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Abstract: 

 

Fire hazards from electrical distribution and utilization systems installed in industrial,
residential, and public buildings/areas are covered. A method for practical fire hazard assessment
for electrical equipment containing insulating materials, based on relevant fire or failure scenarios
drawn from service experience and engineering analysis, is established. The relationship between
small-scale material tests and large-scale fire hazard tests is discussed. Written for the electrical
engineer responsible for the safety of electrical systems and equipment, this guide provides
guidelines for design of insulation systems and selection of insulating materials and aids in the use
of codes, regulations, standards, product listings, and testing to improve safety.
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IEEE Standards

 

 documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Board. Members of the committees serve voluntarily and without compensation.
They are not necessarily members of the Institute. The standards developed within
IEEE represent a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE that have expressed an interest in partici-
pating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard
does not imply that there are no other ways to produce, test, measure, purchase, mar-
ket, or provide other goods and services related to the scope of the IEEE Standard.
Furthermore, the viewpoint expressed at the time a standard is approved and issued is
subject to change brought about through developments in the state of the art and com-
ments received from users of the standard. Every IEEE Standard is subjected to
review at least every five years for revision or reaffirmation. When a document is
more than five years old and has not been reaffirmed, it is reasonable to conclude that
its contents, although still of some value, do not wholly reflect the present state of the
art. Users are cautioned to check to determine that they have the latest edition of any
IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership affiliation with IEEE. Suggestions for changes in docu-
ments should be in the form of a proposed change of text, together with appropriate
supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions
of standards as they relate to specific applications. When the need for interpretations
is brought to the attention of IEEE, the Institute will initiate action to prepare appro-
priate responses. Since IEEE Standards represent a consensus of all concerned inter-
ests, it is important to ensure that any interpretation has also received the concurrence
of a balance of interests. For this reason IEEE and the members of its technical com-
mittees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. 

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

IEEE standards documents may involve the use of patented technology. Their
approval by the Institute of Electrical and Electronics Engineers, Inc. does not mean
that using such technology for the purpose of conforming to such standards is autho-
rized by the patent owner. It is the obligation of the user of such technology to obtain
all necessary permissions.
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Introduction

 

(This introduction is not a part of IEEE Std 1221-1993, IEEE Guide for Fire Hazard Assessment of Electrical Insulating
Materials in Electrical Power Systems.)

 

This guide was prepared by the Dielectrics and Electrical Insulation Society (DEIS) Technical Committee
S-32-12: Fire Hazard Assessment Technical Committee.

The work was sponsored by the IEEE Dielectrics and Electrical Insulation Society S-32, with ongoing coor-
dination with IEEE SCC-18 (NFPA Standards).

A first draft of this document was discussed during the inaugural meeting of this technical committee held in
Los Angeles on May 18, 1988.

At the time this guide was completed, the Dielectrics and Electrical Insulation Society (DEIS) Fire Hazard
Assessment Technical Committee Working Group had the following membership:

 

Tor Orbeck,

 

 

 

Chair

 

Vytenis Babrauskas L. Bruce McClung Walter D. Smith
Robert O. Bremner Bill Page Donald Stonkus
Robert M. Eichhorn Naren Patel David Sundin
Pravinray Gandhi Leon Przybyla Archie Tewarson
James P. Kinney, Jr. John Punderson Bernard W. Whittington

 

The following persons were on the balloting committee:

 

Vytenis Babrauskas Tor Orbeck Walter D. Smith
Robert O. Bremner Bill Page Donald Stonkus
Robert M. Eichhorn Naren Patel David Sundin
James P. Kinney, Jr. John Punderson Archie Tewarson
L. Bruce McClung Bernard W. Whittington
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When the IEEE Standards Board approved this guide on September 15, 1993, it had the following
membership:

 

Wallace S. Read,

 

 Chair

 

Donald C. Loughry,

 

 

 

Vice Chair

 

Andrew G. Salem,

 

 

 

Secretary

 

