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Foreword

This document (EM 1981-1-7200%) has been prepared by Technical Committee CENTC 230 "Structural
Eurocodes’, the secretariat of which is held by BSI1.

CEMTC250¢8C 15 responsile for Eurocade 1.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by May 2003, and conflicting national standards shall be
withdraown at the latest by December 2009,

This document supersedes ENY 19581-2-2;,1995,
Anmaxas A, B, C, 0, E, F and G are informative.

According to the CENACEMELEC Internal Regulations, the national standards organizations of the
following countrigs are bound to implement this Europsan Standard; Austria. Belgium, Czech Hepublic,
Denmark, Finland, France, Germany, Greece, loeland, Ireland, Italy, Luxemboury, Malta, Netherlands,
Marway, Portugal, Spain, Sweaden, Switzerland and the United Kingdom.

Background of the Eurocode programme

In 1375, the Comimission of the BEurcpean Community decided an an action programme in the fiald of
canstruction, based on article 25 of the Treaty. The objective of the programmea was the elimination of
technical cbstacles to trade and the harmomisation of technical specifications,

Within this action programme, the Gommission took the initialive to establish a set of harmonized
techinical rules for the design of construction works which, in a first stage. would serve as an alternative to
the national rules in foree in the Member States and, ultimately, would raplace them.

For fifteen years, the Commission, with the help of a Steering Committes with Representatives of Member
States. conducted the development of the Eurocedes programme, which led to the first generation of
EBurapean cades in the 1980's,

In 1289, the Commission and the Member States of the EU and EFTA decided, on the basis of an
agresment between the Cormmission and CEN, to transfer the preparation and the publication of the
Eurccodes to CEN through a seres of Mandates. in arder to provide them with a future status of
Eurcpean Standard (EM). This links de facto the Eurocodes with the provisions of all the Council's
Chrectives andfor Commission’s Decisions dealing with Eurcpean Standards (e.g. the Council Girective
89106 EEC un construction products - CPD - and Council Directives S3/37/EEC, 92/50WEEC and
89/440/EEC on public works and services and equivalent EFTA Directives initiated in pursuit of setting up
the internal market).

The Structural Eurocode programme comprigos the following standards generally consisting of a numbear
ol Parts:

EMN 1393, Euroeode: Basis of structural design.
EM 1391, Euracode 1; Actions on structures.
prEN 1592, Eurccede 2; Design of concrete structuras.

prEM 1993, Eurocode 3: Design of steel stnictures.

! Agraement bstween the Commission of e Egropesn Semmunites and the Turopean Commibcn for Standardisation (SEM)
concerning the work on SURCCONES (or ha design of bui divg and civi cnginoening works (REACEMGHERE
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arEM 1984, Eurccode 4: Dasign of composite steel and concrete structures,
prEN 1995, Eurcoode 5: Design of timber structures.

prEMN 1986, Eurccode 6: Design of masonry structures.

prEN 1997, Eurccode 72 Geotechnical design.

prEMN 1928, Euracods 9 Design of structures for earthguake resistance.
prEN 1929, Eurocode 9 Design of aluminium structures,

Eurecnde standards recognise the responsibility of regulatory authorities in 2ach Member State and have
safequarded their right to determine values related to regulatory safety matters at national level where
these continue to veary from State to State.

Status and field of application of Eurocodes

The Member States of the EU and EFTA recognise that EWRCCODES serve as reference documents faor
the following purposes:

as a means to prove complianoce of building and civil engineering works with the essenfial
requiraments of Council Directive 88A08/EEC, particularly Essential Requirement N*1 - Mechanical
resistance and stahility - and Essential Bequirement N2 - Bafety in case of fire;

- as a baziz for specifying contracts for construction works and related enginesring services;

— a3 a framework for drawing up harmonised tachnical specifications for construction preducts {EMs
and ETAs).

The Eurocodes, as far as the:,.r concern the construction works themselves, have a direct ~elationship with
the Interpretative Documents™ referred to in Article 12 of the CFD, although they are of a different nature
fram harmonised product standards™ Therefore, technical aspects arising fram the Eurocodes work need
to be adequataly considered by CEN Technical Committees andior EQTA Working Groups waorking on
product standards with a view to achisving full compalibility of thase techrical specifications with the
Eurccodes.

The Eurocode standards provide commaon strustural design rules for everyday uss for the design of whole
structures and component products of both a traditional and an innovative nature. Unusual forms of
construction or design conditions are not specifically covered and additional expert consideration will ke
recuired by the designer in such cases.

: Accatding to A A3 of the CPM, the sssential requirements (ESs) shall be given conerete torm in inerpresative cocoments tor

- “ha naation of the nacessary I'nks between the essential requircrnents and the randatzs for hamonizad CMs 2nd CTAGSCT As.

" oAcenrding ta A 12 of the CFD the interproative documents shal @

) give concrale ono o lhe esseetial rsquirements by harmenizing the terminelegy &nd the technical beses and indicat ng
clazzes of lavels for szch regquirgmenl whers neceseary;

by indicate methods of carrelaling 1Mese classes or levels of reguirgment with the teschnical specitcations, 8.5, mathods of
caleulalicr ane of pooal, lpchnical rules for projact design, ete.:

cl somc as A rafersnns fon he sstzbilishrmant ol Parmoised slandads 00 guiselines or Eresesn @ebn cal aeprovals.

Tha Euroeodas, de factn, play & simila ralz in the figld of e ER 1 and a part ¢l ER 2.
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National standards implementing Eurocodes
The national standards implementing Eurocodes will comprise the full text of the Eurccode (including any
annexes], as poblished by CEN. which may be precedad by & national title page and national foreword,
and may be followed by a naticnal annex,
The natienal annck may anly aentain infermation an those parameters which are left open in the Eurccode
for national chaice, known as Nationally Determined Paramsters, to be used for the design of buildings
and civil engineering works to be onstrusted in the country concerned, e
— walues andfor classas whore alternatives are given in the BEurccode;
- walues 1o be used where a symbal enlyis given in the Eurosode;

country specific data [geographical, slimatic, otc), e.g. snow map;
—  the procodure to be used whore alternative proceduras are given in the Eurocode.
[t |y also contain:

— decisions on the application of informative annexes and

— references to non-contradictory complementany information to assist the user to apply the Eurocode,

Links between Eurocodes and harmenised technical specifications (ENs and ETAs) for
products

There is a need far consistency between the harmonised technical specifications tor construction products
and the technical rules for works™. Furthermaore, all the information accompanying the CE Marking of the

construction preducts which refer to Eurocedes shall clearly mention which Nationally Detsrmined
Fararmeters have been taken into account.

Additional information specific to EN 1691-1-2

EN 1991-1-2 describes the thermal and mechanical actions for the structural design of buildings exposad
ta fire, including the following aspects:

Safefy requiremenits

EM 1891-1-2 ig intended for clients (s.g. for the formulation of their spesific requirernents), designers,
contractars and relevant authorities,

The general objectives of lire proatection are to limit risks with respect to the individual and saciety,
neighbouring property, and where required, envircnment or directly exposad propetly, in the case of lire.

Construction Products Directive B910B/EED gives the following essential requirement for the limitation of
fire rigks:

1 Boo A3 and Ar A2 of the CPD, as wel as 4.2, .31, 427 ared 5.2 al I RA,
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"The construction works must be designed and built in such a way, that in the event of an outbreak of fire
the load bearing resistance of the construction can be assumed Tor a specified period of time,
— the generation and spread of fire and smoke within the works are limited,
- the spread of fire to neighbouring construction works is kmited,
- the ossuparts can leave the works or can be rescued by other means,
— lho safety of rescue teams is taken intg consideration”.
Accarding to the Interpretative Document N°2 "Safety in Gase of Fire™ Ihe csscntial requirsment may be
ohserved by fallowing varinus possibilities for fre safety strategies prevailing in e Membear States like
corwartional fire scenarios (nominal fires) or "natural” (parametric) fire scenarios, including passive and/or
active fire protection measures.
The fire parts of Structural Eurocodes deal with specific aspects of passive lire prolection in terms of
designing struclures and parts thereof for adeguate load bearing resiztance and for limiting lire spread as
ralevant.
Required functions and levels of performance can be specified aither in terms of nominal (standard) fire
resistance rating, generally given in national fire regulations or, where allowed by national fire regulations,
by referting to fire safety enginesring for assessing passive and active measures.
Supplemaentary requirements cencerning, for examplo:
the pessible installation and maintenanse of sprinkler systams:
conditionz on occupancy of building or fire compartmeant;
the use of approved insulation and coating rmaterials, including their maintenance
are hot given in this document, becauss they are subject to specification by the cormpelenl autherity.
Murncrical values for partial factors and other reliability elements are given as recommended values that
provide an acceplable lovel of reliability. They have been selected assuming that an appropriale lovel of
workmanship and of quality managemaont applies.
Design proceduras
A full analytical procedure for structural fire design would take into account the behaviour of the structural
ayztem at elevated temperatures, the petential heat exposure and Lthe beneslicial effects of active and

passive fire protection syslerns, together with the uncertainties assocated with these three featurcs and
e impertance of the structurs {consequences of falure).

Sep P2, 0.2(4) and 4.2.3.3 of 1L M*2.
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At lhe present time it is possible to undertake a procedure for determining adeguate performance which
incorporates some, if not all, of these parameters and W demonstrate that the structure, or its
components, will give adequate perfformance in a real building fire, However where the procedure is based
o0 a norminal [standard) fire, the classification system, which calls for specific periods of fire resistance,
takes into account (though not explicitely} the features and uncerainties described above.

Application of this Part 1-2 s illustrated bekow. The prescriptive approach and the perfarmance-based
approach are identified, The prescriptive approach uses nominal fires to generate thermal actions, The
pertormance-based approach, using fire safety engineenng, refers to thermal actions based on physical
and chemical pararmeters.
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Figure 1 — Alternative design procedures
flazign aids

It is expecled, that design aids based on the caleulation modsls given in EN 1981-1-2 will be prepared by
interested axternal organizations.

