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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -

Part 1-11: Guidance for assessing
the fire hazard of electrotechnical products —
Fire hazard assessment

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization f ardi 30 comprising
all national electrotechnical committees (IEC National Commlttees) The gt i promote
international co-operation on all questions concerning standardization in the e elds. To
this end and in addition to other activities, IEC publishes International St ) ¢ 3 f
Technical Reports, Publicly Available Specifications (PAS) and Guides ; “IEC

governmental organizations liaising with the IEC also part|0|pate in
with the International Organlzatlon for Standardization (ISO with .u ions determined by

2) The formal decisions or agreements of IEC on technical matfers éxp v &S possible, an international
consensus of opinion on the relevant subjects since ¢ \ttee has representation from all
interested IEC National Committees

3) IEC Publications have the form of recom ernatiQnal use/and are accepted by IEC National
Committees in that sense. While all reasonable effqrt o-ensdre that the technical content of IEC

Publications is accurate, IEC cannot be he i the way in which they are used or for any
misinterpretation by any end user.

assessment ser
services carried ®

6)
7)
and’lEC National Committees for any personal injury, property damage or
tsoever, whether direct or indirect, or for costs (including legal fees) and
jgation, use of, or reliance upon, this IEC Publication or any other IEC
8) ative references cited in this publication. Use of the referenced publications is

International Standard IEC 60695-1-11 has been prepared by IEC technical committee 89:
Fire hazard testing.

This first edition of this standard, together with IEC 60695-1-10, cancels and replaces the
third edition of IEC 60695-1-1 published in 1999, and corrigenda 1 and 2 (2000). It also
constitutes a technical revision.

It has the status of a basic safety publication in accordance with IEC Guide 104 and
ISO/IEC Guide 51.

This standard is to be used in conjunction with IEC 60695-1-10-
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The text of this standard is based on the following documents:

FDIS Report on voting
89/991A/FDIS 89/1005/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 60695 series, under the general title Fire ard testing, can

be found on the IEC website.

Part 1 consists of the following parts:
Part 1-10: Guidance for assessing the fire hazard of electrote
guidelines

Part 1-11: Guidance for assessing the fire hazard of electrotechn (cal\o educts — Fire hazard
assessment

Part 1-20

General guidance
Part 1-21

Summary and relevance o
Part 1-30

Part 1-40 Guidance for

liquids
The committee hgs decids ) 3 t
the stability da@i 3 3 web”site under "http://webstore.iec.ch" in the data
related to the sp Uk 0. Akthisndate, the publication will be

* reconfirmed,
* withdrawn
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INTRODUCTION

In the design of any 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 to acceptable levels the
potential risks of fire even in the event of foreseeable abnormal use, malfunction or failure.
This standard, together with its companion, IEC 60695-1-10, provides guidance on how this is
to be accomplished.

The primary aims are 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.

operties of the product
methods and performance
tolerable fire outcome or

be associated with the product, to establish how
are related to the outcome of those eyents, an
requirements for those properties whi i

eliminate the event altogether.

Annex A demonstrates a relatively si
toxic hazard from a burning™qaterja

Annex B demonstrates 138 ire ard assessment process as applied to an
electrotechnical produ i

Attention is dra : i i C Guide 104, and to the role of committees with
horizontal safety f
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FIRE HAZARD TESTING -
Part 1-11: Guidance for assessing

the fire hazard of electrotechnical products —
Fire hazard assessment

1 Scope

electrotechnical equipments,

materials.

It outlines a hazard-based process to identify appropriatedire S nd performance
criteria for products. The principles of the methodgleg i ire events (fire
scenarios) which will be associated with the produg i the measurable fire
properties of the product are related to the possible ndoutebme of those events

their individual applications.
responsibility of each prodyct committe

This basic safety publication s i < technical committees in the preparation of
standards in aczr&a ~ i id down in |IEC Guide 104 and ISO/IEC Guide
51.

