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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each 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 technical committees is to prepare International Stan-
dards, but in exceptional circumstances a technical committee may
propose the publication of a Technical Report of one of the following
types:

~ typert; when the required)support cannot be obtained for the publi-
cation of an International Standard, despite repeated efforts;

— typel2when'the ’subject is still under technical development or
where dorirany-other/reason theretis the-future but not immediate
possibility of -an-agreement on an International Standard;

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

Technical Reports of types 1 and 2 are subject to review within three
years of publication, to decide whether they can be transformed into
International Standards. Technical Reports of 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have to be reviewed until the data they provide are considered to be no
longer valid or useful.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 10158, which is a Technical Report of type 2, was prepared by
Technical Committee ISO/TC 92, Fire tests on building materials, com-
ponents and structures.

Annex A of this Technical Report is for information only.
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Introduction

This Technical Report was drawn up within ISO/TC 82/SC 2/WG 2 with
the intention of providing a general background, with respect to the
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principles that should be followed as well as the rationale employed in

the development of guidance documents on

— interpolation and extrapolation by analogy and calculation of results
of fire resistance tests;

— analytical determination of fire resistance of structural elements.

The Working Group is now preparing ¢such jguidance, documents;in-
tended for issue as ISO Technical Reports. A paralleltask’of the Working
Group is a survey on the need for tests for determination of data as input
for analytical design of fire exposed structures' and structurallelements.

Role of ISO/TC 92

The role of ISO/TC 92 in therinternationalidevielopmentofianalyticaband
computerized methods for structural fire designiis defined by the;terms
of reference for SC 2/WG 2 which read

a) to develop documents which give guidance on how the results of ISO
fire resistance tests of structures can be extended by interpolation
and extrapolation and applied in practice;

b) to study the interrelation between experimental and analytical
methods for the determination of fire resistance and to propose sol-
utions to ensure consistency between the two;

c) to analyse the needs and suggest additional tests to provide data as
input for analytical methods;

d) to keep its activities within the scope of SC 2.

The Working Group has identified a number of well-defined tasks from
these terms of reference and is now preparing a series of basic docu-
ments which are intended for issue as ISO Technical Reports, as fol-
lows:

a) state of the art report and guidance document on interpolation and
extrapolation by analogy and calculation of results of fire resistance
tests for different types of load-bearing structural elements;

b) state of the art report and guidance document on analytical deter-
mination of fire resistance of load-bearing structural elements;

c) survey on the need for tests for determination of data as input for
analytical design methods.
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A simplified questionnaire has been circulated to all the member coun-
tries of ISO/TC 92/SC 2 concerning the interpolation and extrapolation
of fire resistance test data and the analytical determination of the fire
resistance of structural elements.

The response obtained from the questionnaire indicates that calculation
procedures for the interpolation and extrapolation of fire resistance test
data are accepted by authorities in several countries. The practices do,
however, vary in regard to the limitations of the application of the pro-
cedure as far as variations in the tested prototypes are concerned.

The replies have also confirmed that there is no current basis available
for assessing the influence of variations in the tested prototypes upon
the performance of doors, windows, shutters, dampers and ducts, other
than in regard to the size of the tested assembly.

There is also an indication of a somewhat more fragmentary basis for
calculations involving non-load-bearing separating elements than for
load-bearing structural elements such as floors, beams, columns and
walls. There is also a variation in the character of the calculation pro-
cedures for interpolation and extrapolation which ranges from an ap-
proximate estimation to a thorough analysis.

The number of countries where the authorities accept a classification
based upon an analytically determined fire resistance is somewhat
more limited. However, in most countries where such classifications are
not normally accepted, an analytical determination may be developed
and acceptediforarparticular design:

In connection with the circulation of the questionnaire and later, refer-
énces! 1110/ [29(see dnnex<iA) 'were identified as useful bases for the
analytical determination of the fire resistance of building elements and
for analytical, structural fire design.
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Principles and rationale underlying calculation methods in
relation to fire resistance of structural elements

1 Scope

This Technical Report is intended to provide a
background, with respect to the principles that
should be followed as well as the rationale em-
ployed in the development of calculation methods
for the determination of the fire resistance of ele-
ments of building construction.

