TECHNICAL ISO/TR
REPORT 12470-2

First edition
2017-11

Fire-resistance tests — Guidance
on the application and extension
of results from tests conducted on
fire containment assemblies and
products —

Part 2:
Non-loadbearing elements

Essais de résistance au feu — Recommandations pour l'applitation
et l'extrapgldtion des résultats d'essais réalisés sur les produifs et
assemblages d'endiguement du feu —

Partie2: Eléments non porteurs

Reference number
ISO/TR 12470-2:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=74398edcc7eda2f1104532f37222057d

ISO/TR 12470-2:2017(E)

COFYRIGHT PRUTECUTED DOCUMENT1

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=74398edcc7eda2f1104532f37222057d

ISO/TR 12470-2:2017(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 2
3 Terms and AeFIMITIOIIS ... 2
4 Principles of the field of application 4
4.1 (CT3 1 T=) - 4
4.2 Direct application 4
4.3 Extended apPliCation . ...y Moo 5
LS 700 07 1 V=) - 1 OSSO 7 e SN 5
4.3.2  Rules of extended application w5
4.3.3  Calculations and computer programs used in extended applications........}...ccccc.. 5
4.3.4 Judgements in extended applications.........ce ST 5
4.4 Project Specific apPliCAtION . ...\ s e 6
5 Common factors which influence the field of application.ofall elements..................fo. 6
5.1 General .6
5.2 Manufacture and Materials ... e e 6
L2077 S €Y 4 U = OO ROIE S0 OO 6
5.2.2  Direct appliCation ... e 6
6 Fire resisting door assemblies ... S0
6.1 General
6.2 DiIreCt @PPLICATION ..o s
6.2.1  GOIIETAL oo e e
6.2.2 Leaves
6.2.3  Openings in the 1@af). ...
0.2.4  FTAIMES w..ooooos e
6.2.5 Door hardware{ironmongery)
6.2.6  Fireseals. .\l
6.3 Extended application..
6.3.1 General.....
6.3.2  RUIEST o
6.3.3  (Fire engineering calCulations. ...
6.3.4. CDEXPIt JUAGEIMENES ....oooccorre s
6.3557)" Opening in the leaf Or 1€aVeS. ...
7 Fixed vertical fire resisting glazed elements.................e o, 28
7.1 General
7.2 DITeCt AaPPIICATION ..o
721 GOIIETAL oot
7.2.2  Common parameters of all forms of fixed glazed elements
7.2 AN H L L3 L )
YT I Lauuus ITICTIITOTT S LLllllUCl) ................................................................................................................................
7.2.4  Framing members (Metal) ...
7.2.5 Glass retention system
7.2.6  GlasS e
7.3 Extended application..
7.3.1  General......
7.3.2  RUIES o
7.3.3  Fire engineering CalCulations ...
7.34  EXPEIt JUAGEIMENES ...ooooooiieieis oo
8 Linear gap sealing systems
8.1 General......coinen
8.2 DIFECE APPIICATION ..ot

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=74398edcc7eda2f1104532f37222057d

ISO/TR 12470-2:2017(E)

10

OF APPLECATION ...t T bt 6
LIP.T GEIETAL. .o ST 36
1p.2  Expert system based upon the use of performance coefficients. ... 57
10.2.1 Concept 7
10.2.2 Expert system applied t0 dOOTS ... DN 57
Annex Al (informative) Principles of using expert judgementto establishing the extended
fileld Of QPPLICATION ... e q2
BIDIIOGIIAPIY ... BB q9

8.2.1  General... e
8.2.2  Common parameters for all applications..

8.3 Extended applications ...
8311 GEIIETAL e
B.3.2 RUILBS oo
8.3.3  Fire engineering calculations
LTS 27 SR £5'4'0 1<) ot 10 F =3 44 1= 0 LS

Service penetration sealing systems

9.1 GeNEeTral...ooccociec s
9[Z Direct application ...
9.2.1  General....n
9.2.2  COMIMON PATAIMIELETS .....cooiiieriierierisee st )
93 Extended appliCations ... sonses oo
9.3.1  General
9.3.2  RUIES .o
9.3.3  Fire engineering calculations
LT8G TSN 54 0 1= i 1 0T FcY 4 U< 0 OO = SO

Improvements in the design of test specimens and modelling to generate fields

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=74398edcc7eda2f1104532f37222057d

ISO/TR 12470-2:2017(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all m
electrotechnical standardization.

atters of

The procedures used to develop this document and those intended for its further mainten|
dpscribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeedé
djfferent types of ISO documents should be noted. This document was drafted in accordance
eflitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this documént may be the s
htent rights. ISO shall not be held responsible for identifying any or all such-patent rights. I

o LT >

h the [SO list of patent declarations received (see www.iso.org/patents).

Ay trade name used in this document is information given for the.convenience of users and
cpnstitute an endorsement.

Fpr an explanation on the voluntary nature of standards,/the meaning of ISO specific te
ekpressions related to conformity assessment, as welkas information about ISO's adheren

L: www.iso.org/iso/foreword.html.

—3

his document was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee §
bntainment.

Q

Allist of all parts in the ISO/TR 12470 sexies can be found on the ISO website.

Ance are
d for the
with the

ubject of
etails of

hy patent rights identified during the development of the document will be'in the Introduction and/or

does not

rms and
e to the

orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following

C 2, Fire
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Introduction

Fire resistance tests on building components are necessary to establish their behaviour against pre-
determined criteria when exposed to a representative fully developed fire and to provide information
that may be used in determining the fire safety of buildings. For several decades, people have accepted,
by means of test results only, the possibility of grading the components. Now, due to the enhancement
of our knowledge and the complexity of buildings, it is necessary to be able to give a more accurate
assessment of the components used in buildings, particularly with the growth of the use of functional
approaches to designing fire safe structures.

The neefl to understand how the element will perform at a different size, with different levels: pf
restraing, etc., is vital when applying the results of the fire tests in a life safety situation, especially
those where the fire safe solution has been generated using fire safety engineering techniques rath¢r
than code compliant solutions. This does not negate the need to predict any changes that/may result
from changes to the test construction when complying with building code solutions, but these codg¢s
may themselves provide solutions that take into account the influence or impact of changes, and indeef,
the guidance given in this document may be used by the code writers to produce such'guidance.

Even with the knowledge available to assess the behaviour of a given construetional element, whatever
its desigh or its size, we will still be some distance away from establishing@he’complete behaviour of{a
buildinglin a real fire.

The philpsophy of only grading elements into different fire resistafice categories may not give any
indicatign about how the element actually behaves when heated:)By studying and assessing the data
from fir¢ resistance tests, it will be possible, using the guidance within this document, to obtain|a
basic unflerstanding of the influence of the main parameters:on the element performance during fite
resistange tests.

In practife, tests give much useful information which can be used for interpolation and extrapolation pf
the results.

The original version of ISO/TR 12470 was pubtished by ISO/TC 92 in 1998. This Technical Report
provided a methodology in identifying how;the results of fire resistance tests carried out in the
standard furnaces could be modified to apply to the elements as they may be used in practice. In sone
cases, the results of the test may need to be reduced to reflect any increases in the degree of difficulty
that the[final application represents; or alternatively, modifications/enhancements may need to he
made to fhe construction in order'to'maintain the performance level(s).

In the intervening years sincé the original Technical Report was prepared, a greater understanding hgs
developdd as to what the changes are likely to be and how they may be quantified. Some of the work |n
CEN (Conmittee European’Normalisation) has aided this process and in particular, the principles givegn
in Annex A remainedunpublished by CEN but were developed in one of the technical Work Groups
of CEN/TC 127. This’revision represents the current state-of-art with respect to the objectives of the
original 1998 version of [SO/TR 12470.

In this dJoctiment, all the assessments of extended application are based, on the one hand, on the
standard time/temperature conditions and, on the other hand, on isolated elements with no interactign
with the adjacent elements.

Ageing and weathering are not covered here.
This document is divided into two parts.

The first part provides the methodology for defining the field of application for loadbearing members,
both separating and non-separating. It also includes a review of the state-of-the-art and possible
improvement in the methods of testing which would make it easier to establish the field of application
for an element.
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Guidance on direct and extended application of test results for specific non-loadbearing elements used
in buildings, and the major parameters, which would be assessed by calculation or by expert judgements
based upon the principles and discipline given in Annex A, are discussed

This document suggests expert systems which could take into account the interaction of various factors
in an assessment of the fire resistance of doors, glazing, services, service penetrations and linear gap seals
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Fire-resistance tests — Guidance on the application
and extension of results from tests conducted on fire
containment assemblies and products —

Part 2-

ﬂlon-loadbearing elements

e

Scope

—

his document explains a methodology to determine the applicability of the Tesults of fire r¢
t¢sts to actual applications.

p—
ot

is applicable to those non-loadbearing elements for which there is-an ISO standard test p
bpsed upon the ISO 834 series for determining the fire resistance”gf‘a representative samp
nstruction proposed for use in a specific building or just for general use. These elements are

(@)

—+ fireresisting door assemblies (excluding lift landing doorsets):

— timber;

— steel;

— fire resisting vertical glazing - metal framed:

NOTE The rheology of glass is such that gravity has a disproportional influence on fire glaf
is heated to high temperatures and as.a‘consequence, it is not possible to provide generic guidar
extended application of horizontal glazed elements.

— timber framed;

— linear gap sealing;

— service penetration sealing.

Flre resistance testing furnaces have fairly restricted size limitations and as a consequence
liftle confidence that the result obtained on an element of construction tested in accordance
standard methods will behave in a similar manner when installed in the final building.

irect and extended applications of test results are the two possible ways to ensure that an
that is netidentical to the tested construction will have an acceptable probability of obtaining
fire pating as that of the original tested specimen. In both cases, these applications generally 1|

psistance

rocedure
le of the

s when it
ce on the

there is
with the

element
the same
efer only

to the fire rating that the building element can expect to reach if it, or a representative san

ple of it,

were 1o be tested In a frurnace according to the standard fire test conditions used 1n the reterer

The criteria and methodology used in evaluating ductwork and dampers is significantly
from those used to evaluate conventional separating elements and for this reason, these

1ce test.

different
forms of

construction are not included in the scope of this document. It is planned that a subsequent part of this

document may include guidance on these elements.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 834 (all parts), Fire-resistance tests — Elements of building construction

ISO/TR [L0295 (all parts), Fire tests for building elements and components — Fire testing of sefvite
installatijons

[SO 13943, Fire safety — Vocabulary

3 Terms and definitions

N/
<

For the| purposes of this document, the terms and definitions given in{ ISO 834 (all partg
ISO/TR 10295 (all parts) and ISO 13943 and the following apply.

ISO and IEC maintain terminological databases for use in standardization atthe following addresses:

— IEC Electropedia: available at https://www.electropedia.org/

— ISO Qnline browsing platform: available at https://www.ise.0tg/obp

31
direct application
applicatibn that identifies the modifications that can\be made to the design of the tested element
without feducing its fire rating

Note 1 to pntry: These possible modifications are baséd on obvious knowledge and do not need further evaluatio
In every ¢ase it is, at least, assumed that the basic/material(s) used for the construction of the tested sample w
not be changed.

=2

Note 2 tq entry: Direct application defines the variation(s) in the construction and the limits of use for tlhe
element which, without further analysiS;are covered by the result of a test in accordance with ISO 834 (all part$).
Direct application is arrived at by the.application of simple rules (3.4) that are known, or considered by the fife
community, to give equal fire resistance performance by the users. The rules can be applied by non- fire experts.

Note 3 to| entry: Only results.from one test report can be used when considering a change of an element. Ay
combinatjon and use of twa or more tests reports or other technical sources should be regarded as extend¢d
applicatidn (3.2) and hence/dealt with accordingly.

3.2
extendeld application

applicatibn.that is arrived at by the application of calculation or assessment rules (3.4) that are know
or consi(l:rered by the fire community, to give equal or improved fire resistance performance by the users

kel

Note 1 to entry: The rules are applied by fire experts.

Note 2 to entry: This will generally require an assessment by a fire expert either in developing rules of application
for more general application by others or evaluating the results of fire engineering calculations or for making
a judgement in specific cases. In every case, it will be taken into consideration that extended application may
take into account the difference between the result of the original test and the fire resistance required for the
untested element.
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Note 3 to entry: Extended application defines and specifies the variations in the construction and establishes
the limits of use for an element that has been tested according to the appropriate EN standard based upon an
analysis by fire experts. The extended application can use the results from one or more test reports and can be
based upon rules, calculations and expert judgement. As a result of the extended application, the fire resistance
classification of an element with respect to defined performance characteristics may be maintained, increased
or decreased when used in practice.

3.3

project specific application

application that uses a mixture of established validated calculations/computer models (if they exist and
- spriate-togetherwithjudgements madeby-suita Tuatifred-persons-trormatty-aprofessional

Npte 1 to entry: Because the application will, in these circumstances, require an understanding off both the
sfructural response and the fire dynamics of the building in question, it is inevitable that the solution wjll involve
ah element of fire safety engineering.

3{4

rile
ghantitative factor (3.9) that can be applied to the result of tests when défining the limits of application
far which justification exists as a result of research and testing

Npte 1 to entry: Rules are primarily used in determining the direct. application (3.1) of the resulf as their
application do not generally require specialist knowledge.

Npte 2 to entry: It is anticipated that these rules be established by the specialist (or ad-hoc) groups preparing
the specific standards based upon public domain knowledge ‘and developed by industry consortid or trade
sociations for specific elements for which the members have appropriate interest and knowledge, pafrticularly
11 Europe initially. After some experience, the results of galculations and judgements may become ruleg.

— o

315

calculation in support of extended application
c@lculation method that can be applied to one or more parameters of a tested construction apd which
are based on existing physical laws or which have been empirically validated and which form part of
the process of defining the extended application (3.2)

Npte 1 to entry: If this term has a defihition elsewhere, then it should be used but possibly modified fo include
this specific use.

3i6

ekpert judgement

gphalitative process @erformed by fire experts when the complexity of the influence is beyond the
s¢ope of rules (3.4}, to establish the resultant effect of a variation in one or more parameters, on the

Jassification awarded

o

w

7

pnstruetion parameter
bpeet\0f the design and construction of an element that may be varied and which may regsult in a
change in the fire resistance performance, e.g. a change in one or more of the dimensions of afstud in a
stud=frarmmed separating elements

[ =)

3.8

thermal and mechanical parameter

aspect of the conditions of a test that may vary in practice and influence the classification system given,
e.g. the pressure differential that will exist at the top of a larger element than existed at the top of the
specimen when tested

3.9

factor

one of the possible variations that may be applied to a parameter, e.g. a change in the stiffness as a
result of a dimensional change in the member or a component within the element

© IS0 2017 - All rights reserved 3
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3.10

factor influence

one of the potential causes of a change in the fire resistance recorded by test, with respect to one or
more of the criteria, when a factor (3.9) is changed, e.g. an increase in the loadbearing capacity, R, as a
result of an increase in stiffness

4 Principles of the field of application

4.1 General

The field of application from the result of a fire resistance test has at least 3 possible components: )
direct agplication, b) extended application and c) project specific application.

The progess of determining the Direct Application and Extended Application of the fire resistan
rating of a tested construction normally assumes that the performance is evaluated against th
temperature/time and differential pressure conditions given in the appropriate IS0 fire resistan
testing sfandard [based upon ISO 834 (all parts) or the national, regional equivalerit], as this is general
what is rieferenced in national prescriptive legislation. The variations between the tested specimen ar
the “as-built” construction will therefore be restricted to

Q<< ® ™ @

— varistions in the size of the construction,

— variations in the materials and methods of construction,

— variations in the restraint and fixity, and

— variations in the load carried (if any).

In this sifuation, only the constructional parameters givzen in A.2.2 need to be taken into account.

In practife there will be a need to predict the performance of a structure when it is exposed to differel
fire exppsure conditions, in terms of the temperatures reached after certain durations and wit
greater, pr lesser pressure differentials. Generally, the parameters will be analysed by means of a fii
engineerling analysis which is outside of the'scope of this document, but the parameters listed in A.2
may be gppropriate for use in an expert judgement analysis of these characteristics.

= o o =

For each|type of element of constyuction, the application of test results will be considered under thrge
conditions: a) direct applicationf{b) extended application and c) project specific fields of application.