One of the responsit ical committee is, wherever applicable, to make use of
basic safety publication preparation of its publications. The requirements, test
methods or ionNs his basic safety publication will not apply unless specifically

The following referenced documents are indispensable for the application 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 60695-1-10:2009, Fire hazard testing — Part 1-10: Guidance for assessing the fire hazard
of electrotechnical products — General guidelines

IEC 60695-1-21:2008, Fire hazard testing — Part 1-21: Guidance for assessing the fire hazard
of electrotechnical products — Ignitability — Summary and relevance of test methods

IEC/TS 60695-5-2:2002, Fire hazard testing — Part 5-2: Corrosion damage effects of fire
effluents — Summary and relevance of test methods

IEC/TS 60695-6-2:2005, Fire hazard testing — Part 6-2: Smoke obscuration — Summary and
relevance of test methods
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IEC/TR 60695-7-2:2002, Fire hazard testing — Part 7-2: Toxicity of fire effluent — Summary
and relevance of test methods

IEC/TR 60695-8-2:2008, Fire hazard testing — Part 8-2: Heat release — Summary and
relevance of test methods

IEC/TS 60695-9-2:2005, Fire hazard testing — Part 9-2: Surface spread of flame — Summary
and relevance of test methods

IEC Guide 104:1997, The preparation of safety publications and the use of basic safety
publications and group safety publications

ISO/IEC Guide 51:1999, Safety aspects — Guidelines for their inclusion in 8

ISO/IEC 13943:2008, Fire safety — Vocabulary

ISO/TR 13387:1999 (all parts), Fire safety engineering

3 Terms and definitions

For the purposes of this document, the terms and d
which are reproduced below for the use’ conveni

3.1

asphyxiant
toxicant that causes hypoxia, which
cardiovascular effects

3.2 @
available safe e pe

ASET
time available fore dual occupant, the calculated time interval between the
time of ignitio : i at’which conditions become such that the occupant is
estimated to¢be in itate ¢. unable to take effective action to escape (3.8) to a safe

NOTE 1 i éan be known, e.g. in the case of a fire model or a fire test, or it may be assumed,
e.g. it may be based upoR _an estimate working back from the time of detection. The basis on which the time of
ignition is determinedNs always stated.

NOTE 2 This definition equates incapacitation with failure to escape. Other criteria for ASET are possible. If an
alternate criterion is selected, it is necessary that it be stated.

NOTE 3 Each occupant can have a different value of ASET, depending on that occupant’'s personal
characteristics.

[ISO/IEC 13943, definition 4.20]

33
built environment
building or other structure

EXAMPLES off-shore platforms, civil engineering works such as tunnels, bridges and mines; and means of
transportation such as motor vehicles and marine vessels.

NOTE 1SO 6707-1 contains a number of terms and definitions for concepts related to the built environment.

[ISO/IEC 13943, definition 4.26]
Documents
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3.4
combustion
exothermic reaction of a substance with an oxidizing agent

NOTE Combustion generally emits fire effluent accompanied by flames and/or glowing.

[ISO/IEC 13943, definition 4.46]

3.5

combustion product

product of combustion

solid, liquid and gaseous material resulting from combustion (3.4)

NOTE Combustion products can include fire effluent, ash, char, clinker and/or soot.

[ISO/IEC 13943, definition 4.48]

3.6

effective heat of combustion
heat released (3.25) from a burning test specimen in a give
lost from the test specimen in the same time period

ided’ by the mass

NOTE 1 It is the same as the net heat of combustion if all th ted to volatile combustion

(3.4) products and if all the combustion products (3.5) are fu

NOTE 2 The typical units are kJ.g™".
[ISO/IEC 13943, definition 4.74]

3.7

environment
conditions and surroundi
exposed to fire (3.13)

[ISO/IEC 13943, defin
3.8

escape

effective action ta efuge or place of safety

[ISO/IEC 1394

3.9
exposure-dose
measure of th

inhalation, calcutated by integration of the area under a concentration-time curve

NOTE 1 For fire effluent, typical units are grams times minutes per cubic metre (g-min-m=3).

NOTE 2 For a toxic gas, typical units are microlitres times minutes per litre (uL-min-L-") (at 7 =298 K and
P =1 atm).

[ISO/IEC 13943, definition 4.89]

3.10
extinction area of smoke
product of the volume occupied by smoke (3.35) and the extinction coefficient of the smoke

NOTE It is a measure of the amount of smoke, and the typical units are square metres (mz).

