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Foreword 

This Europcan Standard EN 1993, EUfocode 3: Design of steel structurcs, has been prepared by Technical 
Committee CEN/TC250 « Structural Eurocodes », the Secretariat of which is held by BSI. CEN/TC250 is 
responsible for all Structural Eurocodcs. 

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text or by endorsement, at the latest by October 2005, and cont1icting National Standards shall bc withdrawn at 
latest by March 20 10. 

This Eurocode supersedcs ENV 1993-1-2. 

According to thc CEN-CENELEC Intcrnal Regulations, the National Standard Organizations of thc 
following countries are bound to implement these European Standard: Austria, Belgium, Cyprus, Czech 
Republic, Dcnmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ircland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Nethcrlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Swedcn, 
Switzerland and United Kingdom. 

Background to the Eurocode programme 

In 1975, the Commission of thc European Community decided on an action programme in the field of 
construction, based on article 95 of the Treaty. The objective of the programme was the elimination of 
technical obstacles to trade and the harmonization of tcchnical specifications. 

Within this action programme, thc Commission took the initiative to establish a set of harmonized technical 
rules for the design of construction works which, in a first stage, would servc as an alternative to the national 
rules in force in thc l\1ember States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Membcr 
States, conducted the developmcnt of the Eurocodes programme, which led to thc first generation of 
Europcan codes in thc 1980s. 

In 1989, the Commission and the l\1ember Statcs of the EU and EFTA decided, on the basis of an agreement! 
bctwecn the Commission and to transfer the preparation and the publication of the Eurocodes to CEN 
through a series of Mandates, in order to provide them with a future status of European Standard (EN). This 
links de facto thc Eurocodes with the provisions of all the Council's Directives and/or Commission's 
Decisions dealing with European standards (e.g. the Council Directive 89/1 06/EEC on constl1Jction products 
- CPD - and Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and 
equivalent EFTA Directives initiated in pursuit of setting up the internal market). 

The Stmcturai Eurocode programme comprises the following standards generally consisting of a number of 
Parts: 

EN 1990 
EN 1991 
EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocodc 0: 
Eurocode 1: 
Eurocodc 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Basis of Structural Design 
Actions on structurcs 
Design of concrcte stmctures 
Design of stecl stmctures 
Design of composite steel and concrete structures 
Design of timber stmctures 
Design of masonry stmctures 
Geotechnical design 
Design of stmctures for earthquake resistance 
Design of aluminium structurcs 

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89). 
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Eurocode standards recognize the responsibility of regulatory authorities in each Member State and have 
safeguarded their right to determine values related to regulatOlY matters at national level where these 
continue to ValY from State to State. 

Status and field of application of eurocodes 

The Member States of the EU and EFTA '·Ot"An,-.VJ'(,' that Eurocodes serve as reference documents for the 
following purposes: 

as a means to prove compliance of building and civil engineering works with the essential requirements 
of Council Directive particularly Essential Requirement N° I I'v1ccbanical resistance and 
stability and Essential Requirement N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering 

as a framework for drawing up harmonized technical specifications for construction products (ENs and 
ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with the 
Interpretative Documents2 referred to in Article 12 of the CPD, although they are of a different nature from 
harmonized product standards3

• Therefore, technical aspects arising from the Eurocodcs work need to bc 
adequately considered by CEN Technical Committees and/or EOTA Working Groups working on product 
standards with a view to achieving full compatibility of these technical specifications with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use 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 be 
required by the designer in such cases. 

National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including any 
annexes), as published by CEN, which may be preceded by a National title page and National foreword, and 
may be followed by a National annex. 

The National annex may only contain information on those parameters which are left open in the Eurocode 
for national choice, known as Nationally Determined Parameters, to be used for the design of buildings and 
civil works to be constructed in the country concerned, i.e. : 

values and/or classes where alternatives arc given in the Eurocode, 
values to be used where a symbol only is given in the Eurocode, 
country data (geographical, climatic, etc.), e.g. snow map, 

the procedure to be used where alternative procedures are given in the Eurocode. 
It may contain 

decisions on the application of informative annexes, 
references to non-contradictory complementary information to assist the user to apply the Eurocodc. 

