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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

The main task of ISO technical committees is to prepare International Standards. In 
exceptional circumstances a technical committee may propose the publication of a 
technical report of one of the following types: 

- tYPe 1, when the necessary support within the techn cal committee cannot be 
obtained for the publication of an International Standard, despite repeated efforts; 

- Wpe 2, 
exposure; 

when the subject is still under technical development requiring wider 

- type 3, when a technical committee has collected data of a different kind from 
that which is normally published as an International Standard (“state of the art”, for 
example). 

Technical reports are accepted for publication directly by ISO Council. Technical 
reports of types 1 and 2 are subject to review within three years of publication, to 
decide whether they tan be transformed into International Standards. Technical 
reports type 3 do not necessarily have to be reviewed until the data they provide are 
considered to be no longer valid or useful. 

ISO/TR 3814, which is a technical report of type 3, was prepared by Technical 
Committee ISO/TC 92, Fire tests on building materials, components and structures. 

This second edition cancels and replaces the first edition (ISO/TR 3814 : 1975) and 
ISO/TR 6585 : 1979, which have been technically revised. 

0 ISO 1989 
All rights reserved. No part of this publication may be reproduced or utilized in any form or by any 
means, electronie or mechanical, including photocopying and microfilm, without Permission in 
writing from the publisher. 

International Organization for Standardization 
Case postale 56 l CH-1211 Geneve 20 l Switzerland 
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Introduction 

A building fire tan constitute a hazard to both the building structure and to its 
occupants, because of the heat generated and the production of smoke and gaseous 
products of combustion. Consequently, early building Codes and regulations were 
designed to prevent rapid fire development and spread within individual buildings and 
also from one building to another. These Codes have since developed into more com- 
plex laws governing public safety. Formerly, a distinction was made between the pro- 
tection of persons from fire and the protection of property, with more importante 
being placed upon the latter. However, this distinction becomes somewhat difficult to 
make when considering modern, large-area, high-rise structures, where protection sf 
the occupants in-place must Substitute for rapid evacuation. Restrittions on the use of 
combustible materials, compartmentalization, early fire detection and extinguishment 
are key factors for in-place protection of occupants and are also important for minimiz- 
ing property loss. 

This Technical Report describes the work being carried out by Sub-committee 
ISO/TC 92/SC 1 on the development of tests for the “reaction-to-fire” of building 
materials and discusses the role and limitations of these tests in reducing fire danger. 

. . . 
Ill 
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TECHNICAL REPORT ISO/TR 3814 : 1989 (E) 

Tests for measuring -to-fire” of building 
materials - Their development and application 

1 Development of “reaction-to-fire” tests 

Building control authorities in many countries have been con- 
cerned over the years about the safe use of materials in the con- 
struction of buildings. A number of national test methods have, 
therefore, been developed to provide the data necessary to 
identify the important characteristics of building materials or 
products under fire conditions. These tests, most of which are 
of laboratory scale, are collectively referred to as “reaction-to- 
fire” tests and include: 

ignitability; surface spread of flame; smoke development 
and obscuration; rate of heat release; non-combustibility; 
corner waII/room fire development. 

The original “reaction-to-fire” tests were generally developed 
with particular hazards, or fire situations, in mind. For example, 
the predecessors of the modern surface spread sf flame tests 
were developed in the 1930s and 194Qs using flame or radiative 
heat exposure to represent a fire burning freely in one corner of 
a room. Such tests are frequently referred to as “open tests”. 
Later developments led to tests which included a represen- 
tation of the room itself, these tests being called “enclosure 
tests” or “box tests”. In the latter case some, or all of the heat 
produced by the burning material, is retained in the enclosure 
and therefore tan in turn affect more of the material. Conse- 
quently, fire exposures in “enclosure tests” are often more 
severe than in “open tests”. 

Some national tests are designed to measure more than one 
fire Parameter. The individual results tan sometimes be used in- 
dependently, although the importante attached to each tan 
vary, whereas in others the test results tan be combined 
empirically to produce an index, or a range of indices, sf 
Performance. Considerable care must be taken when inter- 
preting the results of such combined tests. 

Because the various national reaction-to-fire test methods have 
been developed in different ways, even though they are in- 
tended to measure essentially the same fire characteristics, it 
has proved very difficult, and in some cases impossible, to 
obtain any meaningful correlations between the test results 
obtained when using them. This has created major difficulties, 
both for product manufacturers and for regulatory authorities 
around the world, when comparing the fire Performance of pro- 
ducts which have been tested using different national test 
methods. Additional Problems have also arisen concerning 
international acceptance of fire test data, and in some cases 
these have created barriers to trade. 