[ISO/IEC 13943, definition 4.92]
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3.11

fire

(general) process of combustion (3.4) characterized by the emission of heat and fire effluent
(3.14) and usually accompanied by smoke (3.35), flame or glowing or a combination thereof

NOTE In the English language, the term "fire" is used to designate three concepts, two of which, fire (3.12) and
fire (3.13), relate to specific types of self-supporting combustion with different meanings and two of them are
designated using two different terms in both French and German.

[ISO/IEC 13943, definition 4.96]

3.12
fire
(controlled) self-supporting combustion (3.4) that has been deliberately
useful effects and is limited in its extent in time and space

ed to provide

[ISO/IEC 13943, definition 4.97]

3.13
fire
(uncontrolled) self-supporting combustion (3.4) that has r
provide useful effects and is not limited in its extent in time™and Sp ace

arranged to

[ISO/IEC 13943, definition 4.98]

3.14

fire effluent
totality of gases and aerosols, including
pyrolysis in a fire (3.11)

yeated by combustion (3.4) or

[ISO/IEC 13943, definition 4.105]

3.15

fire growth
stage of fire (3.11)
temperature of t

which the heat release rate (3.26) and the

[ISO/IEC 13943, defi

3.16
fire hazard

3.17
fire risk
probability of a fire (3.13) combined with a quantified measure of its consequence

NOTE It is often calculated as the product of probability and consequence.

[ISO/IEC 13943, definition 4.124]

3.18

fire safety engineering

application of engineering methods based on scientific principles to the development or
assessment of designs in the built environment (3.3) through the analysis of specific fire
scenarios (3.19) or through the quantification of risk for a group of fire scenarios

[ISO/IEC 13943, definition 4.126]

3.19

fire scenario

qualitative description of the course of a fire (3.13) with respect to time, identifying t

that characterise the studied fire and differentiate it from other possible fires beéé\ﬁ?ﬁents
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NOTE It typically defines the ignition (3.28) and fire growth (3.15) processes, the fully developed fire stage, the
fire decay stage, and the environment (3.7) and systems that will impact on the course of the fire.

[ISO/IEC 13943, definition 4.129]

3.20
fire test
test that measures behaviour of a fire (3.11) or exposes an item to the effects of a fire (3.12)

NOTE The results of a fire test can be used to quantify fire severity or determine the fire resistance or reaction to
fire (3.34) of the test specimen.

[ISO/IEC 13943, definition 4.132]

3.21

flame front

boundary of flaming combustion at the surface of a material or propa
mixture

a.gaseous

[ISO/IEC 13943, definition 4.136]

3.22
flame spread
propagation of a flame front (3.21)

[ISO/IEC 13943, definition 4.142]

3.23

flashover
(stage of fire) transition to a state of tptal
materials within an enclos

ent in a fire (3.13) of combustible

[ISO/IEC 13943, definition

3.24
fractional effec

FED

an asphyxiant (3.1) to that exposure dose of the
asphyxiant expe specified effect on an exposed subject of average

values for all asphyxiahtsAh a combustion atmosphere.

NOTE 3 The FED is dimensionless.
[ISO/IEC 13943, definition 4.160]

3.25
heat release
thermal energy produced by combustion (3.4)

NOTE The typical units are joules (J).
[ISO/IEC 13943, definition 4.176]

3.26

heat release rate

burning rate (deprecated)

rate of burning (deprecated)

rate of thermal energy production generated by combustion (3.4) Documents
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NOTE The typical units are watts (W).
[ISO/IEC 13943, definition 4.177]

3.27

ignition

sustained ignition (deprecated)

(general) initiation of combustion (3.4)

[ISO/IEC 13943, definition 4.187]

3.28

ignition

sustained ignition (deprecated)

(flaming combustion) initiation of sustained flame

[ISO/IEC 13943, definition 4.188]

3.29
incapacitation
state of physical inability to accomplish a specific task

NOTE An example of a specific task is to accomplish escape from afire

[ISO/IEC 13943, definition 4.194]

3.30
irritant, noun
(sensory/upper respiratory) gas or aergsol that stim

mouth throat and resp|ratory tract causi varying
e poNnse

reflex | eye closure, tear production, coughing, and

es nerve receptors in the eyes, nose,
ees of discomfort and pain with the

NOTE Physiological
bronchoconstriction.

