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Foreword

ISO (the |nternational Organization for Standardization) is a worldwide
federation jof national standards bodies (ISO member bodies). The work of
preparing |[International Standards is normally carried out through 1SO
technical qommittees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented
on that cpmmittee. International organizations, governmental and non-
governmemtal, in liaison with ISO also take part in the work. 1SO
collaboratgs closely with the International Electrotechnical Commission
(IEC) on a|l matters of electrotechnical standardization.

The main| task of technical committees is to prepare International
Standards| but in exceptional circumstances a technical committee may
propose the publication of a Technical Report of one of the following types:

— type [, when the required support cannot be obtained&for the
publicption of an International Standard, despite repeated efforts;

— type 2, when the subject is still under technical development or where
for any other reason there is the future but not immediate possibility of
an agfeement on an International Standards;

— type 3, when a technical committee has collected data of a different
kind flom that which is normally published @s an International Standard
(“statq of the art”, for example).

Technical |Reports of types 1 and 2 (are subjected 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 b¢ reviewed until the data they provide are considered to be no
longer vali¢l or useful.

ISO/TR 12470, whichiisa Technical Report of type 2, was prepared by
Technical |Committee) ISO/TC 92, Fire safety, Subcommittee SC 2, Fire
resistance,

The primafy-objective of this Technical Report is to produce a harmonized

approach to the extension of results obtained from fire resistance tests
performed according to the time-temperature curve as given in 1ISO 834-1.
Such an approach is usable by writers of fire testing standards to assist
with the preparation of harmonized “field of direct application” statements.
In addition it is of assistance to fire safety engineers/consultants who either
need to establish the extended field of application of a tested construction,
to establish whether a similar untested element would be expected to
satisfy the test criteria where the variations between the tested and
untested constructions are significant, or produce the rules governing the
application.
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The guidance as to whether the application can be extended is given in
three forms. In the simplest form a rule may be used which may be based
upon sound scientific facts or even just custom and practice. For
guantifiable aspects it identifies where fire engineering calculations may be
used. Where judgement needs to be exercised, it identifies the factors that
need to be considered. The guidance given also allows a designer or the
enforcing authority to assess the fire resistance of an element when it is of
a size that cannot be tested due to the physical limitations of testing
furnaces. Whether this is a valid use of this guidance document will depend
upon the philosophy of a particular country's regulations and the way they

uca fira racictanca tacte 1n thair hinldina ~adac  ln A ~Amn] X bUIIdIng
use—fire—resistance—tests—in—thei—building—cedes—r—a—compl

where the behaviour can only be established from first principleg, a greater
understanding of the limitations applying to a test result is erjtical

Structural elements such as beams, girders, columns and |floors are
generally designed by using calculation methods. ‘applicabl¢ at room
temperature and each element is more or less different from one another.
These structural elements also need calculation methods that agsess their
fire behaviour and it is important that thesed@re'correlated by tests.

Annex A forms an integral part of this Technical Report. Annexgs B and C
are for information only.
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Introduction

Fire resistpnce tests on building components are necessary to establish
their behaviour against pre-determined criteria when exposed to a
representdtive fully developed fire and to provide information that may be
used in dgtermining the fire safety level of buildings. For several decades
people halve accepted by means of test results only, the possibility of
grading thé components. Now, due to the improvement of knowledge and
the sophigtication of buildings, it is necessary to be able to give a more
accurate assessment of the components used in buildings.

Because ¢f the cost of the tests and the size limitations of the testing
furnaces, it is not possible for any given building element to be tested at all
of its variqus sizes or designs. As a consequence we need rules or even
better mathematical models for predicting, from test results, the behayiour
of elements which are changed in size, design and/or application. Fhe
performange of these elements is adjudged as a separate consideration
and only apainst standard heating conditions as defined in ISO 834-1.

Even with| the knowledge available to assess the behaviour of a given
constructignal element, whatever its design or its size, wewill still be a long
way from gstablishing the real behaviour of a building in-a real fire.

The philogophy of only grading elements into\different fire resistance
categories| may not give any indication about:how the element behaves
when heajed. By studying and assessing the data from fire resistance
tests, it will be possible, using the guidange within this Technical Report, to
obtain a bpsic understanding of the influence of the main parameters on
the element performance during a fire resistance test.

In practice, tests can give much,useful information which can be used for
interpolatign and extrapolation, of the results.

In the following, all of these assessments will be based on the one hand on
the standard time/temperature conditions and, on the other hand, on
isolated elements_with' no interaction with the adjacent elements.

Also ageing ahd weathering are not covered here.

This Technical Report is divided in two parts:

— guidance on direct use and extended application of test results for
various elements used in buildings; the parameters which would be
assessed by rules, calculation or only expert judgements are dis-
cussed.

— future evolution:

» improvement of testing methodologies to give a better prediction
of the performance of various sizes and designs of a given
element,

Vi
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« mathematical modelling which can be used by experts to give
their judgement,

« expert systems which could take into account the interaction of
various factors in an assessment.

In addition annexes A and B give an overview of current practices in
various countries as far as application and extension of fire resistance test
results are concerned. It is mentioned where agreement could be found
and where more efforts have to be made for harmonization.

Annex C gives additional reading.

Vii
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Fire resistance tests — Guidance on the application and

exte
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Dirg¢ct application: this section identifies the modifications that\can be made to the design of the test
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1)

NsSion of results

pe
nd extended applications of test results are the two possible ways to ensudrerthat a modified e

ons refer only to the fire rating that the building element can expect to)reach if it were to be
according to the standard fire used for the reference test.

N type of element of construction, the application of test resultsawill be considered under two sub-H

out reducing its fire rating. These possible modifications.are based on obvious knowledge and d
her evaluation. In every case it is, at least, assumed that the basic materials used for the tested

be changed. The results obtained from tests performed using standard configurations are valid f
pplication derived from that configuration, regardless of any specific advice given in the following

ended application: this will require in every case an assessment by a fire expert either in develop
lication or evaluating the results of fire engineering calculations or making a judgement. In every

original test and the fire resistancetequired for the untested element.

dgement is the result of a qualitative process, normally carried out by experts. Judgements g
fy a change of design o method of construction which may use, for example, empirical data dq
s, established physicalyproperties, hot and cold state calculations, a knowledge of fire exp
aviour and responsg-of the construction, either in isolation or in combination.

the "field of-@pplication" of the test result for a given family of products. These rules may requirg
calculation.' The quantification of these rules would be agreed universally based upon validated
related:to generic constructions or components. This could cover size changes, number of joi
glazing etc.

lement will
hses these
ested in a

eadings.

bd element
0 not need
sample will
or the field
chapters.

ng rules of
case it will

aken into consideration that extended @pplication may take into account the difference between the result of

re used to
brived from
osure, fire

Rules of application: these would be applied universally even by persons without expertise in fir¢ as part of

cold state
bXperience
ts, size of

2)

Throughout this- Technical Report e Clauses Coverng ruies frequently express the acceptabie
terms of un-quantified percentages indicated by the letter "X" and an appropriate suffix.

change in

This allows national code authorities to insert their own acceptable limits which will relate to their

established fire safety philosophy.

Authorities are encouraged to support the necessary research towards internationally harmonized

validated value.

Fire engineering calculations: these would be used by an expert in giving advice but will
restricted to the properties indicated below:

mainly be
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non-loaded elements: this would be restricted to the calculation of temperature rise and deflection of

"simple" components and elements;

loaded element: in addition to the properties permitted for non-loaded elements, calcul

ation at

elevated temperature could be permitted for the load-bearing capacity for well-documented materials

(steel, concrete, etc.) and for statically determined elements.

In every case the calculation models used by the experts, whatever their source (purchased from software
manufacturers or developed in the institution) have to be fully validated by comparison with existing test
results and by sensitivity analysis of the various parameters.

3

—

OO0 Q0 0 W0 s

Changes i
the advice

ritten rules are applicable, the result may still apply subject to some expert judgement beingm
bction on judgements highlights the matters that need to be considered and to be explained’by

person responsible for making such judgements. Generally, components of a construction
buld be changed, provided it can be shown that this does not reduce the fire resistance. It
bmonstrated that the interaction of a new component with other components will not affect adve
erformance of the tested construction. When resistance time is higher than required time, it will d
P possible to have a greater change than with only the necessary safety level.

N materials and methods of construction can have significant influences~on the fire resistance. |
and recommendations are common to all elements, those aspects are*dealt with separately und

"manufact;rre and materials" to avoid repetition. The user of this Technical Report should consider these ag

all applica

2 Comr

The advice

2.1 Man
2.1.1 Gend

For certair
large char
resistance
be used to
the eleme
application

Additionall
the untests

ions of results whether direct or extended.

non factors

in this clause applies to all subsequent groups of-elements.

ufacture and materials
eral

applications, even small changes in either the materials or the methods of manufacturing may
ges in fire resistance (for,_example glazing, intumescent coatings, primers). The results fro

test may be used to support an evaluation of the performance of a similar untested element or t

nt complies with the/guidance given in 2.1.2. Where the construction is not covered by th
then the calculations or application rules need to be applied as indicated.

y there are ‘guality control and certification schemes in some countries. Control procedures ens
bd constriction is equivalent to the tested construction. Any relaxation of these procedures may

undertaken if itccan be established that they only influence non-critical aspects of the construction (e.g

texture, et
Reduced s

.) Evidence of the effect must be available if the control of the ‘critical' processes or materials is i

de. The
he body
element
must be
sely the
enerally

dgements: for a test result to be extrapolated to cover changes outside those for which calcul%tions or

Because
er2.1.1
pects in

result in
m a fire
hey may

justify an element in.use without any further calculations, or the application of rules, if the manufacture of

e direct

ure that
only be

colour,
nvolved.

cale fire resistance tests may be used for this purpose subject to the changes not affecting distortion.

The information given for direct and extended applications has to be used for every construction element.

2.1.2 Direct application

a) The quality control procedures are not reduced.

b) The manufacturing/construction procedures remain unchanged.

c) Constituent materials, admixtures, preservatives, flame retardants, adhesives, etc. remain unchanged.
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2.1.3 Extended application
2.1.3.1 Rules
As a general rule the quantity of any constituent material may be varied by up to a certain percentage (to be defined

for each family of material) from that used in the original specification that was tested without the need for further
consideration.

2.1.3.2 Fire engineering calculations

Where, for—certaimmateriats;,cafcutatiommethods—ave—evolved—and—teenr—documented—it—ay—bepossible to

calculate the influence that changes in material and manufacturing may have on the fire resistance.
2.1.3.3 Judgements

a) Mafterials

It may Qe possible to change constituent materials, or add constituents such as preservatives or flame|retardants
without gignificantly affecting the fire resistance. Evidence of the effect that this.may have should be avajlable or its
effect should be able to be calculated to demonstrate that these changes.Wwill not reduce the fire fesistance.
Reducefl scale fire resistance tests may be suitable for this purpose. If the additional constituents may bg expected
to influehce distortion patterns, then a full scale test may be required.

b) Manufacturing procedures

The effgct of any change in the manufacturing procedure shall be established to show that it does not feduce the
fire resigstance of the element before such changes are accepted.

2.2 Mpisture content

Since itfis difficult to measure the moisture-content of many elements prior to the test, it is better to try tp reach an
equilibriim before testing. However when for various reasons this is not possible and if information is ayailable on
the assymed moisture content, the following correction can be used.

If the fire resistance with respect to insulation criterion of a specimen is known at one moisture contert, then the
insulatign rating at some otherymoisture content can be corrected according to the following equation?):

1
T+ Ty @+ —bp=-T)-4T, =0
d a ( 15b¢ 5) b

¢ | isthe' volumetric moisture content,

Ty is the fire resistance, in minutes, of the element at a moisture content of ¢,
Tq s the fire resistance, in minutes, of the element in oven-dry condition,

b s afactor, in minutes, which varies with the permeability.

This formula can be used for correcting the insulation criteria relating to a homogeneous structural element such as
concrete slabs, brick walls, with some limits of application. It is not applicable to timber and gypsum products.

1) T.Z. HARMATHY, "Fire Safety Design and Concrete". Longman Scientific & Technical, 1993.
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2.3 Increasing size

A non-loadbearing separating element having obtained a given fire rating could be used for a lower fire rating
application at a bigger size than that allowed in an application requiring the obtained fire rating. The reason for this
is that to achieve a better performance than that required it is necessary to produce a more stable element to
ensure reduced distortion and/or deformation and hence less erosion of any constitutive materials.

3 Loadbearing-elements

In practice|few structural elements are covered by direct application because there is always a difference in size or
strength of material used.

For protected load bearing elements, please refer also to 5.2.

For simple|elements, it is normal to use design codes which take fire into account.

3.1 Bealns
3.1.1 Gengral

The results from a fire resistance test may be used to support an evaluation of the performance of another beam
without any further calculations or the application of rules or judgements if the construction complies with the
guidance given in 3.1.2. Where the construction does not comply wijth the direct application, then the calculations or
applicatior] rules or judgements need to be applied as indicated.