Clause 3 contains explanations¢ofisome of'the,basic
terms employed in the development and application
of the concept of fire resistance, ande¢proceedsqto
relate them first to the test method and then to the
requirements that are typically considered in current
documents which regulate building construction.

Clause 4 contains a discussion concerning the;sig-
nificance of fire resistance.

Clause 7 elaborates upon the development and ap-
plication of calculation methods which are associ-
ated with the results obtained from fire resistance
tests, and concludes with a review of the consider-
ations involved in their continuing development and
consolidation.

Clause 8 begins with a survey of the methods that
are presently available for structural fire design,
followed by an enumeration of the precepts that ap-
pear to be applicable to their use. The clause ter-
minates with the listing of certain conclusions which
appear to be appropriate at this time, as well as
some actions which are indicated following this re-
view.

Clause 9 deals in more detail with the consider-
ations involved in the development and application
of calculation methods which are directly related to
an analytical determination of fire resistance.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this Technical Report. At the time of publication,

the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this Technical Report are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

ISO 834:1975, Fire-resistance tests — Elements of
building construction.

1S0. B8264:1975, Fire tests — Vocabulary.

301 Definitions

Forotheopurposes of this Technical Report, the fol-
lowing definitions apply.

3.1 fire resistance: As presently defined in ISO 834,
the term “fire resistance™ means the duration of
heating, expressed in units of time in accordance
with the standard fire resistance test until failure
occurs, under the conditions — load-bearing capac-
ity, insulation, integrity — appropriate to the speci-
men. In the test, the specimen is exposed in a
furnace to a temperature rise, which is controlled so
as to vary with time, within specified limits, accord-
ing to the relationship

T — Ty =34510g,,(81+ 1) )]
where

{ is the time, in minutes;

T is the furnace temperature, in degrees

Celsius, at time ¢;

To is the furnace temperature, in degrees
Celsius, at time ¢ = 0.

NOTE 1  The fire resistance of tested elements of build-
ing construction is typically expressed by the number of
minutes, hours, or fractions of hours during which the
building element meets certain functional criteria with re-
spect to load-bearing capacity for a load-bearing struc-
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tural element, insulation and integrity for a separating
element, and load-bearing capacity as well as insulation
and integrity for a load-bearing and separating element.

For load-bearing structural elements, the test method re-
quires that the specimen under test shall not collapse.

In practice, the ultimate load-bearing capacity of a struc-
tural element is established by either a critical value of
deflection, a maximum rate of deflection, or a critical
temperature, depending upon the circumstances.

For elements which have a separating function, the test
method specifies that the average temperature of the un-
exposed face of the specimen under test shall not in-
crease above the initial temperature by more than
140 °C. It is also required that the maximum temperature
at any point on this face shall not exceed the initial tem-
perature by more than 180 °C and at the same time shall
not exceed 220 °C irrespective of initial temperature.?.

With respect to integrity, the specimen under test is said
to have failed when flames or hot gases can pass through
cracks, holes or other openings which may be present in-
itially or are formed during the test. Integrity failure is
deemed to have occurred if a specified cotton pad is ig-
nited, when it is applied to the opening.

Other terms which may be used in this Technical
Report and which are otherwise_not yet included in
ISO vocabulary documents suchas 1SO!3264] are
defined as follows:

3.2 fire compartment: An enclosed space in a
building that is separated from all other parts ofithe
building by an enclosinghiiconstructionichhavingoa
specified period of fire resistance, within which asfire
can be contained, without spreading to another part
of the building. The construction enclosing the fire
compartment can contain portions (e.g. windows
and doors) necessary for its function, which have a
fire resistance lower than this specified period. A
fire compartment can be divided into subcompart-
ments. It may also extend through one or more
floors, in which event it becomes a multi-level or
multi-storey fire compartment.

3.3 real fire: A fire which develops in a building and
which is influenced by such factors as the type of
building and its occupancy; the combustible content
(the fire load); the ventilation, geometry and thermal
properties of the fire compartment; the extinguishing
systems in the building and the actions of the fire
brigade. Real fires are complex phenomena. Con-
sequently, in a structural fire design, idealized ver-
sions of real fires are employed.

3.4 experimental fire: A full or reduced scale fire
with specified and controlled characteristics.

3.5 design fire: A fire with specified exposure data
intended for use in connection with structural fire
design calculations.