Changesl|in materials and méthods of construction can have significant influences on the fire resistanc
Because|the advice and fecommendations are common to all elements, those aspects are dealt wit
separately under 5.1.-fo )avoid repetition. The user of this document should consider these aspect
in all applications ef<results whether direct applications, extended applications, or project specifiic
applications.

wn o> P

4.2 Difrectapplication

The direct application will normally involve the application of “rules” that are given as part of the test
standard or in a document directly associated with the test standard. It requires no knowledge of the
process of determining the fire resistance other than an understanding of the criteria and the general
terminology.

Where there is more than one change in any proposed construction/installation, two “direct
application” rules should not be applied automatically and the two should be compared as part of an
extended application.

4 © IS0 2017 - All rights reserved
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4.3 Extended application

4.3.1 General

Determining the extended application of the fire resistance is a more complex matter and will generally
need to be undertaken by “experts” who understand the mode of failure and the factors thatlead to such
a failure. There are three common methods used by practitioners to establish the extended application
of the fire resistance of elements of construction and these are

— _application of locally validated rules, especially within Europe

— use of established validated calculations/computer models, where they exist, and

- use of technical judgement by suitably qualified persons.

OTE In Europe, as part of the application of products within the context of the Construction|Products
egulations (CPR), the extended application is determined by means of Extended Application (EXAP) skandards,
dr use in the process of classification of products to enable CE marking. These EXAP'standards cannot e used in
He context of generating a fire safe environment without further analysis.

=~

4{3.2 Rules of extended application

These would be applied universally even by persons without €xpertise in fire as part of the direct
field of application of the test result for a given family or{groducts. These rules may require cold
state calculation. The quantification of these rules would-be/agreed universally based upon yalidated
ekperience related to generic constructions or components. This could cover size changes, nhmber of
jdints, size of glazing, etc.

Throughout this document, the clauses covering\rules frequently express the acceptable change in
térms of unquantified percentages indicated by:the letter “X” and an appropriate suffix.

This allows national regulatory authorities“to insert their own acceptable limits which will jrelate to
their established fire safety philosophy.

Authorities are encouraged to support the necessary research towards internationally harmonized
vplidated values.

4/3.3 Calculations and-computer programs used in extended applications

hese would be used. by)an expert in determining the field of application but will mainly be restricted
the properties indicated below:

|

- non-loaded elements: this would be restricted to the calculation of temperature rise and deflection
of "simple™components and elements.

I every<case, the calculations and/or models used by the experts, whatever their source (plirchased
flom<séftware manufacturers or developed by the assessing body), have to be fully valiflated by
copmparison with existing test results and by sensitivity analysis of the various parameters.

4.3.4 Judgements in extended applications

For a test result to be extrapolated to cover changes outside those for which calculations or written
rules are applicable, the result may still apply subject to some expert judgement being made. The
section on judgements highlights the matters that need to be considered and to be justified by the body
or person(s) responsible for making such judgments. Generally, components of a construction element
could be changed, provided it can be shown that this does not reduce the fire resistance. It should be
demonstrated that the interaction of a new component with other components will not adversely affect
the performance of the tested construction. When resistance time is higher than the required time, it
will generally be possible to have a greater change than with only the necessary safety level.

© IS0 2017 - All rights reserved 5
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In order to bring greater consistency to the judgemental process, it is recommended that this process

follows the methodology given in Annex A.

4.4 Project specific application

This document has described the manner by which variations in the construction of an element which
has been designed to provide fire resistance can be accepted, or rejected, which utilizes the main
parameters of the materials and components incorporated in the proving test. However, it may be
possible in Certaln appllcatlon to prov1de more generous extensmns to the fleld of appllcatlon because

it has b
enhancefl restraint or an uneven dlstrlbutlon of the apphed load. In such cases, the derlved dlrect (
extended field of application is only valid for the specific project from which these inputs have\beg
derived.|Because of the bespoke nature of the inputs, the field of extended application only-applies {
the use ¢f the element in question within the application for which it was designed. As a consequenc
the field jof application (FoA) is known as project specific.

5 Common factors which influence the field of application of alkelements

5.1 Gdneral

The advike in this clause applies to all subsequent elements and groups of elements.

5.2 Manufacture and materials

5.2.1 eneral

For certgin applications, even small changes in eitherthe materials or the methods of manufacturir
may result in large changes in fire resistance. For example, flush timber fire resisting door assemblig
use significant quantities of adhesives in their construction. If a urea formaldehyde adhesive is replace
by a polyvinyl acetate (pva), the fire resistanceis likely to be lower. The results from a fire resistang
test may| be used to support an evaluation ©of the performance of a similar untested element or the
may be ysed to justify an element in usewithout any further calculations, or the application of rules,
the manfpifacture of the element complies with the guidance given in 5.2.2. Where the construction
not covefed by the direct application)then the calculations or application rules need to be applied 3
indicatedl.

Additionflly, there are quality dontrol and certification schemes in some countries. Control procedurt
ensure that the untested construction is equivalent to the tested construction. Any relaxation of the

procedures may only be-undertaken if it can be established that they only influence non-critical aspect

of the copstruction (€;g."Colour, texture, etc.). Evidence of the effect should be available if the control
the “crit]cal” processes or materials are involved. Reduced scale fire resistance tests may be used f
this purpose subject to the changes not affecting distortion.

The infogrmation given for direct applications and extended applications has to be used for ever
construdtion element.

r

n
(0}
€,

g

y

5.2.2 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.

6 © IS0 2017 - All rights reserved
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6 Fire resisting door assemblies

6.1 General

Door assemblies achieve their fire resistance as a result of a complex interaction between a number
of components; the interrelation between them being too difficult to be the subject of rules, or even
calculations. There are also many different configurations and modes of operation which further
complicate the analysis.

pvered due to the lack of knowledge in the public domain of their fire behaviour.

Djoors made from cellulosic materials, e.g. wood, behave differently from doors made primarily of metal
ahd, therefore, the different guidance is appropriate as the modes of failure vary.

he results from a fire resistance test may be used to support an evaluationtof the performance of
hother door of the same or similar material that has hinged or pivoted leaves without any further
hlculations or the application of rules or judgements if the constructionreomplies with the guidance
ven in 6.3.2. Where the construction does not comply with the direct/application rules, then the fire
hgineering calculations or expert judgements need to be applied as ifidicated in 6.3.4.

o0 0 »

—3

he relevant performance criteria are integrity (abbreviation is the'letter “E”, measured by gdp gauge,
Wistained flaming or ignition of cotton pad) and insulation (abbreviation is the letter “I”, in¢rease of
Ferage or maximum temperature rise).

L Wn

o)}

12 Direct application

=)

2.1 General

—3

he results of a fire resistance test are deemed’to be applicable to a similar type of untested dqor of the
ime primary material provided that al] ef the following are true.

(%)

=)

2.2 Leaves

a] The number of leaves is net increased.

b) The mode of operation‘is’'unchanged (e.g. single swing/double swing).
c] The height and width of the leaf are not increased.

d) The thickness®f the leaf is not reduced.

e] The gapidimension between leaf and frame or leaf and leaf (including a flush overpanel if fitted) are
not inCreased.

f] TheTestraint on the leafis not decreased (see ironmongery and intumescent seals).

g Thn thiclrn

AGQ O
CTIIICISIIC S5O

h) The stiffness (expressed as the second moment of area) of any structural component in the leaf is
not reduced.

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

j)  The thermal insulation characteristics of any core, sub-facing or infill material is not decreased in
the case of an insulated door, or are unchanged for other door types.

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

1) For timber doors, the quality of the wood as indicated by the density and slope of grain is not
reduced.
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6.2.3 Openings in the leaf

a)
b)

c)

d)

e)
f)

g)

6.2.4 Frames

a)
b)

‘)
d)

e)

f)

6.2.5 Door hardware (ironmongery)

a)

b)

<)
d)

6.2.6 Fireseals

a)
b)

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

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

The re-positioning or change of shape of any aperture does not cause the removal of any structural
COMponent:

The type and thickness of glass remains unchanged.

The [glazing system remains unchanged including the type (including gaskets) and fiumber pf
fixings.

Openings made in the leaf for other purposes does not reduce the integrity of thé assembly, e.g. ajir
trangfer grilles, letter plates.

The generic frame material is not changed, e.g. timber or metal type:
The frame stiffness is not decreased.
The method of manufacture and construction remain unchanged.

For {imber frames, the quality of the wood as indicated:by its density and screw holding abilities fis
not feduced.

The |restraint provided by the method of foxifig the frame into the structural opening is ngt
decrjeased.

The wall into which the frame is installed'is not less stiff when hot nor has a lower thermal inertig.

The hardware does not apply(léss restraint to the door leaf or leaves, i.e. the number of hinges ¢r
latches is not decreased.

The method of attachingthe ironmongery to the frame or the leaf remains unchanged and does n¢t
reqyire removal of any more of the leaf/frame.

The melting point.of the ironmongery that contributes to the restraint is not reduced.

Any fplternativé hardware does not require the removal of any part of any fire seal.

The position and type of any fire or smoke seal remains unchanged.

The cross-sectional area of any intumescent seal fitted to control the spread of fire and/or smoke
through the leaf to frame gap is not decreased. In the jambs of unlatched door assemblies, the cross-
sectional area of any pressure forming seal is not increased, or when fitted in the head gap is not
decreased.

NOTE Certain formulations of intumescent, i.e. sodium silicate and intercalated graphite compounds

produce a pressure when expanded, which is often used to provide restraint to thermal movement, either in
conjunction with the hardware or sometimes on their own.
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6.3 Extended application

6.3.1 General

Defining the extended field of application, even when restricted to hinged and pivoted doors, is very
complex using either rules (of which there are few), fire engineering calculations or expert judgements,
particularly when more than one parameter at a time is changed. It is common practice when planning
to extend one parameter, e.g. the width of the leaf, to compensate by changing another parameter such
as the position and/or size of any intumescent sealing system. There are automatically two influences
tg—eonsider—whenrmakingsuchjudeementsanditishrardto—establish-the degreeefimpostance of
elther. For this reason, it will become increasingly common for “expert systems” to be genefated which
hhrmonizes and rationalizes such approaches (see 8.3.). However, by using the methodology| given in
Alnnex A, the “judgement” approach will become much more accurate and consistent andshou|d enable
njore accurate and/or possibly more generous extended applications to be made.

6/3.2 Rules

(=)

3.2.1 General

g3

kcept in the context of classification in CEN (see EN 13501-2), it is notpossible to extend the apjplication
[ a test result on a door assembly by the application of pre-determined rules. While such fules are
till being validated in CEN, by the experience gained in the use of EXAP standards, the typical way of
kpressing this form of “extended” application is as follows:

D W O

6{3.2.2 Leafdimensions and design

al The leaf can be increased in height by X1 %%,

b) The leaf can be increased in width by X2 %%.

c] The area of glass can be increased by(the following:
— doors with integrity-only pefformance of up to Y1 %1 but not to exceed Y2 %1 of the leaf area;
— doors with integrity and radiation performance of up to Y3 %1 of leaf area;
— doors with integrify)and insulation performance of up to Y4 %1 of leaf area.

d) Thenumber of glazedopenings may be increased but the combined areas should not exceed the tested
area by more thamY5 %1 nor exceed the maximum percentages of the leaf areas described gbove.

(=)

3.2.3 Frames — Dimensions

ssuming that the associated construction into which the door frames are to be installed has the same
pt stiffiiess and thermal characteristics as the supporting construction used in the test, then:

= 2>

— “the rebate depth can be reduced by Z1 %;

— the face width of the frame can be reduced by Z2 %.

The use of these rules will be restricted to the region/country where they have evolved and will have
only limited value in the context of life safety. Such rules should be used with caution in regions outside
of those where they were generated.

1) These values can be those inserted in regulations as a result of research undertaken by sector groups, in Europe
possibly in conjunction with CE marking guidance.
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6.3.3 Fire engineering calculations

6.3.3.1

General

Calculations may be used for the following.

6.3.3.2

Leaves

a) Temperature profile

Heat transfer through door leaves may be calculated to aid thermal deflection modelling usifig
valid temperature analysis model. Input data should be based on values for specific heat capacif
and fhermal conductivity as a function of temperature for all materials included in the constrictig

of t

esti
of th
lost

b) Ins

Co
asd

c) Thel

In th
bow]|

6.3.3.3
a) Heat

Becd
uney
knot

b) Thei

leaf. For composite leaves, incorporating internal framing, cores and facings, it is necessary {

ate, using relevant test results, the time of exposure at which the detachment.of-componen
e leaf (i.e. boards, insulation, etc.) will occur and as a consequence compositexaction may
hnd the heat transfer model will become invalid.

ation performance

liance with the insulation criterion may be calculated using apprépriate temperature profilg
ptermined from a).

mally induced deformation

e case of very simple metal leaf constructions, it maybe possible to predict distortion due {
ing resulting from thermal differentials that have béenrestablished under b).

Frames
transfer

use of edge influences at the wall and“leaf interfaces calculation of temperature rise on th
posed face of the frame, heat trafisfer can only be achieved using accurate models and
vledge of the relevant heat transfer coefficients.

mally induced deformation

In the case of simple frames) it may be possible to predict thermal distortion by calculation

diffd
neeq

634 1

6.3.4.1

Changes

rential temperatures between the exposed and unexposed faces, but care and valid data
ed to correlate thisidirectly with an integrity failure.

xpert judgements

General

may be made to the following construction parameters of the door assemblies provided th

D wn OS< ®

a

IS

ht

expertj

dgement, based o tie Mmetiodotogy givernn im ANINEX A, 1S adopted: T e Mmateriat {Tom witici th

e

assembly is made will dictate the relevance for some of the guidance given below, which is listed on a
parameter by parameter basis.
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6.3.4.2 Expertjudgement applied to leaf construction (timber and metal)

Expert judgement, in accordance with the Annex A, principles can be applied to the following leaf

parameters.

a) Leafdimensions (height/width)

The leaf width and leaf height both generally have an influence on the thermal deflection of the leaf,
which will have an impact on the integrity (E) criteria as the leaf will be prone to bow out of the

frame unless other forms of restraint prevent it (see Table 1).

The height and width parameters in a virtually homogenous leaf construction may hé iy
providing the construction parameters of the major components (normally a slab core,and
can be demonstrated by the method given in Annex A, not to compromise the-integri
assembly, albeit the factors related to these parameters can only be resolved when-onsidg

supporting construction.

Table 1 — Summary of possible factor influences for a fire door leaf

Parameter Factor Faetor influence
Leaf height Larger E Decrease
I Neutral
Lessa E Increase
I Neutral
Leaf width Larger E Decrease
I Neutral
Less2 E Increase
I Neutral
a  [tis probably covered by direct application if performed to EN standards.

izl

br hinge position, it should be noted that if the door leaf height is increased, the hinges shot
pbwards/downwards in such a way that the distance between the top hinge and the head of
daf remains the same as in thefire test; the distance between the bottom hinge and the bottd
por leaf should also remain.the same as in the fire test. Increasing the door leaf height may re
imber of hinges to be-increased in order to provide sufficient points of restraint to the door 1

o =

="

o

Leaf thickness
1) Timberdoor leaves

The parameter of leaf thickness influences both the insulation (I) and the integrity (E
of'a fire door assembly (see Table 2).

The thickness of a leaf may be increased or reduced but any reduction should dem

creased,
facings)
Ly of the
red with

a particular set of frame/seal/hardware parameters and in many cases, alsq the influenfce of the

1ld move
the door
m of the
juire the
paf,

criteria

bnstrate,

by using the methodology given in ANNEex A, that It does Not cause an Increase im d

stortion

that could result in a reduction in the integrity criteria below the required level. Additional

restraint may be used to control the potential increase in distortion and, thereby, rein
required integrity (E) rating.

state the

Any reduction in thickness should not produce a reduction in the ability of the assembly to
satisfy the insulation (I) requirements for the leaf as measured on the unexposed face, in the
case of a door assembly that is required to satisfy the insulation (I) or radiation (W) criteria.
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Table 2 — Summary of possible factor influences for timber leaves

Parameter Factor Factor influence
Leaf thickness Thicker E Increase
[ Increase
Thinner E Decrease
[ Decrease

2) Flush faced metal door leaves

[his section only considers the behaviour of flush faced steel “pan and lid” leaf constructiorLs
wvith or without an infill of insulation and metal spacers.

