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O Introduction 

Over recent years there has been growing concern about fire testing, both in general and from the viewpoint of international and 
national standardization, with a view to reducing fire hazard and controlling the materials used in buildings. 

It should be noted that the simple phrase "fire test" does not have an agreed usage. For example, the oxygen index test was 
developed and is used with fire primarily in mind and, even though it may not be regarded by many as properly a fire test, it is 
sometimes called one. On the other hand, tests for thermal conductivity and diffusivity are not referred to as fire tests, nor were they 
develQped primarily with fire in mind, yet they may well be most relevant to certain fire hazards. For the purpose of this Technical 
Report, the term "fire test" shall be applied to any test used to provide information relevant to some aspect of the assessment of the 
behaviour of a material, alone or composite or part of a structural system, in a fire. 

Until now, fire performance ratings of materials, products or systems have been based on experience and surmise and this situation is 
likely to continue for a long period of time. Ultimately, however, a more rational approach to this fundamental problem will be feasi- 
ble. This Technical Report attempts to introduce some of the avenues open for this purpose. 

Fire produces environments which endanger people and valuable property, be it buildings or their contents. These hazardous en- 
vironments (see clause 7) occur because many materials, especially organic ones, hydrocarbon fuels, wood and many plastics, can be 
ignited by common energy sources and cause chemical reactions, usually with atmospheric oxygen, to produce heat. The rate of heat 
production generally becomes more than is needed for ignition and so leads to self sustaining combustion. This in turn can cause the 
burning zone to spread and to produce temperatures high enough to cause materials to lose strength (such as steel which is normally 
inert in fires) or to fracture (such as concrete) by inducing stresses when expansion is restrained. 

Fires also produce quantities of unburnt liquid and solid residues (soot) which, even when diluted with fresh air, can produce toxic, ir- 
ritant and corrosive atmospheres and reduce visibility sufficiently to impede escape and cause loss of orientation. 

The behaviour of materials in fires is not only to be assessed by exposing them to a source typical of a small ignition source. Some 
other material may be ignited first and produce strong heat sources capable of igniting materials which a small source would not. The 
concept "reaction to fire" refers to a range of possibilities according to the conditions. Flammable materials on ceilings may form 
flaming droplets and spread fire to the floor, a behaviour which depends on the position of the material as well as on the material itself. 
These few examples illustrate the complex nature of fire behaviour which is characterized by the interaction of materials, design and 
use. 

Were it not that fire can be hazardous, there would be no regulations and few if any fire tests, but it is 
Technical Report to differentiate between tests used for regulatory and non-regulatory purposes. It is essentia 
that there is no a priori basis for claiming that a fire test assesses a given hazard. The claim must be justified and may involve more 
than one test, for example a smoke test and a flame spread together, since the former might use a fixed mass or volume of material 
and the latter might assess the amount involved in the fire. 

The primary purpose of some tests has been directly to control what is manufactured and sold, indirectly to reduce the hazard. It is 
not obvious that one can replace all such tests by tests based on performance criteria and related directly to hazard. 

1 

This Technical Report gives guidance on the way in which use can best be made of fire tests and briefly discusses certain particular 
fire characteristics. It should not be considered as providing full guidance on the use of any one test. Each particular test will have its 
own significance and problems, and more detailed guidance for each test should be sought in the annex to the International Standard 
for the test concerned. 

The relevance of fire tests should be seen as providing information to assess fire hazard, and thereby safety, rather than the reverse. 
This view corresponds to emphasizing the caution necessary in interpreting test performance. 

In relating tests to hazards, it is necessary to identify and quantify the various components of fire environments so that the extent to 
which a test simulates any aspect of a fire can be stated. Procedures are needed by which a correlation between tests and "real" fires 
can be established through research on experimental simulations of "real" fires. 

These questions are briefly discussed, through mainly in connection with the growth of fire in buildings. It is suggested, for example, 
that the distinction between tests which purport to relate to hazard and those which do not lies not in the tests themselves but in the 
claims made for them and the presence or absence of objective evidence supporting such claims. 

Scope and field of application 

2 The control of fire hazard 

A person must have confidence in the safety of those places into which he may have to go. Such confidence or feeling of safety is 
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partly a matter of likelihood that a fire will not occur and partly that if one does, one will not suffer. Whilst objective economic criteria 
may be possible for expenditure on safety as an investment or as an alternative to investment, it is doubtful if one can be devised for 
the subjective maintenance of confidence or to express consumer preferences which are culturally and socially dependent. 