[ISO/IEC 13943,

3.31
mass loss rate
test specimen m

3.32
obscuration by smgoke
reduction in the intensity of light due to its passage through smoke (3.35)

NOTE 1 In practice, obscuration by smoke is usually measured as the transmittance which is normally expressed
as a percentage.

NOTE 2 Obscuration by smoke causes a reduction in visibility.

[ISO/IEC 13943, definition 4.242]

3.33

qualitative fire test
fire test which is either:
a) a pass/fail test; or

b) a test which categorizes the behaviour of the test specimen by determining its position in
a rank order of performance
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3.34

quantitative fire test

fire test which takes into account the circumstances of product use in which the test
conditions are based on, or are relatable to, the circumstances of use of the test specimen,
and which measures a parameter or parameters, expressed in well defined terms and using
rational scientific units, which can be used in the quantitative assessment of fire risk

3.35
radiant heat flux
power per unit area emitted, transferred or received in the form of heat radiation

NOTE The typical units are kilowatts per square metre (kW-m~2).

[ISO/IEC 13943, definition 4.269]

3.36

reaction to fire
response of a test specimen when it is exposed to fire (3.12) u
fire test (3.20)

pditions in a

NOTE Fire resistance is regarded as a special case and is not nor

[ISO/IEC 13943, definition 4.272]

on to fire property.

3.37
smoke
visible part of fire effluent (3.14)

[ISO/IEC 13943, definition 4.293]

3.38

3.39
toxic
poisonou

NOTE A poisonou gnce produces adverse effects upon a living organism, e.g. irritation, narcosis or death.

[ISO/IEC 13943, definition 4.335]

3.40
toxic potency
measure of the amount of toxicant (3.39) required to elicit a specific toxic (3.37) effect

NOTE A small value of toxic potency corresponds to a high toxicity (3.40) and vice versa.

[ISO/IEC 13943, definition 4.338]

3.41

toxicant

toxin

toxic substance (3.37)

[ISO/IEC 13943, definition 4.340]
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3.42
toxicity
toxic quality

[ISO/IEC 13943, definition 4.341]

4 Elements of fire hazard assessment

4.1 Ignition sources

Ignition of an electrotechnical product can be caused by an electrically energised component
part, and the conditions which can cause ignition are of three types: an abpermal temperature
rise, a short-circuit, or accidental arcs or sparks. IEC 60695-1-10, Tab ists possible
origins of such phenomena and also lists the possible consequential efféct

4.2 Fire hazard

A fire hazard is a physical object or condition with a potentialNor an gsirable consequence
from fire (see 3.19). Fire hazards therefore encompas§ potential fue
(see 4.1).

4.3 Fire risk

may also refer to loss, of prop Y gnt of fire damage and the cost of repair
and replacement. A wjide range of (potential fi enarios may be analysed quantitatively to

includes consideratiop of the number and capabilities of people exposed to a fire involving
that product, and/orthe value and vulnerability of exposed property.

The threat to life and property damage associated with a product is usually the primary result
of the heat and fire effluent produced by the fire to which the product gives rise. Accordingly,
consideration is given to ignition and fire growth, followed by the heat release and the opacity,
toxicity and corrosivity of the fire effluent from a burning product, or from any materials that
owe their fire involvement to the product. The direct effects of these fire properties, as well as
their effects on people, affecting their ability to continue to function during and after the fire,
are considered. In some cases, additional factors must be evaluated as well, such as the
effects of excessive heat leading to the collapse of the surrounding structure or accumulation
of flammable gases, vapours and/or dusts leading to the possibility of explosion.

Certain products may cover considerable portions of exposed surfaces or may penetrate fire-
rated walls. Examples include products requiring large enclosures, as well as insulated cables
and conduits. Such products, when exposed to an external fire, should be evaluated from the
standpoint of their contribution to the fire in comparison to the same building, terials or
structure in which the products are not installed. rﬁocuments
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Following a detailed review of all the fire hazards related to a defined fire scenario, the final
product standards, as drafted, should include a series of tests or a single test, as appropriate,
to address the specific issues that have been identified.