The main text of EMN 1931-1-2 includes most of the principal concepts and rules necessary for describing
thermal and mechanical actions on structures.
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National annex for EN 1991-1-2
This standard gives altermnative procedures, values and recommendations for classes with noles indicating
where national cheices have to be made, Therefore the nalional standard implementing EN 1891-1-2
should have a national annex containing all Nationally Determined Parameters Yo he used for the design
of buildings and civil enginesring works to be constructed in the relevant country.
Mational choice is aliowed in EM 1281-1-2 through:
2.404)
- 30
3.3.1.101)
3.3.1.2(1)
- 33123
- 33131
- 33201
- 3322
4.2 2(2}

— 4312
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Section? General

1.1 Scope

{11 The methads given in this Part 1-2 of EN 1391 are applicable to buildings, with a fire load related to the
building and its accupancy,

(23 This Part 1-2 of EN 1991 deals with thermal and mechanizal actions on structures exposced to fire. 1tis
intended t¢ be used in conjunction with the fire design Parts of prEM 1992 to prEN 1996 and prEMN 1995
which give rules for desigring structures for fire resistance.

{31 This Part 1-2 of EN 1341 confaing thermal actions refated to nominal and physically based thermal
actions. More data and models for physically based thermal actions are given in annexas.

(1% This Part 1-7 of EN 1981 gives general principles and application rules in conngction ta thermal and
mechanical actions t¢ be used in conjunction with EN 1990, EN 14931-1-1, EN 1991-1-3 and EN 1991-1-4.

{5) The assessment of the damage of a structure afler a fire, is not cavared by the present document.

1.2 Normative references

(1%F This European Standard incorporates by dated or undated referance, provisions from olhor
publications. These normative references are cited at the appropriate places in the text, and the
publications are listed hereafter, For dated references, subsequent amendments to or revisions of any of
thcae publications apghy to this European Standard enly when incorporated in il by amendment of revision.
For vndated references the latest edition of the publication reterred to apples (including amandments).
MOTE | he following European Standards which are published or in preparation ade cited in normative ¢ suscs:

prEM 13501-2, IMire alassificalion of consfruciion products aod buiding elements - Part 20 Classification using data
froumt fire resfstance tests, excluding veniilalion sorvices.

EM 1950:2002, Ewrocods: Basis of structural design.

EM 1991, Eurccode 1 Actions on structures - Part 1-1: General actions - Denslties, selfweight ard
imposed loads.,

REN 1891, Eurocode 17 Actions on structures - Pard 1-3: General actions - Srow loads.
prEM 1931, Eurocode 1. Aclions on siruclures - Part 1-4; Genoral actions - Wing loads.
prEM 1952, Eproceds 2; Design of conerole structLives.

prEN 1993, Eurocode 5: Design of stee! structires.

prEN 1934, Eurocade 4 Dosign of composite stoel and concrefa strictures.

prEM 1998, Ewrocode &) Design of imber struciures,

prEM 1998, Eurocods 6. Dosign of maganny structlres.

prEN 1989, Eyrocode & Design of alurminium stuciures.

10
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1.3 Assumptions
(1P In additizn to the general assumptions of EN 1590 the following assumptions apply:

— any active and passive fire protection systems taken into acecunt in the design will be adequately
rmaintaired;

— the choice of the relevant design firg scenaric is made by appropriate qualified and experienced
persanngl, or is given by the relevant national regulaticn,

1.4 Distinction hetween Principles and Application Rules

{11 The rules given in EM 19902002, 1.4 apply.

1.5 Terms and definitions

{11P For the purposes of this Eurcpean Slandard, the terms and definitions given in EN 1590:2002, 1.5
and the following apply.

1.5.1 Common terms used in Euroccode Fire parts

1.5.1.1

aequivalent time of fire exposure

lime of exposure to the standard termperature-time curve supposed to have the same heating effect as a
real fire in the compartment

1.5.1,2

external member

structural mamber located cutside the huilding that may be expesad ta fire through apenings in the
building enclosure

1.5.1.3

fire compartment

space within a building, extending over one or several floors, which is enclosed by separating elements
suich that tire spread beyond the compartment is prevented during the relevant fire exposure

1514

fire resistance

abiity of a structure, a part of a structure or a member ta fulfil its required functions [lead bearing function
andfor fire separating function) for a specilied load lavel, for a specified fire exposure and for a spacified
period of time

1515
fully developed fire
state of full invalvement of all combustible surfaces in a fire within a specified space

1.51.6

global structural analysis {for fire}

structural analysis of the enlire struclure, when either the entire struclure, or ohly a part of it, are exposed
to fire, Indirect fire actions are considered throughout the structure

1
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1.51.7
indirect fire actions
internal forces and moments caused by thermal expansion

1.5.1.8

intagrity (E)

ability of 2 separating element of building construction, when exposed to fire on cne side, ta pravent the
paszage through it of flames and hot gases and to prevent the cocurrence of flames an the unexposcd
Side

1.5.1.9

insulation {I}

ability of a separating elerment of building construction whon cxposcd to fire on one side, to restrict the
tempsrature rise of the unexposed fase below specificd lovels

1.5.1.10

load bearing function [R)

akdlity of a strugture or a member to sustain specified actions during the relevant fire, according to defined
ariteria

1.5.1.11

rmember

baszic part of a structure (such as beam, colamn, but alse assembly such as stud wall, truss,_.) considerad
as isolated with appropriate boundary and suppert conditions

1.5.1.12

member analysis {for fire)

thermal and mechanical analysis of 2 structural member expased ta fire In which the membaer is assumed
as isalated, with appropriate suppert and Boundary conditions. Indirect fire actions are not cansidered,
sxcept those resulting from thermal gradisnts

1.5.1.13

normal temperature design

yltimate limit state design for ambient termperatures according to Part 1-1 of prEN 1992 to prEN 1996 or
prEM 1804

1.5.1.14

separating function

akility of a separating elemeant to prevent fire spread (2.0, by passage of flames or hot gases - of integrity)
or ignition beyond the exposed surface {of insulation] during the relevant fire

1.5.1.15
separating element
lead oearning or non-load bearing clemaont (e.g. wall] farming part of the enclosure of a fire compantment

1.5.1.16

standard fire resistance

ability af & structure or part of it {usually anly members) to fulfil required functions {load-Bearing funstion
andior separating function). for the exposure to heating ascording ta the standard temperature-time curve
lor a specified load cambination and for a stated period of time

12



BS EN 1891-1-2:2002
EM 1591-1-2:2002 (E)

1.5.1.17
structural members
lcad-hearing members of a structure including bracings

1.5.1.18

temperature analysis

prosedure of determiring the temperature development in members on the basis of the thermal actions
inct heat flux and the thermal material propedies of the moembers and of pretective surfaces, whora
relevant

1.%.1.19
thermal actions
actions on the structure describied by the nat heat flux to the members

1.5.2 Special terms relating to design in general

1.5.2.1
advanced fire model
design fire basced on mass cansenvation and ensrgy conscreation aspacts

1.5.2.2

computational fluid dynamic model

fire madgl akle to solve numerically the partial difforential equations giving, in all points of he
compartment, the therma-dynamical and aero-dynarmical variabiles

1.5.2.3

fire wall

separating element that is a wall separating two spaces (e.g. two buildings) that s designed for fire
resistance and structural stahility, and may includs resistance to herizontal loading such that, in case of
fire and failure of the structure on ane side of the wall, fire spread beyond the wal is aveided

1.5.24
one-zane madel
fire modsl where homagencous tempearaturas of the gas are assumed it the compart meant

1.5.2.5
simple fire model
design fire based on a limited application ficld of speeific physical parameters

1.5.2.6

two-zone mocdel

fire model where differant zones are defined in a compartmaent: the upper layer, the lower layer, the firc
and its plume, the cxternal gas and walls. In the upger layer, uniform temperature of the gas is assumed

1.5.3 Terms relating to thermal actions

1.5.3.1

combustion factor

combustion factar reprasents the efficiency of combustion, varying between 1 for complete combustion o
0 for combustion fully inhibited

1.5.3.2

design fire
specified fire development assumed for design purposes

13
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1.8.3.3

design fire load density

fire load density considered for determining thenmal actions in fire design; its value makes allowance for
uncertainfies

15334
design fire scenario
spetific fire scenario an whizh an analysis will be condusted

1.5.3.5

external fire curve

nominal temperature-time curve intended for the outside of separating external walls which can he
exposed to fire from different parts of the facade. ie. directly from the inside of the respective firg
compartment ar from a compartment situated below or adjacent to the respective extarnal wall

1.5.3.6

fire activation risk

parameter taking into acccunt the prebakility of ignition, funstion of the compartment area and the
ACCUpAancy

1.53.7

fire load density

lire load per unit area related to the floor area 4, ar related to the surface area of the total enclosure,
including openings, 4

1.5.3.8

fire load

sum of thermal energies which are released by combustion of all combustible materials in a space
{building contents and construction elements)

1539

fire scenario

qualitative description of the course of a firg with ime identifying key evants that characterise the fire and
differentiate it from cther possibyle fires, |t typically defines the ignition and fire growth pracess, the folly
developed stage, decay stage togothar with the building envirenment and systems that will impact oh the
aourse of the fire

1.5.3.10
flash-over
simultangous ignition of all the fire loads in a compartment

1.8.3.11
hydracarkon fire curve
noeminal temperat are-lime curve for representing effects of an hydrocarben typea fire

15.3.12
localized fire
fire involving only a limited arsa of the fire load in the compartment

1.56.313

opening factor

factor representing the amcunt of ventilation depending on the area of openings in the compartment walls,
on the height of these apenings and en the tatal area of the enc'osure surfaces