The relevgnt performance criterion is the loadbearing resistance (loadbearing capacity: determined by maximum
deflection fnd maximum rate of deflection).

3.1.2 Diregt application

The results of a fire resistance test are deemed to be applicable to a similar untested beam provided that all the
following dre true.

a) The span is not increased.

b) The ldad is not increased and the location and distribution of the load are unchanged.
c) The rqtational and longitudinal restraint are unchanged.

d) The dimensions of the-cross-section are not reduced.

e) Characteristic strength and density of any basic materials are unchanged.

f)  The nimbertof heated surfaces is unchanged.

g) The lengthoftheumheated part of theconstructionm s ot Teduced:
h) There is no change in the design of the cross-section (e. g. reinforcing bars within the cross-section).

i)  Lining or decorative materials not influencing the fire resistance may be changed or added.

3.1.3 Extended application
3.1.3.1 Rules

Rules can be given for the following.
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a)

b)

c)

d)

e)

3.1.3.2 Fire engineering calculations

Calculations may be used for the following.

a)

b)

Dimensions and loading (length of span, level and type of load)

The length and load (level and distribution) may be changed as long as it can be calculated that the stresses
(bending and shearing) within the section are not increased, and providing that failure mode at room
temperature does not change (the span could be increased if the load is reduced and vice versa).

Reinforcement for reinforced concrete beams (not relevant for prestressed concrete beams)
A change in the location of reinforcement is possible as long as its temperature is not increased, the total cross-

section is not reduced, and the distance between the reinforcement and the centroid of the compressive zone is
not reduced.

Nurnber of heated surfaces

Thg number of heated surfaces may be reduced for beams made of materials where this is not detrimental to
the|performance.

Seryices

Holes for services may be incorporated if they are perpendicular to the span and“in the zone of the nputral axis,
proyided that they are protected at their borders in the same way as the beam itself.

Lining materials

Lining or decorative materials not influencing the fire resistance may)be changed or added.

Temperature profile

Heat transfer through beams may be calculated by using an accepted temperature analysis model.|Input data
must be based on values for specific heat capacity and thermal conductivity as a function of temperature for all
malferials included in the element. Forycomposite elements it is necessary to estimate, using rejevant test
resflts, the time of exposure at which destruction or detachment of parts of the element (i.e. boards| insulation
etc) will occur.

Lodd bearing resistance (leadbearing capacity)

Thg load bearing resistance may be calculated for beams where the physical properties are kpown as a
fungtion of temperature and where the temperature profile over the cross-section of the beam is known. For
timiper the charring ‘rate and hence the reduction in cross-section also need to be known.

Deflection

The deflection may be calculated for beams where the relationships between stress and strain (ipcluding, if
nedessary, creep effect) as a function of temperature are known, in addition to the above properties. It should
be heted-thatthe-calculated-deflectionsheed-to-take-inte-account-deflections-due-to-beth-the-thermal and load

induced strains.

3.1.3.3 Judgements

Changes may be made to the following aspects of the beams provided that expert judgement is based on the
appropriate considerations mentioned below.

a)

Supporting conditions

The supporting conditions may be changed, provided that this will not increase the load effect, reduce the
rotational restraint, or increase the longitudinal restraint or the thermal conditions.
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b) Protecting materials
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When fire protection materials are changed or increased in order to compensate for changes in the load case
or cross-sectional area, it must be demonstrated (justified) that the connection between the protective material
and the beam will remain effective for a duration sufficient to achieve the fire resistance period.

c) Heated surfaces

The number and area of heated surfaces can be increased, if it can be demonstrated that in increasing the
height of the cross-section or decreasing the perimeter/area ratio (for instance) the load bearing resistance is at

" e el - rmrpadd
|eaSt t‘IE 2dITIC dS U1 TESISLAlILE U U1 ICS1CU DEAlll.

d) Comp
Comp
that it

e) Servig
Holes

locatid
proted

f)  Proted

Wher¢ holes are made in a beam which is protected, it is necessary for the boundary of the hole to be

with a

3.2 Colu

3.2.1 Gengral

The result
without arn
guidance ¢
applicatior

The releva
axial contr
3.2.2 Dired

The result
following &

bnents

pnents of the beam construction (additional support for floors or the other beams) canbe-added,
can be shown that this does not reduce the fire resistance.

es
in beams perpendicular to their span may be allowed provided the stresses (bending and shea
n of the holes do not exceed the corresponding maximum stresses in\the tested beam and the h

ted at their edges in order to avoid excessive increase of temperature.

ting holes

N equivalent level of protection.

mns

5 from a fire resistance test may be-vsed to support an evaluation of the performance of another
y further calculations or the applieation of rules or judgements if the construction complies

rules or judgements need to"be applied as indicated.
nt performance criterion is the loadbearing resistance (loadbearing capacity: determined by m
hction and maximumrate of axial contraction).

t application

re true.

provided

r at the
oles are

brovided

column
with the

iven in 3.2.2. Where the consttuction does not comply with the direct application then the calculations or

aximum

5 of a firesresistance test are deemed to be applicable to a similar untested column provided that all the

a) Thel

-l - -
NMYutT s 1ot IlIblL‘!d.bUUl.

b) The load is not increased and its eccentricity is not increased.

c) The end conditions are unchanged.

d) The di

mensions of the cross-section are not reduced.

e) Characteristic strength and density of any basic materials are unchanged.

f)  The number of heated surfaces is unchanged.

g) There

is no change in the design of the cross-section (e. g. reinforcing bars within the cross-section).
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3.2.3 Extended application

3.2.3.1 Rules

Rules can be given for the following.

a) Dimensions (including length), loading and end conditions

The length, slenderness and load may be changed as long as it can be calculated that the load level is not
increased, e.g. the length can be increased if the load is reduced or the end conditions result in a lower

. - —
sledernmessratioand-vice versa:

b) Rei

AC
ben

c) Ser
Hol
thid
rein

d) Lini

Lini

3.2.3.2

Calculations may be used for the following.

a) Tern

Heat transfer through columns may be-ealculated by using an accepted temperature analysis model.

mu

res
etc

b) Loa
The

fun
tim

hforcement for reinforced concrete columns (not applicable to prestressed concrete)

hange in the location of reinforcement is possible as long as its temperature is not4hcreased,
ding moment and the total cross-section is not reduced.

vices

es with a diameter less than or equal to X; for services in concrete._columns are allowed
kness of the material on both sides of the hole has a minimum of\Xs. The hole shall not re
forcement.

hg materials

ng or decorative materials not influencing the fire resistancé.-may be changed or added.

Fire engineering calculations

nperature profile

iits, the time of exposurelab which destruction or detachment of parts of the element (i.e. boards
will occur.

d bearing resistance
load bearing*resistance may be calculated for columns where the physical properties are k

Ction of témperature and where the temperature profile over the cross-section of the column is |
per the €harring rate and hence the reduction in cross-section also need to be known.

here is no

where the
move any

Input data

5t be based on values for specific heat capacity and thermal conductivity as a function of temperature for all
malferials included in the element. For composite elements it is necessary to estimate, using re

levant test
insulation

hown as a
nown. For

c) Def

DFmation

The deformation (axial and lateral) may be calculated for columns where the relationships between stress and
strain (including, if necessary, creep effect) as a function of temperature are known, in addition to the above
properties. It should be noted that the calculated deformation needs to take into account deformations due to
both thermal and load induced strains.

d) Services

Holes for services in concrete columns or holes in columns of material other than concrete, perpendicular to the
length, are allowed if it can be calculated that they do not reduce the load bearing resistance at elevated
temperature.
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3.2.3.3 Judgements
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Changes may be made to the following aspects of the columns provided the expert judgement is based on the
appropriate considerations mentioned below.

a) Supporting conditions

The supporting conditions may be changed, provided that this will not increase the load effect or reduce the

rotatio

nal or the thermal conditions.

b) Proteg
When
or cro
and th

c) Comp

Comp

tmgmateriats
fire protection materials are changed or increased in order to compensate for changes inhe’ lo
5S-sectional area, it must be demonstrated (justified) that the connection between the protective
e column shall remain effective for a duration sufficient to achieve the fire resistance peried.

bnents

pnents of the column (brackets etc.) can be added, provided that it cantbe shown that this ¢

reduce the fire resistance.

d) Protegting holes
Wher¢ holes are made in a column which is protected, it is necessary for the boundary of the hog
provided with an equivalent level of protection.

3.3 Floofs

3.3.1 Gengral

The results from a fire resistance test may be used‘to support an evaluation of the performance of anot

without arn
guidance ¢
applicatior

The relevant performance criteria arevintegrity (measured by gap gauge, ignition of cotton pad, or s
hsulation (increase of average or maximum temperature) and loadbearing resistance (loaglbearing

flaming), i
capacity: d
3.3.2 Direq

The result
following &

a) Thes

y further calculations or the application- of rules or judgements if the construction complies

rules or judgements need to be applied as indicated.

etermined by maximuprdeflection and maximum rate of deflection).

t application

5 of a fire resistance test are deemed to be applicable to a similar untested floor, provided tha
re trues

han-iS not increased and, in the case of a two-way spanning floor, the span ratio is unchanged.

ad case
material

oes not

e to be

her floor
with the

iven in 3.3.2. Where the construction~does not comply with the direct application then the calculations or

Istained

t all the

b) The load is not increased and the location and distribution of the load are unchanged.

c) The rotational and longitudinal restraint are unchanged.

d) The thickness is not reduced.

e) Characteristic strength and density of any basic materials are unchanged.

f)  Thermal insulation is not reduced at any point over the whole area.

g) The length of unheated parts of the construction is not reduced.

h) There

is no change in the design of the cross section (e. g. the location of reinforcing bars).
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3.3.3 Extended application

3.3.3.1 Rules

Rules can be given for the following.

a)

b)

c)

d)

3.3.3.2 Fire engineering calculations

Calculations may be used for the following.

a)

b)

d)

Dimensions

The width of the floor can be increased provided sufficient space is allowed at the edges to permit the
increased thermal expansion without leading to system failure.

Dln' anciaons-andlaading
EASIORSAHREOa6HhG

Thg span can be increased provided the load is reduced or the load can be increased provided tLe span is
redliced. The changes to the loading or the span must not increase stress levels within the section in excess of
the|design stresses associated with the fire design load case.

Any changes to the loading or the span must not change the mode of failure.

If the thickness of the floor is reduced corresponding to a reduction in the load if order to maintain the same
strgss levels, the thickness may not be reduced to such an extent that the,floor will not providg adequate
insullation.

Change in density

Where light weight concrete is substituted for normal weight conefete, the thickness of the slab may Ipe reduced
by X % in respect of the insulation criterion as long as the loadbearing capacity is satisfactory. The temperature
of qteel beams and the temperature of steel floors in contact’with the concrete will increase when ljght weight
corcrete replaces normal weight concrete.

Linihg materials

Lining or decorative materials not influencing the-fire resistance may be changed or added.

Termperature profile

Heat transfer through fleors’ may be calculated by using an accepted temperature analysis model.|Input data
must be based on valuesfor specific heat capacity and thermal conductivity as a function of temperature for all
materials included¢in-the element. For composite elements it is necessary to estimate, using relevant test
reslilts, the time©f-e€xposure at which destruction or detachment of parts of the element (i.e. boards} insulation
etc)) will occur.

o

Co

Ins:l:ation performance

pliance with the insulation criterion may be calculated using appropriate temperature profiles.

Load bearing resistance

The load bearing resistance may be calculated for floors where the physical properties are known as a function
of temperature and where the temperature profile over the cross-section of the floor is known. For timber the
charring rate and hence the reduction in cross-section also need to be known.

Deflection

The deflection may be calculated for floors where the relationships between stress and strain (including, if
necessary, creep effect) as a function of temperature are known, in addition to the above properties. It should
be noted that the calculated deflection needs to take into account deflections due to both thermal and load
induced strains.
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3.3.3.3 Judgements

Changes may be made to the following aspects of the floors provided the expert judgement is based on the
appropriate considerations mentioned below.

a) Supporting conditions

The supporting conditions may be changed provided that this will not increase the load effect, reduce the
rotational restraint or change the thermal conditions.

b) Services

Serviri(js may be installed into the floor construction provided that this will not reduce the ahility of the
construction to satisfy the criteria of loadbearing resistance, insulation, and integrity.

c) Protegting materials
Whenlfire protection materials are changed or increased in order to compensate for changes in the Igad case
or crops-sectional area, it must be demonstrated (justified) that the connection between the protective |material
and the floor will remain effective for a duration sufficient to achieve the fire resistanee period.

d) Comppnents
Comppnents of the floor construction may be changed provided it can’be shown that this does not reduce the
fire resistance. It must be demonstrated that the interaction of the. individual components will not aflversely
affect the performance of the tested construction.

e) Change of density

The density of timber components may be changed, subject to the section size being altered to compensate for
the chlange in charring rate and any associated change'in strength.

