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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, governmental 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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main fask of technical committees is to prepare International Standards. Draft International Standa

adopted b

Internationpl Standard requires approval by at least 75 % of the member bodies casting a vote.

the technical committees are circulated to the member bodies for voting. Publication as

rds
an

In exceptignal circumstances, when a technical committee has collected data of a different/kind from that

which is ngrmally published as an International Standard (“state of the art”, for example), it‘may decide b
simple majority vote of its participating members to publish a Technical Report. A Technical Report is enti
informativg in nature and does not have to be reviewed until the data it provides are gonsidered to be no lon

valid or us
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drawn to the possibility that some of the elements of this document may be the subject of pat
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-3 was prepared by Technical Committee ISO/TC 92, Fire safety; Subcommittee SC 2, Fire containm

] edition cancels and replaces the first edition (ISO/TR 834-3:1994), which has been technically revis

n:
General requirements

Guidance on measuring uniformity.of furnace exposure on test samples

Commentary on test method and guide to the application of the outputs from the fire-resistance
Specific requirements for loadbearing vertical separating elements

Specific requirements for loadbearing horizontal separating elements

Specific requirements for beams

Specific requirements for columns

Specificrequirements for non-loadbearing vertical separating elements

Specific requirements for non-loadbearing ceiling elements

1 consists of the following parts, under the general title Fire-resistance tests — Elements of buildi

y a
ely
ger

ent

est

The following parts are under preparation:

Part 10: Specific requirements to determine the contribution of applied fire protection materials to
structural elements

Part 11: Specific requirements for the assessment of fire protection to structural steel elements

Part 12: Specific requirements for separating elements evaluated on less than full scale furnaces
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Introduction

Fire resistance is a property of a construction and not of a material and the result achieved is to a large extent
related to the design of the specimen and the quality of the construction. It is not an “absolute” property of the
construction and variations in both the materials and methods of construction will produce differences in the
measured performance and changes in the exposure conditions are likely to have an even greater impact on
the level of fire resistance the element can provide.

This part of ISO/TR 834 provides guidance to those contemplating testing, the laboratory staff performing
the test, the designers of buildings, the specifiers and the authorities responsible for implementing fire safety
leg|slation, to enable them to have a greater understanding of the role of the fire resistance test apd|the correct
application of its outputs.
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Fire-resistance tests — Elements of building construction —

Part 3:
Commentary on test method and guide to the application of the
outputs from the fire-resistance test

1 [Scope
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5 part of ISO/TR 834 provides background and guidance on the use and limitations of the fire res
fhod and the application of the data obtained. It is designed to be of assistance torcode officials
ineers, designers of buildings and other persons responsible for the safety of persofisiin and aroun

Normative references

following referenced documents are indispensable for th€\application of this document.

5 part of ISO/TR 834 identifies where the procedure can be improved by reference to ISO/TR 2

stance test
fire safety
H buildings.

2898.

For dated
document

rences, only the edition cited applies. For undated references; the latest edition of the referenced
(ingluding any amendments) applies.

ISQ 834-1:1999, Fire-resistance tests — Elements of buifding construction — Part 1: General requirements

1SQ
uni

/TR 834-2, Fire-resistance tests — Elements-of building construction — Part 2: Guide on
formity of furnace exposure on test samples

measuring

ISQ 3009, Fire-resistance tests — Elements of building construction — Glazed elements

ISQ/TR 12470, Fire-resistance tests = Guidance on the application and extension of results

ISQ/TR 22898, Review of outputsfor fire containment tests for buildings in the context of fire safety gngineering

3 | Standard test procedure

The primary purpose®f afire resistance test, e.g. ISO 834-1, is to characterize the thermal response ¢f elements
of ¢onstruction when exposed to a fully developed fire within enclosures formed by, or within buildings. The
output of the test permits the construction tested by this method to be given a classification of pgrformance
within a time"based classification system (see Clause 5). The test provides data that may be of use to a fire
safpty engineer, albeit the test only reproduces one, of many, potential fire scenarios.

andard test
d conditions

Prgctical considerations dictate that it is necessary to make a number of simplifications in any st
in any laboratory

O 1O ate—a cl O OPTOovIGtTO

with the expectation of achieving reproducible and repeatable results.

The fire resistance test is designed to apply to a particular fire scenario within the built environment, but with
an understanding of its limitations and objectives it may be applied to other constructions.

Some of the features which lead to a degree of variability are outside of the scope of the test procedure,
particularly where material and constructional differences become critical. Other factors which have been
identified in this part of ISO 834 are within the capacity of the user to accommodate. If appropriate attention
is paid to these factors, the reproducibility and repeatability of the test procedure can be improved, possibly to
an acceptable level.
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3.1 Heating regimes

The standard furnace temperature curve described in ISO 834-1:1999, 6.1.1 is substantially unchanged from
the time-temperature curve that has been employed to control the fire test exposure environment for the past
80 or so years. It was apparently related in some respects to temperatures experienced in some actual fires in
buildings using referenced events, such as the observed time of fusion of materials of known melting points.

The essential purpose of the standard temperature curve is to provide a standard test environment which is
representative of one possible fully developed fire exposure condition, within which the performance of various
representative forms of building construction may be compared. It is, however, important to recognize that this
standard fire_exposure condition does not necessarily represent an actual fire exposure situation. The test
does, nevertheless, grade the performance of separating and structural elements of building constructionygn a
common basis. It should also be noted that the fire resistance rating accorded to a construction only relates to
the test dufation and not to the duration of a real fire.

The relatiopship between the heating conditions, in terms of time-temperature prevailing in realyfire conditipns
and those prevailing in the standard fire resistance test is discussed in Clause 8. A series of caoling curves is glso
discussed.|Proposals have been made to simplify the equations to improve their ability to be’éomputer processed.

The compdrison of the areas of the curves represented by the average recorded furnace temperature versus
time and the above standard curve, in order to establish the deviation present, de, as-specified in ISO 834-1:1999,
6.1.2, may pe achieved by using a planimeter over plotted values or by calculation ‘employing either Simpsan’s
rule or the ftrapezoidal rule.

While the Heating regime described in ISO 834-1:1999, 6.1.1, is the fire €p0osure condition which is the subject
of this part of ISO/TR 834, it is recognized that it is not appropriateXfor the representation of the exposure
conditions [such as may be experienced from, for example, fires involving hydrocarbon fuels.

While the femperature conditions given in ISO 834-1:1999, 6.1.1 are seen to be the same as those used in
previous edlitions of this standard, the method of measuring;'and hence controlling the temperature within fthe
furnace hap changed significantly in the latest version of the standard.

This change in the measuring instrument has come about as a result of a harmonising process betwgen
the Europdan and International test proceduresfas a result of implementing the Vienna Agreement. As part
of the pantEuropean harmonisation process, the traditional use of bare wire thermocouples (or sheathed
thermocouples with a similar time constant) for measuring the gas temperature within the furnace, has bgen
abandoned in favour of the adoption of &plate thermometer”. The theory behind the plate thermometer is {hat
it receives |the same thermal dose as‘\the specimen, unaffected by the geometry of the furnace, the numper
and positign of the burners and the nature of the fuel; all factors having been previously identified as cauges
of reprodugibility and repeatabitity-problems. This method of measuring temperature has been adopted in [the
latest versipn of ISO 834-1, and-all of its parts.