2 According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for the 
creation of the necessary links between the essential requirements and the mandates for harmonized ENs and ET AGs/ET As. 

According to Art. 12 of the CPO the interpretative documents shall: 
a) give concrete form to the essential requirements by harmonizing the terminology and the technical bases and indicating classes or levels for each 

requirement where 
b) indicate methods these classes or levels of requirement with the technical methods or ccllcubtion and of proof, 

technical rules for etc, ; 
c) serve as a rcfercnce eSI[lbJI:;1111"lcnt of harmonized standards nnd guidelines lor European technical 8pprovals. 

The Eurocodes, delacto, play simi lar role in the ficld or the ER I and a part of ER 
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Links between Eurocodes and harmonized technical specifications (ENs and ETAs) for 
products 

There is a need for consistency between the harmonized technical specifications for construction products 
and thc tcchnical rulcs for \vorks-+. Furthermore, all the information accompanying the CEMarking of the 
construction products \vhich refer to Eurocodes should clearly mention which Nationally Detel111ined 
Parametcrs have been taken into account. 

Additional information specific to EN 1993-1-2 

EN 1993-) -2 describes the principles, requirements and rules for the structural design of steel buildings 
exposed to fire, including the following aspects. 

Safety requirements 

EN 1993-1-2 is intended for clients (e.g. for the formulation of their specific requirements), designers, 
contractors and relevant authorities. 

The general objectives of fire protection are to limit risks with respect to the individual and society, 
neighbouring property, and where required, environment or directly exposed property, in the case of fire. 

Construction Products Directive 8911 06/EEC gives the following essential requirement for the limitation of 
fire risks: 

"The construction works must be designed and build in such a way, that in the event of an outbreak of fire 

the load bearing resistance of the construction can be assumed for 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 limited 
the occupants can leave the works or can be rescued by other means 
the safety of rescue teams is taken into consideration". 

According to the Interpretative Document N° 2 "Safety in case of fire" the essential requirement may be 
observed by following various possibilities for fire safety strategies prevailing in the Member States like 
conventional 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 fire protection in terms of 
designing structures and parts thereof for adequate load bearing resistance and for limiting fire spread as 
relevant. 

Required functions and levels of performance can be specified either in terms of nominal (standard) fire 
resistance rating, generally given in national fire regulations or by rcferring to fire safety engineering for 
assessing passive and active measures. 

Supplementary requirements concerning~ for example 

the possible installation and maintenance of sprinkler systems, 
conditions on occupancy of building or fire compartment, 
the use of approved insulation and coating materials, including their maintenance, 

are not given in this document, because they are subject to specification by the competent authority. 

Numerical values for partial factors and other reliability elements are given as recommended values that 
provide an acceptable level of reliability. They have been selected assuming that an appropriate level of 
workmanship and of quality management applies. 

4 sec Art.3.3 and Arl.l2 of the CPO, as well as clauses 4.2, 4.3.1, 4,J.2 and 5.2 orIO I. 
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A full analytical procedure for structural fire design would take into account the behaviour of the structural 
at elevated temperatures, the potential heat exposure and the beneficial effects of active and passive 

fire protection systems, together with the uncertainties associated with these three features and the 
importancc of the structure (consequences of failure). 

At the present time it is possible to undertake a procedure for determining adequate performancc which 
incorporates some, if not all, of these parameters and to demonstrate that the structure, or its components, 
will give adequate performance in a real building fire. However, where the procedure is based on a nominal 
(standard) fire the classification system, which calJs for specific periods of fire resistance, takes illto account 
(though not explicitly), the features and uncertainties described above. 

Application of this Part 1-2 is illustrated in Figure 1. The prescriptive approach and the performance-based 
approach are identified. The prescriptive approach uses nominal fires to thermal actions. The 
performance-based approach, using fire safety engineering, refers to thermal actions based on physical and 
chemical parameters. 

For design according to this part, EN 1991-1-2 is required for the determination of thermal and mechanical 
actions to the structure. 