Change in the density of concrete, beyond that allowed in the rule 3.3.3.1c) can be made provided the ipfluence

of the| change in thermal capacity and heat\flow is taken into account regarding both the thermal insulation
criteria and the temperature of any supporting’ elements.

3.4 Walls

3.4.1 Gengral

There are |two kinds of wallsxseparating walls which have to fulfil performance criteria of integrity, insulation and
loadbearing resistance, -and walls which do not perform a separating function. The latter have only o meet
performange criteria for l0adbearing resistance similar therefore to the clause on columns.

The results from=asfire resistance test may be used to support an evaluation of the performance of|another
separating| wall without any further calculations or the application of rules or judgements if the construction gomplies
hen the

The relevant performance criteria are integrity (measured by gap gauge, ignition of cotton pad, or sustained
flaming), insulation (increase of average or maximum temperature) and load bearing resistance (load bearing
capacity: determined by maximum axial contraction and maximum rate of axial contraction).

3.4.2 Direct application

The results of a fire resistance test are deemed to be applicable to a similar type of untested separating wall
provided that all the following are true.

10
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3.4.2.1 Solid part of the wall

a) The heightis not increased.

b) The load is not increased, its eccentricity is not increased and the location of the load is unchanged.
c) The edge conditions are unchanged.

d) The thickness is not reduced.

e) Characteristic strength and density of any materials are unchanged.

qu,-um Liaculation o naotxacl, 2l + Baiaasat
IgTrarrSourator I STiorreaoc o atarty POttt

g) Thare is no change in the design of the cross-section (e. g. location of reinforcing bars).

3.4.2.2 Ppenings in the wall

a) Thaq size of any openings is not increased.
b) Thg method of protecting the opening (e.g. glazing, door, sealing systems) is‘not changed.

c) The partition of any opening is unchanged.

3.4.3 Extended application

3.4.3.1 Rules

Rules can be given for the following.
a) Dimensions and loading

Changing the height and load is possiblelas long as stresses are adjusted accordingly, e.g. the height can be
incfeased if the load is reduced and vice versa.

b) Slenderness
The slenderness of masonry Walls must not exceed X % to prevent buckling failure.
c) Linihg materials

Lining or decorative-materials not influencing the fire resistance may be changed or added.

3.4.3.2 Fire engineering calculations

Calculations may he used far the fnllnwing

a) Temperature profile
Heat transfer through walls may be calculated by using an accepted temperature analysis model. Input data
must be based on values for specific heat capacity and thermal conductivity as a function of temperature for all
materials included in the element. For composite elements it is necessary to estimate, using relevant test
results, the time of exposure at which destruction or detachment of parts of the element (i.e. boards, insulation
etc.) will occur.

b) Insulation performance

Compliance with the insulation criterion may be calculated using appropriate temperature profiles.

11
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¢) Load bearing resistance

©1SO

The load bearing resistance may be calculated for walls where the physical properties are known as a function
of temperature and where the temperature profile over the cross-section of the wall is known.

d) Deformation

The deformation (axial and lateral) may be calculated for walls where the relationships between stress and
strain (including, if necessary, creep effect) as a function of temperature are known, in addition to the above
properties. It should be noted that the calculated deformations need to take into account deformations due to
both thermal and load induced strains.

3.4.3.3 Jugigements

Changes 1
the approp

3.4.3.3.1S
a) Boung

The s
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riate considerations mentioned below.

olid part of the wall
ary conditions

Lipporting conditions may be changed provided that this does notcinicrease the load effect, reg
nal restraint or change the thermal conditions.

E'ess

undary conditions in order to have the same slenderhess ratio.
es

es (doors, ducts, penetrations) may be*installed in the wall construction provided that this d
b the ability of the construction to satisfy:the criteria of loadbearing resistance, insulation and inted

ting materials
fire protection materials aré changed or increased in order to compensate for changes in the Io
5s-sectional area, it must.be demonstrated (justified) that the connection between the protective
e wall will remain effective for a duration sufficient to achieve the fire resistance period.

pnents

pnents of the.wall construction may be changed provided it can be shown that this does not rec
sistance.{Itymust be demonstrated that the interaction of the individual components will not a

the pefformance of the tested construction.

haterials

f)  Joint 1

ased on

uce the

N may be inceased or cross-sectional area may be reduced if it is compensated for by an improvement of

oes not
rity.

ad case
material

juce the
Hversely

Joint materials and systems may be changed provided the changes do not affect insulation or integrity.

3.4.3.3.2 Openings in partition

The size, shape and position of any opening may be varied subject to it being demonstrated that there is no adverse
effect on the performance of the partition, e.g. the revised shape does not change the stiffness of the partition and
the revised position does not cause different pressure conditions to exist which may influence integrity. The method
of protecting the opening shall satisfy the fire requirement at the revised size, shape or position; see the relevant
sections of this Technical Report for guidance on the extended application for the appropriate components.

12
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4 Non-loadbearing elements

4.1 Vertical partitions

4.1.1 General

The results from a fire resistance test may be used to support an evaluation of the performance of another vertical
partition without any further calculations or the application of rules or judgements if the construction complies with
the guidance given in 4.1.2. Where the construction does not comply with the direct application then the calculations
or application rules or judgements need to be applied as indicated.

The reld
and insu

4.1.2 Di

The reg
provided that all the following are true.

vant performance criteria are integrity (measured by gap gauge, ignition of cotton pad, or sustain
lation (increase of average and maximum temperature).

rect application

ults of a fire resistance test are deemed to be applicable to a similar type<of untested vertic

Solid parts of partition

height is not increased.

edge conditions are unchanged.

a partition fixed at the top and bottom and tested at leastWwith one edge free, wider elements are
rmal insulation is not reduced at any point.

thickness of component materials (e. g. liningsy-boards, studs) is not reduced.
a studded system the stud spacing is notiinereased.

distance between fixing of boards is:net increased.

size of any panel or board is not increased.

length of any fixing is not.reduced.

type and nature of fixing are unchanged.

Dpenings in paftition
size of any,'openings is not increased.
method of protecting the opening (e. g. glazing, door, sealing systems) is not changed.

position of any opening is unchanged.

41.2.1

a) The
b) The
c) For
d) The
e) The
f)  On
g) The
h) The
i) Thg
) The
4122

a) The
b) The
c) The

bd flaming)

al partition

Allowed.

4.1.3 Extended application

4.1.3.1 Rules

Rules can be given for the following.

a)

Increased height

An increased height of a certain percentage related to the dimensions tested can be accepted if it is based
upon an evaluation of the influence on deformation and stability.
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b) Changes of materials

Any change of materials must be related to their thermo-mechanical characteristics which may influence the fire
resistance.

c) Joints

For system partitions the construction and the number of joints as well as the distance between them must be
considered.

For masonry walls changes concerning the width and the reinforcement of the joints must be limited.

d) Lining

vl

Adding linings up to a thickness of X, mm will not reduce the fire resistance.
Lining|or decorative materials not influencing the fire resistance may be changed or added.
4.1.3.2 Firg¢ engineering calculations
Calculatiops may be used for the following.
a) Temperature profile
Heat fransfer through partitions may be calculated by using an accepted temperature analysis modgl. Input
data must be based on values for specific heat capacity and thermal conductivity as a function of temperature
for all [materials included in the element. For composite elements.it is necessary to estimate, using releyant test
result$, the time of exposure at which destruction or detachment of parts of the element (i.e. boards, insulation
etc.) will occur.
b) Insulafion performance
Compliance with the insulation criterion may be:calculated using appropriate temperature profiles.
c) Defledtion due to thermal gradient
Defledtions may be calculated for partitions where the physical properties and the relationships betwegn stress
and strain (including, if necessary,~creep effect) are known as a function of temperature and where the
tempdrature profile over the craSs-section of the partition is known.

4.1.3.3 Judgements

Changes may be made to\the following aspects of the vertical partitions provided that expert judgement is based on
the approgriate considerations mentioned below.

4.1.3.3.1 Solid patts.of partition

a) Heigh

Beyond the percentage given by rule, the height may be increased provided the behaviour of any boards and
panels will have no adverse effect on integrity.

b) Thickness

Reductions in thickness of vertical partitions must consider the influence on insulation performance and
slenderness (which influences stability).

c) Services

Services may be installed in vertical partitions provided that the ability of the construction to satisfy the
insulation and integrity criteria is not reduced.

14


https://standardsiso.com/api/?name=3dc44aed223331311895c3004a620a6f

©1SO

ISO/TR 1247

d) Protecting materials
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When fire protection materials are changed or increased in order to compensate for changes in the load case
or cross-sectional area, it must be demonstrated (justified) that the connection between the protective material
and the vertical partition will remain effective for a duration sufficient to achieve the fire resistance period.

e) Joint materials

Joint materials and systems may be changed, provided the changes do not affect insulation or integrity.

4.1.3.3.

The sizé
effect o
the revis
of prote|
sections
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4.2.1 General

The res
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a) Thg
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Cc) Thg
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P-OPENNgS T partton
, Shape and position of any opening may be varied subject to it being demonstrated that thére-is

ed position does not cause different pressure conditions to exist which may influence'integrity.
cting the opening shall satisfy the fire requirement at the revised size, shape or position; see t
of this Technical Report for guidance on the extended application for the appropriate component

iling membranes (Horizontal partitions)

Lilts from a fire resistance test may be used to support an-evaluation of the performance of ano
ne without any further calculations or the application of rules or judgements if the construction co
ance given in 4.2.2. Where the construction does not cemply with the direct application then the @
ation rules or judgements need to be applied as indiCated.

vant performance criteria are integrity (measuréd by gap gauge, ignition of cotton pad, or sustain
lation (increase of average or maximum temperature).
rect application

Llts of a fire resistance test are, deemed to be applicable to a similar type of untested ceiling

mbranes) is not incréased.
thermal insulation’is unchanged.
size and,.amount of any services penetrating the membrane are not increased.

characteristic density of the tiles or the ceiling membrane is unchanged.

no adverse

he method
e relevant

B.

h the performance of the partition, e.g. the revised shape does not change the stiffness.of the prrtition and

her ceiling
mplies with
alculations

bd flaming)

membrane

distance between hangers for suspended ceiling membranes (or the span of non-suspended ceiling

4.2.3 Extended application

4.2.3.1 Rules

Rules can be given for the following.

a) Dimensions

An increased distance between hangers (or an increased span of non-suspended ceiling membranes) must be
based upon an evaluation of the influence on the deformation performance and the fire rating achieved.
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b) Changes of materials

Any change of materials must be related to their thermomechanical characteristics which may influence the fire
resistance.

4.2.3.2 Fire engineering calculations
Calculations may be used for the following.

a) Temperature profile

Heat transferthroughceitngmembranes may becatcutated-by usinganaccepted-temperatureanatysis model.

Input [data must be based on values for specific heat capacity and thermal conductivity as a-furjction of
tempgrature for all materials included in the element. For composite elements it is necessary to gstimate, using
relevant test results, the time of exposure at which destruction or detachment of parts of-the elenfent (i.e.
boards, insulation etc.) will occur.

b) Insulafion performance
Compliance with the insulation criterion may be calculated using appropriate temperature profiles.

c) Defledtion

Deflegtions may be calculated for construction materials with known  thermal and mechanical [material
charagteristics.

4.2.3.3 Judgements

Changes may be made to the following aspects of the ceilingnmembranes provided the expert judgement is based
on the appropriate considerations mentioned below.

a) Joint materials
Joint aterials and systems may be changed-\provided the change does not affect integrity and insulatign.
b) Serviges

Servides may be installed in a ceiling membrane provided that the ability of the construction to safisfy the
insulation and integrity criteria is'not reduced.

c) Edge fonditions
Edge ponditions may‘be changed provided it can be shown that this will not have an adverse effect on the fire

resistance.

4.3 Dools -Hinged and pivoted leaves

4.3.1 Generat

This clause covers only doors with hinged or pivoted leaves. Other types of doors are not covered due to the lack of
knowledge of their fire behaviour.

The results from a fire resistance test may be used to support an evaluation of the performance of another door with
hinged or pivoted leaves without any further calculations or the application of rules or judgements if the construction
complies with the guidance given in 4.3.2. Where the construction does not comply with the direct application then
the calculations or application rules or judgements need to be applied as indicated.

The relevant performance criteria are integrity (measured by gap gauge, ignition of cotton pad, or sustained flaming)
and insulation (increase of average or maximum temperature).

16
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4.3.2 Direct application

The results of a fire resistance test are deemed to be applicable to a similar type of untested door provided that all
of the following are true.