Gilles A. Baril Jim Isaak Don T. Michael*
José A. Berrios de la Paz Ben C. Johnson Marco W. Migliaro
Clyde R. Camp Walter J. Karplus L. John Rankine
Donald C. Fleckenstein Lorraine C. Kevra Arthur K. Reilly
Jay Forster* E. G. “Al” Kiener Ronald H. Reimer
David F. Franklin Ivor N. Knight Gary S. Robinson
Ramiro Garcia Joseph L. Koepfinger* Leonard L. Tripp
Donald N. Heirman D. N. “Jim” Logothetis Donald W. Zipse

*Member Emeritus

 

Also included are the following nonvoting IEEE Standards Board liaisons:

 

Satish K. Aggarwal
James Beall
Richard B. Engelman
David E. Soffrin
Stanley I. Warshaw

Valerie E. Zelenty

 

IEEE Standards Project Editor
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IEEE Guide for Fire Hazard Assessment of 
Electrical Insulating Materials in Electrical
Power Systems

1. Overview

This guide covers fire hazards from electrical distribution and utilization systems installed in industrial,
residential, and public buildings/areas. This guide also describes how a practical fire hazard assessment can
be established for electrical equipment containing insulating materials. The hazard assessment should be
based on relevant fire or failure scenarios based on service experience and engineering analysis. The
relationship between small-scale material tests and large-scale fire hazard tests is discussed.

This guide is written for the electrical engineer responsible for the safety of electrical systems and
equipment. It provides guidelines for the design of insulation systems and the selection of insulating
materials. This guide aids the engineer in the use of codes, regulations, standards, product listings, and
testing to improve safety.

The key fire hazard parameters are as follows:

a) Ease of ignition
b) Flame propagation (spread)
c) Heat release rate
d) Light obscuration (smoke production rate)
e) Corrosive combustion products
f) Toxic combustion products

2. References

This guide shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the revision shall apply.

ANSI/NFPA 70-1993, National Electrical Code.1

ANSI/NFPA 263-1986, Heat and Visible Smoke Release Rates for Materials and Products.
This document specifies a testing method for the determination of release rates of heat and visible smoke

from materials and products when exposed to different levels of radiant heat. 

ASTM E176-91d, Terminology Relating to Fire Standards.2

1ANSI/NFPA publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th
Floor, New York, NY 10036, USA, and also from Publications Sales, National Fire Protection Association, Batterymarch Park, Quincy,
MA 02269, USA.
2ASTM publications are available from the Customer Service Department, American Society for Testing and Materials, 1916 Race
Street, Philadelphia, PA 19103, USA.
1
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ASTM E535-92, Practice for Preparation of Fire Test Standards.

ASTM E662-92, Test Method for Specific Optical Density of Smoke Generated by Solid Materials.

ASTM E906-83, Test Method for Heat and Visible Smoke Release Rates for Materials and Products.

IEC Guide 104 (1984), Guide to the drafting of safety standards, and the role of Committees with safety
pilot functions and safety group functions, 2d ed., and Amendment No. 1 (1989).3

IEC 695-1-1 (1982), Fire hazard testing—Part 1: Guidance for the preparation of requirements and test
specifications for assessing fire hazard of electrotechnical products—General guidance, 1st ed.

IEEE Std 383-1974 (Reaff 1992), IEEE Standard for Type Test of Class 1E Electric Cables, Field Splices,
and Connections for Nuclear Power Generating Stations (ANSI).4

ISO 3261-1975, Fire tests—Vocabulary.5

NOTE: Additional relevant national and international standards are listed in the bibliography in clause 5.

3. Definitions

3.1 Risk assessment

3.1.1 hazard: An intrinsic property or condition that has the potential to cause harm or damage.

3.1.2 risk: The combination of the probability of an abnormal event or failure and the consequence(s) of that
event or failure to a system’s components, operators, users, or environment. 

3.1.3 risk analysis: A procedure to develop probability estimates of occurrence of each specific hazard.

3.1.4 risk assessment: The process and procedures of identifying, characterizing, quantifying, and
evaluating risks and their significance. 

3.2 Fire hazards

Listings of standard terms can be found in ASTM E176-91d6 and ISO 3261-1975.

3.2.1 active fire protection: The minimizing of fire hazards in electrical systems by the use of fuses, circuit
breakers, and other devices.

3.2.2 approved (NEC): Acceptable to the authority having jurisdiction.

3.2.3 auto ignition: Ignition without a pilot source.