This devicg has a greatertime constant than the “bare wire” thermocouple described in the 1975 vergion
of ISO 834, and as ,a.gonsequence the gas temperature at any moment of time is likely to be higher than it
was previously, partieularly during the first 40 minutes. Therefore, while the latest version of ISO 834 follgws
nominally {he same temperature/time relationship the thermal dose will be measurably greater, particularly
over the firgt-207Mo 30 minutes, than when the previous ‘bare wire’ thermocouples were used. Care should be
taken whem-cemparing-theresulis-of-tests—carried-outinaccordance-with-the-earlierversiers-efS0O-834-and
the present one 1ISO 834-1:1999, especially for constructions that are temperature sensitive.

Thermocouples do “age” and the current that they generate as a result of the “couple” created between wires
of dissimilar resistance at any temperature will differ with time. All temperature measuring devices, but in
particular the plate thermometer, should be calibrated on a regular basis or discarded after a short time in use.
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3.2 Furnace and equipment design

3.2.1 Factors affecting the thermal dose

The heating conditions prescribed in ISO 834-1:1999, 6.1.1, are not sufficient by themselves to ensure that test
furnaces of different design will each present the same fire exposure conditions to test specimens and hence
provide for consistency in the test results obtained among these furnaces.

The thermocouples employed for controlling the furnace temperature are in dynamic thermal equilibrium with
an environment which is influenced by the radiative and convective heat transfer conditions existing in the
fur i fts-st i generally
refore tend
becimen is
ermometer
uenced by

her with a small body than with a large body like a specimen. The convective component will the
have greater influence upon a bead thermocouple temperature while the heat transfer_{oya s
nly affected by radiation from the hot furnace walls and the flames. For this reason the.‘plate” th
replaced the bead thermocouple in ISO 834-1:1999, 5.5.1.1. The plate thermometer is-more inf
total heat flux received by the specimen than the bead thermocouple.

hag
the|

There is currently no method of calibrating plate thermocouples and so a%igid regime of re
shquld be implemented. While the “plate thermometer” is the specified device*in 1ISO 834, the i
of @ “directional flame thermometer” measuring device is being considered; which may be intrg

placement
ntroduction
duced into

subsequent editions of ISO 834.

B?’lh gas radiation and surface to surface radiation are present in a furnace. The former depepds on the
temperature and absorption properties of the furnace gas as welkas/being significantly influenced by the visible
cormponent of the burner flame.

The surface to surface radiation depends on the temperature of the furnace walls and their absgrption and
emjssion properties as well as the size and configuration of the test furnace. The wall temperatur¢ depends,
in tbrn, on its thermal properties.

The convection heat transfer to a body depends-oh the local difference between the gas and the bd
temperature as well as the gas velocity.

dy surface

Th
the|
wa

radiation from the gases corresponds’to their temperature, and the radiation received by the s
sum of that from the gases and the)furnace walls. The latter is less at the beginning and increze
Is become hotter.

pecimen is
ses as the

he ultimate

Fro

m the foregoing discussion;-it is apparent that despite the use of the new plate thermometer, t

sol
of |
as

ition in respect of achjeving consistency among testing organizations utilizing the requirements
S50 834 will only be realized if all users adopt an idealized design of test furnace which is precise
0 size, configuration, refractory materials, construction and type of fuel used.

e method of feducing the problems that have been outlined, which can sometimes be applied

of this part
y specified

to existing

aces is fe.line the furnace walls with materials of low thermal inertia that readily follow the flirnace gas
e between
urners will
roducibility

The measurement and control of the thermal dose received by a specimen is complex and further information
can be obtained from Reference [4].

Where possible existing furnace designs should also be reviewed to position burners and possibly flues so as
to avoid turbulence and associated pressure fluctuations which result in uneven heating over the surface of the
test specimen.

Further consideration could be given in the design, or in particular in the refurbishment of furnaces, to the use
of a “radiation” screen as proposed for use in ISO/TR 22898, as a way of making the thermal dose more even.

© 1SO 2012 — All rights reserved
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3.2.2 Furnace size

Generally the furnace size should accommodate the full sized element, or in some cases a full sized component
which is to be installed within, or onto a proven construction. Often the size of an element in use is greater than
the furnace and for these situations it is important that there is a recognized method for extrapolating the result
achieved on the tested specimen size to that used in practice (see 3.7). There are, however, many components
that are able to be tested at full size in furnaces much smaller than 3m x 3m or 3m x 4m, e.g. building hardware
for use on fire doors, penetration sealing systems, electrical components, glazed openings, hatches, single leaf
personnel doors, all of which can be tested for their contribution to fire resistance in smaller furnaces. The thermal
dose must, however, be delivered in a comparable manner to that which it would receive in the larger furnace.

While the pesign of the thermometer to be employed in measuring and hence controlling the test furnace
environmeft is specified in ISO 834-1:1999, 5.5.1.1, it is also suggested that experimental work be perfermed
on improvgd instrumentation for use in measuring the thermal dose received by the specimen.

Finally, ong of the most effective “tools” for improving the repeatability of the outputs of fire resistance testp is
the use of g calibration routine (see 3.12).

3.3 Congditioning of the specimen

3.3.1 Colfrection for non-standard moisture content in concrete materials

At the time|of test, ISO 834-1:1999, 7.4 permits the specimen to exhibit a,maisture content consistent with {hat
expected in normal service.

ildings that are continuously air conditioned or are centrallyheated, elements of building construction
are exposdd to atmospheres that, in varying degrees, tend to follow the cycling of temperatures and/or moisture
conditions jof the free atmosphere. The nature of the materials.comprising the element and its dimensions |will
determine fhe degree to which the moisture content of an element will fluctuate about a mean condition.

Relating the specimen condition to that obtained in normal service can therefore result in a variation in [the
moisture dontent of specimen construction assemblies, particularly those with hygroscopic compongnts
having a high capability for moisture absorption such as portland cement, gypsum and wood. However, after
conditioning such as prescribed in ISO 834-11999, 7.4, from among the common inorganic building materigls,
rated portland cement products can hold a sufficient amount of moisture to affect, noticeably, [the

For compgrison purposes, it may therefore be desirable to correct for variations in the moisture contenf of
ens using, as a standard reference condition, the moisture content that would be established at
from drying in an.ambient atmosphere of 50 % relative humidity at 20°C.

Alternatively, the fire resistance at some other moisture content can be calculated by employing the procedures
described [n References.[5] and [6].

If artificial drying teehniques are employed to achieve the moisture content appropriate to the standard ref-
erence conditiony it is the responsibility of the laboratory conducting the test to avoid procedures which (will
significantly @lter the properties of the specimen component materials.

3.3.2 Determination of moisture condition of hygroscopic materials in terms of relative humidity

A recommended method for determining the relative humidity within a hardened concrete specimen using
electric sensing elements is described in Reference [7]. A similar procedure with electric sensing elements can
be used to determine the relative humidity within the fire test specimens made with other materials.

With wood constructions, the moisture meter based on the electrical resistance method can be used, when
appropriate, as an alternative to the relative humidity method to indicate when wood has attained the proper
moisture content. Electrical methods are described in References [8] and [9].

4 © 1S0 2012 — All rights reserved
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3.3.3 Curing of non-hygroscopic constructions

Increasingly fire resistance tests are being carried out on materials that rely on a chemical process to be
completed before the material reaches its optimum material properties. This period is know as the ‘curing’
period. Before testing such materials it is important that they have achieved this optimum condition, and so
there should be adequate “curing” time, which in the case of new materials may need regular monitoring of
“parallel” products and associated mechanical tests.