In an attempt to resolve this Situation, ISWTC 92 decided in 
the late 1960s to develop a series of individual test methods, 
each of them capable of providing information about certain 
aspects of the fire Performance of a range of building products, 
including those intended for use as wall and ceiling linings, 
floors and external cladding. lt was intended that as the new 
international test methods were developed and accepted, 
countries should incorporate them into their regulations, 
thereby minimizing the Problems caused by the use of 
individual national tests. 

Sub-committee 1 was, therefore, established and instructed to 
devise a “tool kit” of reaction-to-fire tests which could be used 
either individually, or collectively, to provide the required infor- 
mation on the fire Performance of building materials and pro- 
ducts. 

2 Fire development and growth 

Fire statistics show that the majority of fires are started by the 
ignition of building contents. Nevertheless, during a fire in a 
building all combustible products present tan contribute to the 
Overall fire hazard, whether they are present as contents, or are 
used to form part of the building itself. The product first in- 
volved in a fire will emit energy in the form of hot gases and 
radiative heat. Under unfavourable conditions this tan then 
Cause ignition of other combustibles in the room. If enough fuel 
and Oxygen are available this process will continue progress- 
ively with increasing temperature. Building products may 
therefore become involved at any Stage of a developing fire. 
Consequently, reaction-to-fire tests have to provide different 
exposure intensities simulating fire situations in the range 
between fire initiation and a fully-developed fire. 

Figure 1 Shows the different phases occurring during the 
development of a fire within a room. Reaction-to-fire properties 
such as ignitability, spread of flame and heat release produced 
by fire effluents are primarily related to the phases of a develop- 
ing fire before “flashover”. 

The fire Performance of a building product is generally highly 
complex and is not usually solely dependent on the Chemical 
composition of the material itself, but is affected by many other 
factors. These tan include its shape, surface area, mass, ther- 
mal inertia, its orientation and Position in relation to the poten- 
tial ignition Source and also its combination with other 
materials. In addition, the environmental and Service conditions 
to which the product has been exposed Prior to ignition, the 
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intensity and duration of the thermal exposure and also the 
Ventilation conditions during exposure tan influence its fire 
Performance. 

These factors, provided by the product and its environment, 
should be taken into consideration as far as possible when 
designing test methods and using the results for estimating 
potential fire risks. lt is important in the assessment of such 
risks to pay particular attention to all of these, since a Variation 
in one or more of them tan significantly influence the product’s 
contribution to a fire. lt must, therefore, be stressed that the 
fire Performance of a building product cannot be deemed to be 
a “specific material property” to which a specific fire risk tan be 
related. 

3 Fire risk assessment 

Building control authorities, fire protection engineers, and 
scientists have been developing and using fire risk assessment 
procedures for many years, even though they have not been 
thought of as such. These procedures, which have formed the 
basis for the development of fire protection Codes and stan- 
dards, have of necessity been primarily based on experience, 
since until recently very little effort has been made to refine the 
state-of-the-art knowledge to provide a technical basis for 
them. 

Fire risk assessment 
of the following. 

procedures usually include an evaluation 

3.1 A det erm ,ination that aP articu 
be potenti ally hazard ous i na fire 

lar pro duct maY 

The possibility that a particular product will create a hazard in a 
fire has generally been based on the assumption that combust- 
ible materials tan contribute actively to a fire, whereas non- 
combustible materials will not. Consequently, most regulations 
are based on the concept that combustible materials, as de- 
fined by a specified test method, may be considered to be 
potentially “harmful” and non-combustible materials are, 
therefore, conversely considered to be “Safe”. Whereas this 
may be considered to be a reasonable general approach it must 
not be assumed to be applicable in all cases, since the presence 
of non-combustible materials tan influence fire Performance to 
some degree, particularly in the context of fire growth and 
spread in a compartment. For example, when making a hazard 
assessment of a product intended for use in a particular situ- 
ation, account has to be taken of 

- the thermal 
structures; 

kpc) of products in surrounding 

the reflecting properties of those products; 

- organic compounds both inside or outside 
ducts, e.g. binders, adhesives, coverings, etc.; 

- 
com 

the influence of air 
bustible products. 