It must be emphasized that testing is only part of the process by which danger from fire is limited and by which hazards are controlled. 
It is sufficient to mention codes of practice, legal prohibitions, the roles of inspection and education, to realize that testing and the 
specification of performance requirements are but part of the control process. 

Figure 1 illustrates schematically how fire hazards result from activities, some of which are the consequence of the development of 
new materials and new designs. New developments in fire standards and codes arise not only from the recognition of hazards but 
from new social habits and from new materials, some of which replace existing materials, whilst others permit new types of activities 
and therefore introduce new kinds of hazard. Figure 2 amplifies the "analysis and research" shown in figure 1. A "verification" feed- 
back is shown from "control" to "hazard" in figure 1. 

Unless there is some way of checking whether the controls have influence on the occurrence or severity of fires, there is little effective 
meaning to the elaborate discussion of what particular type of control is applicable or to its existence. Some administrative device is 
required in order to check whether the introduction of any control has an influence on the occurrence and severity of fires and the 
minimum requirement is the collection and analysis of data. 

3 Fire hazard 

3.1 The major problem in any discussion of the significance of test data lies in their relation and relevance to fire hazard. Danger can 
arise from fire because there is too high a probability that a fire may start or because there is too high a probability that, once started, 
its dangerous consequences cannot be mitigated. Measures to reduce the former are fire prevention, those to reduce the latter are fire 
protection and they include, inter alia, the provision of escape routes and fire-fighting equipment. 

It may be necessary to distinguish formally between the likelihood of a fire occurring and the likelihood of a particular consequence 
once the fire has started. The former is largely the province of ignitability (in so far as tests are involved) and the latter of other tests (or 
ignitability tests of higher severity). The two probabilities are, to some extent, dependent on different factors and so statistically might 
be regarded as independent. Such independence has considerable implications for probabilistic design criteria but in so far as both 
probabilities are dependent on a common factor, for example bad management, the value of distinguishing between the two is lessen- 
ed. Nevertheless, it is important to recognize that some tests are concerned only with the risk of initiation and others solely with the 
consequences of fire starting. Provisionally one might distinguish between these components of "hazard" by referring separately to 
"risk of initiation" and "consequential hazard". A third element is of course the degree of exposure of the property or people to the 
fire. Higher standards might be appropriate if more people were likely to be present at any one time. 

3.2 It is assumed that a hazard has been recognized and is described in terms of some fire situation. It may, of course, be identified 
by statistical reports of real incidents, by the study of some puzzling incident, or it may be identified apriori(it does not take research 
to confirm that smoking near dip tanks of flammable liquids could be dangerous). Once a hazard is publicly recognized then the ap- 
propriate authorities can examine a particular situation and ask whether or not the elimination of that hazard requires a change in 
design or a change of procedure, or change of material. If the latter, one can then devise a routine test to compare one material, or 
product, with another fulfilling the same purpose. 

3.3 Alternatively a manufacturer may be making a product which has many uses. It can therefore be involved in several fire situa- 
tions, some of which may have a recognized hazard and some not. Enquiries then start from the point of view of the material or pro- 
duct, and the various hazards to which it may be exposed, or to which it may contribute, need to be identified. 

3.4 With the former approach, beginning with hazard, each material or product is submitted to one and the same test or set of 
tests, corresponding to the hazard situation, whereas, beginning with material or design, different types of tests for different situa- 
tions are required. It can be argued that some, if not all, quality assurance tests are relevant (or are intended to be relevant) to ignition 
when the material is the one first ignited from a small source, and if certain materials and products, for example electrical equipment 
and clothing, are exposed only in certain hazardous situations in which there is no inter-changeability with other materials or pro- 
ducts, there are good reasons why tests might differ. 

3.5 
same way, using a suitable source of ignition. 

If different materials or products are used where they may be subjected to a common ignition source, one must test them in the 

However, to consider the contribution of the given material to a fire started by some other material, the behaviour of the material has 
to be examined in the context of the kind of fire in which it could become involved so that it may be necessary to test it in a situation 
simulating a fire in, say, a corridor or a fire in an aeroplane. These arguments necessarily imply that there may be a necessity to test 
materials or products in more than one fire environment. 
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3.6 The choice and the definition of such environments is not necessarily a simple matter. It is usually accepted that fully developed 
fires are simulated in the fire resistance test. So far as a structural failure is concerned, it has the sanction of tradition but this is 
possibly not the best representation of such a fire for all the hazards with which, say, the fire brigade is concerned. Indeed, fire 
brigades and architects may well have different subjective concepts of what a fire is, and testing must become objective to overcome 
many of the reservations held by one or other interested parties. 