A design fire may either be representative of the
thermal exposure described by the standard time-
temperature curve in accordance with the 1SO 834
[equation (1)], or some non-standard exposure in-
tended to simulate particular fire exposure con-
ditions.

4 Associated criteria

The basic element currently employed in the deter-
mination of fire resistance is the standard fire re-
sistance test in accordance with 1ISO 834, or one of
the various national equivalents. The tested element
of building construction is typically required to be
representative of the actual building construction for
which the information on fire resistance is required,
with respect to materials, form and design, as well
as having prescribed minimum dimensions.

On this point there is currently a divergence of
opinion among experts in several countries in re-
gard to the utilization and acceptance of data de-
rived | from| tested ' assemblies. Most authorities
accept the analogous concept of the applicability of
fire iresistance derived from a test to building con-
struction of a’generally larger scale. There is also
an increasing acceptance of the application of test
reslults together with engineering studies to deter-
minecthé aceceptances ofialternative components and
materials)do those qualified in tested assemblies.
These considerations, together with the use of in-
terpolation and extrapolation in the expansion of the
applicability of the test data are further discussed in
clause 7.

As noted in the introductory remarks, a current sur-
vey indicates that fire resistance derived from cal-
culations involving the consideration of the basic
properties of materials at the elevated tempera-
tures, anticipated under fire exposure conditions,
has thus far achieved limited acceptance among
authorities. However, the current trend is that cal-
culation methods as an alternative to testing will
become accepted by authorities in more and more
countries. The European recommendations and the
related manual for the design of steel structures
exposed to standard fire conditions recently drawn
up by the European Convention for Constructional
Steelwork (ECCS) (23], [26], together with the corre-
sponding design guide for fire exposed concrete
structures prepared under the auspices of the
Comité euro-international du béton (CEB) [20] [29],
will further stimulate such acceptance.

1) In the revision of ISO 834:1975, the criterion to limit the temperature to 220 "C has been deleted.



5 Application of fire resistance

The requirement of fire resistance in building codes,
regulations, etc., is a means of preventing the
spread of fire by dividing a building into fire com-
partments by fire separations having an appropriate
degree of fire resistance, or preventing the failure
of load-bearing structures or structural elements.

The level of fire resistance required is influenced by
such factors as the building height and volume, the
type of occupancy, and the importance of the struc-
ture or structural element to the overall stability of
the building. It is also influenced by the fire load,
which determines the severity of the fire exposure.
This was first quantified by Ingberg who derived the
relationship

ty=f(Q/4;) = f(4y) (2
where

i is the standard fire duration;

Q is the fire load in the compartment;

A; is the floor area of the fire compartment;

G is the corresponding-fire load density:

This relationship is still the basis of mosti current
codes and regulations. In more recent relationships,
the additional importance of the ventilation, the, ge-
ometry and the materials of the fire compartment
boundaries have also 'been “considered {see
equation (3)].

6 Significance of fire resistance

The fire resistance test method prescribes a stan-
dard fire test environment which is characterized by
the “standard temperature-time curve” expressed
mathematically by equation (1).

The time curve of the furnace temperature, 7T, is
shown in figure1 for 7, = 20 °C. For compatrison,
figure 1 also includes curves illustrating the average
gas temperatures obtained inside a fire compart-
ment during four full-scale tests in which different
fire load densities (¢;) were employed under speci-
fied ventilation and thermal characteristics of the
compartment (30l The curves demonstrate that the
heat exposure in a real (experimental) fire can de-
viate consideraby from the heat exposure pre-
scribed by the standard fire resistance test.

The purpose of the standard fire environment rep-
resented by the standard temperature-time curve is
to provide test conditions reasonably representative
of a severe fire exposure condition for comparing
the performance of various representative forms of
building construction. It is, however, important to
note that this standard fire exposure condition does
not necessarily represent an actual fire exposure

ISO/TR 10158:1991(E)

situation, nor are the test results necessarily indic-
ative of the behaviour of building elements under
real fire exposure conditions. The test does, never-
theless, grade the performance of load-bearing
and/or separating building elements on a common
basis.
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NOTE - The compartment used for the test had a floor area of about
12 m? and a volume of about 40 m3 B%,