3.2 An estim ate of 
being ig nited under 

The probability of a fire occurring is a most important con- 
sideration in the fire risk assessment process, and this tan be 

gaps between non -combustible and 

the proba 
particular 

the pro- 

bility of the 
conditions 

product 

very difficu lt to estimate Currently, much reliance is placed 
experience and fire reco ,ds to determine this probability. 

on 

The traditional approach was based on the so-called “fire 
triangle” which required that three components, viz. heat, fuel 
and Oxygen, must be available in appropriate quantities for a 
fire to Start and to be sustained. However, even this was not a 
simple concept to apply since it was found that factors other 
than just the quantities of the various components needed to 
be taken into account. For instance, the total quantity of fuel 
available may not be a critical factor for determining ignitability 
since the physical form in which the fuel is presented to the 
ignition Source tan also have a significant effect. In general, a 
material in a finely divided form with a relatively large surface 
area such as thin Strips, shavings, etc., will be more easily 
ignited and permit more rapid flame spread across it surface 
and consequently be potentially more hazardous than an 
equivalent quantity of the same material in a solid form. Indeed, 
when some materials are used in the form of a fine powder, the 
ignition process tan occur explosively under certain conditions. 

Other considerations also need to be taken into account during 
the assessment procedure, such as whether any heat generated 
is likely to be retained in close proximity to the fire Source, e.g., 
from a fire in a closed compartment. 

3.3 A knowled 
various fire situ 

ge of the reactio n of the product in 

Fire tests developed by ISO/TC 92 and similar organizations 
may provide the necessary information on the reactions of pro- 
ducts to different fire situations. However, such tests are most 
useful when a range of ignition sources and heating conditions 
tan be used. Results based only on a restricted range of test 
conditions should therefore be used with caution. For example, 
a product may react entirely differently when exposed to a high 
heat flux than when tested with a relatively low heat flux. 

Although desirable, it is not possible at this time for any one 
test method to simulate every possible fire scenario. However, 
every effort should be made to use a thermal exposure in each 
test which relates to some real fire Situation, preferably one that 
will also give results which tan be used for fire modelling 
calculations. 

3.4 Recognition of the degree of risk which is 
economically and socially acceptable in a given 
Situation 

This is a most important aspect of the fire risk assessment pro- 
cess which many believe should be the responsibility of sociol- 
ogists and/or politicians. However, although such persons may 
be required to make the final decision, the total responsibility 
should not rest solely with them. They should be advised by 
technical experts who have studied the Problems in depth and 
who have a thorough understanding of the significance of all 
relevant factors. 

An important Stage in the risk analysis process entails defining 
the relative hazard represented by the occupancy of the build- 
ing. An occupancy which consists of alert, mobile People 
should be able to accept a higher degree of risk than one where 
the occupants are non-ambulatory or asleep. Careful con- 
sideration should also be given to the site location, the nature 
of the surrounding terrain, the availability of assistance, etc., 
which tan all play major roles. 
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Once the decision has been made on what is an acceptable 
level of risk, then all available techniques should be used to 
devise the most economical and practicable method of keeping 
the risk below this critical level. 

if the RHR test follows figure 3b), no obvious ranking of 
materials is possible. Relative ranking may therefore con- 
ceivably depend on the Chosen scenario. Ranking cannot, 
therefore, be based on simple ad hoc examination of test 
results; more elaborate Validation procedures are needed. 

4 Reducing the risk 

Over the years many different techniques have been used 
reduce the risks arising from building fires, these include 

to 

a) reduction of fire incidents by education of building oc- 
cupants; 

b) control of the tYPes and amo 
materials permitted in speci fit areas; 

unts of hazardous 

c) isolation and control of potential ignition sources, such 
as heating devices and electrical appliances; 

d) providing 
materials; 

Separations between easily ignitable 

e) restriction of rapid fire spread by the use of flame retar- 
dant materials; 

fl mitigation of the effects of a fire by providing adequate 
early detection, easily accessible escape routes, smoke con- 
trol, and extinguishing equipment; 

9) containment of fires within limited areas by the use of 
fire resistant structural elements such as floors and Walls; 
and the protection of openings by the use of fire doors, 
shutters, etc. 

lt is obvious from the foregoing that control sf building 
materials under fire conditions is but one aspect of the complex 
process of fire risk reduction with respect to building protection 
and life safety. 