14
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1.5.3.14
rate of heat release
heat {energy) released by a combustible product as a function of time

1.5.2.15

standard temperature-time curve

nominal curve defined 'n prEN 13501-2 {or representing a model of a fully developed fire in a
compartment

1.5.3.16

temperature-time curves

gas temperature inthe environment of member surfaces as a function of time. They may be:

- neminal: conventional curves, adopted for classilication or verification of fire rasistance, e.g. the
standard temperature-time curve, external fire curve, hydrocarbon fire curve;

parametric: determmined oh the basis of fire models and the specific physical parameters defining the
conditions in the fire compartment

1.54 Termas relating to heat transfer analysis

1.5.4.1

configuration factor

configuration factor for radiative heat transfer from surface A to surface P is defined as the fraction of
diffusely radiated enargy leaving surface A that is incident an surfacs B

1.5.4.2

convective heat transfer coefficient

convective heat flux to the member related to the difference botween the bulk temperature of gas
hordering the relevant surface of the mamber and the temperaty & of that surface

1.5.4.3

emissivity

cnual to ahsorptivity of a surfacc, .. the ratio botween the radiative heat absorbed by a given surface and
that of a black body surface

1.5.4.4

net heat flux
energy, per Lnit time and surface arsa, dafinitaly absorbed by meambars

1.6 Symbols
{1}F For the purpose of this Part 1-2, the following symbaols apply.

Latin upper casa leffers

A area of the fire comgartment

A 4 dssign value of indirect action due to fire

A floor area of the fire compartment

A fire arca

A, arsa of horizontal openings in roof of compartmeont

15
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o

P:I'ﬂ

D1I.-C
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total area of openings inenclosure (A., = A, + A, )
area of enclosure surface |, openings net included

total area of enclesure (walls, ceiling and f oor, including openings?

total area of vertical openings on all walls (A, = Y. A, )
i

area uf window "i"
protection coetficient of member face i
depth of the: fire compartment, diameter of the fire

design value of the relevant effects of actions from the fundamental combination
according to EN 15980

constant design value of the relevant effects of actions in the fire situation
design value of the relevant effects of actions in the fire situation at time ¢
internal energy of gas

distance between the fire source and the ceiling

net calorific value including moisture

net calorific value of dry material

net calorific value of material |

length of the core

flame length alang axis

harizantal projection of the flame (from the facade)

harizontal flame lenpth

flame height (from the upper part of the window)

axis length from window to the point where the calculation is made

amount of combustible material i

l.n"'.“'I'E"ll "q:)

opening factor of the fire compartment {D -4
reduced opeaning factor in casc of fuel controlled fire
the internal pressure

rate of heat relcase of the fire

cunvective par of the rate of heat ralease O

characteristic fire load
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G characteristic fire load of material i

C.?E] heat release cosfficient related to the diametar D of the local firs

o} heat release coefficiant related to the height H of the compartment

i characteristic leading varialle action

i maximum rate of heat release

a. rate of heat release entering through openings by gas flow

[ rate of heat relzase last through openings by gas flow

Q, rate of heat release lost by radiation through apenings

el rate of heat release lost by radiation and convection to the surdaces of the
compartmeant

A ideal gas constant {= 287 [JAgK])

R de=ign value of the resistance of the member at normal tempearature

B design value of the resistance of the member in the fire situation at time ¢

RHE, maximum rate of heat release per square meter

T the tempearature [K]

Taret: the ambiant tempearature [K]

T initial temperature (= 283 [K])

T; temperature of the fire compartment [K]

Tq gas temperatura [K]

Tu flame temperature at the window [K]

T flame temperature along the flame axis [K]

W width of wall containing windowiz) (114]

W width of the wall 1, assumed to cantain the greatest window area

Ws width of the wall of the fire compariment, parpendicular to wall W,

A horizontal prejection of an awning or balcony

W, width of the core

Latin lower case lefters

b thermal absorptivity for the total enclosure (b= /igeA] }
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thermal abscrptivity of layer i of one enclosure surface

thermal abscrplivity of cne enclesure surface |

specific heat

gecmetrical characteristic of an external structural element (diameter or side)
flame thickness

cross-sectional dimension of member fage |

the gravitational acceleration

'

weighted average of window heights on all walis | f.. — Z (A, ) ]e‘ A,
I'. I -

~“

1} .

height of window i

heat flux lu unit surface area

net heat flux to unit surface area

net heat flux to unit surface area due to convection
net heat flux to unit surface area due to radiation
tatal heat flux to unit sudface area

heat flux to unit surface area dua to firg |
carrection factor

canyersion factor

correction factor

mass, combuustion factor

mass rate

rate of gas mass coming in through the epenings
Fate of gas mass going out thraugh the opsnings
rate of pyrolysia products generated

fire laad per unit area related to the floor area 4
design fire load density related ta the floor area A:
characteristic fire load density related to the surface area 4

fire load per unit area related to the sufave area 4
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design fire load density related to the surface area A,
characteristic fire load denzity related fo the surface area 4

horizontal distance between the vertical axis of the fire and the point along the ceiling
where the thermal flux is calculated

thickness of layer i

limit thickress

time

equivalent time of fire exposure

design fire resistance [praperty of the member or structure)
required fire resistance lime

time for maximum gas temperature in case of fugl controlled fire
time for maximum gas lemperalure

fire growth rate coefficient

wind speed, mosture content

width of window “i"

gurn of window widths on all walls {u: — Zuwg); ventilation factor referred to A
witlth of the flame; ventilation fastor

ceefficient parameter

height

wirtual origin of the height 7

vertical position of the virfual heal saurce

Grook Uoper case letters

1]
P
D
&,

d}):i

i

configuration facter

owverall configuration factor of a member for radialive heat transfer from an opening
configuration factor of member face i far a given opening

overall configuration facter of a member for radiative heal transfer from a flarme
configuration factor of rmember face i for a given flame

time facter function of the opening faclor O and the thermal absarptivity b

lime factor function of the apening factor Oy, and the thermal absomptivity b
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temperature [*C); @& [*C] = T[K] - 273

design value of the critical material temperature [*C]

dasign value of rmatarial temperature [7C)

gas temperature in the fire compartment, or near the member ["C]
temperature of the mamber sudace [°C]

maximum temperature ['C]

effective radiation temperature of the fire environment [*C]

(A gia) / LA A)™

protected fire load factor

Greak lower case letters

Fim

20

coefficient of heat transfer by convaction

area of harizontal openings related to the floor area

area of vertical openings related to the floor area

factor accounting for the existence of a specific fire fighting measure |

factor taking into account the fire activation risk due to the size of the compantment
factor taking into account the fire activation risk due to the type of occupancy
surface emissivity of the member

smissivity of flarmes, of the fire

reduction factor

lead level for fire design

thermmal conductivity

dansity

internal gas density

Stephan Boltzmann constant {= 5,67 - 107 [WImEK”]‘J

frae burning fire duratien (assumed ta be 1 200 [3];

combination factor for the characteristic value of a variable action
corbination factor for the frequent value of a varable action

cornbination factor for the quasi-permanant value of a variable action
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Section2  Structural Fire design procedure

2.1 General
£11 A structural fire design analysis should lake inte account the following steps as relevant:
— salaslion of the relevant design fire scenarios,
— determinatian of the caresponding design fires;
—  caleulation of ternparature evolution within the structural mambers:
calculation of the mechanical behaviour of the strusture expesed to fire,

NOIE  Mechanical behaviour of a struciure is depending cn thommal actiens and <heir thermal effect on material
proportics and indirect mechanical aclions, as wel as on the direct affoct of mechanical aclions.,

{2y Structural fire design invelvos applying actions for temperature analysis and actions for mechanical
analysis according te this Part and other Parts of EN 1991,

(3P Actions on structures from fire exposure are classified as accidental actions, see EN 1990:2002,
f.4.19.3{4].

2.2 Design fire scenario

{11 To erlify the accidental design situation, the relevant design fire scenarics and the associated design
fires should be determined on the basis of a fire rizk assessment.

(2} For structures where particular risks of fire arise as a consequence of other accidental actions, this risk
should be considered when determining the overall safety concept.

(37 Time- and load-dependent structural behaviour prior to the accidenlal situation needs nct be
considered, unless (2) applics.

2.3 Design fire

{1 For each design fire scenario, a design fire, in a fire compartmeari, should be estimated aceording to
section 3 of this Part,

{2) The design fire should be applied only to one fire compartment of the building at a time, unless
otherwise specfied ir the design fire scenario.

{3) Far structures, where the national authorities specify structural fire resistance requiremerts, it may be
assumed that the relevant design fire is given by Ihe standard fire, unless specified otherwise,

2.4 Temperature Analysis

(11 When pettormirg temperature analysis of a member, the position of the design fire in relation to the
member shall be taken into ascount,

i2) Faor external members, fire exposure thraugh openings in facades and reofs shauld be considered.

(4) For separating external walls fire exposure fram inside (from the respactive fire compartrmeant) and
alterratively from outside {frem other fire compartments) should be considered whan required.
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{41 epending on the design fire chesen in section 3, the follewing procedures should be used:

with & naminal termporature-time surve, the temperature analyasis of the structural mombers is made
for a specfied period of time, without any cooling phase;

MNOTE 1 The specified perod of ime may be given in the national regulations or obtained from annex F follcwing the
specifications of the national annax.

— with a fire model, the temperature analysis ¢l the structural members is made for the full duratien of
the fire, including the cooling phase,

MOTE 2 Limiled perices of fire resistance may be setin the national annex.