3.4 Fuel input and heat contribution

At TePTreSen e ast v, v vl ota o g—tregatareqguttrea—auTr rformance
of g fire test although this parameter is often measured by testing laboratories and users of this part{of ISO 834
arel encouraged to obtain this information, which will be of assistance in its further developmént.

When recording the fuel input rate to the burners, the following guidance on experimental procedures may be helpful.

Regord the integrated (cumulative) flow of fuel to the furnace burners every 10 @nin (or more frequently if
degired). The total fuel supplied during the entire test period is also to be determined. A continuou$ recording
flowmeter has advantages over periodic reading on an instantaneous or totalizing flowmeter. Select ajmeasuring
and recording system to provide flowrate readings accurate to within + 5 %\Report the type of fue|, its higher
(grpss) heating value and the cumulative fuel flow (corrected to standard.conditions of 15°C and 1|00 kPa) as
a friaction of time.

WHere measurements of fuel input have been made, they typically indicate that there is a heat gontribution
to the test furnace environment during the latter stages of tests performed on test assemblies in¢orporating
cormbustible components. This information is not usually takeniinto account by national codes, which sometimes
regulate the use of combustible materials based upon the' occupancy classification and on the |height and
volime of buildings in which this type of construction istémployed.

It should also be noted that fuel input measurements'may be considerably different when testing water-cooled
stepl structures or massive sections by this method.

3.8 Pressure measurement techniques

WhHhen installing the tubing used in pressure sensing devices, the sensing tube and the reference| tube must
always be considered as a pair.and their path (together) traced from the level to which the mgasurement
relgtes, all the way to the measuring instrument. As far as the reference tube is concerned, it may bg physically
abgent, in places, but it mustbe regarded as implicitly existing (the air in a room between two partiqular levels,
repfresenting the reference_tube in this case).

WHere the reference-and the sensing tubes are at the same level, they may be at different tempergtures.

WhHere the reference and the sensing tubes curve from one level to another, they must, (at every levgl) be at the
same temperature. They may be hot at the top and cool at the bottom but the temperature at each level must
be the same*(see also Reference [10]).

CareCshould be taken with the positioning of sensing tubes within the furnace so as to avoid them being

3.6 Post heating procedures

ISO 834-1 contains no requirements for, or reference to, post heating procedures. In Europe there is an impact
test designed for a specific class of fire wall, but it is not meant to be a universally applied post-heating
procedure. Similarly, it has been the practice in some countries to maintain the test load, or a factored test
load, for a period, usually 24 h, subsequent to the fire test. The objective of this procedure has been to obtain
a general assurance concerning the residual strength of the building construction represented by the test
specimen, after a fire.

As this information is difficult to relate to a fire (or post fire) situation, it has been concluded that such requirements
are outside the scope of the ISO 834-1.

© 1S0O 2012 — All rights reserved 5
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While maintaining a load, or a factored load, for some period after the end of the test will give some general
assurance as to the residual strength of the construction, during and after cooling, it does not quantify the
strength in measurable terms. The method of loading specimens, especially horizontal ones, e.g. floors, is
often not sophisticated enough to carry out load/deflection tests over a limited range of load applications in an
easy and repeatable manner. However, if such information was able to be generated at the end of the heating
period, and again at various times during the cooling period, all the way down to ambient temperature, this
would provide meaningful information to the structural and fire engineering community. Assuming that all other
data had been adequately obtained the load deflection test at ambient temperature, after cooling, could be
taken to collapse.

ing
t of
its
est

lity

It should bg noted that both of the foregoing practices will, in most cases, discourage the possibility of continding
a fire test beyond the required fire endurance period. With the increasing need to provide.data for extrapolation
and other [calculation purposes, testing organizations should be encouraged to-continue the fire exposure
period for as long as the limiting criteria may be safely exceeded.

3.7 Spegimen design

ISO 834-1|has prescribed a general philosophy that fire resistanceltests should be carried out on full-gize
specimens| It recognizes that for most elements of construction tHis.is not possible because of the limitatipns
imposed by the size of the equipment available (see 3.2.2). In thosétases where the use of a full-size specimeh is
not possiblg, an attempt has been made to accommodate this shertcoming by specifying standardized minimum
dimensiong for a specimen representative of the size needed for a room of 3 m height and 3 m by 4 min arga.

Because this specimen size is invariably smaller than, the in-use size it is recommended in ISO 834 that|for
those elemnents which are to be used at widths greater than that which can be accommodated by the furngce,
they should be tested with a free edge or edges so that the specimen does not derive artificially high level of
support, egpecially against distortion, that do hotexist in reality. Such artificial levels could reduce the stresq on
boards and board fixings (see 3.11 which deals with the influences of restraint on loadbearing capacity). In the
case of walls and partitions that are to_beiused at widths greater than 3.0 m for the element to be tested with
one edge free, even though this has-not been normal in the equivalent National fire resistance test standard,
gasket of material that has a good.resistance to high temperatures may be considered suitable to form a geal
between the element and the testing surround on the “free edge”. Resilient materials are often used for this
purpose bg¢cause they providesan enhanced seal when under compression. Materials used as gaskets have
included high density min€ralrock fibre (MRF) semi-rigid boards and, where permitted by national regulation,
ceramic fire.

However, oth the use of a free edge, and the choice of materials used for sealing the free edge, must| be
subject to @ detailed analysis before incorporating in a test construction. Many constructions that may appear
to be used |n long runs, i.e. office part|t|ons are frequently supported on one side by cross- part|t|ons fornling

systems with a completely unrestralned edge.

Metal faced sandwich panel constructions generally rely on interlocking joints for their stability. A free edge,
especially one with a thick compressible gasket may allow the facings to expand freely and cause the panel
joints to disengage. As a consequence the use of a free edge which permits expansion when testing metal
faced sandwich panels should only be adopted after it has been shown that it will not result in a premature and
unrealistic mode of failure. In practice, unlimited lateral expansion will normally be prevented by the structural
frame of the building.

Therefore while a specimen with one edge fixed and one edge free is the method recommended in the standard
for vertical separating elements, as it is thought to represent a generally demanding situation, other edge
conditions may be used in the test as long as the selection is justified in the report of the test, as part of the
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specimen design. The field of application derived from the test result will need to reflect the restraint conditions
used in the test.

It should be noted that the consideration of the use of a “free edge” does not feature in many national standards,
but does in ISO 834-1:1999.

Itis also important that supporting constructions, as may be used in the testing of fire door assemblies, windows,
penetration seals etc, do not incorporate a free edge as this could introduce an element of un repeatability.

In the context of this standard the use of the term full size relates mainly to the components forming the
construction and arises from difficulties in achieving completely representative fire behaviour in model scale of
mopst loadbearing and many non-loadbearing separating elements of building construction.

Itis
siz
var
enli
by

kng

or 3m x 4m
Some size
bd, or of an
ensated for
on size are

now generally appreciated that one should not take a construction that was tested at a 3mX8m,

e and use it in a building at a different size without considering the consequences of doing so.
ations may be recognized as being either beneficial, i.e. being thicker or shorter than that testq
anced size which is not sufficient to produce a reduction in the performance, or.which is comp
bn overrun in the fire resistance achieved. The “rules” that cover these variations irrthe construct
wn as the direct application and are sometimes given within an Annex to th€ standard.

at sizes in
bvide rules
s5t. 1t is still
otherwise)
nded Field

ifh structural elements, however, there is a much greater chance that the element shall be used

bnerally be
plistic and will rarely cover the size at which the element is proposed for use. When this occurs the building
degign team will need to carry out a project specific-éxtended application. This will often require the japplication
of engineering judgement which will be achieved’by identifying the parameters in the construgtion of the
element that cause it to satisfy the test criteriacand analysing the factors that may cause it to perform differently
in grder to predict the performance at the new size. Where the analysis shows a risk of under pgrformance
thep compensatory measures may need.to be applied to the construction. In some cases the construction may
negd to be retested in order to establish the contribution that these measures make, but invariably the revised
performance may be assessed using quantifiable or judgemental methods.