Che thickness of a metal door leaf will influence the thermal differential and-Hence the
Histortion and the performance with respect to the integrity (E) criteria, but'if the dog¢r
contains insulation material, this will have an impact on the performancé)with respect to
the insulation (I) criteria as well (see Tables 3 and 4). The relationship is,very complex and it
may be more appropriate to use more advanced modelling to evaluate'this influence rath¢r
than the methods described in Annex A, albeit the modelling route ¢an be fairly time and coft
Consuming.

Fable 3 — Summary of possible factor influences for insulated metal door leaves

Parameter Factor Factor influence
Leaf thickness Thickera E lnereaseb/Neutral
Plncrease
Thinner E Neutral/Decrease
I Decrease
a  In Eufope, itis probably covered by CEN Direct Application rules.
b Due tp thermally induced bowing as a result of temiperature differentials.

Table 4 — Summary of possible.factor influences for non-insulating metal door leaves

Parameter Factor Factor influence

Leaf thickness Thickera E Increase/Neutral

I Not applicable

Thinner E Neutral/Decrease

I Not applicable

a  In Eufope, itis probably covered by CEN Direct Application rules.

3) [hange-of core or infill (timber and metal)

A core, or an infill material which has a higher thermal diffusivity than that tested, could have
a negative influence on insulation (I), but as long as it can be shown using the methods given
in Annex A, possibly in combination with a heat transfer model, that this will not cause the
unexposed face temperature of the leaf to increase above the insulation (I) criteria, if insulation
is appropriate, or that the unexposed face temperature will not rise to a level which may
cause a deterioration of the unexposed surface in a timber door leaf, its use may be justified.
Extended periods of deterioration could cause ignition of the unexposed face or weaken the
external facing to the point that it is not able to provide the required stiffness to resist thermal
bowing, either of which will have a significant negative influence on integrity (E).

If the thermal diffusivity were to be reduced significantly, this would produce a beneficial
influence on insulation (I), but it could increase the temperature differential between the hot
and cold faces particularly on a metal door leaf and with certain door types, these factors may
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lead to more exaggerated distortion. When considering reductions in the thermal diffusivity
of these core or infill materials, the effect on distortion and, hence, its negative impact on the
integrity criteria should be considered, using the methodology given in Annex A.

In addition to the thermal diffusivity of the insulation/infill material, the combustibility of
the material may have a negative influence on the ability to satisfy the integrity (E) criteria
due to the risk of continuous flaming that may become associated with the unexposed face
temperature. See Tables 5 and 6.

Table 5 — Summary of pnccihlp factorinfluences for cores in “timber” fire door leaves
Parameter Factor Factor influence
(lore combustibility More combustible E Decrease/Neutral
I Decrease
Less combustible E Increase
I Neutral
Thermal diffusivity Lower E Neutral
I Increase
Higher E Neutral
I Decrease
Table 6 — Summary of possible factor influences for infills in metal fire door leaves
Parameter Factor Factor influence
Ihfill combustibility More combustible E Decrease/Neutral
[ Neutral/Decrease
Less combustible E Increase
I Increase
Thermal diffusivity Lower E Neutral
I Increase
Higher E Neutral/Decrease
I Decrease
4) Core joints (timber doors) and infill joints (metal doors)
Joints imrthe core produce positive and negative influences on the fire resistance performance
of timber door leaves (see Table 7).

Joints in the make-up of a door leaf have two distinctly separate influences. Joimts often
allow stresses to be relieved and, therefore, they can be used to limit the distortiorn created
by thermal or m01sture imbalances and this Would have a positive mfluence on integrity (E).
ing whether this will

create larger distortions.

The second influence relates to the permeability of the leaf. If the joints are not made tight
or are subject to increase in width due to shrinkage of adjacent components, they can have
a negative impact on both integrity (E) and insulation (I). In this case, the number of joints
should be severely restricted. It may, however, be possible to increase the number of joints
if the quality control or manufacturing processes are improved or if the joints incorporate a
gap filling material at the time of manufacture which should remove the negative impact on
integrity (E). These influences should be ascertained by using the analysis method given in
Annex A.
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In the case of metal door leaves of the “pan and lid” form of construction, the thermal bowing
will not be influenced by joints in the infill used in an insulating metal door. Infill joints can,
however, increase the risk of insulation (I) failure, especially if the joints are not tight. The
metal facings make the major contribution to integrity resistance and gaps in the infill will
have no influence on the integrity (E) (see Table 8).

Table 7 — Summary of possible factor influences for core in timber and metal doors

Parameter Factor Factor influence
IOil’ltS in pore More Ftmrer caoc/Dcu TAastc
(timber door leaves) I Decrease/Neutral
Less E Increase/Decrease
[ Increase

Tablg 8 — Summary of possible factor influences for infill joints in timber and metal doors
Parameter Factor Factor influence
Joints in nfill More E Neutral
[ Decrease
Less E Neutral
[ Neutral/Increase

Change of facing thickness (flush timber doors)

Che facing of a door leaf will have an impact on the insulation (I) criteria (thermpl
Characteristics) and the integrity (E) criteria, (stiffness/strength characteristics) due to the
stiffness of the unexposed face facing beipgable to resist thermally induced bowing (see
[able 9).

Many facing materials contribute to_the stiffness of the leaf and, hence, the compliance with
the integrity (E) criteria, and it mdybe established using the methods described in Annex|A
whether the facing is making a significant influence to integrity (E) more than the thicknegs
hssuming that the density and material type is unchanged.

~

t may be possible to reduce the thickness of the facing on a timber door, but this will probably
heed to be compensated-for by an increase in the core material thickness, if the insulation ()
Criteria is to remain¢empliant.

ncreasing the~thickness of a facing will, therefore, generally be beneficial with respect to
ntegrity (E.and insulation(I), but if the thickness of the core and any framing is proposgd
Fo be reducéd to accommodate the increased thickness, then the influence of such a change
chould be'analysed using the method given in Annex A for the core thickness.

n-the'case of steel doors, the thickness of the facing material will have no direct influence qn

ntegrity (E) criteria, but the thermal bowing may be increased or reduced by the change which

will have an indirect influence on integrity (E). This can, however, cause an unacceptable rise
in temperature and cause a failure with respect to the insulation (I) criteria.

Table 9 — Summary of possible factor influences for changing facing thicknesses (timber doors)

Parameter Factor Factor influence
Facing thickness Increase E Increase
I Increase
Decrease E Decrease
[ Decrease

14
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6) Internal connections (steel doors)

In the case of steel doors of the “pan and lid” construction, any increase in the

number

of connections between the two faces of the leaf will generally cause an increase in the
temperature rise on the unexposed face and, hence, generate a negative impact on the
insulation (I) criteria. The increase in temperature of the unexposed face could reduce the

thermal differential between the faces, thereby reducing the thermal bow and having a
beneficial influence on integrity (E) (see Table 10).

Similarly, additional fixings may enhance the composite action making the leaf stiffer.

possible

Table 10 — Summary of possible factor influences for changing the number of inter
connections

nal

Parameter Factor Factor influénce

Ihternal fixings More E Neutral/Increase

I Decrease

Less E Decrease

I Increase

\ml

3.4.3 Expertjudgements applied to door frames

6
Ekpert Judgement in accordance with the pringiples in Annex A can be applied to the followi
phrameters.

It may be possible to increase the number of connectors.but it may be established \t)sing the

methods described in Annex A, probably in conjunction” with heat transfer calculati
changing this parameter in this way will not causefan unacceptable rise in the unexp
temperature.

Frame stiffness

Generally, a reduction in the parameter of frame stiffness could have a negative influen
integrity (E) criteria because-it could generate differential movement between the leaf
frame. However, it may be'possible to reduce the frame stiffness if the method of fixing is i
to reduce the potentialincrease in distortion and, hence, its impact on integrity. Increa
frame stiffness would) normally have a beneficial influence on integrity. See Table 11
influence of frame stiffness on the integrity performance of door assemblies.

A change in the frame stiffness would have a neutral impact on insulation as the heat flg

ns, that
bsed face

hg frame

e on the
and the
hcreased
1sing the
| for the

w would

not be significantly altered. See Table 11 for the influence of frame stiffness on the ifjsulation

performaice of door assemblies.
Density (timber frames)

Higher density timbers, e.g. many hardwoods, are both stiffer and generally char at a slow

er rate.

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

for the reduced stiffness and likely increase in the rate of erosion due to charring. The

position

of fixings may need to be changed to reflect the greater erosion and possibly reduced screw
holding capability. See Table 11 for the influence of timber density on the integrity and insulation

performance of door assemblies.

Frame infill (metal hollow frames) for use with timber or metal door leaves

Hollow metal door frames are sometimes infilled to stiffen them up and/or increase the thermal

inertia of the frame.
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Infilling the frame with a cementitious material will generally increase the stiffness of the frame
[see a)], reduce any bowing and, hence, increase its ability to satisfy the integrity (E) criteria and,
by increasing the thermal mass, the insulation (I) criteria on the unexposed face.

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 that cannot be compensated for as described above. See
Table 11 for the influence of the density and the thermal inertia of metal frame infill material on

the i

ntegrity and insulation performance of door assemblies.

d) Reb!

The
leaf
wea
stre

ite depth (or door stop depth) (timber doors)

Febate, or doorstop, applies a high degree of restraint to movement in one direction as the do
is prevented from moving out of the frame by the rebate. Generally, doors are tested ih the
kest direction in order to generate the maximum field of application. The depth,/ahd hen
ngth, of the rebate does not have an influence on the deflection. Therefore, the depth of th

reb

e is of no consequence, as it has no influence on the integrity (E) performance,

However, the rebate depth on a timber door fitted with intumescent sealS¢can have a negatiy
inflyence on the activation time of the seal and, hence, the integrity (E)-criteria. When seals aj
not fitted, it may have a minor beneficial influence on the integrity~(EJ criteria. Its impact d
insulation (I) criteria is neutral. For doors opening in specific directions, the rebate can contr
distgrtion, i.e. door that bows out in the centre and towards the rebate at its edges. In this case, t}

r
ir

e
le

e
n
D]
le

rebate contributes to compliance with the integrity (E) criterjia’but the depth is not an importapt
parameter, unless it affects the strength.
The febate depth may therefore be reduced if it can be demionstrated, using the methodology given
in Apnex A, that it provides no significant restraint nop,contributes significantly to modifying the
flow] of hot gases and, hence, maintaining the integrity. See Table 11 for the influence of the timb¢r
franje rebate depth on the integrity and insulation performance of door assemblies fitted with
intumescent seals.
Table 11 — Summary of possible factor influences for fire door frames
Parameter Factor Factor influence
Frame stfiffness Greater stiffness E Increase
I Neutral
Less stiffness E Decrease
I Neutral
Timber density Increase E Increase
[ Neutral
Decrease E Decrease
I Neutral/Decrease
Timber ffame rebate depth (doors fitted | Increase E Decrease/Neutral
with intimeseent Searsy [ Neutral
Decrease E Neutral
I Neutral
Metal frame infill material (density and |Increase E Increase
thermal inertia/latent heat)
[ Decrease
Decrease E Decrease
I Neutral
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6.3.4.4 Expertjudgements applied to restraint mechanisms controlling leaf movement

6.3.4.4.1 General

Generally, all fire door assemblies, both those primarily of timber or those made of metal, benefit
significantly from the application of restraint to the leaf edges. Because these two types of construction
behave differently under fire attack, the restraint needs to vary for both types. This restraint is

normally required more in the “hot” case than at ambient temperature.

The builder’s hardware/ironmongery provides the majority of the required restraint but th

melting

ppint of such items should be considered when taking the restraint on both timber and metal d
t¢ the hardware into account, especially when using face fixed overhead closers to restrain
lipu of latches. Not only does the melting point need to be taken into account, but so does the i
of heat on the method of fixing the hardware, particularly to timber door assemblies.

Ijtumescent seals (i.e. those materials of a pressure forming type) cdn‘apply rest
dpflection/distortion, particularly on timber door leaves, once they have activated.

If may be possible to use hardware/ironmongery that provides lowerAevels of restraint to
ifl the restraint provided by intumescent seals can be increased. (seey6.3.4.4.3). Similarly, i
ppssible to use an intumescent seal which offers less resistance tq @istortion if the restraint
by the hardware/ironmongery can be increased, but the influerice*of both of these would ne
r¢solved using the methodology given in Annex A and taking the’ characteristics of the hardy
the intumescent as the critical parameters.

Bpth of these measures require a thorough understanding of the mechanisms involved an|
ghidance should be sought from the manufactureriof the doorset or the hardware use
cpnstruction of the assembly or from components efzan acknowledged expert.

6{3.4.4.2 Ironmongery (builders' hardware)

et

f has been demonstrated that the perférmance of the doorset can be improved if the dist
e head of the doorset or down the opening jamb can be restricted. This can be achieved by
nmjechanical restraint, such as thatprovided by ironmongery. For those items listed, if a change
pbmponents is proposed, the influence that they have, as indicated below, should be taken into

t

(@)

a) Overhead face fixed closing devices

When overhead clesers are fitted on the fire side of an inward opening door, these devices
apply restraint tojepening of the door as well as a positive closing force, which gradually
between 10 minto 20 min as the closer degrades/melts under the fire exposure. This type
is known as.a@leading arm closer.

Whenthey are fitted on the non-fire side, these devices apply a constant closing force on
for the'duration of the test, i.e. when fitted to a door that is opening into the furnace. Thes
are’generally known as parallel arm closers.

oors due
h door in
nfluence

raint to

the door

may be
brovided
ed to be
vare and

d expert
d in the

brtion at
applying
to these
account.

initially
reduces
of closer

the door
b devices

When r‘nncidpring a r‘h;mgp in intumescent seals_the influence of the closer an the restrai

t on the

leaf should be taken into account. See Table 12 for the influence of overhead door closers on the

integrity and insulation performance of door assemblies.

b) Floor springs

These devices tend to be located in the threshold of the frame and hence at the coolest part of the
furnace, and will therefore experience less detrimental effects, thus enabling them to provide a
closing function for longer than either the leading or parallel arms overhead closing devices. See
Table 12 for the influence of floor springs on the integrity and insulation performance of door

assemblies.
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c) Latches (single and multi-point latches)

Single point latches provide a very positive action in restraining the opening/closing edge of the
door leaf, thus reducing the amount by which the top closing corner of the door leaf (generally
regarded as the most onerous position) distorts relative to the frame. Multi-point latches provide
even more restraint, normally directly to the leaf at the top opening corner. See Table 12 for the
influence of latches on the integrity and insulation performance of door assemblies.

6.3.4.4.3 Pressure forming intumescent fire seals

One of the factors affecting the performance of insulating (see note) doorsets is the volumé
intumes¢ent seals incorporated in the leaf to frame junction/gap. Without intumescent seals, it
unlikely that an the integrity (E) performance of 20 min would be achieved on a timber-based a4ssemb

using a mominal 30 min, 44 mm thick door leaf construction. With a “standard” level of intumescent

protecti¢n, the performance would be increased to over 30 min as a result of the intumeseént materi

sealing
a press

e gaps to resist the flow of gases and often to provide restraint to distortionyof the leaf if
e forming type. By further increasing the volume of intumescent to an enlanced level, the
integrity (E) performance of the door could be increased to between 35 min anid-40 min. Thereforg,
the corrg¢ct intumescent seal specification provides two important functions. Firstly, the intumescent
will act s a gap filling agent and secondly, by selecting a pressure generating intumescent materigl

it is posgible to provide restraint against the tendency to distort, thereby.restricting the likelihood
bowing gnd prolonging the integrity (E) rating.

NOTE

Because only “insulating” door assemblies are evaluated by<means of the cotton pad method, on
these doqrs will be guaranteed to have intumescent seals fitted. Othet door types can be fitted. See Table 12

for the ifffluence of pressure forming intumescent seals on the integrity and insulation performance of do

assembligs.

Tablg 12 — Summary of possible factor influences for mechanisms designed to control leaf
deflection/distortion

bf
IS
y

hl
bf
bf

ly

pr

Parameter Factor Factor influence
Mechanital restraint, e.g. latches More E Increase
multi-pojnt latches, overhead
. ; I Neutral
closing devices
LeSs E Decrease
I Neutral
Intumes¢ent restraint — More intumescenta E Increase
Timber lgaf I Neutral
Less intumescenta E Decrease
I Neutral

Intumes¢ent restraint —
Metal ledf

More intumescenta

E Increase/Neutral

[ Neutral/Increase

Less intumescenta

E Decrease/Neutral

I Neutral

a  Only applies to pressure forming intumescent.