3.7 Two approaches have been considered, but there is a third. The two described ought to simulate some aspect of fire hazard, for 
example the ignition of a chair by a cigarette or the exposure of a wall to a fully developed fire, or a stage in the development of a fire. 
In the third approach sufficient understanding is assumed of the nature of fire and fire behaviour and the way in which materials con- 
tribute to fire development, to use test data from selected environments to make predictions for others. Such predictions may be by 
means of theory or experience. 

3.8 
ventional risk even in a simplified form and the spread of flame test is the latest in the long development of such tests. 

Although the tests are not directly measuring basic physical and chemical properties of a material, it is desirable to reduce as far as 
possible the dependence of what is measured on the apparatus itself, if one is seeking to obtain data having general use. Thus the 
time to spread flame under defined and reproducible thermal flux is a quantity which research can hope to relate to more basic proper- 
ties. 

The tests which are being studied and developed clearly simulate some hazards. The test for ignitability is simulating a very con- 

It follows that some compromise may be required at the present time between a close simulation of a particular hazard (necessitating 
tests for each hazard) and idealization of the exposure to permit interpretation and generalization. 

3.9 A method of using the data from these simplified situations is needed to assess the hazard in a more complicated situation and it 
is this problem i.e. the assessment of hazard from data obtained from ignitability, spread of flame, the rate of heat release, and other 
tests, that must now be considered. Some of the arguments can be extended to other tests. 

4 The assessment of hazard by tests 

4.1 In general terms, one has to assess the relevance of any tests or test to some given hazard. If the hazard is well recognized and 
can readily be simulated, for example the ignition of a mattress by a cigarette, it is sensible to base the test directly on that hazard 
itself, but where this is not possible, or is temporarily not practicable, we have to correlate the tests with the hazard in some way. Fires 
are fortunately rare events; about 10 % of building fires in the UK are started by smoking materials, but only 1 in 108 cigarettes are 
associated with a fire so that the hazardous situation needs to be well defined before experiments are productive. 

In consequence, the experimental study of risk raises problems different from those in the experimental study of consequential 
hazard. 

4.2 One way or another some situation is presumed and experiments are undertaken to simulate fires in this situation (see figure 2). 
If the problem is one of risk of fires starting, an attempt may be made to simulate the ignition situation or the equipment failure by a 
test leading to it and to conduct many repeat tests, the results of which are to be analysed statistically. If the more complex conse- 
quential hazard is being examined, one can, as an example, describe a procedure in terms of a fire in a room (see figure 3). Various 
measurements can be made : measurements (M of the temperature, gas concentrations, time, collapse of ceiling, ignition of walls, 
etc., can be taken for a variety of different materials, for example different lining materials (LI, and different carpets (Cl, etc. i.e. 
various measurements M I ,  M2, M3, etc. can be made for various combinations of L and C, etc. Some assessment must then be made 
of the relationship between hazard of injury or death and any one or more of the various measurements - threshold danger levels for 
example, can be set for temperature or gas concentration or ignition time. It should be recognized that this step is, at present, almost 
exclusively qualitative because, although it is known that life cannot be supported below some concentration of oxygen or above 
some gas temperature, translation of these thresholds into risk is quite a different matter. It is presumed, however, that various criteria 
can be fixed for M I ,  M2, etc., but it has to be recognized that there may be a need to change these in light of experience. 

4.3 For each type of lining and carpet, etc., a second set of numerical values can be obtained, some of which are the results of ex- 
isting or proposed fire tests. There are also data pertaining to basic properties of each material, such as calorific value, thermal con- 
ductivity, k ,  density and specific heat capacity, c, as well as a mass transfer B number, oxygen index, etc. We then require an ex- 
amination of the multi-variate correlation between the various values of M and this set of numerical values. Such an analysis could tell 
us which of the various numerical values are significant and which are the most significant - the most primitive form of this activity is 
to correlate one given measure from a test with one experimental property. For example, the results of the US E162 test with the ther- 
mal inertia of kec, or of the British Standard fire propagation test provide a numerical index, the components of the index being 
weighted to give the simplest meaningful correlation to flashover time. Even this kind of exercise must be conducted over as wide a 
range of materials as is likely to be tested; few fire tests have been correlated with reality even at  this primitive level. 
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4.4 Although the above procedure is a pragmatic approach which can establish a correlation, a rational use of data from standard 
tests in a functional design requires an understanding of the physical realities expressed by the test result. To this end, an analytical 
model of the dynamics of the test process is necessary, As a corollary to this, if a test is measuring something which can be quan- 
titatively defined in physical or chemical terms, it ought to be possible to predict test results for certain simple, idealized situations, for 
example a homogeneous flat material. Such exercises are commonly performed in research, and success allows one to better under- 
stand what the test really does and the extent to which the results are apparatus dependent. 