Figure 1 — Comparison of ISO temperature-time

curve with temperature-time curves obtained from

compartment fires with fire load densities of 15 kg,

20 kg, 30 kg and 60 kg wood per square metre of
floor area

7 Extension of data from fire resistance
tests

7.1 General

The calculation methods which are most likely to
achieve initial acceptance by designers and author-
ities are those which extend the data obtained from
standard fire resistance tests conducted upon
representative forms of building structure and which
relate to the conditions, performance requirements,
and acceptance criteria presently prescribed by the
test method. This clause deals with the rationale and
principles associated with such methods.
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7.2 Generally accepted precepts involving the
extension of test data

7.21 The most simplistic application of the test
data derived from a standard fire test is to duplicate,
completely, the sub-assembly of the building struc-
ture that is to be the subject of a fire design.

7.2.2 It is, however, necessary to make a number
of compromises in the representation of the actual
building construction, beginning in most cases with
the fact that the tested construction is invariably of
a smaller scale than the construction it is intended
to represent.

7.2.3 A generally accepted precept among author-
ities is that the fire resistance achieved by the ap-
plication of the test method to a model
representative of an actual full scale structure is
appropriate for use in such building structures em-
ploying components with larger spans and hence
having greater size (mass per metre, cross-
sectional area, or section modulus) than those em-
ployed in the tested prototype. Such acceptance is
predicated upon the fact that the-structural-compo-
nents concerned have been appropriately loaded
during the fire resistance test to develop their fuil
theoretical design stresses.

7.2.4 An accommodation of the fire design re-
quirements of a wide varietysiofiabuildingc.cons
structions by the correspondingly limited number of
fire resistance tests that can be conducted has seen
the gradual emergence and acceptance of a number
of practices, the acceptance of which is based upon
what might be termed “an analogous worst case
proposition”. As an example, it has been found that
load-bearing elements such as beams, girders and
joists yield higher fire resistance when subjected to
fire resistance tests as part of floor, or roof and
ceiling assemblies, than they would when tested
separately. Some authorities have consequently ac-
cepted the premise that the structural members in
tested assemblies may be replaced by other load-
bearing elements which, when tested separately
yield fire resistances not less than that of the as-
sembly into which they will be substituted in order
that the qualifying assembly may be more
representative of the actual building structure under
consideration.

7.25 The matter of the substitution of structural
members from one type of fire tested structure to
another, when selecting a tested assembly which
represents as closely as possible a particular form
of building structure, is regulated by some author-
ities in accordance with the following precepts:

a) the capacity for heat dissipation from the struc-
tural member in the assembly where a structural

member is being substituted shall be equal to or
greater than that of the assembly in which it was
originally subjected to fire test;

b) the capacity for heat transfer to the structural
member in the assembly in which a structural
member is being substituted shall be equal to or
less than that in the assembly in which it was
originally tested;

c) the load deformation characteristics of the as-
sembly in which the structural member is being
substituted shall be equal to or lower than those
of the assembly in which it was originally tested.

It should be noted that the first precept referred to
above would preclude the substitution of structural
members tested as a part of a steel deck/concrete
floor assembly to an assembly comprising an insu-
lated steel roof assembly.

Similarly, the second precept precludes the re-
placement of structural members comprising wide
flange, rolled steel structural shapes with members
comprising fabricated open-web type steel joists.
However, a larger rolled steel structural shape is
always permitted to replace a smaller one.

In addition,sthe authorities in some countries, rec-
ognizing the difference in performance between
those structural members which have been re-
strained against thermal expansion during a fire test
andsthoselwhichbhavenotyand attempting to relate
such linformation to the anticipated performance of
actual building construction under varying con-
ditions of thermal restraint, have imposed the fol-
lowing additional criteria in regard to the
substitution of structural members:

d) the fire resistance of the unrestrained structural
member which is substituted shall be equal to
or greater than that of the structural member
being replaced;

e) the fire resistance of the restrained structural
member being substituted or of the assembly in
which the member was tested shall be equal to
or greater than that of the assembly into which
the member is being substituted.

7.2.6 The fire resistance of an unrestrained flexural
member (beams, floors, roofs) is generally less than
the fire resistance of that same member when it is
subjected to restraint. Members which have been
tested with unrestrained end conditions may, there-
fore, be appropriately substituted in fire tested con-
structions of actual building constructions which will
be subjected to restraint in practice. The reverse of
this procedure is not, however, appropriate.