The fire hazard assessment process is discussed in more detail in Clause 6.

5 Fire hazard tests

A fire hazard assessment shows how the different fire performance characteristics of the
product can initiate or contribute to the development of a hazardous fire situation under the
foreseeable conditions of use or misuse. These fire performance characteristics should be
obtained from quantitative fire tests in which the results are expresged in_fundamental
physical units, such as energy, mass, dimension, concentration apd\time, because this
enables the calculation of the effect or effects of fire under considerafioq.

Although the results of qualitative fire tests usually cannot be al-scale fire
performance, as the test conditions often cannot be related to the Tice io of concern,
nevertheless, under certain circumstances, it is appropriate’ to maintai tests or even to

develop new ones.

NOTE The nature and applicability of qualitative and qu
IEC 60695-1-10.

6.1 General

Fire hazard assessm ¢ e of fire test data in scientifically based models
of fire behaviou@ ' a ~ can then be used to control the hazards to life,
property and the ire s e product may give rise in a fire. This may be done
by modification of {k 8SigNn pe\product or by changing the way the product is used or

installed.
This internationa Res use of many of the elements of fire safety engineering
discussed™ dll parts). The ISO/TR 13387 series and subsequent standards

products, however, this approach is only appropriate when the product is intended to be used
in the built environment. A large number of products, however, find their way into the built
environment after design and construction are complete, either as movable contents or as
part of a system which is installed post-construction. Fire hazard assessment of these
electrotechnical products must take the building design parameters as fixed, rather than
controllable, elements in the process.

With respect to electrotechnical products, the primary concern of fire hazard assessment is to
characterize and then to control the impact of fires caused by electrically induced ignition. A
secondary concern is the possible involvement of the product after ignition has occurred
elsewhere.

NOTE 1 In fire hazard assessment, the likelihood that ignition will occur is assumed. A broader risk-based
approach to fire safety, of which fire hazard assessment can be a part, may also address the probability of ignition.
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NOTE 2 Further development of fire safety engineering has been carried out by ISO/TC92/SC4 and resulted in

publication of the following:ISO 23932:2009 [1] 1, 1ISO 16730:2008 [2], ISO/TS 16732:2005 [3], ISO 16733:2006 [4],
ISO 16734:2006 [5], ISO 16735:2006 [6], ISO 16736:2006 [7] and ISO 16737:2006 [8]

Other standards for fire safety engineering, such as the establishment and selection of fire
scenarios and design fires, evaluation of behaviour and movement of people, and general
guidance of performance-based fire safety design and assessment, are being developed by
ISO/TC 92/SC 4. All relevant ISO/TC 92 standards should be taken into account whenever
appropriate.

The basic steps to follow in developing a fire hazard assessment are:

a) the definition of the product range and circumstances of use, to which_the assessment
applies (see 6.2);

b) the identification, definition and analysis of the fire scenario o concern,
leading to a list of key product fire performance characterjs t nethods

hazard assessment is to apply. This is\donge b g/a candidate product, determining its
circumstances of use, and describimg.in pre orm the most significant fire scenario in

important source of hg
eventual scope of the
completely.

NOTE If appropriate,

6.3 Identificat

simulation) from before ignition to completion of combustion. There

e one fire scenario in which the product can participate, and in principle,
the product can be assumed to contribute differently to the consequences of fire associated
with each fire scenario. Therefore, a separate fire hazard assessment is required for each
important fire scenario identified.

Whether the focus of assessment is a product or a system, typically the most important fire
scenario characteristics will be those that either define the fire conditions that cause the
product to become involved in fire, or that indicate the time in the fire when its contribution
will cause the most serious consequences.

Thus, to be useful, the qualitative fire scenario must be analyzed so as to provide data which
quantitatively relates the outcome of the incident to the behaviour of the product — as a
source of ignition and/or in terms of its measurable fire properties as determined by available
reaction-to-fire tests.