4.3.2.1 Leaves

a) The number of leaves is not increased.

b) The mode of operation is unchanged (e.g. single swing/double swing).

c) Thag height and width of the leaf are not increased.

d) Thaq thickness of the leaf is not reduced.

e) Thg gaps between leaf and frame are not increased.

f)  The restraint on the leaf is not decreased (see ironmongery and intumescent seals).

g) Thag thickness of any structural facing is not decreased.

h) Tha stiffness (expressed as the second moment of area) of any structural component in the leaf is ng

i)  Thg number of connectors/spacers per leaf (or per unit area) is not increased.

i)  Thg thermal insulation characteristics of any core, sub-facing or infilh material is not decreased in the
insyilated door or are unchanged for other door types.

k) Thg number of joints in the core is not increased.

[) Forltimber doors the quality of the wood as indicated by.the density and slope of grain is not reduced

4.3.2.2 Ppenings in the leaf

a) Thg area of any glazed aperture(s) is notincreased.

b) Thg number of glazed apertures js\not increased.

c) The proximity of glazed aperture(s) to any leaf edge is not decreased nor is the distance between the

d) Theg re-positioning or ghange of shape of any aperture does not cause the removal of any
component.

e) Thaq type of glassremains unchanged.

f)  Theg glazing.system remains unchanged including the type and number of fixings.

g) Openings/made in the leaf for other purposes does not reduce the integrity of the assembly, e.g.
grilles;etter plates.

t reduced.

case of an

m.

structural

hir transfer

4.3.2.3 Frames

a)
b)
c)
d)

e)

The frame stiffness is not decreased.

Any lining or infill to the frame section remains unchanged.

Manufacturing/construction procedures and materials remain unchanged.

For timber frames the quality of the wood as indicated by its density and screw holding abilities is not reduced.

The restraint provided by the method of fixing the frame into the structural opening is not decreased.
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4.3.2.4 Ironmongery (door hardware)
a) The ironmongery does not apply less restraint to the door leaf or leaves.
b) The method of attaching the ironmongery to the frame or the leaf remains unchanged.
c) The melting point of any part of the ironmongery that contributes to the restraint is not reduced.
d) The ironmongery does not cause the removal of any additional part of any fire seal.
5 Seals
Dsition and type of any fire or smoke seal remains unchanged.
oss-sectional area of any intumescent seal is not decreased. In the jambs of unlatched-door asgemblies
hss-sectional area of any pressure forming seal is not increased.
nded application
es
be given for the following.
eaves
af can be increased in height by X; %"
af can be increased in width by X, %*.
ea of glass can be increased by the following:
pors with integrity-only performance:up’to Y;%"™ but not to exceed X;%* of leaf area;
pors with integrity and radiatiomyperformance: up to Y,%** but not to exceed X,%** of leaf area;
bor with insulation performance: up to Y;%** but not exceeding more than X;%* of leaf area.
Limber of openings may be increased but the combined areas shall not exceed the tested area py more
5%** nor exceed the*maximum percentages of the leaf areas given in c) above.
ode of operation may be changed to a mode with more restraint (for example from double swing {o single

e) Them

swing).

43.3.1.2H

rapes

a) Dimensions

Increase in the cross-sectional area.

b) Stiffness

Increase in the stiffness.

*  This value could be different for each door type.
** This value will vary depending on the period of fire resistance.
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4.3.3.2 Fire engineering calculations

Calculations may be used for the following.

4.3.3.2.1 Leaves

a)

b)

c)

d)

4.3.3.2.2 Frames

a)

b)

4.3.3.3 Judgements

Temperature profile

Heat transfer through door leaves may be calculated by using an accepted temperature analysis model. Input
data must be based on values for specific heat capacity and thermal conductivity as a function of temperature
for all materials included in the element. For composite elements it is necessary to estimate, using relevant test
respitsthetimeof exposureat-whichdestructiomordetachment of partsof theetement{e—boards) insulation
etc) will occur.

Instilation performance
Compliance with the insulation criterion may be calculated using appropriate temperature profiles.
Heat transfer

Thig is mainly to determine the unexposed face temperature rise in the centre of the leaf unless the model is
specifically designed to take edge effects into account.

Defprmation

In the case of very simple constructional components it may.be possible to predict behaviour due|to thermal
distortion.

Heat transfer

Begause of edge influences, calculation of stemperature rise on the unexposed face can only be|done with
acdurate models and a knowledge of the relevant heat transfer coefficients.

Defprmation

In the case of simple frames it/may be possible to predict distortion but care is needed to correlate this directly
with an integrity failure.

Changep may be made. to the following aspects of the assemblies provided that expert judgement is based on the

approprlate considerations mentioned below.

4.3.3.3.1 Leaves

a)

b)

Thickness

The thickness of the leaf may be reduced but this must not cause an increase in distortion that could result in a
reduction in the integrity below the required level. Additional restraint may be used to control the potential
increase in distortion.

Any reduction in thickness shall not reduce the ability of the construction to satisfy the insulation requirements
of the wall on the exposed face.

Restraint
It may be possible to use ironmongery that provides less restraint to the door if the restraint provided by

intumescent seals can be increased. Similarly it may be possible to use an intumescent which offers less
resistance to distortion if the restraint provided by the ironmongery can be increased.
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<)

d)

e)

f)

Both of these measures require a thorough understanding of the mechanisms involved and expert guidance
should be sought from the manufacturer or other expert.

Change of facing thickness

It may be possible to reduce the thickness of the facing but this must be compensated for by an increase in the
core material thickness.

Many facing materials, however, do contribute to the stiffness of the leaf and it must be considered whether the
facing is making a significant contribution to stiffness before its thickness is reduced. It may be possible to
compensate for any loss of stiffness in the applied facing by stiffening up core components.

In the|case of steel doors, the facing material can be reduced in thickness if other compensations are)made to
maintain the stiffness of the leaf. In the case of insulated steel doors, evidence must be available t0,shgw that a
reduction in face thickness will not cause an unacceptable rise in temperature.

Conngctions

In the|case of steel doors, any increase in the number of connections between theXtwo faces may cpuse an
incregse in the temperature rise on the unexposed face. It may be possible to increase the number of
connectors but it must be demonstrated that this will not cause an unacceptable rise in the unexposged face
tempgrature.

Change of core or infill

It may be possible to use a core or infill material which has a higher thermal conductivity as long as if can be
shown that this will not cause the unexposed face temperature.of the leaf to increase above the insulation
criterid, if this is appropriate, or that the unexposed face temperature will not rise to a level which may |cause a
deteripration of the unexposed surface. Such deteriorationcould cause ignition or weaken the external facing to
the pdint that it is not able to provide the required stiffness.

If the thermal conductivity is to be reduced significantly this could increase the temperature differential petween
the hot and cold faces and with certain door (types this may lead to more exaggerated distortio. When
considering reductions in the thermal condugtivity of these core materials, the effect on distortion shall be
considered.

Core jpints

Joints|in the make-up of a doof leaf have two distinctly separate influences. Joints often allow stressgs to be
relieved and therefore they ean.be used to limit the distortion created by thermal or moisture imbalanges. The
number of joints should (aot” therefore be decreased without considering whether this will creatp larger
distortions.

The spcond influenee relates to the permeability of the leaf. If the joints are not made tight, or are siibject to
increase in widthhndue to shrinkage of adjacent components, the number of joints must be severely restricted. It
may he possible*to increase the number of joints if the quality control or manufacturing processes is ifnproved
or if the jointstincorporate gap filling materials at the time of manufacture.

4.3.3.3.2 Frames

a)

b)

20

Frame stiffness

It may be possible to reduce the frame stiffness if the method of fixing is increased to reduce the potential
increase in distortion.

Frame infill
It may be possible to change the infill in a frame if it can be demonstrated that the change in infill will not

increase the unexposed face temperature to the critical levels and that it will not lead to an unacceptable
increase in distortion.
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c) Rebate

The rebate depth may be reduced if it can be demonstrated that it provides no significant restraint or
contributes significantly to the performance in other way.

d) Density

It may be possible to use wood of a lower density if its section size is increased to compensate for the likely

increase in the rate of erosion due to charring and if the fixings are changed to reflect the greater erosion and
reduced screw holding capability.

4.3.3.3.8 Ironmongery (builders' hardware)

ead of the
ovided by
y have, as

It has b
doorset
ironmorn
indicate

ben demonstrated that the performance of the doorset can be improved if the distortion-at the

can be controlled. This can also be achieved by mechanical restraint, such/as’that p
gery. For those items listed, if a change to these components is proposed the influence that the
1 below, must be taken into account.

a) Overhead closers

When fitted on the fire side of an inward opening door, these devices. apply a gradually reduc
pregsure on the door for about 10 min to 20 min. These tend to be known as pending arm closers.

on the non-fire side these devices apply a constant closing force onthe door for the duration of the

fittdd to a door opening into the furnace when considering a change ‘in intumescent seals, the influg

ng closing
\Vhen fitted
test. When
ence of the

resfraint on the leaf shall be taken into account. These devices tend to be known as parallel arm clos

b) Flogr springs
The
will
tha

therefore experience less detrimental effects, ¢thus enabling them to provide a closing function
N the parallel arm closer.

Lat¢hes

The

by
relg

which the top closing corner of the door leaf (generally regarded as the most onerous positid
tive to the frame.

4.3.3.3.4 Fire seals
the factors affecting the performance of insulating doorsets is the level of intumescent use
intumesgent seals itistUnlikely that a performance of 20 min would be achieved on a timber based assem
nominall 30 min doaer leaf construction. With a standard level of intumescent protection, the performancs
increased to over30 min as a result of the intumescent material sealing the gaps and providing restraint t
of the leaf By further increasing the intumescent to an enhanced level, the performance of the doo

One of

ers.

se devices tend to be located in the threshold of the“frame and hence at the coolest part of the flirnace and

for longer

se provide a very positive action in-restraining the closing edge of the door leaf, thus reducing the amount

n) distorts

d. Without
bly using a
b would be
b distortion
r could be
Firstly the

increasged”to* 35 min to 40 min. The correct intumescent detail provides two important functions.
intumesteft-wit-ac . ing-agen i generatingintameseen
possible to provide restraint against the tendency to

distort.

4.4 Lift landing doors — Centre opening and two-speed lift landing doors

4.4.1 General

material it is

This clause covers only centre opening and two-speed lift landing doors. Other types of lift landing doors are not

covered due to the lack of knowledge of their fire behaviour.
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Lift landing doors are imperforate doors used to provide access to a lift cab and are installed across openings in the
well (lift shaft).

This clause is only applicable to doors tested to the integrity and insulation requirements of 1ISO 834-1. It is not
applicable to tests where evaluation of integrity is by means of leakage measurements (where different rules may
need to be developed).

The results from a fire resistance test may be used to support an evaluation of the performance of another lift
landing door without any further calculations or the application of rules or judgements if the construction complies
with the guidance given in 4.4.2. Where the construction does not comply with the direct application then the
calculations or application rules or judgements need to be applied as indicated.

The relevant performance criteria are integrity (measured by gap gauge, ignition of cotton pad, or sustaingd|flaming)
and insulation (increase of average or maximum temperature).

4.4.2 Diredt application

The resultp of a fire resistance test are deemed to be applicable to a similar type of ‘untested lift landing door
provided that all of the following are true.

4.4.2.1 Opening

a) The height and width of the opening is not increased.

4.4.2.2 Dopr leaves

a) The mode of operation is unchanged. (e.g centre opening.or4wo-speed opening).

b) The height and width of each leaf are not increased.

c) The npmber of door leaves is not changed.

d) The tHickness of the metal and the design and:position of any stiffeners are not changed.
e) The type of insulation and its thickness are/not changed.

f)  The syispension system and the materials used for the suspension rollers are not changed.

g) For cgntre-opening doors:

i the trailing edge detaibis not changed;

i th} meeting edge detailis not changed;
iii the detail at the head and sill is not changed.

h) For two-speed diftjlanding doors:

i the leading edge detail is not changed;
i the trailing edge detail is not changed;
iii thedetairarthe head and SIS not changed.

4.4.2.3 Frame

a) The section shape, size and metal thickness of the frame are not changed.
b) The type of fixing used to attach the frame to a wall is not changed.
c) The spacings of the frame fixings are not increased.

d) The design and dimensions of the overlap with the frame and trailing edge of the door leaf(ves) are not
changed.

22
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4.4.2.4 Operating mechanism

a)

The operating system is not changed.

4.4.2.5 Openings in leaves

The area of any glazed aperture(s) is not increased.

The number of glazed apertures is not increased.

0:1998(E)

The proximity of glazed aperture(s) to any leaf edge is not decreased nor is the distance between them.

a)
b)
c)
d) Th
co
e) Thg
f) The
9) Op
lett
4426
a) The
4427
a) Wit
b) Wit
4.4.3 Ex
4431

Rules can be given for the following-

a)

b)

c)

d)

e)

The
The

Suk
seg
rati

The
exd

re-positioning or change of shape of any aperture does not cause the removal of any| structural

ponent.
type of glass remains unchanged.
glazing system remains unchanged including the type and number of fixings.

bnings made in leaves for other purposes do not reduce the integrity of the assembly, e.g. air tran
br plates.