7.2.7 The fire resistance of a restrained flexural
member may be less than the fire resistance of an
unrestrained flexural member in the case where the
longitudinal load, caused by the restraint, is applied
above the cross-sectional axis of gravity, resulting
in an increase of the load-depending bending
caused by the heating in fire.

7.2.8 Another consideration in connection with the
substitution of structural components is the effect of
substituting composite structural members for non-
composite structural members, and vice versa. It is
generally accepted, for example, that structural ele-
ments which have been subjected to fire tests with
steel floor units designed for composite action, and
loaded so as to develop the full theoretical stresses
contemplated by the design, have been qualified for
their use in the building construction that is being
represented, of either composite or non-composite
floor units. On the other hand, it is cautioned that the
level of fire resistance may not be maintained if
composite units are employed in the building con-
struction which is intended to duplicate the details
of an assembly which has _been accorded a level of
fire resistance on the basi§ of its performance when
tested with non-composite units.

7.2.9 Of additional structural considerationin-con-
nection with the analogous’extension of fire‘test'data
is the treatment of requirements for ' concrete
strength, thickness and type. Some authorities may
permit the compressive strength of concrete to be
reduced by a specified amount when comparing the
strength of the concrete in the tested structural ele-
ment to the design requirement in the actual struc-
ture to be represented. On the other hand there is
no limit upon the maximum strength of the concrete
in the actual structure represented by the tested
prototype. From a structural standpoint, there is no
limitation upon the concrete thickness, but there is
no provision for the unrestricted exchange of low
density and normal density concrete.

7.210 The extension of test data by analogous in-
terpretation may also be applied in regard to the fire
resistance with respect to insulation of tested as-
semblies in a more specific sense. For example, it
is a generally accepted principle, in the case of floor
and roof assemblies employing a suspended, pro-
tective membrane ceiling below the structural
members, that the depth of the plenum space be-
tween the underside of the floor and the top of the
protective ceiling may be increased to accommo-
date the deeper structural members without de-
tracting from the performance established from the
data related to the tested prototype.

ISO/TR 10158:1991(E)

7.211 It is also generally accepted that increasing
the thickness of the concrete topping on a floor and
ceiling assembly will have a beneficial effect on the
fire resistance with respect to insulation and, to a
less specific degree, on the structural performance
of the tested assembly under fire exposure con-
ditions.

7.212 While it is recognized that increasing the
thickness or number of layers of insulation and the
provision of air gaps will generally add to the ther-
mal resistance of a tested assembly, it is not always
possible to apply this in an analogous sense be-
cause of the effects of the increased insulation in
some circumstances upon the performance of the
structural members. It is, therefore, usually necess-
ary to resort to further full or small-scale testing,
supplemented by calculations, in assessing the per-
formance of such assemblies.

7.213 In certain cases, an additional or otherwise
improved insulation can give rise to a decrease in
the fire resistance of a structural assembly. This will
be the case if a slab of ordinary concrete is replaced
by a slab of aerated concrete in a roof or floor as-
sembly,.composed of a top slab, load-bearing steel
beams, 'and’ a suspended ceiling. Improving the in-
sulation of the slab then causes an increased rate
of-heating of the load-bearing beams. For a fire ex-
posed concrete structure, a supplementary insu-
lation on the unexposed side of the structure can
increase the risk of spalling.

Inoconclusion, it should be noted that analogous in-
terpretations of data with respect to fire resistance
tests of building structural elements, are invariably
expressed in qualitative rather than quantitative
terms.

7.3 Principles currently followed in
considering specific variations from tested
assemblies

The following principles are those currently ob-
served when considering variations that are more
specific than the generalizations which have thus far
been discussed. They are employed in the develop-
ment of periods of assigned fire resistance which
customarily evolve from engineering studies con-
ducted upon a tested assembly or a series of tested
assemblies, and involve the application of reasoned
analogy, calculations, and the conduct of small- and
large-scale tests in the extension of test data.

7.4 Variations of insulation

7.41 The essential characteristics of insulating
materials that need to be considered in extending
the data from a tested specimen relate to their
thermal and mechanical behaviour under fire expo-
sure conditions.
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