2.5 Mechanical Anglysis

(1)P The mechanical analysis shall ke perfermed for the same duration as used in the temperature
analysis,

{21 VMerification of fire resistance should be in the time domain:

b ™ B (217
or in the strength domain:

B = B 2.3
arin the temperature domair:

= 6y f2.3)
whears

Fig is ihe disign value of the fire resistance

Frrequ 15 the required fire resistance time

f: .y is the design value of the resistance of the member in the fire siluation at time ¢

E:.1 is the design value of the relevant effects of actions in the fire situation at time ¢

&y i5 he design value of material temperaiure

g i5 the design value of the critical material temperature
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Section 3 Thermal actions for temperature analysis

3.1 General rules
(1P Thermal actions are given by the net heat fux A.., [Wim’]to the surface of the member.

(2) Onthe fire exposed surfases the net heat flux f?,,:_ shauld be determined by considering heat lransfer
by conveclicn and radiation as

fos = Nuae + ety [Whim] (3.1}
whare

finzc IS given by e.q. {3.2)

Ao is given by £..{3.3)

i3} The net corvective heat flux component should be determined by:

R = g + (@ - B4} [Wm?] (3.2
where
g, is the coefficient of heat transfer by convection [Wirm'K]

&y is the gas temperature in the vicinity of the fire sxposed member [FC)
t  is the surface temperature of the member [<C]

{_34]2 For the coefficient of heal transfer by convection ag relevant for nominal temperature-time curves, see
{51 Cn the unexposzed side of -:Pparahng members, lhe net heat flux #1.. should be determined by using
equation [4. 1]| with e, = 4 [W/m°K]. The coefficient of heat transfer by convection should be taken as
&, = 9 [WmK], whan assuming it containg the effects of heat transfer by radiation.

(&) The net radiative heat llux compoenent par unit surface area is determinsd by:

Pt =@ g -0 [(G+ 273 — (G + 27307 [ i (3.3}
whera

i isthe configuralion factar

U I8 the surface emissivily of the member

£ is the emissivity of the fire

o is the Stephan Baollzmann constant {= 5,67 -~ 077 Wim K

= is the effective radialion temperature of the fire envirenment ["C]

& iz the surface lemperalure of the member [FC]

MOTF 1 Unless given in the maledal related fire design Pars of prEN 1932 o prFM 1996 and prEN 1993, £, =
0.8 may be uscd,
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NOTE 2 The omissivity of the firs is taken in general as ¢ = 1,0

(71 Where this Part or the fire design Parts of prEM 1892 to prEN 1996 and prEN 1583 give no specific
data, the configuration factor should be taken as &= 1,0, A lower value may be chozen to take account of
s0 called position and shadow effects.

WOTE  Faor the calculation of the configuration factor <0 a method is given in annex G.

(8] In casce of fully fire enguifed members, the radiation temporature & may be representad by the gas
termiperature @, around that memiber.

i) The surface temperature &, results from the temperature analysis of the member according to the fire
design Pars 1-2 of prEMN 1992 to prEN 1898 and prEMN 1928, as relevant.

(10} Gas temperalures ), may be adopted as nominal temperature-time curves according to 3.2, or
adcpted according to the fire madels given in 3.3,

MOTE  The use of the nominal temperature-time curves aceording to 3.2 o, a8 an alternative, the use of tho
natural five models aceording to 3.3 may be speeified in the national anne:z.

3.2 HMNominal temperature-time curves

3.21 Standard temperature-time curve

{11 The standard temperature-limes Surve s given by

F, — 20 + 345 log., (B t+ 1) [C] (3.4
where

3, iz the gas temperature in the fire compartment (0]

t is the tima [min]

(21 The coeffizient of heat transfer by convection is;

o, = 25 Wim'K

3.22 External fire curve

1) The external fire curve is given by

B, =660{1- 0887 & -0313e™ 1 20 [*C] (3.5)
where

€,  isthe gas temperature near the membor [*C]

t is the timo |min]

e
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(2} The coefficient of heat transfer by canvection is:
w, = 25 Wim'K
3.23 Hydrocarbon curve

(1) The hydrocarben temperature-time curve s given by:

@,=1080{1-0,325 ¢ - 06757y 4 20 [£C] (3.6)
whore

&y is the gas temperature in the fire compartment ['C]

t is the time [mrin]

{2y The coefficient ot heat transfer by convection is: {37

(e = 50 WinT K
3.3 HNatural fire models
3.3.1  Simplified fire models

3311 General
(1) Simple fire models are based on spacific physical parameaters with a limited fisld of agplication.
NOCTFE Forihe calculafion of the design fire Ioad density ¢a a meihod is givan in annex F.

2y A uniform temperature distribution as a function of time is assumed for compartment fires. A non-
unifarm temperature distribution as a function of time iz assumed in case of localised fires.

(3 Whean simple fire madels are used, the coefficient of heat transfer by convection should be taken as
et = 35 Wi K]

3.31.2 Compariment fires

(1) Gas temperatures should be determined on the basis of physical parameters considering at least the
fire load density and the ventilation conditions.

MNCTE 1 The national annex may specify the proceduns for saleulating the heating conditions.

NOTE 2 Faorinlernal members of fire compactments, 3 methad for the caleulation of the gas temperature in the
compartmant is given in annex A,

(2} For external members, the radiative heat flux componant shauld be calculated as the sum of the
contributions of the fire compartment and of the flames emerging from the openings.

NOTE  For external members exposed fo fire through openings in the facade. a method for the calzulation of the
heating conditions is given in anncx B.
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3.21.3 Localised fires
1) Where flash-over is unlikely to ocour, thermal astions of & localised fire should be taken inta account,

HNOTC  The naticnal annex may specify the procedure for calculating the heating conditions, & method for the
calculation of thermal actions fram Incalised fires is given in anngx O

132  Advanced fire models
i1] Advanced fire models should take into account the folloraing:
pas praperties;

Mass exchange:

enargy sxchanga.
NOTF 1 Aovailable caloulation mothods normally inglude iterative procedures.
HOTE 2 For the caleulation of the design fime load density ¢ g a msthad is given in annax E.
NOTE 3 For the calculation of the rate of heat releass Ga method ks given in annsax C.

{21 One of the following medels should be used,
— ong-zong modoels assurming a uniform, lime dependent temperature distribution in the compartment;

two-zone medels assuming an upper layer with time dependent thickness and with time dependent
unifarm temperature, as well as a lewer layer with a time dependent uniform and lower terperature;

Computational Fluid Bynamic medels giving the temperature evelution in the compartment in a
completely ime dependent and space dependent mannetr,

MOTE  The national annex may specify the procedun: for calzulating the heating conditions.
A mothod far the caloulation of thermal actions in case of ane-zone, wwo-zane or campuiational fluid dyrarmic medels
B given in annex 0.

(3] The coefficient of heat transfer by convection should be taken as o, = 35 [W;'m:K], Unless more
detailed information is availakble.

(4] In order to calculate more accurately the ternperature distribution along a member, i case of a
lecalised fire, a combination of results obtained with a two-zone model and a localised fire approach may
be considered,

MGTE  The termperature field in the member may be abtained by considering the maximum effect at 2ach locatian
Qivien [y the twao fire models.

28



BS EN 1591-1-2:2002
EN 1991-1-2:2002 (E}

Secticn 4  Mechanical actions for structural analysis

41 General

(1P Impased and constrained expansions and doefermations caused by temperature changes due ta fire
exposure result in effects of actions, ec.g. forces and momoents, which shall be considered with the
exgeption af those cases whero Thoy:

may he recennized a prioti to be either negliqible or favourable;

are accounted far by conservatively chosen support models and boundary conditions, and/or implicitly
considorad by conservatively specified fire safety requirements.

{21 For an assessment of indirect actions the following shonld be considered:

— constrained thermal expansion of the members themselves, e, columns in mulli-storey frame
structures with stiff walls;

— differing thermal expansion wilhin slazically indelerminale members, e.q. continaeus Moor slabs;
— thermal gradients within cross-sections giving internal stresses;

— thermal expansion of adjacent members. e.q. displacemeant of a column head due to the expanding
floor elab, or expansion of suspended cables:

— thermal expansion of members affecting other members outside the fire compartment.
{3) Design values of indirect actions due to fire 4. should be determined on the basis of the design
valugs of the thermal and mechanical material properdies given in the fire design Pars of prEN 1822 to

prEM 1596 and prEM 1298 and the relevant fire exposure.

(4} Indirect actions from adjacent members need not be considered when fire safety requirements refor to
members under standard fire conditions.

42 Simultaneity of actions

4.2.1 Actions from normal temperature design

(13F Actions shall be considered as for normal termperature design, if they are likely to act in the fire
situation.

(2" Hepresentative values of variable actions, accounting for the accidental design situation of fire
exposure, should be introduced in accordance with EN 1890,

{3] Decrease of imposed loads due to combustion shauld not be taken inte account,

{4] Cazts whare snow loads need not be considered, due to lhe melting aof snow, should be assessed
individuglly.

{5) Actions resulting from industrial operations need nct be taken into account.
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422 Addilional actions

1) Simuetansous ocourrence with other independent accidetal actions nesds not be considered.

{21 Depending an the aceidental design siteations to be considered, additional actions induced by the fire
may nesd to be applied during fire exposura, e.q. impact due to collapse of a structural member or heawy
machineny.

MOTE  The choice of additional agticns may be specificd in the national annsx,

(3 Fire walls may be required to resist a horizental impact load according ko EN 1363-2,
4.3 Combination rules for actions

4,31 General rule

(1P For abtaining the relevant effacts of actions & 44 during fire exposure, the mechanical actions shall
be combined in accordance with EM 1930 “Basis of structural design™ for accidental design situations.

(2} The representative value of the variable action & may be considercd as the quasi-permanent value
Wi G, o as an alternative the frequent value g - Oy

NCOTE  The use of the quasi-permanent value 1w - O or the frequent value v - G may be specified in the national
annex. Tha use of w; . Ch is racommended.