Further guidance on the application of fire resistance test results is given in Clause 7.

Forl loadbearing systems,_it is necessary to emphasize the importance of keeping the functional behaviour
unghanged when decreasing the dimensions of a fire resistance test specimen. For example, the rafio between

thel side lengths sheuld be unchanged when the dimensions of a full-scale floor are reduced. Si
relative proportionsvof structural members to the elements that they support should be maintaing
wolds, it is necessary to maintain a balance between the different types of stresses to which the rep

milarly, the
d. In other
resentative

scdled down'element is subjected, as well as establish the correct representation of the stresses in|the scaled

down version of the building construction in question.

e .
uGuUoIl

ISO 834-1 specifies that the materials used in the construction of the test specimen and the method of
construction and erection shall be representative of the use of the element in practice.

This means that such features as joints, provision for expansion and special fixing or mounting features should
be included, in a representative manner, in the test specimen.

Frequently, especially where the element is part of a system, e.g. a method of sealing penetrations, a dry-wall
form of construction, a range of fire doors, it will be impossible to characterize all variations in a single test.
In such cases a well planned series of tests should be undertaken. The results of such a test programme
would normally best be expressed by a Field of Application Report, or statement, rather than by individual test
reports. Some certification bodies may use a “listing” system for expressing the variations, but this may require
the specifier to carry out some interpolation to cover unusual combinations.
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It should be noted that there will be a tendency, unless otherwise specially contrived, to construct test specimens
to a higher standard than may be experienced in practice. On the other hand it is also important in the interests
of consistency to construct a test specimen which will not be conducive to extraneous results because of flaws
in the construction.

An accurate and detailed description of the test specimen and its condition at the time of test is therefore a
most necessary adjunct to the test data. This description permits the construction to be adequately audited on

site. Good

product description will help to rationalize apparent anomalies in test results.

3.9 Specimen orientation

Despite thd
tests are o
homogene,
practice, th
design cog
ambient cg

Some protgction systems utilized to improve the fire resistance of structural elements.may be influenced by
and one such material could be intumescent paint and it should not be assumed that the orientation

orientation
can be chd

The main 1
that are of
of a frame
performan
is monolith
gets hotter
ISO 3009
sides with

temperature/time conditions evenly throughout the extended furnace, or to maintain the specified press

differential

While this
loadbearin
direct appl

nly generally able to test specimens in the conventional vertical or horizontal applications,(For s
bus materials such as concrete or steel the testing of elements vertically or horizontally.when
ey may be orientated differently, is not likely to result in significantly different results. Most mate
es will permit the loadbearing capacity of elements in different orientations torbge calculateg
nditions.

nged.

orms of construction that may be adversely affected by a sloping orientation are those elemsd
a composite nature, especially where linings of “fire resisting’ materials are attached either
1-out construction. In such a construction the change in.erientation could result in a different
Ce as the linings may be adversely influenced by gravity: ©ne material that is particularly sensi
ic glass, because even in its cold state it is not a solid, it is an extremely viscous liquid, and 4
its viscosity increases and it will demonstrate a tendency to flow. The test procedure for glaz
has, as a consequence, introduced a method ofitesting sloping glazing by extending the furn
an appropriate form of furnace closure. This isthot ideal because it will be difficult to maintain

but it will permit the influence of orientation to at least be compared.

particular test procedure has been-designed specifically for glass and glazed elements, other n
J non-vertical elements may be tested to this method by analogy. ISO 3009 has included a fie
cation which permits other orientations to be approved, but if non-glazed materials are incorpor

1

changing shape of buildings standard fire resistance testing furnaces designed to perform ISQ &34

Dlid
, in
rial

at

the

nts
ide
fire
ive
s it
ng,
hce
the
ure

on-
of
ed

this direct @pplication may not be valid.

Orientatior] is not just a factor fo)be considered in evaluating sheet materials. Intumescent coatings and
sealants afle also prone to thesinfluence of orientation and sloped elements and may need to be evaluated with
this influence in mind.

3.10 Loagling

as
ata

The load applied:to a test specimen during a fire test has a significant effect upon its performance as wel
being an impertant consideration in the further application of the test data together with its relationship to d
from other land_similar tests

ISO 834-1:1999, 5.3, specifies the different basis on which the load may be selected. The basis which offers
the widest application of test data is that which relates the determination of the test load and hence the induced
stresses to the measured material properties of the actual structural members employed in the construction
of the test specimen while, at the same time, causing material stresses to be developed in the critical areas of
these members which are the maximum stresses permitted by the design procedures in nationally recognized
structural codes. This provides for the most severe application of the test load as well as providing a realistic
basis for the extrapolation of test data and its use in calculation procedures.

The second basis relates the required test load to the characteristic properties of the materials comprising the
test specimen. The values may typically be provided by the material producer or may be obtained by reference
to literature relating to the standard properties of the materials in question (usually given in a range). In most
cases this results in a somewhat conservative value for the test load, since actual values are generally higher
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than characteristic values and the structural elements are not subjected to the limiting stresses contemplated
by the design procedures. On the other hand this practice relates more closely to typical national design
procedures and the corresponding practices in regard to the specification of materials employed in building
structures. The usefulness of the results obtained from such tests may be enhanced if the actual material
properties are, nevertheless, determined and/or the actual stresses in the structural components of the fire test
specimens are measured during the fire test.

The third approach differs from the preceding provisions because the resulting load is related to a specific
and therefore limited application. The test load is invariably less than that which would normally be applied
and provided the structural members have been selected in consrderatron of their havrng to sustain normal
d improved
of the first
e obtained
the stress

fire resrstance when compared with the performance of test specimens Ioaded in consrderatron
and second bases above. Again, the usefulness of the test results may be improved if dataccan b
concerning the actual physical properties of the structural materials in the structural members and
levels obtaining in these members when loaded as prescribed.

noted that
hich these

In gddition to the respective methods for selecting the load to be applied during a test; it should be
thel nationally recognized structural codes employed in the design of building<censtruction, to w

mefhods relate, may themselves provide for a number of different design_elements which are

nhot always
phies with

during the

it [s essential

ults.

tions likely
by means
ler beams.

ints should
deflection
to increase

mployed while, at the same time, the loading system should be able to accommodate the ful
cipated during a test while maintaining-the required load distribution. If spreader beams are used
area/length over which the load is applied, care must be exercised to show that bridging will not dccur which
Id result in fewer loading points.and higher load concentrations. Beams used to simulate unifdrm loading
oors invariably need double articulation which the load is applied then care must be exercised t¢ show that
ging will not occur which could result in fewer loading points and higher load concentrations.

col
of f
briq

3.11 Boundary conditions and restraint and their influence on loadbearing capacity

3.11.1 Introduction

1SQ
or
deq
mo

834-1:1999, 6.4, provides some options for the application of restraint, or resistance to thermal
otations-for various load bearing systems. The clause reflects the inherent philosophy of the t
cribed by ISO 834-1, that of testing the specimen in a manner which represents as closely as p
st_severe application of its use in practice.

expansion
st method
ossible the

For the purpose of relating the restraint applied to the test specimen to the conditions experienced in actual
building construction the following philosophy applies:

Floor and roof assemblies, wall constructions, columns and individual beams in buildings shall be considered to
offer resistance to thermal expansion and/or rotation when the surrounding, supporting or supported structure
is capable of providing substantial resistance to such forces throughout the range of elevated temperatures
represented by the standard time-temperature curve.