5 Current work and future developments 

The development work already carried out, or nearing comple- 
tion,. within Sub-committee 1 has resulted in the availability 
of a nunaber of test methods conforming to the ISO “tool kit” 
concept. These methods satisfy the required specifications 
regarding ruggedness and ease of Operation of test apparatus 
and reproducibility of test results. Some test Outputs or results 
directly describe the basic material flammability Parameters 
governing the fire growth process within a compartment. Other 
Parameters are only implicitly given by the test data. A serious 
deficiency is the lack of suitable procedures to translate fire test 
data accurately and unambiguously into actual fire perform- 
ante specifications. 

The present Situation tan best be described by reference to a 
practical situation. Figure 2 gives the time to ignition for two 
hypothetical materials, A and B, when tested in the ignitability 
test. Figures 3a) and 3b) represent two possible outcomes 
from the rate of heat release (RHR) tests for materials. A 
reasonable interpretation sf the test results if figures 2 and 3a) 
are combined is that material A is the more hazardous. But 

The elementary method of Validation, i.e. the linking of test 
output with the room fire growth process, would employ a 
statistical correlation analysis, with test output quantities as in- 
dependent variables, and time to significant fire process 
events, such as room flashover, as dependent variables. Unfor- 
tunately, the number sf combinations of independent variables 
and the number of room fire seenarios which need to be in- 
cluded in such a study would make this approach prohibitively 
expensive and cumbersome. 

Validation must therefore be based on a theoretical under- 
standing of the test procedures and of the room fire process. 
Recent developments in mathematical fire modelfing suggest 
that significant progress is being made towards such an under- 
standing. 

Theoretical investigations of some of the test methods have in- 
dicated procedures which are suitable for the derivation of rele- 
vant material flammability Parameters. These include minimum 
exposure levels for ignition, effective values of thermal inertia, 
and flame spread Parameters. For other tests, such as the rate 
of heat release test, the results are immediately applicable for 
mathematical modelling . 

Very recent and still continuing research has been able to cor- 
relate the Parameters mentioned above with selected full-scale 
room fire seenarios. The number of seenarios need to be in- 
creased in Order to enlarge the area of applicability and in Order 
to gain more confidence in the Validation studies. There are 
good reasons to believe that within a few years this research 
will lead to the production of engineering calculation rules and 
a rational methodology based on data obtained from reaction- 
to-fire tests. 

6 Uses of reaction-to-fire tests in reducing 
fire risk 

The reaction-to-fire tests developed within Sub-committee 1 
are intended to form a “tool kit” of tests for use by fire 
engineers and scientists for the evaluation of the fire perform- 
ante of a wide range of building materials and products. These 
tests will be particularly useful for measuring reaction-to-fire 
phenomena under variable conditions during the pre-flashover 
Phase of a developing fire. 

lt is intended that the test methods should be widely used by 
building control authorities, both nationally and internationally, 
for the production of fire safety regulations and Codes and it is 
recommended that 

a) countries currently using reaction-to-fire test methods 
as a basis for their national fire safety requirements should 
consider incorporating the ISO test methods into their na- 
tional classification Systems at the earliest opportunity, such 
as when existing regulations become due for revision; 
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b) countries intending, in the future, to introduce new 
national testing and classification systems for fire safety of 
building materials and products should, as a first Step, 
quantify the hazards relating to reaction-to-fire, concerned 
in their own control System, and then choose the ap- 
propriate test, or tests, from the ISO “tool kit”. 

Widespread use of the ISO series of “reaction-to-fire” tests 
should make a significant contribution to the reduction of fire 
risks by providing a greater understanding to users of the per- 
formante of buiding materials and products under Standard fire 
conditions. With the increasing use of these tests, large data 

bases will become available for a wide range of materials, which 
should in turn lead to wider international acceptance of fire test 
data and possibly lead to a reduction in Problems concerning 
barriers to trade. 

Data produced from these tests will also be suitable for use in 
the mathematical modelling of fire Performance. An experimen- 
tal room test has been developed to provide data for test vali- 
dation and modelling purposes. This may also be useful for the 
experimental comparison of the “reaction-to-fire” perfor- 
mances of building products, using different fire seenarios and 
test conditions. 

r - -  ______ - - - - - - - - r - - - - - - - - - -  - - - - - - - -  - - -  

1 

r - - - - - - - - - - - - - - - - - - . - - r - - - - - - - - - - - - - - - - - ,  

I  
l 

1 

l 

Pre-ignition I Fire growth Fully developed I Fire decay I 
L ____ _______ L ____________ ------L _____ -------------l----------------i 

