IEC 60695-6-1:2021-08 RLV(en)

IEC 60695-6-1

INTERNATIONAL
STANDARD

HORIZONTAL PUBLICATION

Edition 3.0 2021-08
REDLINE VERSION

colour
inside

Fire hazard testing —
Part 6-1: Smoke obscuration — General guidance



https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC online collection - oc.iec.ch

Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always
have access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and French, with equivalent terms in 18 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

IEC 60695-6-1

Edition 3.0 2021-08
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

HORIZONTAL PUBLICATION

Fire hazard testing —
Part 6-1: Smoke obscuration — General guidance

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 13.220.99; 29.020 ISBN 978-2-8322-4443-2

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

-2 - IEC 60695-6-1:2021 RLV © IEC 2021

CONTENTS

O TN I 4
INTRODUGCTION ...ttt et et e e e e et e et e e e e et e et e et e e e e e e eraenas 2
1 ST o o 1= 8
2 NOIMAtIVE FEIEIENCES. ... ittt et e e e ens 8
3 Terms, definitions and SYMDbDOIS ... 9
3.1 Terms and definitioNs ... 9
3.2 03740 1o o = 9

4  General aspects of smoke test methods ... 14
4.1 Fire scenarios and physical fire models ..o 14
4.2 Factors affecting smoke production ... 15
4.2.1 L= 1= =Y 15
4.2.2 Modes of deCoOmMPOSItION. ... e 16
4.2.3 Ventilation and the burning environment..............coooiiiiii 19
424 Time and tempPerature ... 19
4.2.5 Removal mechanisms for smoke particles.............cooiiiiiii 19

5 Principles of SmOKe Measurement..........co.iiiiiiiiiii 19
5.1 (=T o 1= = | P PP 19
5.2 BOUGUET'S [aW ..t e 19
5.3 EXEINCHION Ar@a .. e i e 20
5.4 LOGQ UNIES oo 21
5.5 iGNt SOUICES oot e e 21
5.6 Specific extinction area Of SMOKE..........c.ooi i 21
5.7 Mass optical density OF SOKE ..........oeniuii e 22
5.8 VISIBIIITY ..o e e 23

6  Static and dynamic Methods ... 23
6.1 Static MEthOAS . e 23
6.1.1 T LT 1= PP 23
6.1.2 EXtinction @rea Of SIMOKE ..o 23
6.1.3 Specific optical density Of SMOKE ..........cociiiiiiiii i 24
6.1.4 Prediction Of VISIBIlity .........co.oe i 24

6.2 DynamiC MeEthOAS. ... e 24
6.2.1 o T Tod 1 o L= PP 24
6.2.2 Smoke production rate ..o, 24
6.2.3 Total smoke ProduCtioN . ... 25
6.2.4 SMOGRA INAEX ettt et 25

T TSt Mt OAS e 26
7.1 Consideration of test Methods ..o 26
7.2 Selection of test SPECIMEN ... . i 27

8  Presentation of data ..o 27
9 Relevance of data to hazard assessment ... 27
Annex A (informative) Calculation of VISiBility ...........cooooiiiiiiii e 30
A1 LT =T =Y 30
A.2 o= 0 1 1 30

Annex B (informative) Relationships between D¢ and some other smoke parameters
as measured inHEC-60695-6-30-anrdHEC60695-6-314 I1SO 5659-2 [4] coovviviiiiiiiiiiiiieee, 32


https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

IEC 60695-6-1:2021 RLV © IEC 2021 -3 -

Annex C (informative) Relationships between per cent transmission, as measured in a

"three metre cube" enclosure, and extinction area ..., 34
T oY [TeY o =1 o VA PP 36
Figure 1 — Different phases in the development of a fire within a compartment..................... 15
Figure 2 — Attenuation of light by SMOKe ... 20
Figure 3 — EXHINCLION @rea .. ..o e 21
Figure 4 — Dynamic SmMOKE MeasUremMENt ... ...t 24
Figure 5 — EXample SPRav VEISUS £ CUIVE ...cuuitiiiiiieii ittt ettt ettt et e e ees 26
Figure 6 — SMOGRA curve derived from Figure 5 ... 26
Figure 7 — Evaluation and consideration of smoke test methods..................coooiiiinl, 29
Figure A.1 — Visibility (@) versus extinction coefficient (k) ...........cooovviiiiiiiiiiiiiiiiieee, 30
Figure B.1 — Smoke parameters related to D, as measured in+EG-60695-6-30and
HECB0B95-6-30 IS0 568592 1.u ittt ittt 33
Figure C.1 — Extinction area (amount of smoke) related to per cent transmission as

measured in the "three metre cube. ... ... 35
Table 1 — Characteristics of fire stages (from Table 1 in ISO 19706:2011).......ccoeviiiiiiiiniennes 17
Table B.1 — Conversion from D, to some other smoke parameters as measured in

=0 20808 8 20 and [EC B0B0E 2 20 [50 005057 e 32

Table C.1 — Conversions from per cent transmission, as measured in the "three metre
cube" to amount of smoke (EXLINCLION Area) .........ooiiiiiiiii i 34


https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

1)

9)

-4 - IEC 60695-6-1:2021 RLV © IEC 2021

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -

Part 6-1: Smoke obscuration —
General guidance

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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.

1 Numbers in square brackets refer to the bibliography.
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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
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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



http://www.iso.org/obp
https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

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



https://standards.iteh.ai/catalog/standards/iec/f1714769-d506-49ea-a96b-1687b4dff3ce/iec-60695-6-1-2021

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

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]
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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]
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