1 Figures in square brackets refer to the bibliography. Documents
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6.3.2 Qualitative description of the fire scenario

A qualitative description of each fire scenario of concern should be developed. For each fire
scenario, the following questions should be considered:

a) What is the source of ignition, i.e., is it the product itself or is the product the victim of
a fire which has originated elsewhere ?

b) If the product is not the ignition source, describe the ignition conditions.
c) How is ignition detected ?

d) What is the size of the fire when the product ignites ?

e) What are the other fuels for the fire ?

f)  What is the location of the product ? Is it enclosed?

g) What are the ventilation conditions ?

h) What is the location of the fire relative to the product ?
i) What are the components of the fire effluent ?

i) Describe the arrangement of the compartment fire Veffluent will

accumulate.

k) What consequence or consequences of the
heat or the effects of fire effluent ?

m)

n)

o) What building fire s

p) » g or more of these building systems will
fail in connection g S\ ich cause the product to be involved in the
fire situation ?

q) What oth

Data available for

input data to a calculation procedure that produces the final fire hazard assessment.

NOTE Additional guidance on how to define and describe a fire scenario can be found in ISO/TR 13387-1, 10.4
and 10.5, and ISO/TR 13387-2, 5.1 through 5.2.6. In this fire hazard assessment, however, the important fire
scenarios are evaluated one at a time, not all together as in the ISO approach. (Hence, the material in
ISO/TR 13387-2, 5.2.7 through 5.2.11, is not used directly).

The fire scenario's primary purpose is to identify the product's potential contribution to each
undesirable effect of the developing fire and, thereby, those aspects of the product's fire
performance which affect the outcome of the fire scenario. Once the key contributors are
established, methods for their quantification or measurement must be identified as illustrated
in Figure 1.

The first fire scenario evaluated using Figure 1 will yield a list of the product's fire attributes

which relate to its contributions to the undesirable consequences arising from that fire
scenario. Analysis of subsequent fire scenarios will often identify similar undesirable
consequences and, therefore, many of the same fire attributes will be important. Hence, the

list of required measurements will grow more slowly, or perhaps not at all, as the lysi

the fire scenarios proceeds. ﬁa&ﬁrﬁents
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Following this, the fire scenarios are ranked in order of their importance. Ranking can be
done either on the basis of frequency or severity, or a combination of both. Once a fire
scenario ranking is established, it becomes apparent which aspects of product fire
performance are most important.

In many cases, particularly for products which will be used in a wide variety of different
circumstances, it will not be possible to answer all the questions listed in 6.3.2.

6.3.3 Quantitative analysis of the fire scenario

While the appropriate test methods that are required can usually be identified from a
qualitative analysis of the fire scenarios, a quantitative analysis of the most important fire
scenarios is needed. The analysis serves two functions:

1) It prowdes data concerning the thermal enwronment of t 2 prod ct, so\that test

a) Describe the fire growth curve.and t
without the product present.
the presence of the product.

d) Connect the t escri i ase~n-the undesirable consequences of the fire at
the target i th curve with and without the product present.

Quantitatively de ble onsequences of the fire requires that the methods
of fire safety enging rmg be he reader is referred to ISO/TR 13387, parts 2, 3, 4,
5, 7 and 8 whic{ iional/information on how these quantitative techniques are

calculations based on the methods of fire safety engineering will

require a~qumbe ification or input values. For example, a test for rate of heat release
of a burning ilMequire that the size and duration of the ignition source is specified
as well as the radianp heat intensity (flux) to which the product should be exposed and the

ventilation conditions under which it burns.

When the product is the first item ignited (an ignition may happen within the product), the
possibility of the occurrence of an excessive heat source and the possibility of the subsequent
ignition of surrounding part(s) should be examined.

When the product is not the first item ignited, nearby combustibles will be important in
determining the thermal conditions to which the product is exposed. Similarly, the heat, as
well as the quality and quantity of fire effluent, produced by other nearby burning objects
must be estimated in order to determine the importance of the contribution of the product.

The procedure for incorporating the appropriate tests into the analysis and for specifying the
test settings is outlined further in Flowcharts 1A to 1F.
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6.3.4 Simple hypothetical fire scenarios

To carry out a full fire hazard assessment is both complex and potentially expensive. Also, as
discussed above, information about the product environment may not be available or may be
within a broad range. It is therefore often useful to assume a relatively simple hypothetical fire
scenario based on historical data, and then to use this scenario to examine how a product
would affect the consequences of the fire.