While the exercise of engineering judgement is required to determine what is capable of providing “substantial
resistance to such forces”, it may be noted that the necessary resistance may be provided by such features
as the lateral stiffness of supports for floor and roof assemblies and intermediate beams forming part of an
assembly, or the weight of supported structure. At the same time connections must be adequate to transfer
the forces resulting from thermal expansion and/or rotation to such supports or resisting structures. The
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rigidity of adjoining panels or structures should also be considered in assessing the capability of a structure to
resist thermal expansion. Continuity, such as that occurring in beams acting continuously over more than two
supports will also induce the resistance to rotation anticipated by this philosophy.

From test results it is well known that variations of restraint conditions can significantly influence the fire
resistance duration for a structural element or assembly. In most cases, the application of restraint during a fire
test is beneficial to the performance of the specimen. In some cases, however, excessive axial restraint can
accelerate an instability failure or give rise to accelerated spalling such as may occur in a concrete structure.
In other cases, such as with a statically indeterminate slab of reinforced concrete exposed to fire on one side,
a moment restraint can cause serious crack formations in non-reinforced or weakly reinforced regions leading

to shear fa

lure of the structure

As experig
anticipate s
way the cd
remains to
to the bou
practice to

3.11.2 Fle

Specimens
or are testg
or rotation
mounted W
specimen s
by calibrati
gaps betw
rotational n
its depth g
measurem
structural nj

In those c4
to an axial
cross-sect
moment di
potential fg

In most ca
side to em
thermal reg

nce with fire testing of restrained structures has been gained it has, however, been possiblg to
ome of the anomalous behaviour referred to above. It has also been possible to relate injg-gengral
ndition of restrained test specimens to that of actual building construction. Nevertheless, myich
be done and where it is not possible to relate the required boundary conditions of a)test specimen
hdary conditions that structure would experience in actual building construction;-it has been [the
test a specimen in a condition which offers little or no resistance to expansiofi/er rotation.

kural members (beams, floors, roofs)

rts
lly,
N is

of
red
ion
ide
ver
its
the

incorporating flexural members are either subjected to fire exposure'while resting on roller supp
d within the confines of a restraining frame. In the latter case restraint to thermal expansion, axi
blly, may be applied in a number of ways. In the least sophjsticated equipment, the specime
ithin a restraining frame of such proportions that it is capable of reacting to the axial thrus
tructural members without significant deflection. In some Cases this axial thrust has been measu
hg the restraining frame. In other cases, a degree of control has been exercised by leaving expans
ben the ends of the structural member and the restraining frame. Such arrangements also proy
esistance because of the contact and hence quasi fixing of the end of the structural member g
nd the depth of the restraining frame. In the.more sophisticated arrangements restraint and
ent are provided by the use of hydraulicqjacks arranged axially and normal with respect to
nember(s).

ise
the
ing
the

ses where restraint to thermal expansion occurs, the heating during a fire resistance test gives
compressive force in the members concerned. In most cases this force occurs at a position in
on of the member such thatithe corresponding bending moment tends to counteract the bend
e to the applied load, leading to an increased loadbearing capacity and fire resistance unless
r spalling or instability failure outweighs this favourable effect.

ses, if a flexural structural member has been tested in an unrestrained condition it is on the dafe
bloy representations of that member in a building construction where it would likely be subjected to
traint in the eVent of fire exposure.

3.11.3 Axi

Fire tests
which ar

changing end mom

al members (columns, loadbearing walls)

n.columns and loaded walls performed in laboratories show idealization with respect to the stres

ents which would occur under actual fire exposure conditions. The effect of re

practice, depends upon the localized nature of the fire in a fire compartment. In the event that a substantially
uniform heating condition were to be experienced in a fire compartment then the significance of the restraint
against elongation would likely be much less.

The loadbearing capacity and related test load of columns and loadbearing walls depend to a large extent upon
the supporting conditions. In slender members of this kind, which are assumed to be hinged, even small forces
arising from friction within the supports may considerably increase the load-carrying capacity. In a fire test an
unintentional application of end restraint on the test specimen may considerably increase the load-carrying
capacity. It has also been the experience of some laboratories that it is generally quite difficult to provide truly
concentric axial reaction (or loading) points for columns, notwithstanding the use of spherical end supports and
it is the recommended practice to introduce a small, known degree of eccentricity.
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For these reasons it is probably preferable to perform tests on columns or loadbearing walls with either no
resistance to expansion (elongation) or with fully restrained ends.

3.11.4 Gratuitous restraint on non-loadbearing walls and partitions

All non-loadbearing walls and partitions are, logically, tested without the application of external loads. However,
in practice, these elements may be affected by either the imposition of load as a result of distortion/deflection in
adjacent elements, particularly floors and beams above that are experiencing the same fire exposure conditions
or in the case of some metal and/or glazed units, by the reactions to their own expansion under fire exposure.
Tests on these elements that are known to expand when heated should therefore be performed in a closed

little or no deformation.

Some non-loadbearing partitioning systems or dry wall constructions may incorporate deflect
primarily to absorb the post-occupation application of live and dead loads, but which may also be ¢
acgept some of the expansion that may be generated when heated. When such deflection heads a
degision to test them in the fully compressed, fully relaxed or in a mid-point conditionowill need to ¢
potential mode of failure, i.e. a direct loss of integrity through the deflection head\0r due to an indirg
los§, as a result of buckling or bowing due to thermal restraint. The Field of Extended Application
reflect the way the specimen construction was tested.

3.11.5 Laboratory measurements

In Yiew of the present lack of information concerning the effects of restraint to thermal expansion
tesfing laboratories are encouraged, when testing specimens:which are restrained in any manner, tg
determine the magnitude and direction of such restraining forees, normally by means of load cells in

under test,

on heads,
esigned to
e fitted the
bnsider the
ct integrity
vill need to

or rotation,
attempt to
corporated

in gny loading or restraint frame.

3.12 Performance verification

Ve:Ijification involves a procedure for ensuring.that identical specimens tested according to the parts pf ISO 834,
in dlifferent furnaces or in the same furnace at different times, will provide identical results within the limits

of experimental error. If this objectiveNis'met, the time at which well-defined specimens reach
penformance levels associated with loadbearing capacity and insulation will not be appreciably diff

Re
pro
tha

beatability and reproducibilitysare maximised by ensuring that instrumentation is calibrated regula
cedures and non-calibratéd,equipment are confirmed by product verification procedures. The instr
f requires regular calibfation is that used for temperature, pressure, furnaces atmosphere and lo

It is
the)
exy
car

one of the purpgses of a verification test to ensure that a linear static pressure gradient is ob
exposed face @f vertically oriented test specimens and that a uniform static pressure is obtaing
osed face of horizontally oriented test specimens. In addition to static pressure it is known that
have a miajor impact on the results of the fire resistance test, particularly for less robust materiz

prescribed
erent.

rly and the
Limentation
ading.

ained over
ed over the
turbulence
Is. Again a

verffication-procedure should help to control this.
A dalibration procedure addressing the temperature distribution and to some extent pressure cgnditions in
Ve ;UG} I‘UIIIGUU fUI tcot;lly OUPGIat;IIH C:CIIIUIItO ;O dcobl ;bUd ;II RUfCIUIIUU [12] ThU G;III Uf th;a UCI:; ration test

was to establish that the heating conditions are uniform over the exposed surface of the test specimen and that

the prescribed level of heating exposure is achieved.