Surround panels

overall dimensions of head panels or side panels are not increased.

Supporting construction

N respect to masonry constructions, the density or the thickness of masonry construction is not de

N respect to stud partitions, the partition is unchanged.

tended application

Rules

leaf can be increased-in height by X, %.
leaf can be increased in width by X, %.

ject to the interlock/overlap detail with the door leaves not being changed, an alternative frg
tion can betused provided it has, at least, the same stiffness (second moment of area and s

D).

head(leaf height can be increased by X5 %, subject to the overall height of the complete as
eeding X, %.

sfer grilles,

creased.

me Ccross-
enderness

sembly not

The side leaf width can be increased by Xg %.

4.4.3.2 Fire engineering calculations

For leaves, calculations may be used for the following.

a) Temperature profile

Heat transfer through door leaves may be calculated by using an accepted temperature analysis model. Input
data must be based on values for specific heat capacity and thermal conductivity as a function of temperature
for all materials included in the element. For composite elements it is necessary to estimate, using relevant test
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results, the time of exposure at which destruction or detachment of parts of the element (i.e. boards, insulation
etc.) will occur.

b) Insulation performance

Compliance with the insulation criterion may be calculated using appropriate parts of temperature profiles.

c) Heat transfer

This is mainly to determine the unexposed face temperature rise and is limited to predicting the temperature

rise in

the centre of the leaf unless the model is specifically designed to take edge effects into account.

d) DeforrLation

In the

distortjon.

4.4.3.3 Judgements

Changes 11
appropriat
a) Stiffne
The o
(trailin
deforn

neces
b) Suspe
An alt
door |
substi

c) Suppd

For st
of the

alternative stud wall system-shall be available.

case of very simple constructional components it may be possible to predict behaviour due to

nay be made to the following aspects of the assemblies provided that expert\judgement is base
b considerations mentioned below.

SS

verall stiffness of the leaves may be reduced if it can be dembnstrated that the design of the ed
0 edge / frame overlap), interlock (meeting edge detail between leaves) can accommodate
hation and still satisfy the integrity requirements. A review of the suspension arrangement may
sary.

nsion system

brnative suspension system may be used iPit can be demonstrated that the mode of deformatig
baves will not change. With respect toleombustible rollers, an alternative combustible material

rting construction

lift-landing door assembly or the stud partition will not be affected. Test data on the fire resistand

uted if it can be shown that the matetial is less inflammable and/or softening than the original rollgr.

thermal

0 on the

e detail
ore leaf
also be

n of the
may be

LId partitions, an alternative,system can be used if it can be demonstrated that the integrity perf¢rmance

e of the

the fire

tly, may

ease is

For masonry walls, the) thickness of the wall may be reduced by Xg %, subject to test evidence that
resistance of the wall will be, at least, X; % above that required for the door.

d) Insulafed leaves
An ingrease in thickness of an insulated leave may change its mode of deformation and, consequen
Iane ST thc D;LC Uf U’JCII;IIUO at thC IIICCt;IIu cdgco, :Cad;lly cdgc al Id tla;:;llg cduco. \VAV’hCIC art ;Ilb
possible then a change of design at these locations may be necessary as well as a review of the suspension
arrangement.

4.5 Rolling shutters

4.5.1 General

Shutters are mechanical items which include mechanisms for the raising and lowering of semi-flexible steel curtains.
This Technical Report does not cover extensions to the performance with respect to any changes in the drive
mechanism or gears. If any change in these items is contemplated the influence that this may have on the
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measured fire resistance must be considered. In particular any change in the operating mechanism shall not impair
the ability of the shutter to close.

This Technical Report only considers the performance of the passive elements of the shutter which play a function
in the ability of the shutter to provide an adequate fire barrier. These items include, for example, guides, laths,
barrel, barrel casing, end plates/barrel supports, etc.

The relevant performance criterion is normally integrity (measured by gap gauge, ignition of cotton pad, or sustained
flaming).

4.5.2 Directapptication

The res(lts of the fire resistance are deemed to be applicable to similar type of untested rolling shutter‘prpvided that
all of the following are true.

4.5.2.1 General
The width and height of the shutter shall not be changed if this entails a changedin. the barrel dimenisions. Any

change |in the span (width) or height of a shutter which requires a change in the\barrel dimensions can only be
considefed under extended application due to the interdependency of all companents.

4.5.2.2 Laths (slats)

a) Thag thickness of the lath is not reduced.

b) Thg cross-sectional geometry of the lath remains unchanged.

4.5.2.3 Guides

a) Thg thickness of material used for the guide shall not be decreased.
b) Thg depth of the guide shall not be reduced:
c) Thag width of the guide remains unchanged.

d) Thaq rotational restraint provideg-by'the guide is not decreased.

4.5.2.4 Barrel

The length and diameter-ofthe barrel remain unchanged.

4.5.3 BExtended application

4.5.3.1 Rules

Rules can be given for the following.
a) Shutter width

The width of the shutter can be increased by X; % or decreased by X, % subject to the barrel diameter not
needing to be changed. All gaps shall remain proportional to those in the tested construction.

b) Shutter height

The height of the shutter can be increased by X; % or decreased by X, % subject to the barrel diameter not
needing to be changed. All gaps shall remain proportional to the tested construction.
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4.5.3.2 Fire engineering calculations
Calculations may be used for the following.

a) Changes to the barrel dimensions

The new barrel dimensions may be able to be calculated subject to a valid model being available.

4.5.3.3 Judgements

Changes r'\;.'ny [aY=) mnlrin to .'I'hn 'Fr\lln\Al'ing acpnr\fe of-the. rnlling shutters prr\\lirlnrl that nvpnrf jlldgnmnnf is-based upon
the approgriate considerations mentioned below.

a) Changes to the width of the shutter

The width of the shutter may be increased or decreased beyond that permitted by the"rules" of gxtended
applicption providing that any changes in the design necessitated by the change in sizé  consider the following
aspects.

i) The thickness of the laths may need to be increased when increasing the-width of the curtain tq ensure
tHat they have adequate strength and stiffness. In some cases, the profile may also need to be changed.
Ahy reduction in thickness of the lath that may be contemplated when reducing the width of the curtain
must consider the influence of the increased rate of heating and possibly higher temperatures that the laths
nay experience.
T
e

he clearance gaps between laths and guides shall be revised to take into account change in|thermal
pansion and to maintain the same proportional relationship between lath length and guide depth.

iii) The barrel diameter may need to be changed to reflect the different load and hence stress levels gcting on
it] All such changes shall be quantified as in 4.5.3;3'C).

iv) The support for the barrel will need to be reviewed in the light of any changes made in the barrel dgsign.
T

he stiffness of the housing around the barrel may need to be increased.

b) Changes to the height of the curtaif

The height of the curtain may-be-changed beyond that permitted by the "rules" of extended application provided
that apy changes in the design’ necessitated by the change in size consider the following points.

i)  Any change to the\length of the guides needs to consider the increase or decrease in thermal expansion.
The guides shall-be fixed to reflect this so they do not deflect away from the wall and cause an [integrity
Igss.

i) The barrel diameter may need to be changed to reflect the different load and hence stress levels gcting on
it] Al'such changes shall be quantified as in 4.5.3.3 c).

iiiy The support for the barrel and curtain will need 10 be reviewed in the light of any changes 1o the mass of
the curtain and/or barrel.

¢) Changes to the barrel dimensions

The barrel is a key component and any proposed changes to its size should only be contemplated when
necessary (e.g. to accommodate increased width or mass of curtain). The change to a different barrel shall only
be undertaken with the full understanding of the mechanical and thermal behaviour, taking into account
stresses and deflections. An increase in the barrel stiffness can be achieved by an increase in the diameter or
the wall thickness or both. These will have different influences on the rate of heating of this component and
hence the deflection and expansion of it. This shall be taken into account when choosing the new dimensions.
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d) Supporting construction

Because the roller shutters are attached to the face of supporting construction, possibly on the side exposed to
the fire, the supporting construction will be vital to the performance. The supporting construction may be
changed but its ability to take fixings and withstand the stresses of the eccentric load must be fully analysed.

Similarly, if the shutter is increased in size or mass the ability of the tested construction to take any increased
load/stress must be considered.

4.6 Glazed elements

4.6.1 Gelzneral

Glazed |elements are separating elements containing or consisting of translucent elements-with an jarea large
enoughto influence the fire performance. It is the total behaviour of the whole element which must be considered.
The reslilts from a fire resistance test may be used to support an evaluation of the performtance of another form of
construgtion without any further calculations or the application of rules or judgements~if the construction complies
with thg guidance given in 4.6.2. Where the construction does not comply with\the direct application then the
calculatfons or application rules or judgements need to be applied as indicated.

The reldvant performance criteria are integrity (measured by gap gauge, ignition of cotton pad, or sustainged flaming)
and, when requested, insulation (increase of average or maximum temperature) or radiation.

The follpwing information comes from experimental knowledge on.glass elements. It seems possible to ¢xtend it to
the behaviour of ceramic glazed elements.

4.6.2 Difect application

The resplts of the fire resistance test are deemed to be applicable to a similar type of untested glazed element

provided that all of the following are true.

a) Thg
b) Thg
Cc) Thg
d) The

join

e) Thg
f)  The

dimension of the largest panel is notincreased.
height of the whole element isynot increased.
perimeter/area ratio of apy\framing components is not increased.

permeability of the nan-glazed areas of the construction is not increased (e.g. the size of, or the
[s/unit area is not inCfeased).

rotational restraint provided by the method of fixing is not decreased.

overall thickness of the wall cross-section of framing members (if used) is unchanged.

g) Charactetistic strength and characteristic density of the components remain unchanged.

number of

h) The

width of any framing members between panes is not reduced.

i) The edge cover and the method of retaining the glass remains unchanged.

i)  The composition of the glass remains unchanged.

k) The thickness of the glass is not reduced.

[) Additional layers of glass of any type are not mounted into the same opening as the fire resisting glass.

m) In the case of glass not mounted vertically, the angle of the glass away from the vertical is not increased.

If any of the above are not complied with, then an assessment for extended applicability following the rules given
below will be required.
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4.6.3 Extended application
This can include both insulating and non-insulating glass types.

The performance and failure mechanisms of these two glass types are very different.

4.6.3.1 Rules

Rules can pegiverrforthefottowirg:

a) Size df the element

The sgeparating element or the framework into which the glass is fitted is allowed to be-extended by the rules
given |in 4.1.3.1. Where this entails the glass sizes being increased beyond the sizeS\permitted in b) and c)
belowj then additional mullions and transoms must be introduced to restrict the glass.aecordingly.

b) Size df panes (non-insulating glass)

For non-insulating glass where the failure of the glazed element was not the result of glass slumping due to its
averagje temperature being greater than the thermal softening tefperature of the product at the fequired
duratipn then:

i) the pane height may be increased by X;%;
ii) the pane width may be increased by X,%;

iii) the pane area can be increased by X;%.

c) Size of panes (insulating glass)

For insulating glass where the unexposed face remains below the mean temperature rise criterion gf 140°C
abovel ambient, below the maximum'temperature rise criterion of 180°C above ambient and the outer|pane of
glass femains substantially intact.then:

i) the pane height may-be/increased by X,%;
ii) the pane width may be increased by X5%;

i) the pane arealcan be increased by X;%.

4.6.3.2 Fire_engineering calculations

Calculation methods to predict the performance of glass at elevated temperatures are not readily available.

Calculations may used for the following.

a) Deformation

Calculations to predict temperature gradients and thermal bowing of steel frame sections can be made using
agreed material properties and heat transfer mechanisms. The resulting curvature predicted by the calculation
method should be no greater than that measured during the test because increased curvature will cause
increased edge stresses on the glass.
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4.6.3.3 Judgements

Changes may be made to the following aspects of the glazed elements provided that expert judgement is based on
the appropriate considerations mentioned below.

a)

b)

c)

d)

e)

Pane sizes

The pane size may be increased if the failure of the glass over the required duration was shown to not be
related to any plasticity in the glass.

Clearances between the glass and the surrounding structure have to be made proportional to the pane mass or

widthr

Coerensatory measures may be required to the glass system in order to accommodate the inCreas¢d mass of
a lgrger pane. Such measures must not be introduced without considering the influence they may hjave on the
thermal behaviour of the glass.

Larper pane sizes may be used if, when tested, the glass gave a sufficient margin. of safety congerning the
reldvant criteria. The manufacturer shall be contacted for guidance. Expert guidabce will be needed| The pane
size may be increased with certain glasses by increasing the thickness of the glass.

Distance between glazed apertures

Redlucing the width of mullions between adjacent panes can have the effect of increasing the average
temperature of this component. The reduction in width will idevitably reduce its thermal inertia and the
temperature will increase.