As a minimum, the following basic information will be needed to define the fire scenario:

a) the nature of the fire growth curve — how much fuel is burning , at what rate, and how does
the burning rate change as a function of time;

b) the nature of the fuel, its heat of combustion, smoke yield and toxic gag

the stage or stages of fire; e.g. well ventilated or vitiated, low or hig

the volume into which the fire effluent is being dispersed.

known with~sdfficient certainty that the outcome to the fire scenario can be forecast
quantitatively.

b) Indirect method of characterizing the consequences of fire

It is often possible to relate a measured or calculated product property to an increase
in one or more of the undesirable effects of the fire. For example, the heat release
rate of the product may govern the temperature of the compartment and hence affect
equipment operation and/or continued human occupation. The rate of release of
smoke from a product may influence the available safe escape time. In this approach,
the quantitative relationship between the undesirable effect of the fire and the
properties of the product is identified, so that changes in the level of the undesirable
effect can be traced to changes in properties.

c) Comparative methods

Even when it is not possible to express these relationships quantitatively it may be
possible to relate the performance of a tested product to a reference level. For
example, cables with a known heat release may be considered as providing an
acceptably slow increase in temperature, even though the precise reldipghigiaents
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unknown. Then one measure of the relative hazard is the comparison of the heat
release rate of the product with the reference level.

6.5 Performance requirements

The quantitative analysis should make explicit how the fire performance of the product, as
measured by the test methods identified as appropriate, affects the outcome of the fire
scenario. The assessment should specify all the steps required to set meaningful safety
thresholds, or pass/fail criteria can be set by those responsible. For illustrations of how this
can be done, see Annex A and Annex B.

6.6 Interpretation of test results

At this point, the consequences of a fire assessment procedure will have ideaqtified which
parameters are to be used and how they are to be calculated, but the interpretation of the
results may still pose additional technical questions.

> directly in terms of death, injuries or
monetary loss, guid ive units and measurements should be
provided (e.g. s¢ ti e

fire).

b) local enclosure of the tested part, or

c) re-design of the tested part to increase its fire performance.
7 Scope and limitations of the fire hazard assessment

In the course of the fire hazard assessment many shortcomings in existing data and
knowledge will be encountered which force the user either to reduce the scope of the analysis
or to proceed using estimated data and/or unverifiable assumptions. Since these
considerations affect how future users apply any product standards resulting from the
analysis, it is necessary that these considerations are documented with considerable care,
especially when setting forth the nature of the products and the context of uses to which the
products are put. The exact limits of the assessment are seldom apparent before the
assessment is complete and so the originally defined products and context of use should be
reviewed.

a) Has the formulation of the fire scenario identified any products in the °”5B‘36Ei)fﬁents

which do not fit the final analytical scheme ?
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b) If so, can the fire scenario be modified to accommodate them, or must the product
scope be adjusted to exclude them ?

The trial description can be tested against a list of products which are potential candidates for
inclusion in the fire hazard assessment by making use of the procedure outlined in
Flowchart 2.

8 Fire test requirements and specifications

When preparing requirements and test specifications concerning fire hazard testing of
products, it is suggested that the technical committees follow the procedures shown below.

a) Read and follow the guidance contained in this standard.

tests:

IEC/TR 60695-1-21: Ignitability
IEC/TS 60695-5-2: Corrosion damage effects of fire
IEC/TS 60695-6-2: Smoke obscuration
IEC/TR 60695-7-2: Toxicity of fire effluent
IEC/TR 60695-8-2: Heat release
IEC/TS 60695-9-2: Surface spread offla

c) Compare the relevant fire performafice charagte s_identified in the scenario analysis to
i Yprocedures.

1) the test conditipns finally adepted\ t s close a relationship as possible to the
environment which\ig\heing modelled\or simulated,

2) the valid@/ ated to the manner of use and installation of the
product angitg"a i ger products,

the test pro

d) If a new test procedure is to be developed, quantify the essential features as listed above.
Further imports eatures are the purpose of the test, the limitations of the test, the use
of the information it provides and the ease of operation. 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 should be done in close liaison with TC 89 as described in
Clause 7 of IEC Guide 104. Then prepare the standard for the test method, including the
relevant information on its field of application, its limitations and reservations, and on the
use of the test results obtained. Make reference in the standard to recommended test
procedures wherever possible.
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Flow chart 1 — Description of the fire scenario
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1A1:
from Flow
chart 1

Can likely thermal
conditions of
ignition be
characterized?