This calibration specimen did not address turbulence, and does not therefore, ensure repeatability for elements

sensitive to air movement.

The test has been withdrawn in CEN.

The loadbearing capacity of a test specimen may also be affected by such factors as: specimen support;
restraint and boundary conditions; application of the design load; and the temporal measurement of load
magnitude, deformation and deflection, with devices which have been compared with referenced standards. No
calibration procedure directly assessing these characteristics has been provided and reliance is placed upon
consistency in the specifications of these parameters in the test method and achievement of the temperature
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and pressure conditions using the procedure described in Reference [12]. A possible way of harmonising
turbulence is proposed in ISO/TR 22898.

A performance verification test requires a standard specimen which should always give the same result
regardless of when, or where the specimen is tested. Because the test is destructive it would be necessary to
have a construction specification, hopefully one where any differences in the quality of the construction does
not override the findings achieved when using the specified form of construction. At this time no such specified
constructions exist. Because various building materials are sensitive to different aspects of the exposure
conditions then, ideally there should be a range of constructions, e.g. high thermal inertia, low thermal inertia,
combustible, non-combustible.

ard
on-
ity,
htal

ISO/TR 8344-2 provides a method to measure the exposure conditions imposed by furnaces upon a stand
test specimen. The standard specimen includes two layers of fire resistive gypsum board attached.to.'h
load bearirlg steel studs. These materials and test specimen were selected because of their global ayailabi

low cost,

and vertic
across the
expected 3

ase of construction and consistent moisture content. The test method is applicableto ‘horizo
| furnaces. Measurements taken include temperature, pressure, oxygen content,and air velo
face of the specimen. Tolerances for these furnace performance parameters, based upon data,
s use of ISO/TR 834-2 continues with the resulting improvement in repeatabijlity-and reproducibi

4 Fire-tlesistance criteria

41

ctive

City
are
ity.

Ob)j

The objecfive of determining fire resistance, as described in ISO 834~1, is to evaluate the behaviour of
element of|building construction when subjected to standard heating.and pressure conditions. The test met
described in this part of ISO 834 provides a means of quantifying the ability of an element to withstand exposure
to high tenperatures by establishing performance criteria. These criteria are intended to ensure that underthe
test conditjons a specimen element continues to perform its:design function as a load supporting structur¢ or
a separatirjg element, or both. The criteria establish the ratings that can be claimed in respect of loadbearing

an
hod

capability
two ways,
in higher th

nd resistance to fire transmission. A fire gan be transmitted from one compartment to anothe
bither because of loss of integrity, or through the excessive transmission of heat which has resu
an acceptable unexposed face temperature, or emitted heat fluxes.

The time-t¢mperature curve specified in this part of ISO 834 is representative of only one of many possible

exposure g
for a precig

4.2 Loa

This criteri
test withou
the test un
for floors,

particular |
deformatio

onditions at the developed fire-Stage and the method does not quantify the behaviour of an elemg
e period of time, in a realfire/situation (see 3.1 and Clause 8).

i-bearing capacity

bn is intended t6 détermine the ability of a loadbearing element to support its test load during the
t collapse. Asdtris desirable to have a measure of loadbearing capacity without having to conti
il the element collapses, a limit on rate of deformation and maximum deflection has been inclu
beams<and columns. The limiting deflection and/a rate of deflection have no relationship wit

hsrecorded just prior to collapse vary in magnitude from one type of wall to another.

rin
ted

fire
ent,

fire
hue
ed
h a

fe safety risk. It has not been possible to include a limit for walls as experience has indicated that

4.3 Integrity

This criterion is applicable to separating constructions and provides a measure of the ability of the specimen
to restrict the passage of flames and hot gases from its fire exposed side to the unexposed surface in terms of
the elapsed time prior to failure by one of the identified methods. The primary method of defining the criteria
of integrity is by the time interval between the commencement of heating and the ignition of a cotton fibre pad
which is placed over any cracks or openings. The ability of the pad to ignite will depend upon the size of the
opening, the pressure inside the furnace at the position of the opening, the temperature, and the oxygen content.

Where the ignition of the cotton fibre pad can be influenced by the presence of hot surfaces as may be present
on non-insulated specimens (or parts of specimens) such that non-piloted, spontaneous ignition of the pad
could occur, then the standard prescribes the use of gap gauges as a way of quantifying the critical dimensions
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of any gap. Acceptable integrity performance requires that the gap gauge does not penetrate the specimen
such that the end of the gap gauge is within the heated furnace chamber.

The gap gauge does not measure the same degree of hazard as the cotton pad and in life safety terms it
generally gives a more optimistic result.

Flaming on the unexposed face of the element generally constitutes an unacceptable hazard and therefore,
where this can lead to ignition of the pad, this also indicates failure under the integrity criterion.

4.4

Insulation

This criterion is applicable to separating constructions and provides a measure of the ability of the

to

strict the temperature rise of the unexposed face to below specified levels.

specimen

WHere the separating construction being tested is uninsulated or has exceeded the specified t¢mperature
limits, the radiation from the unexposed surface may of itself be sufficient to ignite a cotten wool pa

Th

sur
inc
ang
1SQ

Su
cor
cor
cor
sur
evi
of f

specified levels are intended to ensure that any combustible material in contact with the
face will fail to ignite at within the timescale of a fire event. The limit for\maximum tempera
uded to indicate any potential areas on the construction that will provide @ direct path for heat tr
create a hot-spot on the unexposed face when the test specimens aré instrumented in accor
834-1:1999, 5.5.1.2.

jgestions have been made to the effect that the specified limiting values of temperature rise may bg

H (see 4.3).

Linexposed
ure rise is
hnsmMission
dance with

somewhat

servative since they were apparently based upon the prefnisé that the unexposed surface t¢mperature

tinues to rise after the exposing fire has been removed fromithe assembly under test. Experiments
ducted [13] whereby boxes filled with either cotton or wood shavings were placed against the

faces of brick walls subjected to fire exposure inaccordance with the standard fire test. The
jence of ignition of the wood or cotton at temperatures below 204°C (or 163°C temperature rise)
re exposure for 1.5 h to 12 h. Evidence of approaching ignition was observed at temperatures betw

have been
Lnexposed
re was no
t durations
een 204°C

and 232°C and conclusive evidence of ignition was observed at temperatures between 232°C and 260°C.

Ignjtion duration of over 4 hours rarely relate to a life safety risk.

4.5
So

Thgl
fac

SCE
wh

Radiation

enational, orregional building:codes require constructions to be classified for their radiation perfofmance (w).
critical level of radiatiofi is expressed in terms of kW/m?2 at a fixed distance away from the linexposed
b of the construction (nermally 1 m). Such codes set a maximum level of heat flux for varioug life safety
narios. The critical.eondition that needs to be resolved in life safety terms is the cumulative thé¢rmal dose
ch is the product'ahthe intensity of the received heat flux and the duration of exposure to it.

ose where
5 without a

In
the

wi

espect of thélinstrumentation there is a difference in the measuring instruments between th
sensor i§ protected by a transparent window which measures pure radiation and those meter
hdow” that are influenced by convective air movement and record the “heat flux”.