6.3.4.4.4 All door/frame fire seals

6.3.4.4.4.1 Heat-activated seals on latched single acting door assemblies (see note)

It is common for fire resisting door assemblies that are evaluated for compliance with the integrity
(E) criteria by means of the cotton pad to incorporate heat-activated seals (normally intumescent
in composition) in the leaf edge/frame reveal junction or between adjacent leaves in a double leaf
assembly. These seals are critical to restrict the flow of hot combustion gases, including hot smoke,

18
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and if they become exhausted or break down prematurely, then the door assembly will probably not
achieve the required integrity level. The quantity and nature of the tested seals will normally have
been established by type testing (prototype testing) by the manufacturer or certification body. The
volume of intumescent material/heat activated strip will normally reflect the difficulty of satisfying
the integrity test procedure, i.e. larger doors or doors with a longer required integrity rating will have
a greater volume of seal(s) fitted in the perimeter gap. The “type” of intumescent seal should not be
varied from that proven by the “type testing”, i.e. pressure forming, non-pressure forming and even
restricting the material to a proprietary type if possible, but there will be occasions, possibly during
supply problems, when the products may need to be changed.

The position of the heat-activated seal in the rebate of a door frame can be a significant chargcteristic
cpntrolling the duration for which the joint can be sealed. As a consequence, it is recommended that the
ppsition of the seal in the rebate remains in the position(s) used in the type test. However,if, for supply
problems or hardware variations, it is imperative that the seal has to be varied in location or fate width,
then the critical parameters are the distance of the seal edge from the opening face‘of the framg and the
total face width of the seals installed.

Alsummary of the influence that such changes may have on the integrity (E) and insulation (I} criteria
4 given in Table 13.

—

Table 13 — Summary of possible factor influences for changing the quantity/volume qf heat
activated seals

Parameter Factor Factor influence
(ross-sectional area (CSA) of heat|Greater E Increasea
dctivated seals I Neutral
Decrease E Decrease

I Neutral/Decrease

al  Anincrease in the volume/cross-section area of\pressure forming intumescent seals in jambs and meeting dtile joints
may force an unlatched door or even a weakly restrained latched door open and result in a decrease in the intpgrity (E)
rpting. The opinion of an expert should be soughtif there is any doubt.

NOTE Unlatched timber fire door assemblies require intumescent edge seals to expand and apply|restraint
b}y means of pressure-forming intumescent seals which help to restrict movement of the door leaf. Thi§ function
r¢quires the expert application ‘and use of complex seals; the critical characteristics of which are|only just
becoming capable of being ni€asured. As such, while the general principles of this document can be used to
iffterpolate and extrapolaté the influences of changes, the important actions are not yet in a position of being
ghantified by these principles of unlatched doors.

Al summary of the-influence that the position and face width of intumescent seals will have on the
integrity (E) and insulation (I) criteria is given in Tables 14 and 15.

Al summapy. of possible factor influences for changing the position and/or face width of sealq is given
below (also*see Figures 1 and 2).
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Figure 1 — Position of seal in door leaf edge, door opening'away from the fire

Taple 14 — Factor influence for door leaves opening away from the fire (see Figure 1)

Parameter Factor Factor influence
Edge distance between seal and face of the Greater E: Neutral
door leaf| (distance a) I Neutral
Decrease E: Neutral
I: Neutral
Total fac¢ width of the seal with same seal thigk-Greater E: Increase
ness in the door leaf edge (distance b) I Neutral
Decrease E: Decrease
I: Decrease
Edge disfance between seal and-{face of the door | Greater E: Neutral
leaf (distnce c) I: Neutral
Decrease E: Neutral
I: Neutral
Gap between theframe and the leaf edge (dis-|Greater E:Decrease
tance d) I:Decrease/Neutral
Decrease ErNeutral/Increase
I: Neutral
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Figure 2 — Position of seal in door leaf edge,door opening towards the fire

i~

Table 15 — Factor influence for door leaves opening towards the fire (see Figure ?)

Parameter Factor Factor influencge
Hdge distance between seal and face of the Greater E: Neutral
door leaf (distance a) I Neutral
Decrease E: Decrease

I: Neutral/Decrease

Total face width of the seal with same seal thick- | Greater E: Increase
1less in the door leaf edge (distance b) I Neutral
Decrease E: Decrease
I: Decrease
Hdge distance between seal and face of the door|Greater E: Decrease

—

paf (distance ¢) I: Neutral/Decrease

Decrease E: Neutral
I: Neutral
(fap.between the frame and the leaf edge (dis-|Greater E:Decrease
thneedl a)
7 [:Decrease/Neutral
Decrease E: Neutral/Increase
[: Neutral

a)  Assuming that door leaf is not consumed from underneath seal during the target duration.

6.3.4.4.4.2 Smoke restricting seals

Many fire resisting doors have a secondary function of restricting the flow of ambient or warm
smoke through the gap between the frame and the leaf edge. This is required when the doorsets have
to satisfy the smoke leakage criteria given in ISO 5925-1. The seals should have demonstrated their
ability to restrict the flow of smoke to the levels identified in the appropriate criteria when fitted to
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a door of a similar configuration, action, mode, thermal characteristics and size. Such seals may be
added to a different door, subject to the constraints listed above, and be expected to reduce the flow of
smoke (ambient or warm/hot) to similar levels. On a “timber” door assembly, the natural insulation (I)
characteristics of the timber prevents such seals from compromising the integrity criteria, but when
added to a metal door/frame joint, the extra heat flow may cause the seal to ignite and reduce the
integrity level. A seal that has ignited or melted will obviously not satisfy the criteria for smoke leakage.
Careful consideration needs to be made before fitting smoke seals to metal doors or frames.

Removal of any smoke seals will cause an increase in the passage of ambient or warm smoke.

A summpry of the Tactor influences In relation to the fitting or removal of smoke seals iIs given |n
Table 16

Table 16 — Summary of possible factor influences for adding or removing smoke‘seals

Parameter Factor Factor influence

Smoke r¢stricting seals Adding a seal (to timber E Increase

door) I Neutral

S Lower leakage

Adding a seal (to metal E Neutral/Inerease

leaf/frame) I Neutral

S Lower leakage

Removing a seal (timber E\Neutral/Decrease
or metal leaf/frame) Neutral
S Higher leakage

6.3.5 Opening in the leaf or leaves

6.3.5.1 | General

It is not|permissible to predict the influence of making an opening in a leaf unless there is fire tept
evidencd available from “type testing” (prototype testing) which demonstrates that an opening cgn
be made|in a leaf without causing increased deflection/distortion that could compromise the ability to
satisfy the integrity (E) criteria’for'the assembly. Where evidence exists to demonstrate that the lepf
can accept “openings”, it maybe possible to extend the dimensions/area of the opening or to change
the components fitted into the opening as long as they do not have a negative influence on the relevant
criteria. [The only openings)considered in this section are openings for the purpose of installing glass ¢r
accommgdating air transfer grilles.

6.3.5.2 | Dimensions of any opening(s)

In flush |“timber” doors in particular and probably in metal faced “pan and lid” construction flugh
doors, the-stiffness and strength of the unexposed face facing can make a significant contribution fo
the resistance to thermal bowing. Any opening made in this facing, and also to the exposed face, will
probably permit the door to bow more than the flush door without openings. Similarly, any increase in
the size of the opening will also probably allow the door to distort more. In the case of multiple openings,
it is the total area, excluding any intermediate mullions/transoms that do not provide enhanced
stiffness between apertures. If the intermediate members do provide stiffness then each aperture may
be considered separately. The full analysis of this contribution may require a fire door specialist to be
consulted. Generally, an increase in the size of the opening will have the effect of generating greater
distortion and, hence, a reduction in the integrity (E) rating.

Apertures in fully framed leaves such as timber “joinery” doors consisting of substantial stiles and rails
or metal door leaves formed by making a frame around the periphery and facing with metal sheets are
less likely to be affected by the influence of openings or increases in the size of openings than flush
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doors. It is recommended that the summary in Table 17 be used for joinery doors, assuming that the
framing is not cut away (see note).

NOTE Where either the timber door or the metal door incorporates a structural frame of timber or metal,
then any change in the size of the openings is likely to be neutral with respect to integrity (E) or insulation (I),
unless the structural frame is reduced in section locally, in which case a timber and/or metal door specialist with
in depth fire knowledge will need to be consulted.

Table 17 — Summary of possible factor influences for openings in fire doors leafs

Parameter Factor Factor influence
(hange in the dimensions of Increase E Decrease
dpenings in flush timber leaves I Neutral
Decrease E Increase/Neutral
I Neutral
(hange in dimensions of Increase E Neutral/Decrease
dpenings in flush metal leaves I Neutral
Decrease E-Increase/Neutral
I Neutral

3.5.3 Position of openings

6

Als with the dimensions of openings in flush deors, both timber and metal, the closer the opénings to
the leaf edges, either the horizontal or vertical edges, the greater will be the likely influende on the
ability of the leaf to resist thermal deflection'and, hence, compliance with the integrity (E) criteria. The
influence on the insulation (I) criteria will’be neutral, assuming that the construction of the insert that
4 set in the opening is of the same construction as in the type test (prototype test). See Table 18.

—

Similar considerations apply when multiple openings are installed closer to each other,| thereby
r¢moving the amount of material between openings.

Table 18 — Summary of possible factor increases for position of openings

Parameter Factor Factor influence
Distance betweehn léaf edge and Greater E Increase/Neutral
dpening edge, or-between Less E Decrease
ipdividual eperiings
I Neutral

Special‘consideration should be given to the situation where the opening dimensions are significantly
greater and the edge distances are significantly reduced. Both may not be permitted evemn though
neither causes a critical influence in isolation.

6.3.5.4 Glazing openings in fire door leaves

It is difficult to give general guidance with respect to glazed openings because of the complexity of glass
types and the plethora of proprietary glass types. The guidance given below is restricted to a number of
robust families of glass, where there may be some restricted interchangeability of products within the
same family and where other parameters may also be interchanged. These families are

a) integral wired soda/lime composition clear glass (nominally 6 mm thick),

b) borosilicate composition glass,
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c) intumescent interlayer/multi-layer glasses, and

d) cera

mic “glass”.

The following products are considered too sensitive to installation and to glazing practice to be the
subject of general guidance:

a) any clear (non-wired) monolithic soda/lime composition glass (i.e. glasses with a coefficient of
expansion of 5,9 x 10-6 m/mK;

b) any
c) clea
d) any

e) non-

This fan
major di
the wire
glazing 1

For 15, 2
the integ
aperturg

clear non-intumescent resin interlavered multi-lavered glasses with or without wire:
4 J J O 4 4

[, “gel” filled multi-layer glasses;
bther glass type including double glazed units;
integral wired soda/lime composition glass.

ily of glasses is frequently used for applications up to 45 min integrity ratings and the on
'ference between proprietary types is the shape of the wire mesh and possibly the thickness

Up to the 45 min integrity rating, these glasses can be interchanged.with each other as the
equirements are similar.

0 and 30 min integrity applications, the size of the exposed pane does not have an impact ¢
Irity rating and as a consequence, the dimensions and thetexposed area of any such glaze
may be changed and the influence of the change or the/relevant criteria of integrity (H

insulatign (I) and radiation (W) may be analysed using the methodology given in Annex A. At integrif

ratings (

f 45 min and above, the natural softening/transition temperature of the glass will also haxy

to be comsidered as part of this evaluation. The maximumgglass size will never exceed the maximu

opening

In the c3
exposed
testing (

5ize evaluated.

se of substitution of glasses within this “faidily” and changes in the dimensions or area of tH
pane size, it is critical that the glazing syStems are identical to those used in the initial tyg
prototype testing).

y
bf

ir

So<T—as
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Table 19 — Summary of possible factor influence with respect to changes in pane dimensions

for exposed glass area

Parameter Factor Factor influence

Glass dimensions for integrity ratings | Increased dimensions E Neutral

15, 20, 30 min I Neutral
W Increase in proportion to size
changes

Decreased dimensions E Neutral

I Neutral
W Decrease in propOrtion tp size
change

(lass dimensions for integrity ratings | Increased dimensions E Decrease/Neutral

dreater than 30 mina
I Neutral

W Decrease in proportion t
chahge

b size

Decreased dimensions E Increased
I Neutral

W Decrease in proportion t
change

b size

)

rovide a significant cool edge or applies pressure to the edge of the.glass throughout the fire exposure.

Integrity (E) ratings of more than 45 min will normally only bé achieved with these glasses if the glazin

b systems

Borosilicate composition glasses (low expansion glasses with a coefficient of expansion of

3,3 x 10-6 m/mk

These glasses contain no wires but are ‘manufactured from a chemical composition of g
exhibits low thermal expansion when heated, making it more robust and hence able t
greater edge cover, possibly allowinghigher levels of restraint and /or clamping, [and will §
have a slightly higher transition:temperature(/)], making it more able to satisfy extended
durations.

lass that
0 accept
renerally
integrity

This family of glasses cdmes in a variety of thicknesses and each thickness should be considered

to be a separate product for the purpose of interpolation and extrapolation and be T
separately for each-thickness assuming that there is “prototype” test evidence for each vaj

As for integralwired glass, the glazing system should be returned to that used in the type/p

roduced
iation.

rototype

tested asserfibly. Depending upon the characteristics of the glazing system, the integrity rating may

extend to'90 min. No changes are permitted for low expansion glass with integrity rating
of 90 min.

Chaniges in dimensions may be permitted by reference to the methodology given in Annex

n excess

A.
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Table 20 — Summary of possible factor influences with respect to changes in pane dimensions
for any specific thickness of low expansion glass exposed glass areas

Parameter Factor Factor influence
Dimension of low expansion glass  |Increase E decrease
I neutral
W decrease
Decrease E increase
TTeutral

W increase in proportion to
size change

b) Intumescentinterlayer multi-layer glasses

Thege glasses consist of two or more layers of nominally 3 mm thick clear soda/lithe compositign
glas$ separated by interlayers of intumescent material (normally of sodium silicate composition]).
Whdn heated, the interlayers react and initially turn opaque, blocking out tadiation, and thgn
expdnd, layer upon layer, reducing the unexposed face temperature while maintaining integritjy.
glasses can be used as insulating glasses for various durations of\fire resistance where the
y
n
n
d

Such

integrity (E) and insulation (I) ratings are identical, used as partially insulating glass, wherelj
the insulation (I) criteria is satisfied for a lesser duration than integrity (E), or where the radiatid
(W)(criteria is satisfied for the same duration as integrity (E) orfor a reduced duration. Glasses

this |category require similar glazing systems and methods<f glazing to satisfy the integrity arf

insujation criteria for durations up to 60 (90) min.

Subjpct to the test evidence for the glass being able to démonstrate that the type tested/(prototype
tested) glass that is proposed to be substituted by, or'with has at least a 10 % factor of safety on|a

size ffor size comparison, then the glasses may beinterchanged.

The kize of the glass in any leaf opening may/be changed and the influence of that change should he
analysed using the methodology described™in Annex A, assuming that the method of glazing and
the glazing system is not modified from@&hat proven in the type test (prototype test).