Design aids 

Where simple calculation models are not available, the Eurocode fire parts give design solutions in terms of 
tabulated data (based on tests or advanced calculation models), which may be used within the specified limits 
of validity. 

It is expected, that design aids based on the calculation models given in EN 1993-]-2, will be prepared by 
interested external organizations. 

The main text of EN 1993-1-2 together with normative Annexes includes most of the principal concepts and 
mles necessary for structural fire design of steel structures. 

National Annex for EN 1993-1-2 

This standard gives altemative procedures, values and recommendations for classes with notes indicating 
where national choices may have to be made. Therefore the National Standard implementing EN 1993-1-2 
should have a National annex containing all Nationally Determined Parameters to be used for the design of 
steel structures to be constmcted in the relevant countly. 

National choice is allowed in EN 1993-1-2 through paragraphs: 

2.3 (1) 
2.3 (2) 
4.1 (2) 
4.2.3.6 (1) 
4.2.4 (2) 

7 
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1. General 

1.1 Scope 

1.1.1 Scope of EN 1993 
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(l) EN 1993 applies to the design of buildings and civil engineering works in steel. It complies with the 
principles and requirements for the safety and serviceability of structures, the basis of their design and 
verification that are given in EN 1990 Basis of structural design. 

(2) EN 1993 is only concerned with requirements for resistance, serviceability, durability and fire 
resistance of steel stmctures. Other requirements, e.g concerning thermal or sound insulation, are not 
considered. 

(3) EN 1993 is intended to be used in conjunction with: 

EN 1990 "Basis of structural design" 

EN 1991 "Actions on stmctures" 

hEN's for construction products relevant for steel structures 

EN 1090 "Execution of steel structures" 

EN 1998 
regions 

of structures for earthquake resistance", where steel structures are built in seismic 

(4) EN 1993 is subdivided in six parts: 

EN 1993-1 

EN 1993-2 

EN 1993-3 

EN 1993-4 

EN 1993-5 

EN 1993-6 

Design of Steel Structures: Generic rules. 

Design of Steel Structures: Steel bridges. 

of Steel Structures: Towers, masts and chimneys. 

of Steel Structures: Silos, tanks and pipelines. 

of Steel Structures: Piling. 

Design of Steel Structures: Crane supporting structures. 

1.1.2 Scope of EN 1993-1-2 

(1) EN 1993-1-2 deals with the design of steel structures for the accidental situation of fire exposure and is 
intended to be used in conjunction with EN 1993-1-1 and EN 1991-1-2. EN 1993-1-2 only identifies 
differences from, or supplements to, n01111al temperature design. 

(2) EN 1993-1-2 deals only \\lith passive methods of fire protection. 

(3) EN 1993-1-2 applies to steel structures that are required to fulfil this load bearing function if exposed to 
fire, in terms of avoiding premature collapse of the stmcture. 

NOTE: This part does not include rules for separating elements. 

(4) EN 1993-1-2 gives principles and application rules for designing stmctures for specificd requirements 
in respect of the load bearing function and the levels of performance. 

(5) EN 1993-1-2 applies to structures, or parts of structures, that are within the scope oLEN 1993-1 and are 
designed accordingly. 
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(6) The methods given are applicable to structural steel grades S235, S275, S420 and S460 of 
EN 10025 and all of EN 10210 and EN 10219. 

(7) The methods given are also applicable to cold-formed steel members and sheeting within the scope of 
EN 1993-1-3. 

(8) The methods given are applicable to any steel gradc for w'hich material properties at elevated 
temperatures arc available, based on harmonized European standards. 

(9) The methods given arc also applicable stainless steel members and sheeting within the scope of EN 
1993-1-4. 

NOTE: For the fire resistance of composite steel and concrete structures, see EN 1994-1-2. 

1.2 Normative references 

(l) This Europcan Standard incorporatcs by dated or undated reference, provIsIOns from other 
publications. These normative references arc 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 these publications 
apply to this European Standard only when incorporated in it by amendment or revision. For undated 
references the latest edition of the publication refcrred to applies (including amendments). 