Ignitability 
Flame spread k------ -l 

Fire Penetration 
-_-~--~-- 

Heat development 

Smoke, toxicity, corrosivity 

•l 

Figure 1 - Diagram showing the different phases in the development of a fire within an enclosed space 
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Annex A 
(informative) 

Reaction-to-fire tests 

A.1 General 

A.l.1 “Tool kit”’ of tests 

The behaviour sf buiiding products under fire conditions is very 
complex and depends upon a range of different factors. Conse- 
quently, it is not possible for any currently available Single test 
method to provide information for a complete range of fire 
seenarios. The test methods described in the following sections 
have been developed in Order to provide a “tool kit” of tests for 
building products, each of which is intended to measure a dif- 
ferent reaction-to-fire Parameter. Users tan then select 
whichever test, or combination of tests, they feel will best suit 
their needs. 

A.1.2 Selection of test samples 

lt is important to ensure that any fire test is carried out on a 
representative Sample of the product to be evaluated. If the 
product is in any way irregular in its physical dimensions, or 
composition, e.g., if it has uneven surfaces, different faces, or 
is formed of asymmetric laminations, then more than one test, 
or series of tests, may have to be carried out in Order to 
evaluate the Overall Performance of the product. Esch test 
method should include instructions as to how samples of the 
product are to be selected for test and also the number required 
for each test. 

A.1.3 Conditioning of test samples 

The moisture content of some building materials tan have a 
significant effect on how they perform under fire conditions. 
This particularly applies to those which are cellulose based and 
also to cementitious materials. lt is important, therefore, that 
wherever practical, all specimens shall be conditioned to con- 
stant mass Prior to test, under Standard conditions of 
temperature and humidity. In addition, certain other materials 
which undergo prolonged curing or setting mechanisms after 
manufacture may also need to be pre-conditioned before test. 
The Standard conditioning environments for reaction-to-fire 
test samples are normally in the range 21 OC to 25 OC and 40 % 
to 60 % relative humidity. 

A.1.4 Abnormal behaviour 

The instructions for most reaction-to-fire tests require that note 
shall be made in the test report of any abnormal, or unusual 
behaviour shown by any of the samples during a test. This is 
particularly important if it could in any way affect the final 
result, or otherwise interfere with the satisfactory conduct of 
the test. Such behaviour tan include, for example - melting, 

6 

slumping or dripping of thermoplastic materials, violent 
disintegration of the test Sample when heated, intumescence, 
extinguishment of Pilot flames caused by flame retardant ad- 
ditives in the test Sample, etc. In some cases such behaviour 
may invalidate the results of the test and thereby render the 
material unsuitable for testing by that particular method. In 
some circumstances it may be possible to test additional 
samples in Order to compensate for the abnormal behaviour. 
Such behaviour during a specific reaction-to-fire test does not 
necessarily mean that the particular product will be hazardous 
in a real fire Situation. 

A.l.5 Validation 

To validate each test method fully, the results need to be com- 
pared with data obtained on the same materials wheen tested 
in full-scale fire tests, preferably those which are representative 
of real fire seenarios. Since the majority of the test methods 
described in this annex are still under development, such infor- 
mation is not generally available. Nevertheless, before the pro- 
posed test methods are accepted for general use, appropriate 
comparative test data must be provided. Sufficient inter- 
laboratory testing should also be carried out to ensure that the 
apparatus and the test method are capable of producing results 
with acceptable levels of repeatability and reproducibility. 

A.l.6 Correlation with other fire tests 

As far as possible, attempts should be made to correlate the 
results of these tests with other “reaction-to-fire” tests and 
also with other fire tests. 

A.1.7 Ageing of building products 

The fire Performance of many building products tan Change 
with time. Such changes tan occur either very rapidly, or quite 
slowly, depending upon a number of factors. These factors, 
which tan include exposure to moisture, sunlight, heat, venti- 
lation, mechanical or physical darnage, etc., may result in 
obvious physical changes in the product such as cracking, 
embrittlement or shrinkage. In addition, other less visible 
changes may occur including the degradation or migration of 
Chemical constituents. Consequently, it is important to 
recognize that initial compliance of a material or product with 
prescribed test criteria is not a guarantee of continued perform- 
ante. Care should therefore be taken when using test results 
obtained on building products to make due allowance for the 
effects of ageing. In some critical situations it may be necessary 
to re-test products periodically to ensure that an adequate level 
of Performance is being maintained. 
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