4.3.2 Simplified rules

{1) Where indirgct fire actions need not be explicitly considered, effects of actions may be delermined by
analysing the structure for combined actions according to 4.3.1 far t= D only. These offects of actions & 4
mey be applied as constant throughout fire expozsure.

MOTE  Thus clause applies, for cxample, to offects of actions at boundaries and suppons, where an analys s of
parts aof the structlre is perdormed in sccordance with the fire design Parts of prEN 1952 o prEN 1996 amd
RrEM 19,

{2) As a furthor simplilicatian ta (1), effects of actions may be deduced from these detemined in normal
temperature design:

Enu: — Efin = B (4.1

where

E, iz the design value of the relevant effects of actions from tre fundamental combination according to
EM 1850,

E,, isthe corresponding constant design valug in the fire situation;

g iz a reduction factor defined in the fire dasign Parts of prEN 1982 to prEN 1936 and prEM 1999,
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4.3.3 Load level

{1] Where tabulated data are specified for a raference lead level, this load level carresponds Lo

Eiiar = s+ He 4.2
where

Hy s the design value of the resistance of the member at normal temperatur, determinad assording to
prEM 1982 to prEN 1896 and prEN 15993;

thiy i5 lhe load level tor fire design.
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Annex A
(informative}

Parametric temperature-time curves

{1} The following temperature-time curves are valid for fire comparments up ta 500 m” of floor area.
without openings in the reof and for 2 maximom compartment haight of 4 m. it is assumed that the firc
lzad of the compartment is completely burnt out,

(21 If fire load densities are specified without specific considoration 1o the combustion behaviour (see
annex EY, then this approach should be limited to fire compartmeants with mainly cellulasic typs fire lnads,

(3] The tempurature-time curves in the heating phase are given by:

O, =20+ 1375 ( 1-0324e%" _0204e™ _0 4728~ | (A1)
whers
g, isthe gas temperature in the fire compartment G
=t r (h] {A.2a)
with
f time Lhi
© = [OxF 140,04/ 160)° I
b = \ipet
with the fallewing I'mits: 100 £ &= 2 200 [im’s 2K
Fi) density of Boundary of enclosure [kgr‘m“_’]
oy specific haat of haundary of enclosure [Jikgh]
A therrmal conductivity of boundary of enclosure [WmK]
& apening factor: A4, '\."E fA, [m']

with the following limits: 0,02 = O = 0,20
A, total area of vertical openings on all walls [rr7]
fiqg  weighted average of window heights on all walls [
A total area of enclosure (walls, ceiling and flaor, including opanings) {m’]
NOHTE In case of { = 1. equation (A1) approximates the stancard temparature-time cuwvae,

{4) For the caleulation of the b factar, the density p, the specific heat ¢ and the thermal conductivity A of
the boundary may he taken at ambignt temperature,
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—_—

(&) To account far an enclogsure surface with different fayers of material, o= yf(peAl should be introduced

ast
- e, b= h {3
If by = B, & limnit thickness sy is calculated for the exposed material according to
13800 ik b givenbyeq. AT (] (A4}
Y ooae
If 2 = B then b = by [A.da)
s S
If S < Sun then b= —p + 1-— b, {A.4b)
i | -
where

the indice 1 rapresents the layer diractly exposed to the fire, the indice 2 the next layer. .

5 is the thickness of layer i

b = o)

@i is lhe density of the layer |

£ is the specilic heat of the layer |

s is the thermal conductivity of the laver i

{61 To account [or ditferent B factors in wals, ceiling and floor, b= \.'m should be introduced as:

b= (XiB AN (4 - Al (A.5]
where

A is the area of enclosure surdace |, openings not included

{2 i5 the thermal propery of enclosure suface | accerding to equations (A.3) and (A4}

{7] The maximum temperalure S, in the heating phase happens for +* = 1,

T = bma £ (h] {A.8])
with t.'nax = M [[[12 : 1[3-3 CChd "'l D] ' IIim ] [h] (’3'?:]
where

ta 18 the design value of the lire load density related to the total surface area A of the enclosure
whereby gha = gra - A !4 [MJmT). The following limils should be observed: 50 < gy = 1 000 [Mdim®).

Q. i the design value of the fire load density related to the surface area A of the floor [MJ/m?] taken
from annex E.

f~ ‘s given by (10} in [h].

NOTE The time fe. correspanding to the maximum temnparature is given by ¢y in case the fire is fuel
cortrolled. If £ is given by {0.2 107 ga ! G the fire is ventilation controlled.
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(8 When fue=m . 7 uscd in equation (A1} is replaced by

Vo=t e [H] ia.2hh
with Fue = [ 0F 7 (0,041 180)° (A.8)
where O . = 0,1 107 g { fin (A.9)

(9K (D= 0,04 and gy = 7Hand &< 11603, Hi. in {A.8) bas to be multiplied by & given by:

100041 dhy =75V 1160 b

kele 22 —_—
s e

A0
. 004 (A10)

.'l'.\.

(10 In case of slow fire growth rate, &, = 25 min; in case of medium fire growth rate, &, = 20 min and in
case of fast fire growth rate, &L, = 15 min.

MOTE For advice on fire growth rats, sec Tabkle E.S inannex E,

{11} The temperature-time curvas inhe cooling phase are given by:

By = Firaw—B25 {1 - gy - X] far the = 0,5 (A.11a)
Bl Oy — 250 { 3 - fq, 108 = I X0 for 05 < b, <2 (A.11b)
Gy = O — 280 {1 -t -8 {or El o m 2 (8,116
where 7 Is given by (A.2a)

his — (02107 G/ OF T (B12]

K= 1.0 0f frap fim o0l X = iy I r;ﬁax iF tae — fjim,
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Annex B
(informative)

Thermal actions for externai members - Simplified calculation method

B.1 Scope

[1} This mathod allows the determination of:

- the maximum temperatures of a compartmeant fire;
the size and temperatures of the flame from openings:
radiatiaon and comnveltion parametears,

() This method considers steady-state conditions for the various parameters. The method is valid enly for
fira loads g4 higher than 200 MJima.

B.2 Conditions of use

(1) When thera iz mare than ong windaow in the relevant fire comparnment. the weighted average height of
windows f,, the total area of verical openings A, and the sum of window widths {14 = Zw) are used.

(23 When thers are windows i only wall 1, the ratio VW is given by:

o — el (B
(3 When there are windows on mare than one wall, the ratio L3719 has {o ba obtained as follows:

W, A,
W, A,

O = (B2}
whare

Wy is the widlh of the wall 1, assumed to contain the greatest window area;

Aq s lhe sum of window areas onowall 1;

Wo o is the width of the wall perpendicular to wall 1 inthe fire compeartment,

(41 VWhen there is a core in the fire compartment, the ratio &4 has to be obtained as follows:

— limits givenin [7) apply;

— L. and W are the length and width of the core;

— W, and W, are the length and width of the fire compartment:

A = {WJ - 'r—r: :I A'.'I {BH]

(W) - W 1A,
i8) All parts of an external wall that do not have the fire resistance (RED reguired for the stability of the
building should be classified as window areas.
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(8] The total area of windows in an external wall is:

— the total area, according to (5], if it is less than 50 % of the area of the relevant external wall of the
compartment,

- firsily the total area and secondiy 50 % of the area of the relevant axternal wall of the compartmernt if,
according to {5), the area is more than 50 %. These bwo situafions should be considered for
calculation. When using 53 % of the area of the external wall, the location and geamctry of the open
surfaces should be chosen so that the most severe case is cansidered,

(T} The size of the fire compartment should nat exceed 70 m in length, 18 m in width and & m in height.

(8} The flame temperature should be taken az uniform across the width and the thickness of the flame.
B.3 Effects of wind

B.3.1 Mede of ventilation
{11F If there are windows on opposite sides of the fire compartment o if additional air is being fed to the

fire from another socurce (other than windowsi the calculation shall be done with terced draught
conditions. Gtherwize, the calculation is dane with no forced draught conditions.

B.3.2 Flame deflection by wind
{11 Flarmes from an opening should be assumed to be leaving the fire compartment (see Figure B.1):
perpendicular to the facade;

with a deflection of 457 due to wind effects,

1 e 450
e 1357
2
Keay
1 Wing

2 Hotizontal cross saction

Figure B.1 — Deflection of flame by wind
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B.4 Characieristics of fire and flames

B.4.1 No forced draught

(11 The rate of burning or the rate of heat releasa is given by:

BS EN 1981-1-2:2002
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o r A TR R A [ e " MW R
= mir o4 T A, -2 A4, ’ 4
(A geq Ty ( 1A, Diw MW] (F.4)
N - ! 4
(2% The temperature of the lire camparment is given by,
0, .,-:, ':.. 1 L
L =6000(1-a 7902 (1-gPE _T (R.5)
(3 The fame height {see Figure B.2) is given by:
i i . LR W
_ . O
L =max O; h, | 237 i -1 (B.6)
L A, ay (B gl _
. A
NOTE With g = 0,45 kg'm” and ¢ - .81 mis” | this equation may be simplfied to:
o 253
1, - 10l h, (B.7)
LW
-
ES '
¥ Vo E
1 1 | J— ahSH
_F|aq } [
L \_"s .'i

horizontal crass section

vertical cross section

vertical cross section

R, | £ h
b - _tp e Mo S
L q = L1 1H|LH + 4 = 5 L1 = 2
L=t +L L1—H||Lf+ Ly - 5" —1,
Feq=1,25w wall above ro wall above or f.s1,250

Figure B.2 — Flame dimensions, no through draught
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(4) The flarne width is the window width {see Figure B.2].
{51 The flame deplh is 2/3 of the window height: 243 i, (see Figure B.2).
&) The harizontal projection of flames:

in case af a wall existing abowve the window, is given by:

Lo = figgfd if o = 1,25 Wi
Lo=03 fgg (hegf w-_‘f'm if k., = 1.25 w and distanze to any other window = 4 14
L4 — 0154 figq {haq /2 ey in gther cases

— incase of awall not exisling above the window, is given by

L4 =006 fag {004 Ree) ™

{71 The flame length along axis is given by:

wihen L = §

L=t + kg2 if wall exist above window or if A < 1,25 ue
L= (0% + (e - P /3704 g 12 if no wall exist above window or if b, = 1,25 w
when £ =0 then L4—0

{2 The flame temparatura at the window i5 given by

To=5207{1-04728{L . w/+ T K]
with £y - 1 73 < 1

{9 The emissivity of flames at the window may be takenas 5 = 1.0

{131 The flame temperatura along the axis is given b,

T (M- Ty (1 -04725 (L, - m QN+ Ty (K
with

Lo i<

Ly is Ihe axis length frem the window to the point where the calculation is mads

(11} The emissivity of flames may be taken as:
a— 1. E—CI.En‘f
where ok is the flame thicknass [m)

(12 The convective heat transfer costiicient is given by:

¢, = 4,67 {1.-']:{_,_,_“‘;,’“-‘1 {G-"A\,]n'ﬁ
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£13) I an awning or baleony (with horizontal projection: W,) is located at the level of the top of the window
on s whole width (see Figure B.3), for the wall above the window and A, < 1.28 1, the height and
harizontal projection of the flame should be modified as fo lows:

— theflame height L given in (3) is decreased by W, (1 ++2 §;

— the horizontal projection of the flame Ly given in {8). is increased by W..

S R ]

abhoc=14 ahode=Landw, =ah

vertical cross section veartical cross section

Figure B.3 — Deflection of flame by balcony

{14} With the same conditions for awning or balecony as mentianed in {13}, in the case of no wall above the

window or g > 1,25 w. the height and hotizontal projection of the {lame should be modified a5 follows:

— theflame haight L givenin (3} ‘s decreascd by Wy,

increased by WY,

B.4.2 Forced draught

(1) The rate of burning or the rate of heat release is given by,

the horizontal projection of the flame Ly, ebtained in (&) with the above mentioned value of L is

Q= (A i) I T [MW] (B.15)
{2} The temperature of the firg compartment is givoen by
By To=1200(1-8" 50y 4 T, @] (E.19)
{3) The flame height {s=e Figure B.4) is given by:
4 M43 K
g (B.20)

»

(L - 1,366[;- | i - Ry,
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MCTE With u= 6 nus, L - 0628 Q7 Al® -y,

-F?nn
-"-‘ﬁq
o
:
horizantal cross section vertical cross section
W= w + 0.4 1L =it %+ L5

Figure B.4 — Flame dimensicns, through or forged draught

(4} The horizontal prejection of flames is given by
L= G805 [ 17 fag 1552 (L + By

[

NOTE VAt L= 6 mis, L — 1,33 (L + feg ) ¢ Peq

(5} The flame wizth is given by:

w— g +04 L,

(6} The flame length along axis is given by:

B=(L%+ 0,51

(7} The flame temperature at the window i5 given by:

Te=5207(1- 03325 L A2 0 O + Te K]
with £ (A} Q=1

{8) The emissivity of fames at the window may bs taken as ¢, = 1,0

El

i3 The flame temperature along the axis is given by

i L, (A"
T, = 1—0,3325% (Te —Tol+ T, (K]
where
L, is the axis length from the window to the point whare the calculation is made

38

(B.21}

(B.22}

(B.23)

(B.24)

(B.25)



BS EN 1941-1-2:2002
EN 1991-1-2:2002 {E}

{10} The emissivity of flames may be taken as;

i 8

g=1-¢e {B.26)
whiere ok is the flame thickness [m]

{11} The convective heat transfer caefficient is given by

o= 98111 dg )™ [ QU175 A+ w16 )°F (B.27)

MOTE With w = 6 m's the convective heal fransfer coefficient is given by
Gre = B8 ( Ve 1™ 0 QIAT.BA, 1+ 3,75 157

{12} Regarding the effects of balconies or awnings, see Figure B.S, the flame drajectory, aftor being
deflacted horizontally by a balcany or awning, is the same as befora, te. displaced oubwards by the depth
af the balzeny, hut with a flame length & unchangad.

ab =1, abo— L
Key
1 Awvniing
vertical cross section vertical cross section

Figure B.5 — Deflection of flame by awning

B.5 Overall configuration factors

(1) The overall configuration factar &y of 2 member for radiative heat transfer from an opening should be
dedermined from:

P _ (Crepiat Caraid: +{Cadhz+ Ge el dz B.28)
(C1+C?\Jdl+[c:3 gk

whare
@, s the configuration factor of member face | for that opening, sce annex G;
of i the cross-sectional dimensicn of member face i ;

& is the proteciion coefficiant of member face i as follows,
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- for a protected face: C -1
- for an unprotected face: © = 1

{#1 The configuration factor ¢%; for & member face fram which the opening is not visble should be taken
Qs Fers,

{3) The overall configuration factor &, of a member for radiative heat transfer frem a flame should be
determined from:

& _ B+ Gl g H(Cs s+ Cr Daal O (B.29)
Z [‘,C.-E-C?:' d1+fc:i+C1]d? |

where

o is the configuratien factor of merber face i for that flame, see anneyx G.
(4] The contiguration factars &%; of individual member faces for radiative heat transfer from flames may be
based on equivalent rectangular lame dimensions. The dimansions and locations of equivalent rectangles

representing the front and sides of a flame for this purpose should be determined as given in annex G,
Far all gther purpases, the flame dimensions given in B.4 of this annex should ke usead.
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Annex C
(informative)

Localised fires

{11 The thermal action of a localised fire can be assessed by using the expression given in this annex.
Differences have to be made regarding the relative height of the flama to the ceiling,

{2} The heat flux from a localised fire to 2 structural element should be calculated with expressian (3.1},
and based on a configuration factor established according to annex G.

(3} The flame lengths L: of a localised fire (sae Figure G} s given by
L =—102 D+ 00148 @*° [1m1] (.1

(4} When the flamea is nol impacting the ceiling of 2 compartment {4, < H; see Figure G.1) or in case of fire
in apan air, the temperatura &, in the plumea along the symetrical vertical flame axis is given by:

B =201 0250537 7,3 ¥ 2 900 [*C] .2l
where

0 s the diameter of the fire [, see Figurs A

Q iz the rate of heat release [W) of the fire according to E.4

Q. Is the convective part of the rate of heat releaze [W], with Q. = 0.8 O by default

z g the height [m] along the flame axis, see Figure G.1

H isthe distance [m] between the fire source and the ceiling, see Figure C.1

Mame axis |
////////////////////{////////////////////

Figure C.1
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(53 The virtual origin z; of the axis iz given by
Zy——102 D+ 000524 FF° [m] (C.3)

(6] When the flame s impacting he cafing (L = H; see Figure C.2) the heat flux £ W/m?] raceived by the
fire exposed unit surface area at the level of the ceiling is olven by:

1= 100 000 if y< 030
=136 300 10 121 000 y fOa0<y<10 (T
fr =15 000 y*7 if vz 1.0
whera
r+H+z

is a paramster [-] given by y= —
¥ p [-1g VY 3
r iz the horizontal distance [m)] between the vortical axis of the fire and the point along the cailing where
the thermal flux is calculated. see Figure ©.2

H is the distance [m] between the lire source and the ceiling, see Figure C.2

bl 1
larme axls i ‘.
-»— [
(PR
LA LR RIS A PP d S £ /////.}"// LR P P SR ROl b AP
i H
i

N7

FEF PR 8 AT AL Er

Figure C.2
(71 Lp is the horizontal lame length (see Figure G.21 given by the following relalicn:
Lo=129 B @)% - H [m] (C5)
(8) @, is a non-dimensicnal rate of heat release given by:
Q- G111 10% 5o [-] (C &)
(4] 7 is the verlical position of the virtual heat source [m] and is given by

2‘—2,41}[&;?”" —E’F}z"j] when G, <10 (C.7]
7=24000-G5""") when @) =10

where
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GL—-Q7 (111108 02 B (S8}

{14 The net heat lux Fl et rEceived by the fire exposed unit surface area at the level of the ceiling, 15 given
by :

A= Fio=tee (G- 200 - b o 5 0 [ 60 + 2737% - (283)°] (.9}
where the various coefficients depend on exprassions (5.2, (3.3) and {C.4).

{11} The sules given in (3) to {10} inclusive are valid if the fnllowing conditions are met:

— the diameter of the fire is limited by D =10 m;

- the rate of heat release of the fire is limited by Q = 50 MW,

{12} In case of several separate localised fires, expression (C.4) may be used in order to get the different

individual heat fluxes hy, Py . . . received by the fire exposed unit sudace area at the level of the ceiling.
The tolal heat flux may be taken as:

fla= A1+ Fip.2 100 000 [W/m?] (C.10}
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Annex D
{informative)

Advanced fire models

DA  One-zone models

11 A ane-zene medoel should apply Tor pos-llashover condilions. Homogeneous temperature, density,
internal energy and pressure of the gas are assumed in the compartment.