Ta

le 21 — Summary of possible factor influences with respect to changes in the pane
dimensions of intumescent interlayer multi-layered glasses

Parameter Factor Factor influence
Dimensi¢ns of intumescent Increase E decrease
interlayer exposed glass I neutral
W neutral
Decrease E increase
I neutral
W neutral
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c) Zero thermal expansion clear “ceramic” glass

These glazing materials are not really glass but consist of transparent ceramic materials. As such, they
do not exhibit the same rheology as glass and have no transition temperature and an extremely high
“melting” temperature, well in excess of that reached in a fire resistance test of up to 240 min duration.
As a consequence of these materials exhibiting zero expansion, they are very easy and simple to glaze
and require no special techniques and, as they have no effective softening temperature, the size of the
pane can be increased or decreased without restriction and without reducing the integrity rating, other

than the restrictions imposed by the maximum size of opening. Radiation (W) will increase/
ccording to the size of the pane of glass.

o8]

NOTE Where material regulations impose requirements for glass to break safely in the-event of

by persons, clear ceramics/zero expansion “glass” cannot satisfy such requirements withoutlaminatin|
td tempered or laminated glass(es). In this case, the laminated glass becomes a special glass not cover
ghidance as ignition of the interlayer can cause a loss of integrity in some applications:

3.5.5 Air transfer grilles in openings in timber fire door leaves

6

Alir transfer grilles are generally a proprietary product and the-ability to satisfy the
cliteria of integrity (E) and insulation (I) for the prescribed duration generally lies with {
n|

the manufacturer, but the extended application for the grilleiniitu, i.e. set in an opening in the
ldaf, may form part of the responsibility of a third party, who is either the manufacturer/sy
the door leaf or a tradesman employed to install the device. The air transfer grille under cons
should, therefore, have been “type tested” to demonstfrate that the device has the capability of s
the integrity (E) and, if appropriate, the insulation (I) criteria when correctly installed. The th
s¢lecting/installing the product in the door leaf'(supporting/associated construction) shoul

Hecrease

hin impact
o directly
ed by this

relevant
he grille

anufacturer. The direct and extended application for the grilleCalso lies within the responsibilities of

fire door
pplier of
deration
atisfying
rd party
d ensure

that the direct and extended application of the in situ product is correct by adopting the following

ghidance. The critical parameters when installing an air transfer grille into a timber fire door leaf are
the thickness of the leaf (relative to the thickness of the grille), the density of the timber and th¢ method
of fixing/retaining the grille. This assumes that any gaskets, sealants and intumescent sealipg strips
uked in the installation of the prototype test are used in the final installation.
Alsummary of the possible factor.influences with respect to changes in the supporting constryction for
the air transfer grille is giveitin Table 22.
Table 22 — Summary of possible factor influence with respect to changes in a timber pased
door leaf construction
Parameter Factor Factor influence
[Jensity of timber used in the Increase E Increase
donstruction of the door leaf [ Neutral/Increase
ddjacentitothe grille
Decrease E Decrease
Thickness of timber in the door Increase E Increase
leaf containing the opening I Increase
Decrease E Decrease/Neutral
[ Decrease/Neutral
Effectiveness of fixings, screw Increase E Neutral/Increase
lengths, angle sizes, etc. I Neutral
Decrease E Decrease
I Neutral
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6.3.5.6 Air transfer grilles in openings in metal fire door leaves

The guidance given in this part is primarily related to fire resisting air transfer grilles. Recent
development into the design have resulted in the manufacture of smoke restricting air transfer grilles.
The guidance given herein for fire resisting grilles will generally apply to both types.

It is assumed that any air transfer grille installed in metal fire door leaf will form part of the original
manufacture and form part of the responsibility of the door manufacturer to characterize their product
and provide an appropriate field of application for the door assembly and all of its components. As a
consequence, no guidance is given in this part relating to the separate determination of the extended
application of air transfer grilles when mounted in metal door assemblies. However, the metal dogr
manufadturer may need to engage the services of a professional fire engineer with knowledge.arld
experience of metal fire doors in order to make the expert judgements necessary to define the)field pf
application in the first place.

7 Fixed vertical fire resisting glazed elements

7.1 Gdneral

Fixed gldzed screens are a form of non-loadbearing separating element, e.g-@partition, and much of the
guidancg given for partitions in ISO/TR 12470-1 is applicable to this clause. However, there are many
different types of fire resisting glass, most of which require their unique installation considerations
which should be accommodated by the design and manufacture<of the components incorporated |n
the assembly and this is often the critical aspect to be considered when defining the extended field pf
application for glazed elements. Almost all of the fire resisting-glasses are proprietary in nature arld
as a conpequence, the amount of generic information avajlable for establishing the extended field pf
application is restricted. However, because there is generally an obligation on the glass manufacturér
to provide direct test evidence in support of any product that is being subjected to approval by buildinjg
authorities and, therefore, it is not normally difficul€to obtain the necessary evidence of performange
required to generate the extended application of the product

7.2 Direct application

7.2.1 eneral

The resylts of a fire resistance test’on a fixed glazed element are deemed to be applicable to a similgr
type of untested construction'manufactured from similar/identical components provided that all of the
following are satisfied.

7.2.2 (Common parameters of all forms of fixed glazed elements
a) The height ofthe glazed partition is not increased.

b) Theledge ¢onditions are unchanged and for a glazed element tested with all edges restrained; 1o
increase in width is permitted.

c) For glazed elements only fixed at the top and bottom and tested at least with one edge free, wider
elements are allowed.

d) Openings in walls should be controlled such that their size and number of any equivalent area is not
increased, the method of protecting the opening is unchanged and their position relevant to any
critical component of the construction (if there are any) is not decreased.

7.2.3 Framing members (timber)
a) The number of vertical framing members are not decreased in number.

b) The cross-sectional area and second moment of area of these framing members are not reduced.
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c) The distance between those vertical framing members is not increased.

d) The method of jointing these members to be head and sole plates is not any weaker with respect to
in-plane loads and “racking” forces.

e) The density and the inherent charring rates of these timber members is not reduced.

f) Any horizontal framing members used to create glazing apertures should have a cross-sectional
area and second moment of area not less than that tested.

The method of forming igints between the vertical and horizontal members should be no less
g 57

effective than the joints as were tested.

712.4 Framing members (metal)

a)] The metal used for the manufacture of the framing members should be\neminally the same
composition, i.e. have similar melting points, coefficients of expansion and-témper”.

b) The number of vertical framing members are not decreased in numbef.
c] The section moduli of these metal vertical framing members is ndt reduced.
d) The distance between these vertical framing members shouldnot be greater than what w3s tested.

e] The methods of jointing framing members to each other;e.g. welding, bolting, spigotting} is likely
to be a critical characteristic of the system'’s ability t@ provide fire resistance and this sHould not
be varied.

N

2.5 Glass retention system

—3

he glass should be installed into openings between framing members by means of a glass fetention
system normally consisting of fixed or removable section of compatible material which may be used
tg create a rebate or bead that can retainthe glass in position together with any gaskets or|sealants
bcessary to satisfy the fire function telgether with other possible functions, i.e. acoustics, gas tjghtness.
hese are critical components which’generally cannot be modified to produce a modified ¢lesign of
ement using direct field of application rules with the possible exception of the following:

e =]

— the fixings used to retain'removable glazing beads can be increased in number, but not reduced,
assuming that they have’an equal or stronger retention strength.

712.6 Glass

a] The glass.cannot be replaced by another glass (even glasses with similar sounding namsgs) as the
glasses invariably achieved their fire resistance capabilities using different mechanisms.

b) Thessize of any pane of glass can be reduced in area by up to 50 %, subject to the restri¢tions on
ehanges in aspect ratio as laid down in c).

Tl e e £ 4] 1 e lade 4o L R | 1 - £ 4] 1 | - h 'd f
C T'HT d5pPTLll TdtlU U UHIT TITISITT LU WIULID UIIITIISTOIS U LT 51dS55 PdIlTS UTSIgIITU LU Pl vide Iire
resistance periods in excess of 30 min (E30) should not vary by more than 30 %.

d) The surface of the glass should not be modified by etching, applications of films or other
manifestations.

This is the limit of design changes permitted by the application of direct application rules.
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7.3 Extended application

7.3.1 General

Greater variations in the design and construction of a vertical glazed separating element may be
achieved by the use of the extended application process, based upon the application of rules, fire
engineering calculations or expert judgements. Unfortunately, there are very few validated rules and
only a limited number of design parameters that lend themselves to a calculation process. However, by
using the methodology given in Annex A, the expert judgement approach, more generous and accurate
extendeG-appheationsaybee Fre

Guidancg on the extended application rules for a fixed glazed vertical separating element is given-beloy

=

7.3.2 Rules

Except i the context of classification in CEN (see EN 13501-2), it is not possible to extendthe applicatign
of a test result on a fixed glazed element by the application of pre-determined rules.

7.3.3 ire engineering calculations

Fire engineering calculations may be generated and applied for the following.
a) Temperature profile of framing members

Heat transfer through members where the thickness of the! framing has been changed may he
calcyilated by using an accepted temperature analysis quodel that is appropriate to the form pf
congtruction e.g. tubular hollow sections. Input data should be based on values for specific hejt
capdcity and thermal conductivity as a function of.temperature for all materials included in the
ing components. For composite members, it is\probably necessary to estimate, using relevant
test Fesults, the duration of exposure at which désStruction or detachment of the composite parts pf
the ¢lement, i.e. facings, insulation, etc., will occur, as these will change the mechanical and thermpl

b) Insullation performance

pliance with the maximum_ insulation criterion may be calculated using appropriate
perature profiles for the members as above. Compliance with the mean temperature rise should
require calculating the temperature rise through the glazed components for which there may ngt
be aflequate knowledge i the public domain, albeit it may be possible with the glass manufacturers.

c) Deflgction due to thernral gradient and its potential impact on the glass performance

Deflgctions of theframing may be calculated for glazed elements where the physical propertigs
and the relationships between stress and strain including, if necessary, creep effect are known as|a
fundtion ofitémperature and where the temperature profile over the cross-section of the element fis
knoyn and-its effect on the glass can be quantified.

7.3.4 Expertjudgements

7.3.4.1 General

Changes may be made to the following construction parameters of a fixed glazed element provided that
expert judgement, based upon the methodology given in Annex A, is adopted.
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7.3.4.2 General parameters relating to fixed glazed elements

a) Height
The height of the fixed glazed element may be increased provided the behaviour of any fire
protection applied to any framing members can be demonstrated (by using the method given in
Annex A) not to compromise the integrity, or in the case of unprotected framing members, that the
variation in slenderness ratio does not generate increased deflection that could damage the glass
or glazing interface.
bj—wWidth
The width of any construction tested with a free edge is covered by the direct application [see
7.2.2, )], but when the partition was tested with four edges restrained, the width may still be
increased subject to the behaviour being evaluated in accordance with the method’of Annex A.
c] Services
Services may be installed both in and passing through vertical glazed)elements provided that the
ability of the construction to satisfy the insulation (I) and integrity(E)criteria is not redufced.
713.4.3 Expertjudgement applied to the specific components‘ofa vertical fixed glazed element
Ekpertjudgementin accordance with the Annex A principles can be applied to the following congtruction
phrameters:
a] Width of vertical framing members (mullions)
The width of a vertical framing member maybe varied for architectural or functional|reasons.
Increases in the width of these mullions would generally be neutral, whether they are metal or
timber, but decreases in mullion width; gimber mullions, in particular, may lead to a m¢re rapid
consumption of the cross-section and a-possibly resultant reduction in integrity. See Table 23.
Table 23 — Summary of possible factor influences for width variations of mullions
Parameter Factor Factor influence
Width of mullion (timber) Increase E Neutral
I Neutral
Decrease E Decrease
I Neutral
Width of mulliof\(thetal) Increase E Neutral
I Neutral/Decrease
Decrease E Neutral
I Neutral
b) Depth of vertical framing members (mullions]

The depth of a vertical framing member may be varied for aesthetic/functional purposes. Increases
in the depth of these members will have different influences depending upon whether the member
is metal or timber. As a consequence, the summaries of possible influences on the fire resistance of
fixed glazed elements as a result of changes in the depth of mullions are given in Tables 24 and 25
for timber and metal members, respectively. The influence of changes in depth of these mullions
will generally influence integrity mostly for timber and insulation/deflection for metal members.
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Table 24 — Summary of possible factor influences for depth of timber mullions

Parameter Factor Factor influence
Depth of mullion Increase E Increase
[ Increase
Decrease E Decrease
I Neutral/Decrease

Iable 25 —  JSummary ol possiblie Iactor intiuences ior depti or metal mullions

Parameter Factor Factor influence
Depth of[mullion Increase E Increase
[ Increase
Decrease E Decrease
[ Decrease

c) Applied facings to metal framing members (mullions)

Metal framing members sometimes incorporate applied facings¢foir” decorative or functionpl
purposes. Varying the thickness of these facings may need,tdJotake place on occasions for
perfprmance, supply or aesthetic reasons. Increasing the thicknéss of these facings will generally
havd a beneficial influence on the performance of a fixed vertical glazed element, but there is|a
diffdrence between facings that are non-combustible fire protective facings and decorativg,
posgibly combustible, facings. These influences are summarized in Table 26.

Table 26 — Summary of possible factor influences for facings applied to mullions

Parameter Factor Factor influence
Thicknegs of applied Increase E Increase
non-compustible fire
X . I Increase
protectign board facings
Decrease E Neutral
[ Decrease
Thicknegs of applied decorative Increase E Increase
combustjble facings
[ Increase
Decrease E Decrease
[ Decrease

d) Width between vertical framing members (mullions)

The width’between framing members may be subject to variation in order to generate glass parne
“asppet-ratios” required for aesthetic reasons or to accommodate a symmetrical sub-division pf
a Spacte; trto—which—the 5labcd elementistobe iuatallcu, thattsHnot=a ululltiylc ofthe 3,0 Hrtest
specimen size. The summary of the influence of variations in mullion centres is restricted solely to
the influence of the variation on the mullions and any incidental changes in the area of the glass is

to be considered using the guidance on variations in glass sizes (see 7.3.4.3)
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Table 27 — Summary of possible factor influences for variation in the fixing centres of vertical

framing member

Parameter Factor Factor influence

Distance between vertical Increase E Decrease
framing members

I Neutral
Decrease E Neutral/Increase

I Neutral

Height of vertical framing members (mullion)

An increase in the overall height of a vertical fixed glazed element, as permitted by ¥.3.4.7
resultant influence on the vertical framing members (mullions) to which the glass panes ¢
Variations in the height of these members will invariably influence the degree of bowing
components and this may have an impact on the performance of the glassipane and/or

retention system. The influence will generally be the same for framing members rega

| b) has a
ire fixed.
of these
the glass
rdless of

whether the mullions are constructed from hollow metal sections or solid timber. See Table 28.

Table 28 — Summary of possible factor influences for variations in the height of ver
members (mullions)

tical

Parameter Factor Factor influence

eight of vertical framing members |Increase EDecrease

[\Neutral
Decrease E Increase

I Neutral

Variations in the size of the glass panes installed in fixed vertical glazed elements

The fixed vertical glazed elements will often incorporate glazed areas which are differel
from that tested as a direct consequence of adopting some of the variations in the desi
construction as identified in (Z.3:4.3, a) to e). There are many different types of fire resist]
and as stated in 6.3.5.4, they are generally proprietary in nature and the maximum glass p
for each type at the various fire resisting durations will be as specified by the manufact
should never be exceeded. Variations to the pane sizes can be made within this maximum 4§
size, including variations to the aspect ratio of the pane subject to it being evaluated by
an expert judgement analysis, in accordance with the process given in Annex A. Guidang
possible factorinfluences for the glass pane element of a vertical fixed glazed element can
in principle(in~6.3.5.4 where the factor influences for glass installed in fire resisting do
discussed-

Variatiens in the glass retention system

The glass retention system for fire resisting glass is bespoke to each individual type of ¢

nt in size
bn of the
ing glass
hne sizes
urer and
pproved
means of
e on the
be found
orsets is

rlass and

no variation to this can be made, even when adopting the Annex A expert judgement p

'inciples.

8

All variations made to the glass retention system should be evaluated by a new test performed in

accordance with the appropriate test method, i.e. ISO 3009.

Linear gap sealing systems

8.1 General

See Figure 3 for the position of a typical aperture in a horizontal element and the position of a typical
aperture in a vertical element. In a building, there will be a number of linear gaps, gaps which are longer
than their width by a factor of not less 10:1. These gaps may have been caused by imperfections of
fit generated during the construction process or may have been designed-in for functional purposes,
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i.e. to provide movement joints which accommodate mechanically or thermally induced movements,
for acoustic purposes or to make assembly simpler. Where these linear gaps occur in or around the
perimeter of a wall or floor that has to provide fire separation or smoke containment, it is important
that they are sealed in a manner that maintains these qualities. The seals used for this purpose are
known as linear gap seals and the objective of this section is to define how these seals may be varied
and still maintain their fire/smoke sealing capabilities.

NOTE
these seals and as such, the term is deprecated.

g grity pp
the seal ghould satisfy these criteria for a period equal to that of the element being penetrated Whe1
the fire 1lesistance is different for the two elements forming the gap, the seal should satisfy the-criter
for the Ignger duration of the two.