3.2.4 combustible: Capable of undergoing combustion in air, at pressures and temperatures that might
occur during a fire in a building, or in a more severe environment when specified.

3IEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH-1211, Genève 20, Switzerland/
Suisse. IEC publications are also available in the United States from the Sales Department, American National Standards Institute, 11
West 42nd Street, 13th Floor, New York, NY 10036, USA.
4IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.
5ISO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genève 20, Switzer-
land/Suisse. ISO publications are also available in the United States from the Sales Department, American National Standards Institute,
11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
6Information on references can be found in clause 2.
2
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3.2.5 combustion: A chemical process of oxidation that occurs at a rate fast enough to produce heat and usu-
ally light, either as a glow or flame.

3.2.6 conductive heat release: The energy released from a burning material to whatever is in direct contact
with it.

3.2.7 convective heat release: The heat contained in the hot gases produced in a fire.

3.2.8 corrosion: A process of gradual weakening or destruction, usually by a chemical action.

3.2.9 critical heat flux: The heat flux below which ignition is not possible.

3.2.10 endothermic: Characterized by or formed with the absorption of heat.

3.2.11 exothermic: Characterized by or formed with the release of heat.

3.2.12 fire endurance: A measure of the elapsed time during which a material or assembly continues to
exhibit fire resistance under specified conditions of test and performance.

3.2.13 fire exposure: The heat flux of a fire, with or without direct flame impingement, to which a material,
product, building element, or assembly is exposed.

3.2.14 fire gases: The airborne products emitted by a material undergoing pyrolysis or combustion that at
the relevant temperature exist in the gas phase.

3.2.15 fire hazard: A fire risk greater than an acceptable level.

3.2.16 fire performance characteristic: A response of a material, product, or assembly to a prescribed
source of heat or flame under controlled fire conditions. Such characteristics include ease of ignition, flame
spread, smoke generation, fire endurance of the material, corrosiveness, and toxicity of the smoke
generated.

3.2.17 fire performance test: A procedure that measures a response of a material, product, or assembly to
heat or flame under controlled fire conditions.

3.2.18 fire point: The lowest temperature at which a specimen will sustain burning for five seconds (see
4.2.3.1).

3.2.19 fire products: Heat, smoke, and toxic and corrosive products.

3.2.20 fire propagation: The movement of a flame front on the surface of materials and products beyond
the ignition zone.

3.2.21 fire resistance: The property of a material or assembly to withstand fire or give protection from it. As
applied to elements of buildings, it is characterized by the ability to confine a fire or to continue to perform a
given structural function, or both.

3.2.22 flame spread index: A number or classification indicating a comparative measure derived from
observations made during the progress of the boundary of a zone of flame under defined test conditions.

3.2.23 flammable: Subject to easy ignition and rapid flaming combustion.

3.2.24 flashover: The transition from a localized fire to the general conflagration within the compartment
when all fuel surfaces are burning.

3.2.25 flash point: The lowest temperature of a sample at which application of an ignition source causes the
vapor of the sample to ignite momentarily under specified conditions of test.
3
uthorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:16:50 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE 1221-1993

http://www.avadocuments.com/doc/ieee-1221-1993
http://www.avadocuments.com/doc/ieee-1221-1993


 

IEEE
Std 1221-1993 IEEE GUIDE FOR FIRE HAZARD ASSESSMENT OF ELECTRICAL 

                                                                                                     

A

Full document det
3.2.26 heat capacity: The heat required to raise the temperature of a unit mass of material by one degree.

3.2.27 heat flux: The flow of heat per unit area; i.e., thermal energy incident upon a surface area per unit
time [kW/m2 (kJ/m2/s)].

3.2.28 heat of combustion: The thermal energy (chemical, convective, and radiative) per unit mass, i.e.,
MJ/kg (BTU/lb), released during burning.

3.2.29 heat of gasification: The heat required to convert a unit mass of material to a vapor.

3.2.30 heat release rate: The  rate of energy  release  associated with the combustion of a material,
i.e., kW/m2 (kJ/m2/s).

3.2.31 identified (NEC): Recognized as suitable for a specific service, purpose, function, use, environment,
application, etc.