(2] The temperature should be calculated considering:
— the resclution of mass conservation and energy conseration equations;

— the exchange of mass between the internal gas, the external gas {through openings) and the fire
ipyrolysis rated:

ihe exchangs of energy between the fire, internal gas. walls and cpenings.
{3) The ideal gas law considercd is
P =y H Ty [M/m2] (Dn1]
i) The miasz balance of the cempartment gases is written ag

am

at =my,, Mm,,+m, [kgis] (M=
whiere
% iz the rate of change of gas mass in the fire compatment
fho iz the rate of gas mass going cut through the apanings
M- i the rate of gas mass coming in through the openings
il is the rale of pyrolysis products generated

%) The rate of change of gas mass and the rate of pyrolysis may he neglected, Thus

|’F'i‘]ir' = |lF'i‘]n_'-.ll (D3]

These mass Tlows may be calculated basad on static pressure due to density differences befween air at
ambient and high terperatures, respectively.

i&) The energy balance of the gases in the fire compartment may he taken as:

dE.
Ditg =@ - Q- Q= ey — Vg [¥] {0.4)

where
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E. i5 the internal energy of gas L]

i is the rate of heat release of the fire W]

Chin = M6 T

Gy = W € T

Q.. = (4 - Ay Fine + 15 the loss of energy to the enclasure surfaces
Gy o T, is the loss of energy by radiation through the openings
with:

o is the specific heat [bek]
e is given by expression (3.1

m is he gas mass rate [kgis]

T i5 the temperature [K]

D.2 Two-zone models

{17 A twa-zone model is based on the azsumplien of accumulation of combustion products in o layer
beneath the ewiling, with a horizontal interface. Different zones are defined: the upper laver, the lower
layor, the fire and its plume, the extornal gas and walls.

{2) In the upper layer, uniform characterislics of the gas may be assumed.

{3) The cxchanges of mass, energy and chomical substance may be calculated betweon thoese different
70Nes,

(4} In a given fire campartment with a uniformly distributed fire laad, a two-zone fire model may develop
into a one-zone fire in ene of the following situations:

— i the gas temperature of the upper layer gets higher than 500 °C,

— it the upper layar is growing so to cover 80% of the compartment height.

0.3 Computational fluid dynamic models

{1y A cornputational fluid dynamic madel may be used to solve numerically the partial differential equations
giving, in all points of the comparlment, the therma-dynamic and aero-dynamic variables.

MOTE  Computational fluid dyramic medels, ar CFD. analyse systoms invelving fluid flow, heat transfer and
associaled phenomena by salving the fundamental equations of the fluid flow, These equations represcnt the
mathemahcal statcments of the conservation laws of physics;

—  the mass of a fluid iz conserved,

the rate of change of momentum cquals the sum of the furces on a fluid pardiclc (Newton's second law];

— therae of change of enorgy is equal o the sum of the rate of heat increasc and the rate of work done on
a fluid particle (firat tave of thermodynamics),
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E.1 General

Annex E
(infarmative)

Fire load densities

(1) Tha fire load density used in calculalions should be a design value, either kased on meagurements or
in special cases based on fire resistance reguirements given in national regulations,

{21 The design value may be determingd:

— from a naticnal fire load classification of occupancies; andior

specific for an individual project by performing a fire load survey.

{3) The design value of the fire load gy, is defined as:

Q= = G - T 5q| : i'-}-‘:‘12 - dr (M7 (E.1)
where
m is the combustion factor (see E.3}
g i a fagtor taking nto account the fire activation risk due to the size of the
compartment (see Table E1)
iy is a factor taking into account the fire activation risk duc to the type of
occupancy (see Table ELT)
. o is & factor taking inte account the different active fire fighting measures |
d, =118, {sprinkler, detection, automatic alarm transmission, firemen ) These active
=1 measurgs arg generally imposed for life safety reason (sze Table E.2 and
clauses (4) and [3)).
Qi iz the characteristic fire load density per unit lloor area  [MJ/mé]
[seefi Table E.4}
Table E.1 — Factors 84 , 8,2
Danger of Canger of Examples
115;";’:::;"?;22] Fire Activation Fire Activation of
f am B2 Occupancies
rtgallery, .
25 1,10 0,78 awmming pog
offices rosldemce, hotel,
250 1,50 1,00 paper industry
ui 1 hirery
2 500 1,90 1,22 ;‘ir,}.gii:;w o Mastineny
chemical labaratory.
5 000 200 1,44 painting work,ahcpy
10 000 2,13 1,66 oty of frewarks
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§ni Funetion of Active Fire Fighting Measures
Automatic Fire Suppression Automatic Fire Detection Manual Fire Suppression
Automatic  |Independent | Automatic fire | Automatic Whar k Oft Site | Safe Fire Smoke
Water Water Detection Alarm Fire Fire Access | Fighting | Exhaust
Extinguizhing| Supplies & Alarm Transmiszion | Brigade | Brigade | Routes | Devicas | System
System by by to
" | | | 2 | Heat  Smoke Fire Brigade
Em Eni an:i En-'-'l Enﬁ 5nE I'Sn? 5na 5na ﬁn 10
0% ar
0,61 11U|G.BT|D,? 0,87 or 0,73 087 061 or 078 of 1.5 10601510015

{4) For tha norma fire fighting measures, which should almost always be present, such as the safe
access routes, fire fighting devices, and smoke exhaust systems it staircases, the &, values of Table E.2
should be taken as 1.0, However, if these firg fighting rmeasures have not been foreseen, the
carrespending 8. value should be taken as 1.5,

{S) If staircases are put under overpressure in case of fire alarm, the factor 8,4 of Table E.2 may be taken
as 0,9

i8) The preceding approach is hased on the assumption that the requiremants in the relevant European
Standards on sprinklers, detoction, alarm. smoke exhaust systems are met, see also 1.3, However |oocal

cireumslances may influence the numbers given in Table E.2. Reference is made to the Background
Document CEMTC250/5C1/MN300A,

E.2 Deastermination of fire load densities

E.21 {General

(13 The fire load shauld consist of all combustible bulding contents and the relevant combuslitzle parts of
the censtruction, including linings and finishings. Combustitle parts of the combustion which do not char
during the fire need not to be laken inte ascount,

(2} The following clauses apply for the determination of fire load densities.

— fram a fire load classi#ication of cccupancies {see E.2.5); andfor

— specific for an individual project {see E.2.5).

(31 Where fire load densities are determined from a fire load classification of occupancies. fire loads are
distinguished as:

fire Inads fram the cccupancy, given by the classification;

- fire leads from the building [construction elements, linings and finishings) which are generally not
included in the classification and are then determined ancording to the following clauses, as relevant.

E.2.2 Definitions
{1) Thao eharactenstic fire load is defined as;
Chz=Z M- Hu- 7 =Z Q.

(hdd] (E.2)

whera
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M., is the amount of combustible material [kgl, according ta (3] and (4]
Hi is the net calarific value [MJ/ky), soo (E.2.4)
[¥] s the optional factor for assossing pratected fire loads, soc (E.2.3)

(2% The characteristic fire load density gy, per unit area is defined as:

G = (i /A [rdim] (E.3)
where
A is the Aoor area (A) of the fire compartment or reference space, or inner surface area (A of the fire

compartment, qiving g, or gy

(3} Permanent fire loads, which are not expected to vany during the service life of a structure, should be
introdused by their expected valoes resulting [rem the sunvey.

(4} Wariable fire Inads, which may wary during the senvice life of a structure, should be represented by
values, which arc expected not to be exceeded during 80 % of trme.

E.2.3 Protected fire loads
{11 Fire loads in containments which are designed 1o survive fire exposure need not be considered.

{21 Fire loads in norq-combustile containrents with ne specific fire design, but which remain infact during
fire cxposure, may be considercd as follows:

The largest fire load, but at least 10 % of the protectad fire lnads, is associated with 5= 1,0

if this firc load plus the unprotected fire loads are not sufficient to heat the remaining protected fire loads
beyond ignition temperature, then the remaining protectad fire lcads may be assosiated with 44 =0.0.

Otherwise, ¥ values nead to be assessed individually.,

E.2.4 Met calorific values
{11 Met calorific values should be determinad according ta EN [50 17162002

(2! The moisture contant of materials may be laken into ageount as follpws:

H,=Ha(1-001 ) -0025u (M Aeg] {E.4}
whore
u is the moisture contant exprossed as percentage of dry weight

Hyp o is the net calorific valua of dry materials

{31 Wot calorific values of some solids, liguids and gases are given in Table E.3.
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Table E.3 — Net calorific values H [M.Jfkg] of combustible materials for calculation of fire loads

Solids
W nod 17.5
Other cellulosic materials 20
«  Clothes
«  Cork
= Cotton
v  Paper. cardboard
= Silk
e Straw
«  Wool
Carbon 30
v Anthracit
« Charcoal
LYt
Chemicals
Paraffin saries S0
»  Methane
+ FEthane
+« Propans
+  Butane
Olefin serizs 45
+ Ethylene
«  Propylen
« Butene
Arotnatic series 40
+ Benzene
«  Tolugnes _
Alcohols 30
«  Methanal
=« Ethanci
= Ethyl aleahal ]
Fuels 45
»  (Gasoline, petroleunn
s+ lliesel ]
Fu re hydrocarbons plastics 40
s Paolyethylens
s+ Polystyrene
+  Folypropylens
Other preducts
ABS [plastic) 25
Falyester {plastic) 30
Palyisooyangrat and polyurethane (plastics) 25
FPohrvinylchloride, PYG {plastic) 20
Bitumen, asphalt 40
Leather 20
Linaleum 20
Huhber tyrs 30
MOTE The values given in this tahle are not applicable for calculating
energy content of fuels,
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E.25 Fire lpad classification of accupancies

{1) The fire Ipad densities should be ¢lagsiied according fo accupancy, be related to the floar area, and be
used as characteristic fire load densities ¢, [MJ/m®]. a5 given in Table E.4.

Table E.4 — Fire load densitiag g, [MJim?] for different occupancies

Ccoupanay Average 80%: Fractile
Dwelling TBO 844
Hospital (rocm) 230 280
Hetel [room’ 30 77
Library 1500 1 824
Office 420 511
Classroom of a schaal F85 247
Shopping centro 600 730
Theatre {sinama) A00 365
Transport {public space) 140 173
MOTE Gumlbel distributicn is arsumed for the 80 2% fractile.

(@} The values of the fire load density o given in Table E.4 are valid in case of a factor .. equalto 1,0
{see Table E.1).

