy} uo Buipuadep Ajapim Aiea o) pejoadxa s| oljed siy} sisk|oJAd 1oy Ing ‘elep M8} ale alayl
‘Alyawoab wool pue uoneipes paijdde Ajjeussixe ay} J0 821N0s 8y} Aq paulwlialep Ayl 1ISOW SI Wool a4l 8y} Jo Jake| Jaddn sy ul sinjesadwsa) 8yl

'8]qIISNqWod UaAIb e Jo uolysnqwoo Buiwels pale|iIUSA-||@M 10} UBY} Jamo| si Jiwi| Jeddn syl



http://www.avadocuments.com/doc/iec-60695-6-1-2021-rlv
http://www.avadocuments.com/doc/iec-60695-6-1-2021-rlv

IEC 60695-6-1:2021 RLV © IEC 2021 -19 -

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
by restricted ventilation.

The rate of burning and the area involved in burning should always be considered when
determining 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

The particle size distribution of smoke aerosols changes with time; smoke 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
engineers when they are considering potential smoke movement in large buildings. These
factors also have to be considered when designing smoke tests.

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 test
procedures where a radiant heat source is immersed in the combustion gases, reheated
decomposition may occur as the smoke particles recirculate. Other mechanisms for removal
of larger particles include the deposition of particles on the internal surfaces of the chamber
and the action of fan stirrers. Aspects of these mechanisms also occur in real fires when
smoke circulates within a fire compartment. Because these effects are possible in cumulative
smoke tests, it is recognized that the early stages of the exposure (for example the first
10 min) are the most relevant for 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
gravimetric properties (the mass of smoke particles), its light-obscuring properties, or a
mixture of the two [3]. This document is concerned with the reduction of visibility caused by
the obscuration of—vsibility smoke 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: Documents
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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 the intensity of incident light;

L is the light path length through the smoke;

k is the linear Napierian absorption coefficient (extinction coefficient), see Figure 2.

L

A
\i

Smoke with extinction
coefficient = k

IEC

Figure 2 — Attenuation 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 area is known as the extinction area of smoke, S.-The-extinction
area This can be thought of as the total area of the shadows cast by the smoke particles in 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 coefficient of the smoke and to the volume in which the smoke is contained by
the equation:

S=kV (3)
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

5.4 Log,g units

In some studies, base 10 logarithms are used to calculate the optical density per unit light
path length, (D), which is properly named the linear decadic absorption coefficient and, like &
(linear Napierian absorption coefficient), also has units of reciprocal length (e.g. m™).

1/ T=10Pt 4)
D = (1/L) logro(I/T) (5)
k=DIn(10) or k=2,303D (6)

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

S=2303DV (7)

Several variants of base 10 units can be found in the literature. A commonly used quantity is

the dimensionless optical density of smoke, D' = log1o(I/T). For a given amount of smoke, D' |
is proportional to the light path length and is thus apparatus-dependent; results from one
apparatus cannot be directly compared to results from other apparatus.

5.5 Light sources

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

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 (8)
Documents
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where Am is the mass loss of the test specimen.
The units of or are area/mass, e.g. m?-kg™'.

The specific extinction area of smoke, or, 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 surface area of the exposed product; and

— the mass of the test specimen.

The specific extinction area of smoke, or, is used to define the smoke-producing capacity of a
unit mass loss of the test specimen.

For example, consider an 80 g test specimen that is tested under non-flaming conditions. It
loses 50 g of mass leaving a residue of 30 g. The smoke produced from the 50 g of volatile

pyrolysis products has an extinction area of 4 m2. The oy value will therefore be 0,08 m2.g-".
Suppose that the same test specimen is tested under flaming conditions and that it loses 60 g
of mass leaving 20 g of residue. The smoke produced from the combustion of the 60 g of

volatile degradation products has an extinction area of 30 m2. The oy value in this case will be
0,5 m2.g-".

It is important to realise that or does not give information on either the amount of smoke
generated in a fire or the rate of smoke generation in a fire. Ffo-obtainthis-information; Either
the mass loss of the test specimen (Am) or the mass loss rate of the test specimen (m)—must
alse-beknown is necessary to obtain the information. Then, the extinction area of the smoke
generated is given by:

S=orAm 9)
In dynamic systems (see 6.2), the specific extinction area may be obtained from:

o = kV /1t (10)

where

V is the volume flow rate;

m is the mass loss rate;
and the smoke production rate, S, is given by:

S=orm (11)
5.7 Mass optical density of smoke

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:

Dinass = or/In(10) = o5/ 2,303 (12)

The unit of Dmass is area per mass, e.g. m? kg™'. Documents
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In static systems (see 6.1):

Duass = D" V/(Am-L) (13)
where
Dunuss is the mass optical density of smoke;
D’ is the optical density of smoke;
V is the volume of the chamber;
Am is the mass loss of the test specimen;

L is the light path length.

In dynamic systems, the mass optical density of smoke can be obtained from:

Dmass = DV/m (14)
5.8  Visibility

If the constant of proportionality () between visibility (@) and k (or D) is known, then visibility
can be readily calculated if the amount of smoke (extinction area) is known and if the volume
occupied by the smoke is also known.

w=y(V/S) (15)

and y=wk=2303wD (16)

The calculation of visibility is described in more detail in Annex A, and examples of the
relationships between smoke parameters measured in various tests, using various
measurement units, are given in Annex B and Annex C.

6 Static and dynamic methods

6.1 Static methods
6.1.1 Principles

In a static smoke test, the test specimen burns in a closed chamber and the smoke produced
builds up over time. In some tests, a fan stirs the smoke to prevent layering and to make it
homogeneous. The amount of smoke is measured by monitoring the attenuation of a light
beam shining through the smoke.