Incteases in mullion temperature may well lead to increased deflections which may, in turn, cause|premature
los$ of integrity between the glass and the surrounding structure.

It may be possible to reduce the width of components between glass, if it can be demonstrated that the
temperature rise will not cause increased temperatures in the mullion or that compensatory measurgs such as
incleasing the insulation to the separating member will keep its temperature below the point at which increased
deflection will occur.

Thqg glass system

Comventional fire resisting glass~achieves ratings by means of a well-balanced combination of edge| cover and
glags materials. Some glass(can fail if the edge cover is too large whilst others will fail if the edge dover is too
smdll. Some glass requires high thermal insulation within the glass system to achieve theifr potential
performance whilst othe€rs do not require any insulation from the glass system. The method of glazjng a pane
shdll not be varied without consultation with the manufacturer or a fire safety engineer knowledgeabl¢ about the
profluct.

Additional layers of glass

Thg plasticity of conventional glass is related to its temperature which is, in turn, a function of the average
tenperature between the cold face and the hot face.

When additional panes are fitted in the same aperture, they can change this balance significantly. Fire rated
glass shall not be incorporated in a double glazed system, for thermal energy reasons, or laminated to another
glass for strength or vandal resistance without assessing the influence that this may have on its fire
performance.

Height of framing
The height can be increased provided that self-induced loads due to restrained expansion are not increased.
However, the changes to the height must not produce a failure in the proposed glazed element different from

that observed during the test of the systems. Expansion allowances must be increased in metal systems if the
height is to be extended.

29


https://standardsiso.com/api/?name=3dc44aed223331311895c3004a620a6f

ISO/TR 12470:1998(E)

©1SO

f)  End restraint
Any additional rotational restraint to a glazed element will improve fire resistance, whilst additional restraint in
the plane of the element will reduce fire resistance.

g) Width of framing
The width of the glazed element can be increased provided sufficient space (infilled to prevent movement of
smoke and hot gases) at the edges or within the width is provided to accommodate any increase in thermal
expansion.

h) Orientgtion
Convgntional glass is a super cooled liquid and once it reaches a particular temperature, (felatgd to its
compgsition, it will start to revert to its liquid state and begin to flow. This makes its mode of failure [different
from many other building materials. Because this rate of flow is dependent upon the way/gravity acts on the
glass,| the orientation is critical. A change from vertical to horizontal must not be-~contemplated| without
compensating for this influence.

5 Components contributing to the fire resistance of elements

5.1 Suspended ceilings
5.1.1 Gene

This claus
test, their @bility to provide a contribution to the fire resistance*of a horizontal loadbearing element. The su
ceiling doe
and exten
integrity ar

The result
suspendeq
complies V
the calculg

5.1.2 Direg

The result
by a suspe

5.1.2.1Re

a)
b)
c)
d)

The ty

eral

b only considers fire rated suspended ceilings, as defined in ISO/TR 6167, which have demonst
s not have to comply by itself with the actual criteria for integrity and insulation given in ISO 834-
led applications of tests performed on a spécific ceiling to comply by itself with the actual cr

d insulation are identified in 4.2.

s from a fire resistance test maybe used to support an evaluation of the performance of
ceiling without any further calculations or the application of rules or judgements if the con

tions or application rules or judgements need to be applied as indicated.

t application

5 of a fire resistance test are deemed to be applicable to a similar type of untested construction p
nded ceiling providing that all of the following are true.

parding:the horizontal loadbearing element

pe.of-construction (beams and slab) is unchanged.

rated by
spended
1. Direct
teria for

another
struction

ith the guidance given in 5.1.2, Where the construction does not comply with the direct application then

rotected

The perimeter/area ratio of the beams is not increased.

The thermal inertia (expressed by ./kpc) of the cover slab floor is not increased.

The conductivity of any bedding material between the beam and slab is not increased.

5.1.2.2 Regarding the suspended ceiling

e) Permeability of the cover slab is not increased.

f)

The thickness of any tile is not reduced.

g) The design and material used for tiles are unchanged.
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h) The area of tiles is not increased and the aspect ratio of the tiles is unchanged.

i) The method of fixing to the support structure is unchanged.

i) The depth of the cavity is not reduced.

k) The length of the hangers is not increased by more than X %.

) The expansion allowance of the suspension system and of the support structure is not reduced.

m) The distance between hangers is not increased.

crass-sectional area and thermal r‘nlnar‘ity of the hangprq are not reduced

n) The
0) The
p) No

5.1.3 Ex

There i

5131

Rules can be given for the following.

5.1.3.1.
a) Los
Firdg
tem
for

b) Dim

Dimensions and/or loading of beams and floors may be changed by applying rules given in 3.1

3.3
c) Ser
Cei

ma

5.1.3.1.

ceiling is not penetrated by more services or by services of greater size than tested.

additional insulation is put in the cavity.

tended application

a need to differentiate between the construction to be protected and the. suspended ceiling.

Rules

| Construction to be protected
d bearing resistance

resistance of loadbearing structure may be-demonstrated by applying, for instance, criteria of g
perature in the cavity ([320]°C for timber;[400] °C for composite steel deck, [550] °C for steel ar

reinforced concrete).

ensions and loading

3.1 b) respectively.
vice penetration
ings not tested with service penetrations may be penetrated by not more than a single ca

imum diametér-of X mm.

P Suspénded ceiling

a) Ar

cH |
Ul UICo

maximum
d [600] °C

3.1a) and

ble with a

Any increase of the area of the tiles (leading to an increase of their spans between the supporting frame)should
consider:

the aspect ratio of the tile (unchanged),
stress level from selfweight (not increased),
fixing details due to application of changes in thermal expansion of the tile at the support points,

expansion allowance of the framework.
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b)

Length of hangers

Any increase of the length of the hangers should consider:
— the maximum deformation allowed for the ceiling,
— the possibility of decreasing thermal elongation of hangers by decreasing their temperature,

— stress levels from selfweight (not increased).

5.1.3.2 Fire engineering calculations

©1SO

Calculations may be used for the following.

5.1.3.2.1 Qonstruction to be protected

a)

b)

<)

Temperature profile

Heat {ransfer through the assembly including the suspended ceiling may be calculated by using an g
tempdrature analysis model. Input data must be based on values for specific ‘heat capacity and
tivity as a function of temperature for all materials included in the assembly and relevant ca
model to deal with convection and radiation within the cavity. For compeosite elements it is nece
estimate, using relevant test results, the time of exposure at which destruetion or detachment of par
elemgnt (i.e. boards, insulation, etc.) will occur.

Raising temperature of the protected structure

From fthe characteristic time-temperature curve recorded in-the cavity during the fire test, calculation
made [to determine:

— tHe temperature of steel beams by taking into account the perimeter/area ratio and the relevant
and convection factors;

— tHe temperature profile within a concrete-element by taking into account its thickness and the
tHermal characteristics.

Load Ipearing resistance and deformation

Knowing the temperatures of €lements it is possible, by referring to 3.1.3.2 and 3.3.3.2, to calcul
bearing resistance and deformation.

5.1.3.2.2 Juspended ceijling

a)

b)

Temperature of’the tile

Calculations({Can be made to determine the interior and the unexposed face temperature rise in the @

ccepted
thermal
culation
sary to
s of the
can be

adiation

relevant

ate load

entre of

the tilefs.

Temperature within the cavity

Calculations can be made only with an accurate model, taking into account convection and radiation heat

transfer within the internal cavity, as well as conduction within the tiles, framing and constructio
protected.

5.1.3.3 Judgements

n to be

Changes may be made to the following aspects of the construction to be protected, provided that expert judgement
is based on the appropriate considerations mentioned below.
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5.1.3.3.1 Construction to be protected

Changes in the construction may be made, provided:

the

temperature reached in the cavity will not be increased;

the deformation of the supporting construction, for a given temperature in the cavity, will not be higher that the
one recorded during the test.

5.1.3.3.2 Suspended ceiling

Changep may be made to the following aspects of a suspended ceiling, provided that expert judgementis based on

the applopriate considerations mentioned below.

a) Span
Thg distance between hangers may be increased provided it can be shown that thegrid supporting|the ceiling
tileg does not produce deflections more than those observed during the test{deflections more than those
obderved during the test may promote an increase in the permeability of the ceiling).

b) Peretrations and openings
Any opening in the suspended ceiling for access or lighting purpoSes shall be closed off so that |t does not
dedrease the integrity or insulation of the ceiling nor increase the_dead weight on the suspension grid unless
compensatory measures are introduced. The penetration of suspended ceiling by services may affgct the fire
resistance performance.

c) Edge sealing
Thgrefore, any cut-out at the perimeter of the ceilifig, caused by columns, ducts, etc. shall be sepled and if
larde cut-outs are present then additional suppart to the tiles will be required. (The performance| under fire
exposure of a suspended ceiling is dependent upon retaining a suitable edge seal between the suspended
ceiling and the walls, columns, etc.)

d) Tilglfixing details
Altgrnative fixing details may be-inCorporated in the construction provided that they have been showr] to provide
adgquate fixing for similar components during a fire resistance test on an otherwise similar constructipn.

e) Hanger fixing details
Any changes to the _detail for securing the hangers to the protected structure must take into considgration any
changes to the material used in the substrates.

f)  Depth of cavity
Deg¢redsing the depth of the cavity may be allowed by considering the safety margin for temperafure and/or
resistance time.

5.2 Insulating systems

5.2.1 General

This clause only considers insulating systems which have demonstrated by test their ability to provide a contribution
to the fire resistance of standard elements and which have been tested to evaluate protection given to standard
elements with various insulation thicknesses and element sizes.

Direct and extended applications of tests performed on specific insulated beams, columns or floors to establish the
fire resistance of the complete element are identified in 3.1 to 3.3.
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The testing methodology used should provide information on stickability of the insulating system to its support and
on heat transfer conditions through the structural element according to an established assessment method.

The results from a fire resistance test may be used to support an evaluation of the performance of another structural
element without any further calculations or the application of rules or judgements if the construction complies with
the guidance given in 5.2.2. Where the construction does not comply with the direct application then the calculations
or application rules or judgements need to be applied as indicated.

The relevant performance criteria are related to the increase of temperature within the structural element by
comparison with its limiting temperature.

5.2.2 Dired

The result
element ag

a) Thek
b) Thek
c) Thec
d) Thein
e) Thein
fy Theth

5.2.3 Exte

5.2.3.1 Ru
Rules can
a) Sizeg
The s
the re
methd

b) Thickn

The tH

t application

5 from a set of fire resistance tests are deemed to be applicable to an insulated”untested s
far as temperature of this element is concerned, providing that all of the following are“true.

nd of structural element (e.g. beam, column, floor) is unchanged.

nd of material of the structural element (e.g. steel, concrete, wood, compasite) is unchanged.
oss-sectional size of the structural element is within the limits of the tested range.

sulating materials are unchanged.

sulating system is unchanged.

ickness of the insulation is within the limits of the tested range.

nded application

es
be given for the following.

f cross-section

ze of the cross-section of structural elements can be extended outside the limits of direct appli
Sults. The significance of the possible extension has to be a function of the accuracy of the ass
d used, as fat.as’physical laws on heat transfer are concerned.

ess of insulation

ickness of insulation system can be extended outside the limits of direct application of the result

same

tructural

cation of
bssment

5 for the

conditions as tested and provided it is proven that the material and its method of attachment wi

remain

coherent and cohesive.

c) Density of insulation

The density of the insulation material can be allowed to vary by + X %.

d) Orient

ation of the load bearing element

A test performed on a loaded beam may be accepted as far as stickability is concerned as also valid for

colum
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5.2.3.2 Fire engineering calculations

Calculations may be used for the following.

a) Heat transfer

Change in the size of the structural element cross-section and of the thickness of insulating system, outside the
limits of direct application and rules for extended application may be assessed by heat transfer calculation
providing thermal characteristics of the insulating system (thermal conductivity, specific heat, density — at the
relevant temperature) are known or can be derived from test data.

b) Maferiatofprotectedeterment

If th
the
cal

e thermal characteristics of the insulating system and the thermal characteristics of the kind-of
structural element are known (and checked with existing fire test data), it is possible, by he
ulation, to calculate the field of temperature in the structural element providing /the’ stickab

insdilating system is proved.

5.2.3.3

Change|
conside

Judgements

rations mentioned below.

a) Components of the insulating system

Changes to a component of a mechanically fixed insulating, system or in its relative ratio may be mag

nev
b) Fixi

For
the

c) Siz
Inc
den
adg

d) Sur

Adf
use

insulating system has already been tested on another.support.
ng conditions

a given insulating material, its way of fixing~to*its support can be changed providing it can be j
new way is not more onerous.

b of cross-section (stickability)

easing the size of a cross-section (height or width of the structural element) may be ma
nonstrated that the insulating-system will adhere to its support and that more adverse con
ressed through compensatory measures.

face conditions of the-support

esion of sprayed)materials is a function of the substrate. In these regards, it is only possible to
of the protecting material on a rougher surface than tested.