Yes

- 23—

No

Ignitability/flammability test

Choose or ms

simulates these condijtions

(7]

Can “worst case”

conditions be

identified?

No

A4

w%
rt 1 <

ha

Explain in scope/limitations
why ignition cannot be
mitigated in this scenario

IEC 1538/10

Flow chart 1A - Ignitability/flammability evaluation
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1B1:
from Flow
chart 1

Describe circumstances under
which the product burns and
spreads flame

Characterize the heat flux
leva| and ventilation

onditions under which
\ flame spread occurs

Does the rate/extent of
flame spread influence
the outcome/severity

level and ventilation Flame or fire propagation test

conditions under which
burning occ

Characterize the heat flux [

ofthe’incident? Choose or develop a test for

flame propagation

No

SN

Heat release rate test under
selected heat flux anthyentilation
conditions

1B2:
to Flow
chart 1
Choose or develop a test for

heat release rate
IEC 1539/10

Flow chart 1B — Flame propagation and heat release evaluation
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1C1:
from Flow
chart 1

Will the thermal
environment
alone always

be lethal?

No

i
environment
alone destroy
equipment?

1C2:
To Flow
chart 1

A

Define the design fire

itions for fire
effluentproduction

A4

Mass loss test

Select/develop
measurement of mass
loss under design fire

conditions

A\ 4

Smoke test

Select/develop
measurement of smoke
obscuration under design
fire conditions

\4

Toxicity test

Select/develop
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Annex A
(informative)

Calculation of acceptable toxic yield values for an electrical

insulation material, based on a simple hypothetical fire scenario

NOTE |In this fire hazard assessment, a model which predicts the incapacitating effect of toxic effluent is used.
This model is described in IEC 60695-7-1. This differs from the mass loss model, based on lethality, that is used in
Annex B.

A.1 Definition of the fire scenario

At the least, six questions have to be answered in order to define theAire scena hese are:

[

What is burning ?

[}

How much of it is burning ?

Q O

What is the nature of the fire growth curve ?

)
)
) Into what volume is the fire effluent being disperse
)
)

ature w@ven

What escape time is available ?

D

—h

) What is the fire model - a high onlow temper ated or oxygen starved ?

A.2 Irritant fire ef

A.2.1 F values

escape from afi
F values for the seven common fire gas irritants are given in Table A.1.

A.2.2 Equation for irritants

For the assumed fire scenario, in order for no one to be incapacitated, the following equation
applies:

Yot (A1)

where
y; s the toxic yield of irritant i from the electrical insulation material, measured in a toxicity
test at high temperature and high ventilation, and

the X; values are calculated from the irritant /' values and the parameters of the defined
fire scenario. They are given in Column 3 of Table A.1. Documents
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NOTE “ <1 ” applies to a population of healthy adults. A lower number might be appropriate to take into account
the young, old and disabled.

Table A.1 - Irritant F values and calculated X values for the defined fire scenario

Irritant F value x 10° X /mg-g'1
Acrolein 30 14
Sulphur dioxide 150 78
Formaldehyde 250 61
Nitrogen dioxide 250 94
Hydrogen fluoride 500 82
Hydrogen bromide 1000 661
Hydrogen chloride 1000 298 /\

NOTE F values are as given in ISO 13571.

Acceptable toxic yield values for the electrical insulation ereforebe such that

Equation A.1 is satisfied, using the X values given in Tabl

(A.2)

where

V is the dispers u

m is the mass of fue

re and pressure) of the toxic gas.

With asphyxiants the effects are different from irritants. Incapacitation depends on exposure
dose which is a combination of volume fraction and time of exposure.

A.3.2 Equation for asphyxiants

To achieve a good approximation, the equation for asphyxiants is as follows:

3
Yco Yaen
+ <1 A.3
Xeco (XHCNJ (A-3)

where

Yco and yycy are the toxic yields of carbon monoxide and hydrogen cyanide from the
electrical insulation material, measured in a toxicity test at high temperature

and high ventilation, and Documents
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