6.1.2 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=(V/L)In(/T) (17)

This equation only applies if the smoke is homogeneous. The units of extinction area are
typically 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,—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 Ds, the specific optical density of smoke.

Ds=[V/ALllogqo(l/ T) (18)

The thickness of the test specimen will affect the amount of smoke produced. Ds values
should not be directly compared for test specimens of different thicknesses. Conversely, if
comparisons are made, then the test specimen thickness-should shall be kept constant.

See Annex B for relationships between Ds and some other smoke parameters as measured in
ISO 5659-2 [4].

6.1.4 Prediction of visibility

The purpose of measuring Ds (or S) is to enable the prediction of visibility. However, the
visibility within the test chamber is not usually what is required to be known. What is required
is an estimation of visibility in a given fire scenario. It is possible to make such estimations
based on data obtained in static tests such as1EC-60695-6-30 ISO 5659-2 [4] but it-must has
to be appreciated that such calculations are only estimates, as changing the physical fire
model will probably change both the smoke production process and the way in which the
smoke will age.

6.2 Dynamic methods
6.2.1 Principles

In dynamic tests, the smoke from the test specimen is drawn through an exhaust system at a
| measured flow rate and the opacity of-the smoke-stream is measured at regular intervals by
monitoring the transmitted intensity of a light beam shining through the smoke (see Figure 4).
| The flow rate of the smoke is measured at a position close to where the opacity of smoke is
measured.

Smoke with extinction v
coefficient = &

T IEC
Figure 4 — Dynamic smoke measurement

6.2.2 Smoke production rate

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

S=kV (19)

where

Documents
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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
time, e.g. (m?/s)/m?, i.e. s™".

6.2.3 Total smoke production

Integrated data—en to give total smoke production is also of interest, especially when
comparing 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 time
interval and is given by:

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

t is the time.

The time over which the summation is performed should 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 total
smoke production may be expressed per unit of burning area if this is known.

The total smoke production from a burning test specimen, measured in a closed system, will
often be substantially less than the fotal smoke production from a similar burning test
measured in a dynamic system. This is because measurements in static systems are more
influenced by losses due to ageing and deposition or interaction at the chamber walls.

6.2.4 SMOGRA index

SMOGRA is an abbreviation for smoke growth rate. SMOGRA values are affected by both the
smoke production rate and the time at which the smoke is being produced, and are calculated
using the following 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 s i
test flame is at £ = 300 s. ‘Bﬁﬁﬂments
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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 ¢ - ¢,

values may be larger than values calculated from the significant part of the curve and the
obtained SMOGRA index may be both irrelevant and misleading.

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

T {\
Nx -
E 0,6 l
5 05F
Sl 7N\
7] \
04f / \
03t \
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01F \,
/ AN
O 1 1 1 1 1 \_l =
0 300 600 900 1200 1 500
Time (s)
IEC
Figure 5 — Example SPRav versus ¢ curve
SMOGRA index = 8,2 m?xs2 at¢ =857 s
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Figure 6 — SMOGRA curve derived from Figure 5

7 Test methods

7.1 Consideration of test methods
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
method(s) selected shall be relevant to the fire scenario of concern.

In cases where fire tests are not yet specified, and need to be developed or altered for the
special purpose of an IEC technical committee, this shall be done in liaison with IEC technical
committee 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 product testing, the test specimen is a
manufactured product. In simulated product testing, the test specimen is representative of a
portion of a product. The test specimen may also be a basic material (solid or liquid) or a
composite of materials.

The nature of the test specimen is governed to a large extent by the scale of the smoke test.
Small-scale tests are suited more to the testing of materials and small products, or of
representative 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 closely
reflects end use.

8 Presentation of data

There are many different ways of presenting smoke data. This makes it difficult, and
sometimes impossible, to 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 product being tested. To help overcome these problems, it is recommended
that, wherever possible, smoke data should be reported in terms of the extinction area of
smoke. All other relevant parameters shall be reported. These include full details of the nature
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 smoke
production 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);
— the volume into which the smoke is spreading.

There are many other factors associated with visibility in an escape route, including:

— size, luminance, contrast and intensity of a light-emitting sign;
— size and contrast of reflecting objects;

— presence of external illumination;
and human response factors, including

— visual acuity;
— dark adaptation;
— irritancy.

It follows, therefore, that just considering the smoke producing potential of a unit mass or unit
area of a material is not sufficient to enable a hazard assessment to be made. A material with
| a high specific extinction area of smoke or a high Ds value may not present a hazard if the
amount of material present in the hazard scenario is small, and/or if the volume into which the
| smoke can spread is large. Similarly, a material with a low specific extinction area of smoke or

a low Dy value may present a hazard if the amount of material present in the hazard scenario
is large, and/or if the volume into which the smoke can spread is small.
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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 approximately
inversely proportional to the extinction coefficient, i.e. @ = yl/k, y being the constant of
proportionality. However, there is a considerable spread in the experimental data, and
visibility also depends on other factors such as external illumination, the brightness of light-
emitting signs, and the reflectance of light-reflecting signs. Calculations of visibility using this
relationship should therefore only be considered as estimates.

Jin selected values for y of 3 and 8 for light-reflecting and light-emitting signs, respectively.
In BS DD240-1 [9], values of 2,30 and 5,76-have-been-selected were reported.

NOTE BS DD240-1 has been superseded and replaced by BS 7974:2001 [10].
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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+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
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