Changes in-primer can influence the adhesion of sprayed or glued materials.

e) Rig

dity, of the support

material of
at transfer
ility of the

5 may be made to the following aspects, provided the expert judgement is based on the appropriate

e if such a

roved that

de if it is
ditions are

accept the

Adhesion of the protecting system to its substrate is a function for a given temperature level of the deformation
of that support. It is necessary to check that the deformation will not be higher than experimental results.

6 Service installations

6.1 Ducts

6.1.1 General

This clause applies to fire-tested ducts that resist the ingress and egress of fire and are able to pass between
compartments without having dampers.
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The results from a fire resistance test may be used to support an evaluation of the performance of another duct
without any further calculations or the application of rules or judgements if the construction complies with the
guidance given in 6.1.2. Where the construction does not comply with the direct application then the calculations or
application rules or judgements need to be applied as indicated.

Two kinds of extrapolation of test results have been differentiated according to tests performed: according to
ISO 6944 (i.e. without air flow) or according to national testing methods using air flow. When different applications
are possible for the duct with fresh air flow they are identified.

The relevant performance criteria are integrity (defined by a specified amount of leakage, ignition of cotton pad, or
sustained flaming) and insulation (increase of average or maximum temperature).

6.1.2 Diregt application

The result$ of a fire resistance test are deemed to be applicable to a similar type of untested duet provided all of the
following are true.

a) The width of the duct is not increased.

b) The closs-sectional area of the duct remains the same.

c) The shape of the cross-sectional area of the duct remains the same.

d) Reganding ducts with air flow, the length of the duct through a fire compartment is not increased.
e) Charalcteristic strength and density of the components remain unchanged.

f)  The distance between the hangers or other suspension devices\is not increased.

g) The Igngth of the hanger or suspension devices is not incréased.

h) The fite protection for the hangers/suspension devices'is not reduced.

i) The ratio between the exposed perimeter and cross-sectional area of the hanger/suspension devige is not
increased ( perimeter/area ratio).

i)  The thickness of any steel used in the construction of the duct is not decreased.
k) The nfass of the protection system per unit length remains the same.

[) The fife sealing (stopping) system.around the duct in the area where the duct passes out of the heated zone
remains the same.

m) The number of joints between panels of the fire protection material(s) is not increased per unit length (unit
length{ should be taken.aS'the exposed length of the duct when in the furnace).

n) The ofientation, eithérhorizontal or vertical, of the duct remains the same.
0) The density of'the wall penetrated by the duct is not reduced.

p) The thickness of the wall penetrated by the duct is not reduced.

gq) The ductwittTotbesubjectedtoamunderpressure greater thar that used during thetest:

6.1.3 Extended application

6.1.3.1 Rules

Rules can be given for the following.
a) Shape

The cross-sectional area of the duct, as far as heat transfer is concerned, may be changed by * X %.
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b) Steel sheet

For

insulated steel ducts, the thickness of the steel sheet may be decreased by X, %.

c) Thickness of protection material

The thickness of the protection material may be increased provided the stresses in hangers are not increased.

6.1.3.2 Fire engineering calculations

Calculationsmay beused-forthefottowing:

a) Pro

tection material

Heat transfer through the duct walls may be calculated by using an accepted temperature’ analysi

ord

Inp
temn

b) Har
Ma
cal
deV

Regardi

c) Len

The
cha

d) Sup
The
cha

6.1.3.3

Change
the app

a) Spé

If &

br to change the thickness or density of the protection material.

it data must be based on values for specific heat capacity and thermal €éonductivity as a
perature for all materials included in the element.

gers
ulated with known thermal and mechanical material characteristics to change the hanger or the 3
ices.

hg duct with supplied air flow:

gth

temperature of air flow inside the duct canibe calculated with an appropriate numerical mod
nge in the fire exposed length of the duct:

plied air velocity

temperature of air flow inside.the duct can be calculated with an appropriate numerical mod
nge in the velocity of the supplied air flow in the duct.
Judgements

5 may be made. to the following aspects of the duct assemblies provided the expert judgement is
opriate considerations mentioned below.

ul

shorter length of duct does occur in practice, it is recommended that the number of hangers/s

s model in

function of

imum elongation related to stress and temperature (perimeter/area ratio and insulation) of hanggrs may be

uspension

el to allow

el to allow

5 based on

uspension

de

AR _ara nnt 1o

aathan tha Ayl ay Avinacad i tha flavmanns Ay anabaatianc wwhavra tha cnan o
ICCSaACTTOTICSS tarT aic— o igtT CAPUSTUTIT e o aCt 1T Ul appPnitatorsS wihicTe—aiic— SpartT 1S

greater, a

check shall be made to ensure that the stress in the hanger/suspension device is not increased and the torsion
resistance of the system is not reduced.

b) Length of the duct

When increasing the exposed length of the duct, the thermal elongation has to be considered.

c) Shape of the duct

As far as integrity is concerned, any modification of shape (mainly with board material) has to consider the
joints and angles. Any change in shape will require joining any protection in a different way and this must be
considered when making the judgement.
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d) Physical properties of the protection material(s)
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The material is likely to be subject to a combination of forces (not present in other types of fire resistance tests)
and the retention of the insulation system has to be assessed if any change is contemplated.

e) Fire stopping material/system

An evaluation will need to be undertaken to investigate the effect of the forces applied to the fire stop (during
the test the movement of the duct will subject the fire stopping to forces).

f)  Orient

ation

When[making an extended application of a horizontal duct to vertical applications, the effect of the cd\ange in
orientation on the protection and the support shall be taken into account. In general terms the’ te
horizontal duct can represent the worse case. In most cases a result for a vertically oriented duct c3
applied to a horizontal situation.

g) Specification of wall

The d
thickn
be tak

6.2 Dan

ensity and thickness of the wall penetrated by the duct may be increased. If either the dg
Bss is to be reduced, then the influence of this on the thermal flow and physical support and restra
en into account in the assessment or else an additional test shall be performed.

pers

6.2.1 Gengral

This claus

b applies to dampers that are installed in non-fire resisting ducts at (or nearby) the point they p

fire separating walls or floors.

The result
without arn
guidance ¢
applicatior

The test p|
test damp
extension
The relevd
leakage, ¢
average 0

6.2.2 Dired

The result

5 from a fire resistance test may be used to support an evaluation of the performance of another
y further calculations or the applicationxgf rules or judgements if the construction complies

st on a
\nnot be

nsity or
int shall

enetrate

damper
with the

iven in 6.2.2. Where the construction dées not comply with the direct application then the calcul
rules or judgements need to be applied as indicated.

focedure taken into account isygiven in ISO 10294-1. Some countries use door testing metho
brs without underpressure gn,'the unexposed side. In this case, 4.3 has to be used for applic
Df the test results.

nt performance critéria are leakage rate (maximum value), integrity (measured by a specified ar

ap gauge, ignition~of cotton pad, or sustained flaming) and, when requested, insulation (inc
maximum temperature).

t application

tions or

logy to
ion and

nount of
ease of

b of-a ' fire resistance test are deemed to be applicable to a similar type of untested damper provicliing that

all of the f

Il H
nmowirnyg airc tl uc.

a) The damper is being used in the same orientation.

b) Thesi

ze of the damper is not changed.

c) For blade type dampers, the number of blades is not increased.

d) The axis of the blade(s) is in the same horizontal or vertical position.

e) The overlap at the blade edges is not decreased.

f)  The underpressure within the duct (absolute value) is not increased.
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9)
h)
)
)
K)
1)

m)

6.2.3 Extended application
6.2.3.1 Rules

Rules can be given for the following.

a)

6.2.3.2 Fire engineering calculations

Calculafions may be used for the following.

a)

b)

6.2.3.3 Judgements

The wall or floor has, at least, the same fire resistance as the damper.

The density and thickness of the wall or floor construction are not decreased.

The sealing system between the damper and the supporting construction is not varied.

The restraint provided by the supports around the damper is not decreased.

The mechanism for operating the damper is unchanged and located on the same fire exposure side.

If tested only on one side, asymmetrical elements are only approved for the same side of fire exposure.

Its pasition rpgarding the anpnrfing caonstruction (pithpr the blade is in the planp af the innlnnrting cqnstruction,
or qutside towards the fire, or outside opposite the fire) is unchanged.

The area or the size of the damper can be modified by up to + X; %.

Terperature profile

Heat transfer through damper blades may be calculated by an accepted temperature analysis model] Input data
must be based on values for specific heat capacityand thermal conductivity as a function of temperature for all
materials included in the element. For compesite elements it is necessary to estimate, using relevant test
reslilts, the time of exposure at which destruction or detachment of parts of the element will occur.

Ledkage rate

To pbtain an estimate of the leakage rate when the absolute value of the underpressure is decreasgd, assume
thelsize and shape of gaps willlremain unchanged.

Changep may be madeto the following aspects of a damper, provided that expert judgement is based on the

approprlate considerations mentioned below.

a)

b)

Number of blades

Thg namber of blades may be increased where the tested leakage rate and temperature in the conngcting duct
are sufficiently below the applicable limits.

Sealing system inside duct

The sealing system between the blade and the surrounding duct may be changed, provided that the new
sealing system has passed fire tests on a similar design of damper with equal or greater pressure.

Sealing system outside duct

The sealing system between the damper and the supporting construction may be changed, provided that the
new sealing system has passed fire tests in similar conditions.
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d) Mechanism for operating

The mechanism for operating the damper may be changed, provided that the new one has been tested and
demonstrated that it will work.

e) Position

The position of the damper, regarding the blade and the plan of the supporting construction, may be changed,
considering that the better position is when the blade is at mid-thickness of the supporting construction.

6.3 PenILIdLiUII seals

6.3.1 Gengral

This claus¢ applies to fire tested penetration seals that resist the ingress of fire through floor and’wall penetrations.
The applicption guidance assumes that it exists standard configurations for penetration seals:

The results from a fire resistance test may be used to support an evaluation of\the performance of|another
penetration seal without any further calculation or the application of rules or judgements if the construction gomplies
with the gyidance given in 6.3.2.

Where thg construction does not comply with the direct application then{the calculations or application |rules or
judgements need to be applied as indicated.

The relevant performance criteria are integrity(measured by gap gauge, ignition of cotton pad, or sustained [flaming)
and insulation (increase of average or maximum temperature).

6.3.2 Diregt application

The resultp of a fire resistance test are deemed to\be applicable to a similar type of untested penetrafing seal
provided that all the following are true.

a) The size of individual cables or pipes is net increased.

b) The size of cable bundles is not ineteased.

c) The size of the opening is not.inereased.

d) The sgaling material is unchanged and the thickness is not reduced.
e) No chhanging of penetration service (e.g. cables and pipes) is allowed.

f)  The s¢parationdetween services and edges of the penetration is not reduced.

element:

g) The chkness of separating elements (wall/floor) can be increased as well as the density of the separating

h) No change in the orientation of the separating element.

i) Continuous support passing through the seals is used in the same situations or without continuity of the support
(but not vice versa).

i) Results obtained with light-weight partitions are used in the same kind of partitions or in concrete or masonry
walls with larger thickness.

k) Results obtained from tests with both ends uncapped are used for all other pipe end situations.

I)  Results obtained with copper pipes are used with copper, steel or cast iron pipes.
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6.3.3 Extended application

6.3.3.1 Rules

Rules can be given for the following.

6.3.3.1.1 Sealing material

The density of the seal material can be allowed to vary by + X %.

6.3.3.1.
a) Are
The
b) Dia
Dia
6.3.3.1.
a) Are
The
b) Dia

Dial

6.3.3.2

Calculations may be used for the following:

a) Cal
trar
6.3.3.3

Change|
the app

a) Incfease in-services

Inc

P Cable penetration

A of seal

area of the seal around the penetration can be modified up to + X; %, —Y; %.

Mmeters of cables

neters of cable cores can be increased depending on the temperature reached at the requested f

B Pipe penetration

a of seal

area of the seal around the penetration can be modified up-to + X, %, —Ys %.
meters of pipes

meters of pipes can be increased depending onthe temperature reached at the requested fire rat

Fire engineering calculations

Culations can be used in order\o calculate the heat transfer along non-combustible pipes providin
sfer within the pipe is takén;into account.