4. Other characteristics

One characteristic of protection systems can be established by the ISO 834 procedure is the “stickability” of the
protection material. When gathering data for a thermal analysis of the fire protection properties of a protection
system it is often a necessity to establish how tolerant the material is to load/temperature induced distortion.
This is known as “stickability” and is established on a full size beam, or column as designated by the calculation
procedure. The exact test construction is not well documented and the deflection (rate of, and magnitude) are
gratuitous, making it difficult to ensure repeatability.

While the materials comprising the test specimens which are subjected to this test method may exhibit other
undesirable characteristics during the conduct of the test, such as the development of smoke, such phenomena
are not subject to the criteria applicable to this test method and are more appropriately evaluated by test
methods designed for the purpose.
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5 Classification

Buildings are typically prescriptively regulated in terms of height, area, occupancy category and spatial
separation by requiring their principal separating and supporting elements to exhibit specific minimum periods
of fire resistance in terms of the results of the standard fire test applied to sample constructions representative
of those building elements.

ISO 834 provides a system for expressing the performance of such constructions which have been subjected
to fire test which relates to the characteristics which have been considered when measuring the performance,
i.e. structural stab|I|ty, integrity and |nsulat|on The performance is expressed in units of time pertammg to the
period during wh

ent

be
art
ant

all of the performance criteria for the period concerned. In some other countries and circumstances it may
necessary|for only one or two of the performance characteristics to have been accommodated:for all or |
of the fire test period. It is therefore desirable, in codes and regulations, to provide appropriate’ and signifid
qualifications when such relaxations are permitted.

The fire rgsistance requirement is typically referred to as a fire resistance cldssification or rating. The
classificatipn or rating periods are usually designated in half-hourly or hourly infefvals ranging from 0.5 i to
6 h. To qudlify for such a designation it is necessary that the assembly accompiodates the criteria for a pefiod
at least eqpal to the hourly designation. In some countries, letters of the alphabet are used to correspond to
specific periods of fire resistance and in other countries, where permitted) ‘a code letter is also employed to
indicate which of the criteria has been accommodated.

It should to
bde

ion

Iso be noted that some countries make a distinction\between the classifications assigned
combustiblle and non-combustible construction. Finally, it is the“practice in some countries to include ¢
letters or gther forms of designation in the assigned classification to signify the type of building construc
element cdncerned.

6 Repeptability and reproducibility

While this

compreher
measures

identical s
assembled
representin
layer of gy

part of ISO 834 has been revised with the intention of improving repeatability and reproducibility
sive test programme has heretofore been conducted to develop data on which to derive statist
bf repeatability and reprodueibility of the fire tests it describes. Since replicate testing of nomin
ecimens is not required and-not customary, statistical data on variability is scarce. Some source
data do, however, exist;,sée Reference [14] and [15]. Reference [15] includes data from 10 furna
g six organizations.he test specimens consisted of a non-load bearing steel stud wall with a sin
psum board on €ach face. The gypsum board was obtained from a single source manufactu

no
cal
ally
5 of
Ces
gle
red

during a spgecial run to enSure tight quality control.

Repeatabil
(the ratio H
in terms of|
expected t

ty and reproducibility are often expressed in terms of a standard deviation or a coefficient of variafion
etween-standard deviation and overall mean, expressed as a percent); it may also be expressed
a critical difference or a relative precision (the critical difference within which two averages can be
D lie, 95 % of the time).

While it is difficult to assign reproducibility or repeatability coefficients to fire resistance testing, a study was
undertaken within the European community during the drafting of common European test procedures of the
uncertainty of measurement, but this was not published. A paper on the subject was used in the drafting of
ISO/TR 22898. This paper is included in Annex A of this part of ISO/TR 834 and it highlights the difficulty of
achieving good reproducibility and repeatability.

No good estimate of the coefficient of variation of reproducibility is available at present, but experience indicates
that between laboratory reproducibility may be two or three times the within laboratory repeatability.

In the context of a classification system in support of fairly coarse prescriptively derived requirements, the
lack of reproducibility and repeatability is unlikely to have a serious direct influence on life safety. Modern
fire engineering techniques based upon the functional approach are looking for more reliable data, as both
cost, and time pressures invariably cause designers of buildings to remove any obvious overprovision of the
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fire safety requirements. Reduction of fire resistance durations of 25 %, 33 % are not uncommon, but if the
repeatability deviations were to be of similar optimistic magnitude the ultimate performance of the building in
fire may be seriously compromised.

Persons using the data from fire tests as part of a functional (fire safety engineered) approach must be aware
of the currently inherent weaknesses in the results of such tests and those responsible for the tests and the
testing standards must strive to improve this aspect of their outputs.

Repeatability and reproducibility may be improved by consideration and if possible implementation of measures
that provide consistent interpretation and methods that address the factors identified in 6.1 and 6.2.

6.1 Repeatability

Repeatability is a measure of the variability in fire resistance time associated with replicate‘tests op the same
nominal assembly conducted within a single laboratory. Variability in the measured fire resistance time may be
dug to random or systematic factors, and may be associated with

a) | specimen assembly/construction;

b) | specimen handling;

c) | apparatus (furnace, loading and restraint equipment);
d) | control equipment;

e) | operator (control, measurements and observations);
f) | environmental effects.

Rapdom factors include material variability and warkmanship; load magnitude and application (¢.g. degree
of restraint, end fixity, load eccentricity); sensaer,"and instrument variability; operator-conditional effects;
environmental changes (temperature, humidity,-etc.).

Systematic factors include aspects of thefactors cited above, e.g. different assembly personnel|equipment
opegrators; systematic changes (high-or-low) in furnace temperature and pressure; shifts in gensor and
insfrument calibrations.

In gome cases, a critical factor-tnay have both random and systematic aspects. For example, the|magnitude
(and variability) of furnace pressure may initiate premature failure of a suspended ceiling forming part of a
flogr/ceiling assembly. This may occur randomly at one (controlled) pressure level and systemgtically at a
slightly higher pressurefevel.

Ac¢redited laboratories operating under a quality control system that identifies and controls the criIcaI aspect
of nepeatability, fmay be expected to provide improved comparability of results would be expected t¢ achieve a
greater degree\of repeatability than those that do not operate such a system. It is stressed, howeVer, that the
quality system’ must target the cause of measures that create the lack of repeatability.

6.2 “Reproducibility

Reproducibility is a measure of the variability in fire resistance time associated with tests on the same nominal
assembly conducted in different laboratories. The random and systematic factors stated above also apply to
between-laboratory variability. Specific systematic factors likely to increase variability include

— differences between furnaces (e.g. size of specimen; shape and depth of furnace chamber, type of fuel;
number, type and orientation of burners);

— structural loading (e.g. method of applying load; load distribution; load eccentricity);
— boundary conditions (e.g. restraint; perimeter cooling);

— control and recording instrumentation (e.g. automatic/manual; temperature; pressure);
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— interpretation of test conditions and criteria.

7 Establishing the field of application of test results

7.1 General

There is now a greater awareness of the need to establish the influence on the fire resistance of an element
of construction resulting from variations in the critical parameters e.g. size, orientation, design, component
materials and construction methods.