3.2.32 ignition temperature: The lowest temperature at which sustained combustion of a material can be
initiated under specified conditions.

3.2.33 labeled (NEC): Conductors, equipment, or materials that meet appropriate standards or that have
been tested and found suitable for use in a specified manner.

3.2.34 listed (NEC): See labeled (NEC).

3.2.35 mass burning rate: Mass loss per unit time by materials burning under specified conditions.

3.2.36 nonthermal fire hazard: A hazard resulting from combustion products (such as smoke and toxic
and corrosive fire products).

3.2.37 optical density of smoke: A measure of the attenuation of a light beam passing through smoke,
expressed as the common logarithm of the ratio of the incident flux, I0, to the transmitted flux, I
[D = log10 (I0/I)].

3.2.38 passive fire protection: The selection of materials that resist ignition and fire propagation, and
produce low levels of fire products.

3.2.39 piloted ignition: Initiation of combustion as a result of contact of a material or its vapors with an
energy source such as a flame, spark, electrical arc, or glowing wire.

3.2.40 pyrolysis: Irreversible chemical decomposition caused by heat, usually without oxidation.

3.2.41 radiative heat release: The heat radiating from flames.

3.2.42 self-heating: The result of exothermic reactions, occurring in some materials under certain
conditions, whereby heat is liberated at a rate sufficient to raise the temperature of the material.

3.2.43 self-ignition: Ignition resulting from self-heating.

3.2.44 smoke: The airborne solid and liquid particulates and gases evolved when a material undergoes
pyrolysis or combustion.

3.2.45 surface flame spread: The propagation of a flame away from the source of ignition across the surface
of a liquid or a solid.

3.2.46 thermal fire hazard: A hazard resulting from the generation of heat in a fire.
4
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4. Assessment of hazards associated with fires involving electrical systems

4.1 General 

Recently, considerable efforts have been directed toward making laboratory-scale tests more predictive of
large-scale phenomena.

Traditionally, the fire hazard assessment of insulating materials was based on standard and nonstandard tests
evaluating the ignitability of a sample under specified conditions. The fire-behavior of materials in a full-
scale fire, however, is not usually predicted by traditional small-scale tests.

Most valid fire hazard tests are those that evaluate the fire hazard of a system or a product under conditions
closely simulating the potential fire-failure mode and fire condition in the equipment installation. The
relationship between material test data and the fire risk of an installation should be established through initial
large-scale testing.

Performance of products in a real fire is affected by a combination of factors. Some of these are controlled
by the environment (e.g., the size of the room, the ventilation conditions, and the type of construction). Other
controlling factors are the circumstances under which the products are used (e.g., their orientation and the
amount present) and the product’s flammability behavior (e.g., ease of ignition; heat release rate; flame-
spread rate; and rate of generation of smoke, and toxic and corrosive products under different fire
conditions).

In order to design electrotechnical products with acceptable characteristics for minimizing fire hazard,
careful attention should be paid to the permissible mechanical, electrical, and thermal stresses. This
minimizes the possibility of fire hazard under conditions of normal use, foreseeable abnormal use, and faulty
operational conditions. The desired fire safety normally can be achieved by employing one or more of the
following safeguards:

- Parts and/or circuit-design and protection that, under overload or failure, are not likely to ignite or to
cause ignition

- Materials, including enclosures, that are sufficiently resistant to probable ignition sources and heat
within an electrotechnical product

- Designs that adequately restrict the propagation of fire and spread of flame (e.g., fire walls and fire
stops)

- Early warning and egress planning in conjunction with automatic extinguishing systems so that
personnel are able to exit in a swift, orderly manner

- Appropriate enclosures to protect sensitive equipment

- Automatic extinguishing systems in conjunction with air handling systems to capture and move the
products of combustion away from personnel and sensitive equipment

Hazard assessment proceeds as follows:

a) Establish major hazard scenarios for specific equipment and systems from failure reports, statistics,
and experience.

b) Define major fire hazard scenarios of electrical systems and establish a model of fire development
for full-scale tests.

c) Subject individual components of a system to a set of small-scale test methods conducted at heat
flux and temperature conditions expected in a real fire situation.

d) Identify the criteria of procedures, such as models, to evaluate the fire hazard.
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