Judgements

5 may be made to the following aspects of penetration seals, provided that expert judgement is
opriate considerations mentioned below.

edse in the number of services and/or of their size can be allowed by considering the ratio of ser

re rating.

g that heat

based on

ices to the

opening area and the influence of these changes on the temperature on the unexposed side.

b) Combination of pipes and cables

Combined services (e.g. cables and pipes) can be accepted, provided that expert judgement is based on test
experience with each of the systems and it can be demonstrated that there is no interaction between the
different services.

c) Orientation

Results obtained from tests conducted in the horizontal configuration could generally be considered as the
worst case and thus may qualify for application in either wall or floor/ceiling configuration provided the seal
design is symmetrical.
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d) Specification of supporting construction

If either the density or the thickness of the wall or floor is reduced, then the influence of this on the thermal flow,
the robustness of the support and the restraint conditions must be taken into account.

e) Cable loading

Cable loading obtained from a fire test (total cross-sectional area of cables divided by the inside cross-sectional
area of a cable tray or pipe) can be utilized to qualify a configuration with the same or smaller cable loading.

f)  Pipe diameter

Results obtained from tests of mechanical penetrations will qualify pipes of the same material and ttlwickness
that afe of lesser diameters.

7 Future evolution
For a lond time, it was sufficient to have a rating system based on the fire resistance of construction products
exposed tg heat according to ISO 834 and to have confidence in the fire safety level of buildings using congtruction
products of the same design.

Over the last decade the improvement in knowledge about modelling of fire ‘actions and fire behaviour has made
feasible a focus upon the actual behaviour of construction and constructienyproducts in real fire situations.

As explaingd in the introduction, it is not yet possible to obtain easily:this kind of information. However, as $tated in
the previolis clause, it will be possible to have a larger extension.of test results by using existing knowjedge in
conjunctioh with modelling or statistics.

On the other hand, it is possible from standard fire tests tgrobtain more information on the behaviour of the| product
than done |up to now.

Proposals jon how to obtain this extra information are given in the following subclauses regarding:
— improyement of testing methodologies to.get additional experimental data;
— possihle mathematical modelling forcalculation;

— exper{ system to provide more consistency in expert judgements.

7.1 Improvement of testing methodologies

To a large|degree,-testing standards were only developed in order to obtain the necessary information to meet the
three main| criteria~in fire resistance:

—  maximu

— cotton pad test and use of gap gauges for integrity purpose;
— maximum rise of temperature of 140 K to 180 K for insulation.

Accordingly, measurements performed during tests are often limited to the parameters required to demonstrate
conformity with the relevant criteria.

In addition, the initial purpose of many fire testing standards was to give a fire rating for an individual construction

product, assuming that it was sufficiently representative of what was used in practice. In reality, it is well known that
for each tested specimen there are many possibilities for changing size, components and design.
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Of course by considering extended application of results, it is possible to give some guidelines on the possible
changes in the design of the tested specimen but it must be admitted that test standards are not, in their majority,
written with the aim of having a wider range of application of results.

For the purpose of producing a wider field of application of the results for a tested construction product which may
have a variety of applications, it is possible to distinguish three types of action that can be taken:

— improvement of existing test methods;

— additional small-scale tests to be performed,;

— selgctionmofthebestrepresentativespeciment(s)of theconstructionproducts tobetested—————

7.1.1 E¥isting test methods

Improvgment can be made in order to have more and better knowledge of the fire behaviouref a specimen and the
necessgry data for using numerical model for simulation of physical phenomena.

For instance it could be very valuable to have:
— better understanding of heat flux to the specimen over the whole fire exposure in the furnace.

— recprded temperatures within the specimen (between layers of differfent'materials, in voids, in the various parts
of Ipadbearing element, etc.) and in structural elements;

— recprded heat flux from a separating element;
— megsured deformation of separating elements at various-locations.

Better gccuracy in the knowledge of material used.in>the specimen and their thermophysical charagteristics at
elevated temperature should also be of great interestfor numerical simulation and when a component is ghanged.

Regardipng loadbearing elements, the actual end-conditions of the specimen are often difficult to know acgurately. In
this respect, it is useful to quantify the restraint-with load cells. The recording of plastic deformation of the|specimen,
after thq fire test, could also provide interesting data.

It is recommended to continue fire tests until all three failure criteria are fulfilled and even, if possible, up|to the real
h be made

staff of the

When, for a given design of a specimen, a test was performed at its full size, it can be possible to perform only
small-scale tests to investigate the influence in the change of some parameters of this specimen.

These small-scale tests are generally useful for assessing the effect of parameters on the heat transfer by taking
into account the side effects which can be due to different boundary conditions as far as heat loss is concerned.
This is mainly the case for assessing the effect of protective coatings on structural elements such as steel,
concrete, timber or composite sections.

They are less appropriate for assessing mechanical behaviour since with such small samples it is impossible to

obtain realistic loading conditions for both flexural effect and shear effect. Additionally the boundary conditions in
terms of rotational capacity and restraint to elongation are of greater importance. Nevertheless such small-scale
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tests can be used in some cases when results are not directly used but are taken as data for checking the ability of
numerical models to predict, with enough accuracy, the tested phenomena.

7.1.3 Selection of the specimen

When it is intended to cover, as far as fire resistance performance is concerned, the full range of use of a
construction product, it is necessary to have, before testing, a clear view of the possible changes in the size,
components and design of this construction product.

Being aware of the possible variations in the product design, it is easier to choose the right specimens to be tested.
In this res i —ei i i )nditions
when it is possible to define it, or to test two or more specimens of various designs to cover the full range,obuse.

Of course this way is only possible if the changes in the design are not too many. Current examples-are:

— tests ¢n the smaller and the larger sizes of a door, a damper or the cross-section of a duct'when the design of
these [element is exactly the same;

— tests ¢n various sizes of steel sections insulated by various thicknesses of a given coating material.

Because the fire resistance ratings may differ from one specimen to another, the_assessment of results denerally
requires thie use of agreed methods to derive the rating for intermediate specimens.

7.2 Mathematical modelling of thermal and mechanical responsé

There is a|growing interest in mathematical modelling. This modelling may be used for assessing, from test results,
what woulfl be the fire resistance of differently designed elements. In the near future, modeling may be lised for
assessing [the real fire behaviour of elements within a building.

Most modglling of structural behaviour under fire conditions currently tends to be deterministic in nature. This form
of modellihg is based on assumed specific relationships and formulae which can be used to predi¢t in an
unambigugus way the outcome for a given fire scenario. Design is based on physical, chemical and thermoflynamic
properties which are well known or derived fromscience or empiricism.

A probabilistic, also known as a stochastic, approach to modelling is less developed but more suitel to the
randomness of the available fire scenarios. There is a need to have knowledge of the probability distfibutions
associated with the events that affect the fire development, involving factors such as growth rate, duration and
temperatufes achieved. The response of the structure, sometimes in terms of a notional fire resistance, als¢ can be
assigned & probability distributient; particularly in the case of complex structures or works. The outcome |is not a
precise definition of failureCtime but a likelihood that failure will occur, usually matched against a de¢gree of
acceptability for the outcome.

In the follgwing, the structure of the related deterministic models is described with reference to four leyels with
varying deprees of-complexity.

7.2.1 Leve] '~ Numerical regression analysis

This is a curve-fitting methodology for interpolation between measured values. It usually has no direct relation to the
physical phenomena. It can be used when only a few parameters change from one tested specimen to another.

This technigue cannot provide data outside the range of tested assemblies or for temperature-time curves other
than the one used. It is mainly used for interpolation between test results.
7.2.2 Level 2 — Physical equation analysis

The physical phenomena (mainly in terms of heat transfer and load bearing resistance) are expressed by analytical
formulae, the validity of which are established by analysis of experimental results.
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Since these analytical formulae are based on the physical parameters influencing the fire behaviour of the
components, it is possible to use them outside the range of experimental evidence. Sometimes reference to other
fire curves is possible.

Regarding heat transfer, such formulae are currently used for unprotected steel sections, for assessing the fire
protection of steel sections, and for determining the temperature within concrete or composite elements.

Regarding load bearing resistance, simple plastic theory is used, taking into account the effect of temperature on
the strength of materials, which leads to the possibility of determining the ultimate loadbearing capacity of sections

subjected to fire.

Some 0] iIUI U)\alllpit:b vdll IUU fuuuu' bUIIbUIIIiIIU, fUI illbtal ILT, ti |cn||ai IlJUVViII(\.:] dl Il..lI l.,i Iallillg Iait:.

7.2.3 Lgvel 3 — Finite element methods

Such methods can simulate in a realistic manner the evolution of physical phenomena in a-given element during fire
exposure and generally also for the complete structure.

As for level 2, it is necessary to differentiate between temperature analysis and mechanical response|analysis It
may be jpossible in the near future to model also such phenomena as cracks, spalling, bond and anchorage.

a) Temperature analysis

Dependjng upon their complexity, it is possible to use computer programs based on the finite element method (or on
the finit¢ difference method) handling one-, two- or three-dimensional heat flow. Cross-sections of elements may
consist pf different materials and the thermal properties (thermakeonductivity, specific heat) can be expressed in
terms ol a non-linear relationship versus temperature.

Both heht transfer (by convection and radiation) to the elemeént and heat transfer (by conduction) within the element
are takgn into account. Cavities in the member can alsa;be considered.

The heat exposure is modelled either as a gas ‘temperature-time curve or as a prescribed time-heat flux-time
relationghip.

In somg computer programs, mass transferis taken into account which allows more accurate results for elements
containipg moisture.

The limits of application of suchamputer programs are mainly due to the lack of knowledge about the effective
thermal [properties of the materials and their behaviour in real fires.

b) Meg¢hanical response’analysis

By using finite element method, it is possible to simulate the deformations of members during a fire exppsure. The
field of femperature‘needs to be known as well as the mechanical properties at the relevant temperattres of the
materials. Numetrical models for two- or three-dimensional behaviour currently exist. They are able to simulate the
evolution of stresses and deformations within members due to interaction between them and redisfribution of
external actions.

Some of them are based on shell and plate theory, but the majority are based on beam/column members.

This can be illustrated by the following example using a three-dimensional steel frame consisting of four legs,
stiffened with braces in horizontal and vertical planes. At the top it is fitted with a lattice girder. On the top of one leg
a vertical load is applied. Fire is applied at the floor level near the loaded leg. The asymmetry in load and heating
yields significant load distribution capability. The response history anticipated is as follows.

i) The leg and adjacent diagonals are subjected to a rapid temperature rise. Due to thermal expansion of the
brace, the leg below the joint is subjected to additional compression forces, initially. Above the joint the leg
compression force decreases. Thus, the effect of thermal expansion is intermediately to cause transfer of a
fraction of the vertical load to the lattice girder and the brace.
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ii) After a while the leg starts to fail due to reduction in yield stress and elastic modulus. As a consequence,
part of the leg compressive force has to be taken up by tension in the diagonal brace, thus counteracting
the effect of thermal expansion. This cause a transfer of leg load from heated leg to other legs of the
structure.

iii) As the temperature increases further, the load bearing resistance of both the diagonal and the leg is
reduced so much that some of the vertical load has to be transferred to adjacent legs by mobilisation of the
lattice girders at the top. Eventually the compression brace in the lattice girder close to the top of the
heated leg fails by buckling, resulting in a global collapse.

7.2.4 Leve
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Heals with the full package of mathematical models to simulate the behaviour of a whole building
ng models need to be available:

for thermal actions, to simulate fire development, taking into account type and size of fire load, ve

rtments, either due to failure of separating elements or due to failure of penetrating services
dampers, sealed penetrations, pipes, etc.;

for heat transfer to structural and surrounding elements (using mainly(the”analysis approach m
13);

for mechanical response of the structural elements within the-huilding with respect to such phe
istribution of forces and moments, progressive collapse (uSevmainly of numerical computer p
for effectiveness of fire separation.

rated analysis requires an interaction between the different models, in order to estimate when f
g separating elements can occur, leading tova propagation of fire and consequently to reds
the structural load bearing elements.

ben fire and explosion.

odes specify fire as an accidental event which is to be designed for in the limit state of pro
N contrast to the traditional ultimate state criterion allows for local failures in the form of buckling,
ed that the structural integrity is not put in jeopardy.

rt system based-tupon the use of performance coefficients
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many:situations where mathematical modelling is not appropriate for predicting performance. M
when'there are only two or three variables and where only one of these changes at a time. Typ

a steel pr

on fire.
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, integrated analysis can take into account interaction between fire exposure and fire extinguishnmpent and
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yielding

odelling
ically, in

ptection system when the duration of fire resistance needs to be increased or where the du

ration is

constant but where the beam or column cross-section is changed, then the new levels of protection can be

calculated

by modelling techniques.

Where there are a large number of variables and particularly when several of these change simultaneously, the
mathematical model becomes very complex. Typical of these situations are fire resisting door assemblies, solid and
glazed partitions, penetration sealing systems, etc. In addition to the complexity of the model, there is a serious
shortage of the data needed for such modelling, e.g. heat exchange coefficients, specific heat, etc. Connections and

adhesives

play a large role in the performance and the influence of these is hard to predict numerically.

It is possible, however, to set up experiments to evaluate the influence that various changes may have on the
performance. By controlling the design and construction of a test specimen such that only one variable is changed
at a time, it is possible to establish a coefficient of performance related to that variable. By planning a test program
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