EN 10025 Hot rolled products of structural steels; 

[§) Text deleted 

EN 10210 

Part I: 

EN 10219 

Part 1: 

EN 1363 

EN 13501 

Part 2 

ENV 13381 

Part 1: 

Part 2 

Part 4: 

EN 1990 

EN 1991 

Part 1-2: 

EN 1993 

Part 1-1: 

Part 1-3: 

Part 1-4: 

Pm1 }-8: 

EN ]994 

Part 1-2: 

ISO 1000 

10 

Hot finished structural hollow sections of non-alloy and fine grain structural steels: 

Technical delivelY conditions; 

Cold formed welded structural hollow sections of non-alloy and fine grain structural 
steels: 

Technical deliverv 

Fire resistance: General requirements; 

Fire classification of construction products and building elements 

Clas5;ification datafj'omfire resistance tests 

Fire tcsts 011 elements ofbuilding construction: 

Test method/c)r determining the contribution to the/ire resistance orstructllral members: 
horizontal protective membranes; 

Test rnethod/()]< determining the contribution to the/ire re5;istance (~lstructl/ral members: 
vertical protective 1no'n7fl1'/l!170~" 

Test methodfor determining the contribution to the fire resistance of structural members: 
applied protection to steel structural elements; 

Eurocode: Basis of structural design 

Eurocode 1. Actions on structures: 

Actions on structures exposed to/ire; 

Eurocode 3. Design of steel structures: 

General rllles : General rules and rules/or buildhlgs; 

General rules: Slipplementmy rulesfor coldformed steel members and sheeting; 

General rules: Supplementmy rulesfor stainless steels 

General Rules: Design q(joints 

Eurocodc 4. Design of composite steel and concrete structures: 

General rules: Structural/ire design; 

SI units. 
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1.3 Assumptions 

(1) In addition to the general assumptions of EN 1990 the following assumption applies: 
Any passive fire protection systems taken into account in the design should be adequately maintained. 

1.4 Distinction between principles and application rules 

(1) The 11l1es given in clause 1.4 ofENl990 and EN1991-1-2 apply. 

1.5 Terms and definitions 

(1) The rules in EN 1990 clause 1.5 apply. 

(2) The following terms and definitions are llsed in EN 1993-1-2 with the following meanings: 

1.5.1 Special terms relating to design in general 

1.5.1.1 Braced frame 
A frame may be classified as braced if its sway resistance is supplied by a bracing system with a response to 
in-plane horizontal loads which is sufficiently stiff for it to be acceptably accurate to assume that all 
horizontal loads are resisted by the bracing system. 

1.5.1.2 Part of structure 
Isolated part of an entire structure with appropriate support and bound31y conditions. 

1.5.2 Terms relating to thermal actions 

1.5.2.1 Standard temperature-time curve 
A nominal curve, defined in EN 13501-2 for representing a model ofa fully developed fire in a compartment. 

1.5.3 Terms relating to material and products 

1.5.3.1 Carbon steel 
In this standard: steel grades according to in EN1993-1-1, except stainless stcels 

1.5.3.2 Fire protection material 
Any material or combination of matcrials applied to a structural member for the purpose of increasing its fire 
resistance. 

1.5.3.3 Stainless steel 
All steels referred to in EN 1993-1-4. 

1.5.4 Terms relating to heat transfer analysis 

1.5.4.1 Configuration factor 
The configuration factor for radiative heat transfer from surface A to surface B is defined as the fraction of 
diffusely radiated energy surface A that is incident on surface B. 

1.5.4.2 Convective heat transfer coefficient 
Convective heat flux to the member related to the difference between the bulk temperanIre of gas bordering the 
relevant surface of the member and the temperature of that surface. 

1.5.4.3 Emissivity 
Equal to absorptivity of a surface, i.e. thc ratio between the radiative heat absorbed by a given surhlce, and that 
of a black body surface. 
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1.5.4.4 Net heat flux 
Energy per unit time and surface area definitely absorbed by members. 

1.5.4.5 Section factor 
For a steel member, the ratio between the exposed surface arca and the volume of steel; for an enclosed 
member, the ratio between the intemal surface area of the exposed encasement and the volume of stee1. 