It is often impossible to test every possible variation in an element and so the field of application of a tegted
constructidn is generally derived as a result of an expert analysis in order to establish the range of variatipns
to which the result/classification can be applied.

The impact of furnace/specimen sizes on the field of application in respect of the size of the element has bg¢en
discussed |n 3.2.2 and 3.7, but there are many other factors that need to be considered in the,determination of
the field offapplication. Guidance on the subject is given in ISO/TR 12470 and it may al§o-be found in cerfain
national standards, such as BS: PD7974-3 [16]-

There are ¢onsidered to be two sub-categories of field of application, Direct and Extended field of application.
The term Direct Application is normally applied to all of those variations whére the change in the element
is obviously beneficial, e.g. the stress in an identical element is lower or the Cross-section size of the tedted
member/sgction is greater. Extended Application covers the situation where the change in the tested element
is detrimental to the performance, but where there is, or could be compéensatory features.

This is a complex issue and the field of extended application of an element may only be determined accurately iffit is
performed py persons having the requisite knowledge of the high temperature behaviour of materials and elemenpts.

When carrying out an extended application analysis it is pecessary to identify all of the parameters that may
change, or|in the case of a project specific extension the ‘actual parameters that have changes, and identify [the
factors thaf will change for each parameter in turn. It S then necessary to consider the influence of that fagtor
on each of the relevant criteria in turn. In some ‘cases the influence on the criteria may be quantified uging
appropriat¢ mathematic techniques, such as those considered below, but in many cases the influence may be
resolved solely by expert judgement.

In quantifying the degree to which the result can be extended to apply to non-tested assemblies/products there
are two basic quantifiable techniques that are used; interpolation and extrapolation.

Interpolatign and extrapolation/issmuch easier to apply to load bearing elements for the purpose of prediciing
load bearinjg capacity, rather-than for the prediction of integrity and insulation (for composite elements) which
are much more complex andywill need to utilize the methods described in a Technical Report under preparation,
Guide to tHe Methodology-for Establishing the Extended Application of Fire Resistance Test Results.

7.2 Interpolation

This procedlre allows the effect of variations in a component/construction to be established by testing at
the extreme tanges of the parameter under mvestigation and determining the trend between them. This
established pattern enables the performance of a component/construction with critical parameters between
the two extremes to be assigned a “likely” performance. The trend should not be assumed to be linear because
the relationship between the changes in the parameter could be quite complex and the evidence needs to be
thoroughly examined. Graphical techniques based upon single curve fitting procedures can be misleading,
especially with the lack of repeatability and reproducibility that is inherent in fire resistance testing (see 6.1 and
6.2). Because the limits of the critical parameter have been tested, interpolation is more appropriate for direct
field of application.

A method of interpolation has recently been introduced into ISO 834-1 for the interpolation of results in the
determination of the dry film thickness of intumescent paint for the protection of steel members in fire. This
method is known as the 3D Interpolation Method which can be used for the interpolation of any set of data from
fire resistance tests where the result may be dependent upon a series of identifiable variables.
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7.3 Extrapolation

This procedure allows the effect of variations in a component/construction to be established where the change
in the parameter extends beyond the range established by previous testing.

Extrapolation requires a fire model being developed on the basis of one or more tests and other pertinent data
on fire performance. Factors which can be considered are: dimensional, material, or design variations, usually
outside the range of variables examined by tests. The reliability of extrapolation depends upon the exactness
of the fire model used and this needs to be specified when the procedure is undertaken.

For any extrapolation to be valid it is important that the likely mode of failure is known and is able to be predicted.
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a) | dimensional variations — length, width, thickness, etc;
b) | material variations — strength, density, insulation, humidity;
¢) | load or design variations — load, boundary conditions, jointing, fixing\methods.

The relevance of these parameters will depend upon the type of specimen and the changes being ¢
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structions, depending upon reinforcement protection, and wood constructions where the rate of
ritical factor. In the case of steel elements, the effect of varying the size, the load, and the desi
result in a new critical goal for the insulatiig'material. For concrete elements, a similar approach
simple systems where either the steel ofithe concrete has to be prevented from reaching the critig
h more complex arrangements, the-redistribution of stresses and strains has also to be taken in
St timber structures can be analysed on the basis of considering the ultimate strength of the
tion. A number of publications provide guidance on some typical constructional systems in these
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increasing

degree of sophistication. Precise rules and application limits will need to be agreed upon by the nati¢nal bodies

usipg the procedures:

a) | Quantitative design rules based on fire tests and general concepts. Such rules are only useful [for experts
in the fields;

b) | Quantitative design rules (or empirical rules) based on fire tests which attribute a certain valug to the fire
resistance contribution of materials or products with safeguards against unrealistic results;

c) LRegression techniques: Fxamination of a number of parameters in a systematic series of tests and the
determination of a relationship using regression techniques to obtain the best fit;

d) Physical models: Development of a physical model relating fire resistance to material properties either
from first principles or by working from the test data. After the model has been validated fire resistance can

be determined by input of the appropriate properties.

Caution should be exercised in regard to the use of interpolation or extrapolation techniques for the derivation
of fire resistance classifications in cases where there is insufficient data or where the construction under
consideration is significantly unrepresentative of the fire tested construction upon which the interpolation or
extrapolation is based.
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8 Relationship between fire resistance and building fires

In considering this relationship it is necessary to understand that the determination of fire resistance is by means
of a complete test procedure. When making comparisons with building fires, attention is usually focused on the
time-temperature curve and its relation to the temperatures and growth rates achievable in “real” compartment
fires under various fire scenarios.

The test is used to qualify building structures so that they provide the requisite level of safety in fire. This
is achieved by applying a fire resistance test result through some code or prescriptive document which will
determine the performance needed in a given situation. Adequacy of the approach is monitored by informal,
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e times in real fires. This has been recognized in principle:from the inception of the test [17], [19

The verifiction of performance by carrying out fire tests can be traced back about 100 years. These early te

used gas,
was difficu

bil and wood for fuel, or even a combination of these."With such a wide variety of test conditiorn
t to compare and evaluate the findings.

Ve
hip
1.

sts
s it

The first nhoves towards a more uniform approach were in the USA when in 1918 an ASTM Commiftee

introduced
of the origi
well establ

a time-temperature relationship close to our current ISO standards [19]. The natural time constg
hal furnaces probably had much to deo with the originally established time-temperature curve.
shed over a variety of furnaces, even' in different countries, that a furnace once “on” the stand

nds to “run itself”, i.e. follow the curve with little operator interference.

nts
tis
ard

ect

an

ual
ing
ng,
be

The fire test s fo be regarded as a way of measuring the comparative Tesponse o fire

scenarios which involves an approximation in both the fire and the physical model.

The growth in the application of fire safety engineering in the design and construction of buildings means there needs
to be clarity between the application of the results of a fire resistance test within a prescriptive legislative framework
and the use of the results for providing calculated periods of fire resistance based upon parametric curves.

Materials that are temperature sensitive rather than time sensitive may be graded very optimistically by the
standard temperature/time conditions described in ISO 834-1. Therefore while introducing modifications to
the test procedure in order to make it more realistic must be viewed with caution in the context of prescriptive
legislation it may be sensible to improve the test, or a separate version of the standard, to make it more realistic
to obtain a true comparison of materials in the context of real-fire performance.
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See ISO/TR 22898 for information as to what changes should be considered in the future. Further information
on the relationships between ‘real fire’ and the standard test can be found in the Reference [22].
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