{31 The fire loads in Table E.4 are valid lor ordinary compartmants in cennection with the here given
oocoupancies. Special rooms are conz/derod according o E.2.2.

4y Fire lnads lrom the building (construction elements, linings and finishings) should be determined
aceording to E2.2. These shauld be added to the fire koad densities of (11 if relevant.

E.26 Individual assessment of fire load densities

{11 In the absence ol occupancy classes, fire load densitios may be spocifically determinad far an
individual project by performing a survoy of fire loads frem the ccocupangy,

{2) The fire Inads and their logal arrangement should b estimated considering tho intended uso,
furnishing and installations, variations with time. unfavourable trends and possicle modifications of
oocupany,

(3) Where avalable, a survey should be performed in a comparable existing project, such that only
possible differences between tho intended and existing preject need to be specified by the cliant.

E.3 Combustion behaviour

{11 The combustion behaviour should ke censidered in function of the qoeupancy and of the type of fire
load.

(2} Far mainly cellulosic materials, the conibustion factor may be assumed as = 0,8.
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E.4 Hate of heat release Q@

(13 The growing phase may be definad by the expression:

a 108 ! IE.5)

L ta )

&

whera

Q is the rate of heat release in [W]

¢ is the time in [s]

f. is the time needed to reach a rate of heat releass of 1 MW.

{Z) The parameter t, and the maximum rate of heat release BHA) | for diffarent accupancies, are given in
Table E.5

Tahie E.5 — Fire growth rate and RAR; for different occupancies

Max Hate of heat release AHA
Ccocupanay Fire growth rate t. [5] AHA (KWW
Crwelling Weadinm 300 250
Hosp tal [roorn) Medium 300 250
Hotel {room) fedium 300 250
Library Fast 150 s00
Oiffice Medium 360 250
Classroom of a schaal Meadium 300 250
Shopping centre Fast 140 250
Theatra (cinema) Fast 160 500
Transpert [public space} Slow &0 250

f3] The values of the fire growth rate and AHM according to Table E.5 are valid in case of a facter d,s
equal ta 1,0 (see Table EA).

i4) For an ultra-fast fire spread, &, corresponds to 75 s,

{8) The growing phase is limited by an horizontal plateau carresponding o the stationnary state and to a
vahie of Q given by (AHR- - A,)

wheara

A, iz lhe maximum area of the fire [me] which is the fire compartmenl in case of uniformly distributed
fire load but whizh may be smaller in case of a localised fire.

FHA s the maximum rate of heat release produced by 1 m* of fire in case of fuel controlled conditions
[ki/m*] (see Table E.5.

(8) The horizontal plateau is limited by the decay phase which stats when 70 % of the total fire load has
been consurmed.

(7} The decay phase may be assumed to be a linear decreases starting when 70 % of the fire load has
baen bumt and completed when the fire load has been completely burnt.
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(B) If the fire i3 wentilation controlled, this plateau level has to be reduced following the available cxygen
content, either autormatically in case of the use of & computer program based on onc zone model ar by the
simplified expression;

Qe = 010-m-H, - A, [y (MW (E.6)

whera

A, isthe opening area [m°]

fq  is the mean height of the openings [im]

H. is the net calorific value of woed with H, — 17,5 MJ/kg

m ig the combustion factar with m = 0,8

{21 When the maximuim level of the rate of heat release is reduced in case of venlilation controlled
condition, the curve of the rate of heat release has to be extended to carrespond to the available enangy

given by the fire load. If the curve is not extended, it is then assumed that there Iz external buring, which
induces a lower gas temperature in the compartment.
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Annex F
(informative)

Equivalent time of fire exposure

(1) The following approach may be used where the design of members is based on tabulated data or
nther simplified rules, related to the standard fire exposurs,

MOTE  The moethad given in this annex is matenal dependent, |t is not applicable 1o composite steel and concrate
wr timbear constructions.

{2] If fire load densities are specified withaut specific consideration of the combustion behaviour {see
annex EY, then this approach shauld be limited to fire compartments with mainly cellulosic tee fire loads.

(4} The equivalent time of standard fire exposura is defined by:

fad = (e Ko-wa) K oor

fa (e ko) K [rmin] (F1}
whers

g 15 the dasigndire load density acenrding to annex E, whereby gig — Gq- A7 A

f. is the conversion factor according to {4)

14 is Lhe ventilation factor according to (5}, whereby wi— w47 4

K. is the carrection facter function of the material composing structural cross-sections and defined in
Table F.1.

Tahle F.1 — Correction factor k. in order to cover varicus materials.
{0 is the opening factor defined in annex A}

Cross-section material Correction factor k.
Reinforced cancrete 1,0
Protected stee 1.0
Mot protected steal 137 -0

{4} Where no detailad assessment of the thermal properties of the enclosure is made, the converstan
factor k. may be taken as:

b, = 0.07 [rrin - rn®thd.] whan gy is given in [MJm?] iF.2)
ctherwise k, may be related to the thermal property b= JJ(pcA) of the enclosure according to Table F.2.

For determining b {or mullipie layers of material or different materials in walls, floar, ceiling, see annex A
(&} and {B).
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Table F.2 — Conversion factor &, depending on the thermal preperties of the enclosure

b Jped Ko
[imPs"4K] [miin - ]
b= 2500 0,04
7205 <2 500 0,055
h =720 007

(5] The ventilation factor w may be calcolated as:
w= [ 6.0/ H)" 0,62~ 80(0,4 - o) i (1~ b )] 20,5 [-] (F.3)
where

o= A48 s the arsa of vedical openings in the fagade (A} related to the flour area of the
aompartment (A whore the limit 0025 £ o = 0,25 should be chsorvoed

i, = A4 05 the area of harizontal epenings in the roof {4 related to the fluer arca of the
compartrment (4:)

Bo—12501 =100 - 12 10,0
H i5 the height of the fire compartment [m]

For small fire compartmeants [A: < 100 mu] without opsnings in the roof, the factor wy may also be
calculated as:

wi= O 40 A (F.4]
whero

8 is the cpening factor according o annex A

{F] It shall be verified that:

feun =2 i (F.5)
where

a4 Isthe design value of the standard fire res'stance of the memaers, assessed according to the fire
Farts of prEM 1982 to prEN 18596 and prEM 1958,
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Anmnex G
(informative)

Configuration factor

G.1 General
(1) The cenfiguration factor @ is defined in 1.5.4.1, whigh in a mathematical form is given by:

00s B cas oy dA
. H

=
T2

ARy = G1)

The configuraticn facter measures the fraction of Ihe tolal radiative heat leaving a given radiating surface
that arrives at a given receiving surface. Its value depends on the size of the radiating sudace, on he
distance from the radiating surface to the receiving surface and on their relative orientation (see
Figure G.1).

Figure (3.1 — Radiative heat transfer between two infinitesimal surface areas

(2] In cases where the radiator has uniform temperature and crmissivity, the definition can be simplified to
“the solid angle within which the radiating envircnment can be seen from a particular infinitesimal suface
ared, divided by 237

{31 The radiative heat Iranster to an infintesimal area of a convex member surface s determined by the
position and the size of the fire only (position effect).

(4} The radiative heat transtar v an infinilesimal area of a cengave member surace is dotermined by the
position and the size of the fire {position effect) as well as by the radiation from other parts of the member
[shadow effects).
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i3] Upper limits for the configuration factar d» are given in Tabla G.1.

Table G.1 — Limits for configuration factor @

Localized Fully developed
position effact ofh @ =1
shadow effect  i-e-eem Conves . e P=1 SR T e=1

: Concave frz W=

(5.2 Shadow effects

(1) Specific rules for quantifying the shadow elfect are given in the material orientated parns of the
Euracodas.

G.3 External members

(1} Far the calculation of temperatures in external members. all radiating sufaces may be assumed to be
rectangular in shape. They comprise the windows and other openings in fire compartment walls and the
eguivalent rectangular surfaces of flameas, see annex B,

{2] In calculating the configuratian facter for a given situation, a rectangular envelape should first be drawn
arcng the cross-section of the metnber receiving the radiative heat transfer, as indicated in Figure 3.2
{This accounts for the shadow effect in an approximate wayl, The valus of & should then be determined
for the mid-point I of 2ach face of this rectangle.

{3 Thoe conliguration factor for each receiving surface should be determined as the sum of the
contributions from each of the zones an the radiating surface (normally four) that are visible from the point
F on the receiving surface. as indicated in Figuras G.3 and G.4. These 7zones should be dafined relative
to the point ¥ where a hari-antal line perpendicular to the receiving surface moects the plane containing the
radiating surface. Mo contribution should be taken from zones that are not visible from the point P, such as
the shaded zones in Figure G.4.

(43 I the paint X lies outside the radialing sface, the effective configuration factor should be determined
by adding the contributions of the twe rectanglos extending from X to the father side of the radiating
surface, then subtracting the contributions of the two rectangles extending from X to the nearer side of the
radiating surfacao.

{5 The contribution of each zone should be determined as follows;

Key
1 Erwvelope

Figure G.2 — Envelope of receiving surfaces
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whera
a — his
b = wis
s s the distance from P to X;
b is the height of the zone on the radiating surface;
w o is tho width of that zone.
bl receiving surface perpendicular to radiating surface:
1 1 a7
& =  —|tan(a) - soalan T —— (=3
2n b2 [H+p?PT
o) receiving surface in a plane at an angle @ to the radiating surface:
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Key
a Radiating surface
b Aeceiving surface

Figure 5.3 — Hecaiving surface in a plane parallel to that of the radiating surface
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Key
a Hadiating surace
b Heceiving surface
Figure G.4 — Receiving surface perpendicular to the plane of the radiating surface

Key
1 Radiating surface
2 Beceving surface
Figure (3.5 — Receiving surface in a plane at an angle 81to that of the radiating surface
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