Concurrently with the evolution of the theoretical analysis of testing methods, the last few years have seen rapid progress in the 
capacity to describe mathematically radiant and convective energy transport from large scale turbulent flames and the influence of 
this energy transport on burning and fire spread. 

With the main features of the analytical model thus assumed, and with material characteristics determined from the standard tests, 
comparison between theory and a specified full scale test should make possible the validation of model structures as well as identifica- 
tion of undetermined parameters. Techniques to be used for this purpose have been developed within the field of automatic control to 
identify a variety of industrial chemical and physical processes. 

When, for a given simplified geometrical full-scale situation, the process dynamics have been identified, deterministic sensitivity 
studies may be performed to ascertain the influence of the properties of the test material on the fire spread and fire product generation 
processes. Finally, going from the deterministic phase to a recognition of the stochastic nature of many state variables, reliability 
studies may be made, taking into account uncertainties in ignition processes, material properties, analytical modelling and en- 
vironmental conditions. The results could have the form of time and space-dependent probability density curves of fire products. 
More realistically, a distribution-free, first order linear analysis would provide the first and second moments of the maximum values of 
the corresponding quantities. Coupled with definitions of the limits of human tolerance and escape facilities, the fire hazard may be 
evaluated. This may in turn lead to a consistent definition of the integrated concept of a "reaction to fire" index for the given situa- 
tion. 

To reach this stage of development will take a considerable number of years. Research is required on : 

a) the applicability, to the tests being developed, of available analytical thermophysical mathematical models regarding fire pro- 
duct generation; 

b) systematic identification studies of model structures and parameters (such as basic and derived material properties); 

c) studies to identify those full-scale fire situations where at least the gross features of the process dynamics are known, and by 
use of model validation and parameter determination techniques to evaluate quantitatively the fire performance of the tested 
material; 

d) procedures to translate fire performance results into a fire hazard assessment. 

4.5 The above separate arguments suggest that one or more research programmes are required so that one can find the proper 
weightings to be attached to the results of separate tests before assessing a hazard. If this is not possible in the short term, what in- 
stead can be done ? 

The short answer is that the assessment must be completed by an appeal to experience or to surmise. In some way or another, by a 
committee or by research, materials or products can be placed in an "acceptable" order of rank and test results weighted for whatever 
hazard is involved. Such "acceptable" orders can be revised pragmatically or as a result of analysis or research. It is essential that as 
wide a range as possible of materials be included. 

In view of the variability of fire behaviour, i.e. its sensitivity to factors (some of which are not controlled, for example extent of door 
opening, arrangement of furnishings), such experimental studies must include sensitivity tests. All too often research teams have 
reached contradictory conclusions because they have had to presuppose different standardized conditions. 

4.6 It should be emphasized that poor performance or failure in a test gives grounds for a presumption of hazard. The converse is 
not necessarily true; good performance does not equally provide a presumption of safety. One might contemplate defining safety by 
the effectiveness of measures to limit fire hazard. Such a definition would be consistent with the view that the role of fire tests is more 
in connection with assessing fire hazard and not safety from hazard. 

4.7 Quantitative differences between the performances of a material or product in two tests that purport to assess the same fire 
characteristic (and therefore which should have no qualitative differences) have probably much less physical significance compared 
with differences between, on the one hand, real fires as a class and, on the other, tests which simulate them. Even if they are not 
trivial, it will be difficult to demonstrate the differences in any verification procedure. Such differences that do exist between tests 
may however be very important for good reproducibility and other properties required for approved tests. They may also be important 
commercially for defining acceptable performance near border lines. 

6 
Full document details: ISO_TR 6585_1979

http://www.avadocuments.com/doc/iso-tr-6585-1979
http://www.avadocuments.com/doc/iso-tr-6585-1979