8.2 Difrect application

8.2.1

The resullts of a fire resistance test on a linear gap seal/sealing system are déemed to be applicable to
similar tlype of untested seal manufactured from identical materials and installed in a similar manng
provided the following are satisfied.

8.2.2
8.2.2.1
a) The
b) The
c) The
d) The

fron) materials with similar thermal and mechanical responses to standard fire test conditions ar
the qurface(s) of the gap edges pravide identical levels of adhesion or “stickability”, subject to othg
parameters complying with the following direct application conditions.

Pargmeters relatedto-solid concrete/masonry associated construction:

Pargmeters related to the timber studded/joisted associated constructions with fire “resistin

Sometimes the seals are known as fire stopping, but this term fails to identify the primary function

eneral

Common parameters for all applications

General

width of the gap is not increased.

depth of the seal in the gap is not less thanirthe characterization test.
prientation of the gap has not changed.

supporting/associated construetion forming the two faces/edges of the gap are constructe

Common parameters relating to supporting construction

the density\of the element should not be varied by more than 20 %;

the thickness of the construction being penetrated should not be reduced.

of

a

a
P

d
d
T

S

P

facings applied to the fire exposed face:

8.2.2.2
a)
)
2)
b)
1
2)
3)
34

the timber structural members should have had a face width and/or a depth not less than that

tested in the characterization test;

the structural members should not be fixed farther apart from each other (i.e. with a wider
gap) than that tested and the fixings used to join members together should not provide any less

fixity to the studs;

the fire exposed linings protecting the studs forming the gap should not be thinner than

that tested;
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4) the material used for the linings (exposed and unexposed faces) should not be var
that tested;

5) any infill between the lining of a timber studded construction to support the linear

ied from

gap seal

should not be varied with respect to density, combustibility, high temperature characteristics

and fixing method.

c) Parameters related to steel studded/joisted associated constructions with fire “resisting” facings

applied to the fire exposed face:

EY | 11 | & 1_L . 1 1 1.1 d) . " £l 1. -
1) LIIC TOLICU SLECT TTdI1ITg HITHIDTLS SITUUIU TTOU UC vdal'lcU 111N PpIOLLE, UHIICIISIUILS Ul 1114
fixings;

2) the structural members should not be fixed farther apart from each other than.as w
and methods of jointing framing members to each other should not be yaried, i.e.
riveting, screw fixing, etc.;

3) the material used for the linings (exposed and unexposed faces) should not be var
that tested;

4) any infill provided between the faces of the steel studded/joisted element bounding]
support the linear gap seal should not be varied with respeet to density, combustibi
temperature characteristics and fixing methods.

—

he above represent the limit of design variations permitted by the application of direct applicat

o2]

.3 Extended applications

3.1 General

8

Gfeater variations in the design and application of a linear gap sealing system may be ach
the use of the extended application process, based upon the application of rules, fire eng
caqlculations or expert judgements. Unfortunately, there are very few validated rules and only
nhmber of design parameters that.lend themselves to a calculation process. However, by U
njethodology given in Annex A, (with the expert judgement approach, more generous and
ektended applications may be gstablished.

Guidance on the extended-application rules for a linear gap sealing system installed into a fire s¢
element is given below,

(o)

3.2 Rules

o ™

Fa test result on a linear gap sealing system by the application of pre-determined rules.

[=5]

3.3¢_YFire engineering calculations

thods of

hs tested
welding,

ied from

a gap to
lity, high

onrules.

ieved by
ineering
A limited
sing the
accurate

parating

kcept in the Gontext of classification in CEN (see EN 13501-2), it is not possible to extend the apjplication

Fireengineering calcutations Ay be generated and appiied for the following variations:

a) Unexposed face temperature of seal (insulation)

Heat transfer through a seal consisting of only one homogenous material where the thickness of

the seal has been changed may be calculated by using an accepted temperature analys

is model

that is appropriate to the sealing material. Input data should be based on values for actual specific
heat capacity and thermal conductivity as a function of temperature for that material. Composite

seals, where more than one material is used to form the seal, are not appropriate for ca
techniques.
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b)

8.3.4 [Expertjudgement

8.3.4.1 | General

Changes|may be made to the following construction parameters of a linear gap seal/sealing system
provided that expert judgement, based upon the methodology given in Annex A, is adepted.

8.3.4.2 | Length of gap to be sealed

8.3.4.2.1 General

In practife, a linear gap can be longer or shorter than was tested. The response of the sealant to sug¢h
changes|will depend to a large extent on the physical nature ofdhe sealing material. A non-setting
sealant ay be more prone to slumping with extended gap lengths(in vertical side entry gaps, but would
be unaffected by extended horizontal side entry gaps. Rigid sealants may respond badly to extensions
in the gpp lengths due to shrinkage of the sealant or expansion of the associated constructiop,
especially for those sealants that do not rely on intumescent technology. The extrapolation process
relating o changes in the gap length should, thereforg, differentiate between sealants with differept
charactefristics and gaps with different orientations,

8.3.4.2.2 Non-rigid gunnable sealants

a)

36

Deflection of associated supporting construction due to thermal gradient and its potential impact
on the seal performance

Deflections of the supporting construction may be calculated for a linear gap seal where the physical
properties and the relationships between stress and strain are known as a function of temperature
and where the temperature profile over the cross-section of the element(s) in which the gap is
formed are also known. This information is not directly of value but may be used in conjunction
with expert judgement to assist in the prediction of integrity failure using the technique described
in 8.3.4.

Sidelentry vertical gaps

The |position of a side entry vertical gap is presented in Figure 4. A reduction in the length pf
such a gap should not result dnyany reduction in performance because there would naturally Qe
less fof a tendency to slump'as the weight of sealant would generally be less than in the situatign
of a [long gap. However, dn)ihcrease in the length of the gap to be sealed may have a detrimentgl
inflyence on the ability 0f the seal to maintain the integrity of the gap as the potential for slumping
is infreased by the-tictreased mass/weight of the sealant, albeit this tendency will be governed hy
the yiscosity/thixetropy of the sealant material at higher temperatures.

The [sealant.may be applied to the exposed or unexposed face of the gap or, alternatively, on both
face$ and.any backing rod material will also influence any propensity to slump, again modifiqd
signjficantly by the position of the backing material in the gap relative to the fire exposed face.
Withh many sealing systems, mineral rock fibre is used as the backing rods/gaskets , and these cdn
make a significant contribution to the integrity of the seal and the expert judgement should take
this contribution into account when resolving the performance. The summary given in Table 29 for
side entry vertical gaps sealed with a non-setting gunnable seal (intumescent or non-intumescent)
assumes that the backing material does not make a major contribution to the integrity (E) rating,
(i.e. is either not used or is formed of a low melting temperature plastic composite) and that the seal
is applied to the gap from the fire exposed face.
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Table 29 — Summary of possible factor influences for side entry vertical linear gaps sealed with

non-rigid gunnable sealants

Parameter

Gap length

Factor Factor influence
Decrease E Neutral/increase
I Neutral
Increase E Decrease/Neutral

I Decrease/Neutral

Depthofseatimthegap/thickmess
df associated construction
(pssuming the seal is fitted full
depth)

B
DeclIrcdsc

Fall ¥ LD 1
L DCLICASTC/INCULT Al

I Decrease/Neutral

Increase

E Increase/Neutral

[ Increase

o

Side entry horizontal gaps

= o =

L 0O

he position of a side entry horizontal gap is presented in Figure 4. The teddency to slump is unaffected
 the length of the gap as gravity is only having an influence on the cross*section/width of the|[gap. The
ngth of the gap would have a neutral influence on integrity (E) and.insulation (I). The width qf the gap
in be decreased but an increase in the gap width may possibly, result in a reduction in the jntegrity
nd the insulation criteria. See Table 30.

fable 30 — Summary of possible factor influences forherizontal side entry linear gaps|sealed
with non-rigid gunnable sealants

Parameter Factor Factor influence
(ap length Decrease E Neutral
I Neutral
Increase E Neutral
I Neutral
Width of gap Decrease E Neutral/Increase
I Neutral
Increase E Decrease
I Decrease/Neutral
Depth of seal in the gap/thickness |Decrease E Decrease
cfassogiated constll‘uc_tion I Decrease
(pssuming the seahis’fitted full
depth) Increase E Increase
I Neutral

c] Horizontal vertical entry linear gap(s)

The position of a horizontal vertical entry linear gap is presented in Figure 4. An exanl

ple of a

horizontal vertical entry gap is to be found in Figure 1. Such gaps may be filled from above or below
and seals applied from below are prone to earlier losses of integrity due to the influence of gravity
and the onerousness of the exposure.

The sealant may be applied to the exposed (bottom) or unexposed (top) face of the gap or,
alternatively, to both faces and any “backing rod” material used will also influence any propensity
to slump, again modified significantly by the position of the backing material in the gap relative
to the soffit. With many sealing systems, mineral rock fibre is used as the backing rods/gaskets
and these can make a significant contribution to the integrity of the seal and the expert judgement
should take this contribution into account when resolving the performance.

© IS0 2017 - All rights reserved

37


https://standardsiso.com/api/?name=74398edcc7eda2f1104532f37222057d

ISO/TR

The

12470-2:2017(E)

summaries of factor influences given in Table 31 and Table 32 below for top/bottom entry

horizontal gaps sealed with a non-setting gunnable seal (intumescent or non-intumescent) assumes

that

the backing material does not make a major contribution to the integrity (E) rating, (i.e. is

either not used or is formed of a low melting temperature plastic composite) and that the seal is
applied to the gap from the fire exposed face, or does make a contribution because it is made of
a high temperature resistant material and the gap is sealed from above. Other combinations are

poss

The

ible and should be adjudged by analogy.

length of the gap may influence the integrity (E) and insulation (I) characteristics of the seal

as the potential to slump in this orientation may be influenced by a change in the gap length, i.e. a

greater weight of sealing system, unless the sealant exhibits a change in state when heated, in whi¢h

case
and
lined

An i

the possibility of extending the performance without further testing is limited. See Table 31
Table 32 for the influence of the gap length on the integrity and insulation performance-of the
r gap seal.

hcrease in the gap width can result in a reduction in the friction/stickability, of the sealapt

and
in i

pressure is generated with respect to an intumescent sealant which could“cause the seal to “pop-
out”’|prematurely. See Table 31 and Table 32 for the influence of the gap width on the integrity arld
insujation performance the linear gap seal.

An increase in the seal depth or the thickness of the associated construction is likely to he

br backing rod, which may, depending upon the materials’ characteristics, result in a reductign
tegrity and insulation. A decrease in width is most likely to be beneficial unless exces$s

bengficial, albeit a reduction in depth/thickness could resultii a decrease in integrity (E) and
insulation (I). See Table 31 and Table 32 for the influence 6f the seal depth on the integrity and
insujation performance the linear gap seal.
Table 31 — Summary of possible factor influences forthorizontal vertical entry gaps sealed with
non-rigid gunnable sealants — Non-contributory backing rod
Parameter Factor Factor influence
Gap length Decrease E Neutral
[ Neutral
Increase E Neutral
I Neutral
Width of|gap Decrease E Increase/Neutral
[ Neutral
Increase E Decrease
[ Decrease
Depth of|seal in the gap/thickness |Decrease E Decrease
of associpted construction I Decrease
(assumir]g the seal'is fitted full
depth) Increase E Increase
I Increase/Neutral

38
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Table 32 — Summary of possible factor influences for horizontal vertical entry gaps sealed with
non-rigid gunnable sealants — Contributory backing rod

Parameter

Gap length

Factor Factor influence
Decrease E Neutral
I Neutral
Increase E Neutral
I Neutral

M
TatiToTr gap

B
DeclIrcdsc

Pall g LD 1
LINLTITd5C/ INCULl dl

I Neutral
Increase E Neutral/Decreasé¢

I Neutral/Decreasée

DJepth of seal in the gap/thickness |Decrease E Decrease/Neutral

df associated construction I Neutral

(pssuming the seal is fitted full

depth) Increase E Incréase
[Therease

(o)

a) Side entry vertical gaps

3.4.2.3 Rigid sealing systems (mortar, intumescent plaster;,etc.)

rigid sealing systems

A reduction in the length of such a gap should not result in any reduction in integrity performance,
as any shrinkage, the most likely cause of a loss ‘of integrity, would be decreased by a reduction
in the length of the gap, especially as a percentage of the total length. Similarly, an ext¢nsion in
the gap length should not result in a decrease in the integrity performance of the seal, upless the
material becomes non-rigid during heating, in which case, no EXAP is possible.

The width of the gap can generally be reduced without any reduction in integrity|(E) and
insulation (I), but an increase in gap.width could produce a reduction in these criteria as thie sealant
has a more difficult task to perform.

An increase in the thickness of the associated construction/depth of seal would be benefidial, but a
reduction in thickness eeuld cause a reduction in the integrity (E) and insulation (I). See Table 33

Thable 33 — Summary of possible factor influences for vertical side entry linear gaps sealed with

Parameter Factor Factor influence
(ap length Decrease E Neutral/increase
I Neutral
Increase E Decrease/Neutral
[ Decrease/Neutral
Width of gap Decrease E Increase/Neutral
I Neutral
Increase E Decrease
I Decrease/Neutral
Depth of gap/thickness of seal Decrease E Decrease
or thickness of associated
: [ Decrease/Neutral
construction
Increase E Increase/Neutral

I Increase
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b) Side entry horizontal gap(s)

Any

change in the length of gap will generate the same as for side entry vertical gaps [see

8.3.4.2.3 a)]. An increase in the width of the gap would not be expected to result in a reduction in
the integrity (E) and/or insulation (I), assuming that the thickness of the seal is either increased

prop

ortionally or some form of reinforcement is incorporated. A decrease in the width of the seal

would not be expected to reduce either the integrity (E) or the insulation (I) performance.

As with vertical side entry gaps, any reduction in the depth of a rigid sealant or the thickness of the
associated construction (assuming that the rigid sealant is full depth) would be expected to lead to

decrfease in both the integrity (E) and insulation (I) rating. See Table 34.

Table 3

4 — Summary of possible factor influences for side entry horizontal linear gaps‘sealed
with rigid sealing systems

Parameter Factor Factor influence
Gap length Decrease E Neutral/Increase
I Neutral
Increase E Neutral/Decrease
I Neutral/Decrease
Width of|gap Decrease E Neutral/Increase
INeutral
Increase E Decrease/Neutral
I Neutral
Depth of|gap/thickness of seal Decrease E Decrease
or thickrless of associated
. . [ Decrease
construdtion (assuming seal
is installpd to full depth) Increase E Increase
[ Increase
c) Horizontal linear gaps(s) with top or bottom entry

All h
expq
inSt<
inco
ming
This|
seal
gap,
infly
The

orizontal seals are assumed to be exposed from below, as in the relevant fire resistance to fife
sure from above is not censidered in this document. Horizontal/Vertical entry seals can he
|lled from above the gap orfrom below. For gaps in excess of 10 mm, normally both techniques
Fporate a backing rodswhich can take the form of a “plastic rod’ or a pre-formed section of|a
bral rock fibre, both-of which are pushed into the gap prior to the application of the sealart.
rod either supperts the sealant when it is applied from above or controls the depth of the
int when instdlled from below and, in addition, possibly reduces the permeability of the sealqd
especially asthe seal breaks down under fire attack. The presence of these backing rods will
ence thelway the seal works which, in turn, will affect the field of application of the test results.
following guidance addresses the three alternative installations:

1y

harrow gaps <10 mm, without backing rods;

2) gaps >10 mm, with backing rods — bottom entry;

3) gaps 10 mm, with backing rods — top entry.

i) Length of gap — Common to all three

40

A decrease in the length of any linear gap sealed with a rigid sealing system should not
resultin an increase or decrease in the integrity and insulation performance of the seal.

An increase in the length of such a gap may result in a decrease in integrity if there is
a differential expansion between the associated construction and the rigid sealing
system which was accommodated at test scale, but possibly not in use. Such a differential
could also be accompanied by a reduction in the insulation performance in the vicinity
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of any integrity (E) failure. This is, however, uncommon for most forms of associated
construction; the influence will be minimal. See Table 35 for the influence of the gap length

on the integrity and insulation performance of the linear gap seal.

ii) Increased gap width; small gaps < 10 mm in width

A rigid sealant material may exhibit a reduction in the integrity (E) and insulation (I)
performance if the gap width is increased, particularly as gravity is acting against the seal
in the configuration, and any shrinkage or erosion may reduce the effectiveness of the seal.
A reduction in gap width would generally have a neutral effect. See Table 35 for the influence

of the gap width on the integrity and insulation performance of the linear gap seal,
iii) Increased gap width; gaps >10 mm with backing rods — Bottom entry

Because bottom entry seals are subject to direct fire exposure, gravity would be
to lead to premature failure if the gap width is increased. It should“be noted
backing rod will make very little contribution to the integrity (E) rating. As a cons
an increase in the width is likely to have either a neutral influence or a reducti
integrity (E) or insulation (I) rating, depending upon the béhaviour of the rigid
See Table 35 for the influence of the gap width on the integrity and insulation perf]
of the linear gap seal.

iv) Increased gap width; gaps >10 mm with backing rods— Top entry

Ifthe linear gap is sealed from the top using a “Backing rod” and no seal is installed
bottom, then the backing rod is going to be attacked by the fire first. Therefore, th
of the backing rod will have a major influence on the life of the seal when attacked
mineral rock fibre seal will protect the sealant longer than a “plastic” backer rod.

a wider gap will possibly result in eithier an earlier loss of the support/protectio
as of the rigid sealant resulting in\a reduction in the integrity (E) rating and

an associated decrease in the :ifiSulation capability, or a neutral influence, assy

bxpected
that the
equence,
bn in the
sealant.
ormance

from the
e nature
by fire. A
However,
n as well
probably
ming no

increase in the volume of either the rod or the seal. See Table 35 for the influenice of the

gap/thickness of the seal on‘the integrity and insulation performance of the linear|gap seal.
An increase in the depth or thickness would result in an increase in fire r¢sistance
performance with respect to both criteria.
Table 35 — Summary of possible factor influences for horizontal linear gaps (general)
Parameter Factor Factor influence
(ap length Decrease E Neutral
I Neutral
Increase E Neutral
[ Neutral
Width of gap Decrease E Increase
I Neutral
Increase E Decrease
I Decrease/Neutral
Depth of gap/thickness of seal Decrease E Decrease
or thickness of associated
. . [ Decrease
construction (assuming seal
is installed to full depth) Increase E Increase
I Increase/Neutral
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8.3.4.2.4 Compressible open or closed cell polymeric foam sandwiched between
intumescent strips

This form of seal is proprietary in nature, but as most fire sealing companies supply a seal of this type,
it is thought to be common enough to warrant having general guidance as to how the performance of
the seal can be assessed using expert judgement.

a) Vertical side entry gaps

Only pressure generating seals can be used in the manufacture of these “sandwich” construction

seal

insu
ten
espe
poOSS
seal
leng
dire
cons
of th

Are
but

exce
This
fort

An i
ever

resullt in the seal falljinig-eut will mean that the active intumescent material has a larger gap to se

and
Tabl

gap

Ani
alw{

ation (I) of the sealed gap as a shorter length of seal would result in less mass and a reduce
ncy to slump or fall out, if everything else is equal. An_facrease in the length of the ga
cially a significant increase, could result in the associated-censtruction extending when heate
ibly resulting in differential expansion between the element and the seal. If the intumescel
material exhibits multi-directional expansion properties, any differential extension in t}
th of the gap should be filled by the expanding intimescent. Where the intumescent is mon
Ctional, it is possible that the seal will not fully fill the gap even when it expands and as
equence, a decrease in integrity (E) and/or insulation (I) is likely. See Table 36 for the influen
e gap length on the integrity and insulationperformance of the linear gap seal.

Huction in the width of the gap to be sealed would normally be beneficial for most form of seal
vith these intumescent/foamed palymeric composites, if the gap is reduced too much, thg
Ssive expansion pressures may pe‘generated forcing the intumescent to “pop-out” of the ga
would cause an immediate decrease in the integrity (E) and insulation (I) ratings. See Table 3
he influence of the gap width-on the integrity and insulation performance of the linear gap seq

hcrease in the width of\the gap will reduce the compression on the seal, such that it reducg
tually to zero and will fall out. Increases in the width of the gap less than that which wou

this would probably lead to a reduction in both the integrity (E) and insulation (I) rating. Se
e 36 for the ibflilence of the gap width on the integrity and insulation performance of the lined
beal.

hcreasenn the depth of the seal or the thickness of the associated construction will, in geners
ysbe beneficial as it will take longer to erode away the seal. A decrease in the thickness/depf

r

S
d
hl

L

],
h

of t

e seal will invariably resultin a reduction in the integrity (E) and insulation (I) ratings, as the

e

will inevitably be less thickness of activated material to maintain the seal against the fire attack.
See Table 36 for the influence of the depth of the seal on the integrity and insulation performance
of the linear gap seal.
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Table 36 — Summary of possible factor influences for vertical side entry gaps sealed with
compressible open or closed cell polymeric foam interlayered between intumescent strips

Parameter Factor Factor influence
Gap length Decrease E Neutral
I Neutral
Increase E Neutral/Decrease
I Neutral
'iL‘ILll Uf s5dpP DULI cdst E Dﬂhl t'clbc"‘/lllll,l cds’t

I Decreasea/Neutral

Increase E Decrease/Neutral

I Neutral/Decreasée

Depth of sealb Decrease E Decrease
[ Decrease

Increase E Increase

[Therease

al  As stated in 8.3.4.2.3, a), when pressure forming intumescent is used, theén there is likely to be a critical gap width
Helow which excessive pressure may cause the seal to “pop-out”.
bj
s

Assumes that the composite strip can be varied in width without changing concept/proportions but generally a wider
[rip may be considered to be a separate product and will require to bethe subject of additional testing.

b) Horizontal side entry gap(s)

With polymeric foam cored interlayered intulflescent seals, the difference between side entry
vertical gaps and side entry horizontal gaps.is'ery small and, as a consequence, the same guidance
with respect to the length, width and depth*of the seals is the same for both orientations.

c] Horizontal linear gaps with top or bottom vertical entry

As with the gunnable sealants, the'action of gravity has a significant influence on the performance
of polymeric foam cored interlayered intumescent seals. The influence is both with respgct to the
need to maintain an elemerit of compression on the seal during the early stages of heatinjg and to
compensate for erosion-0fthe foam during the later stages of heating. The length of the gdp should
not have an influence-that is different from the horizontal entry applications for these sdal types.
Polymeric foam cored’seals in the vertical entry horizontal applications are adversely inffluenced
by the gap widtl;both with respect to the gap being made too narrow and causing the seal to “pop-
out” and beingtoo wide, thereby allowing an inadequately compressed seal falling out.

Any reduction in the seal depth will invariably result in a decrease in the integrity and insulation,
as willareduction in the thickness of the associated construction, which could increase thg thermal
bowihg of the slab containing the seal and resulting in a reduction in integrity.

Summary of vertical entry gaps in horizontal constructions sealed with compressible|open or
¢lased cell pn]ymﬂrir‘ foam infprlaynd between intumescent cfripc

There is currently inadequate public domain information against the ISO test procedures to
produce a tabular summary of factor influences.

8.3.4.2.5 Mineral rock fibre sealing system

Mineral rock fibre does not include glass fibre, which is not recommended for fire stopping except for
low duration/small gap applications which are not covered by this document. Rock fibre has been used
and will continue to be used for linear gap sealing, replying on its compressibility both as semi-rigid
slab(s) and quilt(s) to stay in place in the cold state. This compressibility is generally lost or severely
compromised by the application of high temperatures, as this consumes the binders which are required
to give the material its natural “springiness”. Because of the loss of friction that accompanies the loss
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of springiness, mineral rock fibre seals are not recommended for use in horizontal vertical entry
applications without special measures to retain the fibre in place, in which case this document cannot
give judgmental guidance for such bespoke measures.

a)

Table|37 — Summary of horizontal entry gaps in vertical constructions sealed with mineral

Vertical side entry gaps

There is an element of gravitational influence with vertical linear gaps because the seal will have
a tendency to vibrate down the gap in daily use, especially if the penetrated element is subjected

to heating/cooling cycles in normal use or is subject to regular vibrations (railways/trunk road

s)

or impacts from repeated opening cycles of an adjacent door or shutter. However, these are likely

to o¢cur 1n the pre-fire use of the product and such fibre based seals should be regularly inspegte
to establish their condition. Under fire attack, there is a possibility of the seal “slumping” dow
the gap once the product loses its springiness, but this would normally be restricted to wide; hig
dendity, mineral fibre strips and the guidance given in this document is restricted torlinear gz
seal$ with a face width not exceeding 75 mm.

Extgnding the length of the gap beyond that used in the characterization test would not be expecte
to rgsult in a decrease in the integrity (E) and associated insulation (I) due tothe'lack of continuif
between the individual fibres making up the seal, assuming the seal is fitted to the same densit
as irf the initial test. A reduction in the length of the gap would also be expected to have a neutr
inflyence on these criteria. See Table 37 for the influence of the gapdength on the integrity ar
insulation performance of the linear gap seal with mineral rock fibre:infill.

An increase in the gap width would be expected to decrease-the integrity (E) or insulation (
rating of the seal, as the total volume of binder to be consumedy/burnt away is larger and this m4
be ekpected to have a greater influence on the compression' and associated ability to remain
placg, even if the material is installed at an identical density. A reduction in the gap width would |
expgcted to have a neutral or beneficial influence on ifitegrity and insulation. See Table 37 for t}
inflyence of the gap width on the integrity and insulation performance of the linear gap seal wif
mingral rock fibre infill.

An ipcrease in the seal depth or the thickness of the associated construction in which the g3
is fofmed, would be likely to produce an increase in the integrity (E) or insulation (I) rating.
redyction in either is potentially likely foresult in a decrease in both criteria. See Table 37 for tH
inflyence of the depth of the seal on the'integrity and insulation performance of the linear gap se
with mineral rock fibre infill.

rock fibre seals

d

n
h
p

o< < a

=
L

>0 0 58<

Parameter Factor Factor influence
Gap lengfh Decrease E Neutral
[ Neutral
Increase E Decreasea/Neutral

I Decreasea/Neutral

Width oflgag Decrease E Neutral
I Neutral
Increase E Decrease
I Decrease
Depth of seal Decrease E Decrease
[ Decrease
Increase E Increase
I Increase

a

Prone to slumping due to gravity when binders are lost.
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This is probably the preferred orientation for the use of mineral rock fibre linear gap gaskets as
they are likely to remain in place even if they experience a loss of “springiness” and any associated

loss of compression.

An increase in the length of any gap will have a neutral factor influence and a reduction in the
length of the gap would be expected to have a neutral or beneficial influence on the two criteria.
See Table 38 for the influence of the gap length on the integrity and insulation performance of the
linear gap seal with mineral rock fibre infill.

fibre infill.

rock fibre seals

An increase or decrease in the gap width would not produce an increase or decreage in the
integrity (E) and insulation (I) performance in this orientation. See Table 38 for the)inf
the gap width on the integrity and insulation performance of the linear gap seal with min

uence of
eral rock

A decrease in the depth of the seal or in the thickness of the associated constructign would
generate a corresponding decrease in the integrity (E) and insulation (I)'rating of a horizdntal side
entry gap sealed with a mineral rock fibre seal. An increase in either\or both of these pa
would produce an increase in the integrity (E) and insulation (I) pexformance. See Table 38 for the
influence of the depth of the seal on the integrity and insulation-performance of the linear gap seal
with mineral rock fibre infill.

rfameters

Table 38 — Summary of horizontal entry gaps in verticdl constructions sealed with miineral

Parameter Factor Factor influence
(ap length Decrease E Neutral
I Neutral
Increase E Neutral
I Neutral
Width of gap Decrease E Neutral
I Neutral
Increase E Decrease
[ Decrease
DJepth of seal Decrease E Decrease
[ Decrease
Increase E Increase
I Increase

(o)

from tests.
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a) Aperture in horizontal element

b) Aperture in vertical element

Figure 3 — Nomenclature for gaps and apertures
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c) Vertical linear gap with side entry

Figure 4 — Nomenclature for gaps and apertures

9 Service penetration sealing systems

9.1 General

All buildings are perforated by services, e.g. water, gas, electric and even air, all of which pass through
walls and floors, most of which are required to provide fire separation normally expressed in terms of
the duration of fire resistance. These services pass through penetrations/apertures either designed
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in, or made immediately before or after, the handover of the building and each aperture represents

a localiz
services
is maint

ed compromise to the fire compartmentation. It is vital that the apertures through which
pass are infilled around the service so that the fire resistance of the penetrated barrier
ained to the specified level with respect to integrity and, where appropriate, insulation,

which may also include restricting the temperature rise on the service itself. The fire resistance is
maintained by the application of penetration sealing systems which are bespoke to the service and the

nature/c

onstruction of the wall/floor being penetrated. Evidence of performance should be available

to substantiate the performance of the wall/floor/seal/service combination which will normally take
the form of a field of application/extrapolation report because of the difficulty and cost of evaluating

each and—everv combination of parameters (e g_service type service size and associated annnrﬁrg
*4 Ir \Y [=] J 4 I

construd
the fire
also takg
of a sery
formulat

When ar
or floor
variatior
recourse

tion). When generating such a field of application report, it should take into account notOnly
behaviour of the sealing system and/or the associated supporting construction, butshould

into account the fire response of the service. Generating the direct and extended applicatign
ice penetration seal is a complex matter and the following guidance will be of assistance |n
ing the expert judgement needed to define the performance.

aperture is provided for the purpose of permitting the passage of serviees’through a w4ll
that is designed to provide fire resistance, it may be possible to predj¢t-the performance pf
s in either the service, the seal and/or the construction of the penetrated element withotit
to further testing. This clause provides guidance as to how this may be achieved, but with the

present

which a
the pre
to an ex{

are sim;{ar in nature, i.e. all cables, metal pipes, plastic pipes, etc. Fhe methodology, particular]y

determinped independently. In such a situation the service type'that produces the lowest fire resistange

perform

This sed
construg
manufac

This clay
or where

NOTE
term faild

9.2 Di

state of knowledge, this can only be carried out when the servie€s’penetrating the aperture

sociated with expert judgement, is still appropriate for mixed services but the confidence In
iction will inevitably be less, albeit, for example, any cables are separated from metal pip¢s
ent that they can be treated as separate penetrations, then the extended application may be

hnce is the determining factor for the seal.

tion is not appropriate for evaluating seals.fitted between ductwork and any supporting
tion, as these are special seals which:ate the responsibility of the ductwork/dampér
turer to specify and are bespoke to the system.

se does not consider “live” services,ite. those that are permanently filled with liquids or gasg¢s
cables require to continue carrying current.

As for linear gap seals (see Clause 8), these seals are sometimes known as “fire-stopping”, but thifis
to identify the primary funetion of the seal in normal use and, as such, this term is deprecated.

rect application

9.2.1 L]ieneral

The res
a similan
provided

Its of a fire\resistance test on a penetration seal/sealing system are deemed to be applicable to
type of untested seal, manufactured from identical materials and installed in a similar manngr
the following are satisfied.

9.2.2

SOTIIIITOTI pdardimceiers

a) Neither the width or height nor the major axis of the hole being penetrated should be increased.

b) The

depth of the seal/sealing system in the aperture is not less than in the characterisation test.

c) The penetrating services should not be

1) more in number,

2) greater in variety, e.g. ratio of cables/pipes,

3) oflarger cross-section,
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4) closer to each other,

5) less well supported, or

6) of different materials.
d) The service should not have any lesser level of support or restraint.
e) The orientation of the penetrated aperture should not be changed.

f]__The supporting/associated construction that is penetrated will be of similar materials and
method(s) of construction and have similar thermal and mechanical responses to stangard fire
conditions, e.g. for solid concrete/masonry associated supporting construction, sthe following
parameters are relevant:

1) The density of the material(s) forming the element being penetrated should not vary|by more
than 20 %);

2) The thickness of the element should not be reduced.
9.3 Extended applications

9(3.1 General

Geater variations in the design and application of a sé€ryice penetration sealing system| may be
athieved by the use of the extended application process,"based upon either the application|of rules,
fire engineering calculations or expert judgements. Unfortunately, there are very few validated rules
ahd only a limited number of design parameterscthat lend themselves to a calculation prjocedure.
However, by using the methodology given in Annéx'A, the expert judgement approach, more generous
anhd accurate extended applications may be established. The guidance given in this clause on ¢xtended
bplication is made with a number of assumptions as follows, which are required due to the complexity
f service penetration where there are sewveral variables that need to be taken into account:

o

a] The end condition of any metal pip€is the same as was used in the characterization test, elg. sealed
on fire side, sealed on non-fireside, etc.;

b) The penetrated elementis'solid throughout, i.e. concrete, masonry or other form of solid, nominally
cementitious material{ if 'not throughout then for the full thickness of the element locpl to the
penetration;

c] The service is adequately, independently supported on both the fire exposed side and on|the non-
fire exposed.side and is not reliant on the sealing system for any support;

d) When antimber of metal pipes or cables pass through the same penetration, there is a gap[between
individual services of not less than 20 mm or 20 % of the pipe/cable diameter.

Testingin accordance with ISO/TR 10295-3 may be used to derive the values specified in d).

uida ationp using ry gineering calcula SG pertjudgement
for a service penetration sealing system installed into a fire separating element is given below

9.3.2 Rules

Except in the context of product classification within CEN (see EN 13501-2), it is not possible to extend
the application of a test result on a service penetration sealing system by the application of pre-
determined rules.
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9.3.3 Fire engineering calculations
Fire engineering calculations can be generated and applied for the following:
a) Unexposed face temperature of the seal (insulation).

Heat transfer through a seal consisting of only one homogenous material where the thickness of
the seal has been changed may be calculated by using an accepted temperature analysis model
that is appropriate to the sealing material. Input data should be based on values for actual specific
heat capacity and thermal conductivity as a function of temperature for that material. Composite
seals; Tati - i n

Heaf transfer via the service penetrating the element may be calculated by using an -acceptdd
erature analysis model that is appropriate for the material used for the service. As above, the
valups used should be adjusted as a function of temperature as the conductivity normally vari¢s
progortionately with temperature.

b) Deflgction of associated supporting construction due to thermal gradient and-its potential impagt
on the seal performance.

Deflgctions of the supporting construction may be calculated for serviCe penetration seals where
the physical properties and the relationships between stress and strain are known as a function pf
temperature and where the temperature profile over the cross<§ection of the element(s) in whig¢h
the penetrated aperture is formed is also known. This information is not directly of value but may
be used in conjunction with expert judgement to assist in thé prediction of integrity failure using
the methodology discussed in 9.3.4.

9.3.4 Expertjudgement

9.3.4.1 | General

Changes|may be made to the following construction parameters of a service penetration seal/sealing
system grovided that expert judgement, based upon the methodology given in Annex A, is adopted.

Howevern, even by using the methodology given in Annex A, there are too many variables to giye
direct guidance on generating an exXtended application for service penetration sealing systems, unless
the guidpnce is rationalized as described briefly in 9.3. For the purpose of simplifying the process,
the guidpnce given in various-service types is limited to single cables, single metal pipes and smdll
(38 mm)|and large (160 mm)-PVC pipes. Other sizes and/or material variations will need to be resolved
by analojgy, albeit the principles behind the guidance given in Annex A will apply to all services. The
influenc¢ of multiple Sepvices of the same type passing through the same penetration can also hje
resolved|using the same logic process.

9.3.4.2 | Support and restraint provided to the service

The supporvand restraint given to the service passing through the aperture to be sealed is often quife
critical to the ability to maintain a seal during fire exposure. It should be recognized that the section of
the service running through or around the fire exposed area is exposed to heat along the length of the
service. This can cause metallic products to expand and deflect, either as a result of uneven exposure
to heat or restraint to expansion. Plastic pipes or some forms of plastic coated cables lose stiffness and
slump under the influence of exposure to elevated temperatures. These movements influence the quality
of the seal where the service passes through a fire resisting wall or floor. While this subclause assumes
that the service is “adequately” supported (see 9.3.), there is no doubt that if the support/restraint
conditions are engineered to provide enhanced support or to accommodate known levels of expansion,
the integrity (E) performance should be no worse than as tested and probably enhanced.
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9.3.4.3 Metal pipes

9.3.4.3.1 General

Metal pipes come in a variety of materials, diameters and wall thicknesses. These parameters will
invariably influence the ability of a sealant/sealing system to maintain integrity (E) and possibly the
insulation capabilities of the element being penetrated. The influence of the major parameters related
to metal pipes are discussed below.

9

ipeTmateriat

There are two major variations in the choice of material used in the manufacture of the ,metal pipes
that are likely to influence the fire resistance performance of the seal installed around the pipe;
pftening/melting temperature and thermal conductivity. If the metal has a melting/goftening
temperature lower than the metal used in the pipe that was the subject of the initial “type” test, then
ntegrity is likely to be significantly reduced depending upon the duration fer which the sea] is to be
aintained. Any non-ferrous metal, aluminium or brasses are unlikely to satisfy integrity for|120 min
- greater and of these, aluminium is unlikely to satisfy integrity for 60 minapplications.

%)

o5 =

Glunnable intumescent based sealants which can fill voids caused by\the loss of melting matgrials are
njore likely to maintain the integrity of non-ferrous pipes more than inert rigid sealants o1l mineral
r¢ck fibre based sealing systems.

3.4.3.3 Pipe diameter

9

Pjpes with a large circumference will probably put méte'stress on the sealant than pipes with § smaller
djameter and, hence, circumference because the sefyice/sealant interface is extended. This gxtension
cqn cause more shrinkage of the sealant and, hehce, the likelihood of reduced integrity. Similarly, the
ektended interface can, for some seal types, cause early and excessive activation which may lead to
efrlier exhaustion and possibly increased temperature rise on the unexposed face of the seal.

The potential for a reduction in the integrity rating is greater in the case of flexible gunnable sealants,
especially intumescent containing s€alants, than it is for inert rigid sealing materials. The [effect of
plpe size on mineral rock fibre se@ls'is probably somewhere between the two. Mineral rock fipre loses
njany of its sealing qualities once.the “resin” binder breaks down, which occurs at higher temperatures
and, therefore, longer durations. After 90 min, such seals will probably be more prone to integrity loss
with larger metal pipes thaw’either the flexible gunnable sealants and/or the rigid, more cempntitious
s¢aling materials.

913.4.3.4 Pipe wall thickness

The thickness'0f the wall of metal pipes can vary even for pipes of the same nominal metal comjposition,
elg. steel/stainless steel. Internal pressure in the pipe or the span between supports may require
thicker walls to the pipe. A thick walled pipe will take longer to heat up, but once hot, it will Jtore and
probably transmit more heat to the unexposed face than thin walled pipes, especially in cas¢s where
thé-associated supporting construction is thicker.

Generally, regardless of the nature of the sealing system used, thinner pipe walls are more likely to
result in integrity failures than thicker walled pipes at fire resistance periods of up to, and including,
60 min but beyond this time, the thicker walled pipes may overactivate intumescent based gunnable
sealants and exhaust the binders in a mineral-rock fibre sealing system.

9.3.4.3.5 Orientation of pipe

Seals around metal pipes that pass through a horizontal element, i.e. in a vertical direction, are more
prone to drop out under gravity, especially after activation in the case of an intumescent seal, than
pipes that pass through in a horizontal manner. As such, a change from the pipe being orientated
vertically to horizontally should result in an increase in integrity performance. A change from the
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pipe being orientated vertically to horizontally will also have a positive influence on the insulation (I)
performance.

9.3.4.3.6 Summaries of the factor influences

For each

of the above metal pipe parameters, it will be necessary to develop the factor influence using

the “parameter/factor” approach given in Annex A in both horizontal and vertical orientations for the
following sealing systems:

a) gunnable intumescent sealants ;

b) gun
c) rigid
d) ming

e) modular systems.

The comnj
9.3.4.3.3

able non-intumescent/ablative sealants;
“cementitious” sealants (intumescent and non-intumescent) ;

bral rock fibre batts/quilts;

plexity of the range of metals in conjunction with the pipe parameéters given in 9.3.4.3.2,
and 9.3.4.3.4 when taken in conjunction with the five different(sealant options makes |it

impossil
however

9.3.4.4

9.3.4.4.1

Unlike n
the very
in place
wall or f]
intumes
were av4

The seal
intumes
intercald
of the fir
crushes

length o

le to present summary tables as in the other subclauses in thisZdocument. The method is,
still appropriate.

Plastic pipes

General

etal pipes, all plastic pipes melt at temperatures of below 300 °C, a temperature reached |n
early stages of a fully developed, “flashover”:fire. As a consequence, if a mechanism is not pjit
to close up the hole left by a melting pipe,~then this would create an open void through the
loor through which fire could pass, failing the integrity (E) and insulation (I) criteria. Before
rent was developed for commercial sealing purposes, a variety of mechanical bladed systengs
ilable, e.g. “guillotines”, but this subclause does not cover mechanical systems.

5 that are to be considered in this subclause all utilize the sealing capability of pressure forming
fent material, normally, but:hot exclusively, based upon the behaviour of sodium silicate ¢r
ted graphite compounds.‘The general principle is that as the pipe softens under the influenge
e exposure, the pressure forming intumescent reaches its activation temperature and eithé¢r
the pipe to form the seal or directly fills the developing void left by the melting plastic. The
time for which these seals can maintain the integrity of the element depends upon the depth

of the m
activate

In order for the.intumescent to be able to expand forcibly and close-off the opening, it is important that
the intumeseent is either constrained by the structure of the construction being penetrated or by|a
metal coptainer fixed onto or into the element in question.

hterial used tolcpeate the seal and the resistance to erosion and consumption displayed by the
materials,

Generally, intumescent material fixed inside the aperture but outside of the pipe is referred to as
an “intumescent pipe wrap” or when it is in a metal container, these are known as a “collar”. The

effective

ness of either of these devices is dependent upon the type (or nature) of the plastic, the

diameter of the plastic pipe and the wall thickness of the pipe.

9.3.4.4.2 Pipe material

Plastic pipes are available in a number of different types or grades of material. These “plastics”, by the
nature of their constituents, all soften or melt at slightly different temperature, which affects the time
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at which they will melt-out, or soften to a temperature that allows them to be crushed. A list of typical
plastic pipe materials and the recognized softening/melting point temperatures.is given below:

a) Polyvinyl chloride (PVC);
b) Unplasticised PVC (uPVC);
c) Chlorinated PVC (cPVC);
d) Polyethylene (PE);

e] High density polyethylene (HDPE);
f

[

Polypropylene (PP);
ABS.

8

Those that soften early are generally easier to seal than those that remain rigid*‘for longer, a
dpes depend upon the activation temperature of the intumescent sealing“material. A low
ppint plastic in combination with a high activation temperature intumese¢ent may leave the
uhsealed.

Ig practice, this will have been addressed by the initial type, test on the sealing system
cpmpatibility between the temperatures would have been proven. It is only when changing
material on the intumescent material (not recommended) that a subsequent incompatibility 1
t¢ be considered. Generally, an increase in the pipe softening.temperature may induce a loss of
because the pipe will resist crushing for longer.
T

he guidance on pipe materials is equally valid for,pipe collars and pipe wraps, albeit both
r¢ly on a minimum response from the associated:Supporting construction, which in the case

hould provide adequate fixity to the collar threughout the fire exposure and in the other case
lequate restraint to the expanding intumeséent for the required fire duration.

L Wn

\O

3.4.4.3 Pipe wall thickness

g3

ven when the material of the pipe remains the same as in the initial type test, any increase in
all thickness for the same diameter of pipe will also make the pipe harder to crush and seal.
bviously has a greater thermal inertia and it will take longer for it to reach its softening temj
With respect to a potential\loss of integrity resulting from the pipe melting-out before it is s¢g
inicrease in thermal mass will make it more resistant to such a failure and so the localized inte

o =

LT =

h expert judgementon the influence of wall thickness on the fire resistance of the whole pene

hen the inctéaSed thickness of the pipe wall is associated with the increase in the pipe ¢
there is likelyto be an influence that is governed by the ratio between the perimeter dimens
the crossisectional area, similar to the Hp/A concept used in the protection of structural steel
Stich atranalysis may inform an expert judgement, but at this stage, there is unlikely to be

beit this
melting
perture

and the
the pipe
hay need
integrity

systems
bf collars
provide

the pipe
The pipe
berature.
aled, the

ority (E)

erformance may increase. The mode of failure in the initial type test may be of support when making

tration.

liameter,
ions and
sections.
scientific

eYyidence to support this.

As with the influence of the material, the pipewall thickness parameter will respond similarly for both

collars and pipewraps assuming that the associated supporting construction behave as pro
9.3.4.5.1.

posed in

As stated, plastic pipes can only be sealed by active devices such as pipe collars and/or pipewraps, if
this methodology is to be applicable. With the practice of passing plastic pipes through steel sleeves
penetration, the fire resisting element is not supported by type testing evidence and as such, the

guidance in this document is not applicable to such forms of sealing.
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9.3.4.4.4 Pipe diameter

The diameter of the pipe, once it has melted out, leaves holes of the original diameter. As a result,
this is a critical parameter as it is directly proportional to the volume of the expanded/activated
intumescent material. Also, the diameter of that hole has an influence on the characteristic of the
expanded intumescent. For larger diameter holes/apertures, the expanded sealing material will need
an inherently higher degree of cohesiveness as it has a more demanding role to perform especially
under the influence of differential fire pressures and turbulence.

9.3.4.5

9.3.4.5. General considerations of cable performance

Cables pgnetrating fire resisting elements can be sealed by all of the materials identified in.9.8, namel
gunnabl¢ flexible sealants, rigid cementitious based materials or mineral rock fibre sealing’systems.

many aspects, a cable has the same ability to conduct heat through a fire separating element as a met
pipe. Th¢ diameter of a cable is generally going to be less than that of a pipe and, of cour'se, it is solid an
not hollgw. An additional complication is that the conductor is invariably encased in an insulation (fi
electrical reasons rather than for fire or energy purposes) which may themselves contain combustib
constituents, often plastic(s) of one form or another. This subclause is primarily aimed at predictiy
the poteptial for the cable and the aperture seal to result in a loss of<dntégrity and/or insulation

the element being penetrated, but the need to suppress the ignition dt)the insulant should also be
considerption. This will invariably require the unexposed part of the-cable to be wrapped in a protectid
system gs proven in any initial type testing and countering this(isk of ignition does not form part
this exteinded application methodology.

00 0 = =B <

=5 o

This part of the expert judgement approach to the extended’application process confines itself to sing|e
cable pephetration and considers in 9.3.4.5.2 changes te>the conductor material and in 9.3.4.5.3 ifs
diameter/cross-sectional area and the influences this #itay have on seals made from the three seal typgs
listed abjove. The influence of changes in any supporting frame, e.g. a cable tray or cable ladder with
respect fo the fire performance of the method ofysealing is to be found in 9.3.4.5.4. Again, each of the
seal typdgs is considered in turn.

9.3.4.5.24 Area of the aperture that is penetrated by the service which is sealed

The unsyipported area of any sealrinstalled between the penetrating cable, with or without cable tray
and the |supporting construction,,can be critical to the performance of the seal. The seal would he
expected to be self-supporting;but depending upon the mode of failure, there may well be a maximumn
area, or p maximum dimension, across which the seal will span and this should be considered in any
such judgement. ISO/TR 40295 (all parts), will generally be able to define these maximum dimensions
for any peneric or proprietary seal, depending upon its thickness and the duration for which it fs
expected to maintain-a seal. Depending upon the nature of the sealant, sealing system used, there
will gengrally be@ difference between the acceptable area of a seal formed around a cable in a vertichl
element,| than.the permitted area in a horizontal element. Both will need to be evaluated by expert
judgemept separating, albeit the aperture in a vertical element will normally be expected to be largé¢r
than a similar aperture in a horizontal element.

9.3.4.5.3 Conductor material

The conductor within the majority of all cables will either be copper, including copper-based alloys, or
aluminium. This subclause does not, at this time, consider the use of glass conductors as may be found
in fibre optic cables.

The melting temperature of copper/copper-based alloys will be significantly greater than that reached
in fire resistance testing durations of up to 2 h, but can be marginal for durations of more than this,
especially 4 h and beyond. Melting of the conductor is only a problem if the length of cable within the
wall or the seal is short, i.e. less than 50 mm, in which case it could cause a loss of integrity due to
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