1.5.4.6 Box value of section factor 
Ratio between the exposed surface area of a notional bounding box to the scction and the volume of steel. 

1.5.5 Terms relating to mechanical behaviour analysis 

1.5.5.1 Critical temperature of structural steel element 
For a load level, the temperature at which failure is expected to occur in a structural steel element for a 
uniform tempcrature distribution. 

1.5.5.2 Effective yield strength 
For a given temperature, the stress level at which the stress-strain relationship of steel is truncated to provide 
a yield plateau. 

1.6 Symbols 

(1) For the purpose oLEN 1993-1-2, the following symbols apply: 

Latin upper case letters 

Ai an elemental area of the cross-section with a temperature ~; 

Am the surface area of a member per unit length; 

V the section factor for unprotected steel members; 

C j the protection coefficient of member face i ; 

Ap the appropriate area of firc protection material per 11l1it length of the member IE1) [m2/m] @II; 

Ell the modulus of elasticity of steel for normal temperature design; 

the slope of the linear elastic range for steel at elevated temperature ()a; 

Eti.d the design effect of actions for the fire situation, determined in accordance with EN 1991-1-2, 

including the effects of thermal expansions and deformations; 

Fb,Rd the design bearing resistance of bolts; 

F bJ,Rd the design bearing resistance of bolts in fire; 

fv,Rd the design shear resistance of a bolt per shear plane calculated assuming that the shear plane 

passcs through the threads of the bolt; 

F v.1. Rd the fire design resistance of bolts loaded in shear; 

Fw. Rd the design resistance per unit length of a fillet weld; 

Fw ,[, Rd the design resistance per unit length of a fil1et weld in fire; 

Ok the characteristic value of a permanent action; 

h the radiative heat flux from an opening; 

}z the radiative heat tlux from a flame; 

the radiative heat flux from a flame to a column face i; 

L the system length of a column in the relevant storey 

12 



85 EN 1993-1-2:2005 
EN 1993 .. 1-2:2005 (E) 

A1bJiJ,Rd the design buckling resistance moment at time 

Ni;'i,t,Rd the design moment resistance at time t 

the design moment resistance of the cross-section for a uniform temperature 0.1 which is cqual to 

the uniform temperature Be at time f in a cross-section which is not thermally influenced by the 

supports.; 

the plastic moment resistance of the gross cross-section 

elastic moment resistancc of the gross cross-section 

for normal temperatnrc 

for normal temperature design; 

NbJi,LRd the design buckling resistance at time f of a compression member 

the 

the design resistance of the cross-section for normal temperature design, according to EN 

1993-1-1. 

rhe design resistance of a tension member a uniform temperature f)a 

the design resistance at time t of a tension member with a non-uniform temperature distribution 

across the cross-section 

Qk.l the principal variable load; 

Rfi,d,{ the corresponding design resistance in the fire situation. 

Rfi,d,O the value of Rti.d.l for time t = 0; 

Tr the temperature of a fire [K]; 

To the flame temperature at the opening [K]; 

Tx the flame temperature at the flame tip [813 K]; 

Tz the flame temperature [K]; 

the flame temperature [KJ from annex B of EN 1991-1-2, level with the bottom ofa beam; 

the flame temperature from annex B of EN 1991-1-2, level with the top of a beam; 

V the volume of a member per unit length; 

Vli,[,Rd the design shear resistance at time t 

VRd the shear resistance of the gross cross-section for normal temperature design, according to EN 

1993-1-1; 

the characteristic value of a strength or deformation property 

temperature design to EN 1993-1-1; 

1UJl101','1IJ'1) fA or Ek) for normal 

Latin lower case leftel~) 

az the absorptivity of flames; 

c the specific heat; 

Ca the specific heat of steel; 

cp the temperature independent specific heat of the fire protection material; 

di the cross-sectional dimension of member face i; 

~) the thickness offire protection material; 

dr the thickness of the fire protection materiaL (dr 0 for unprotected members,) 

f~,e the propo11ionallimit for steel at elevated temperature 0.1; 
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.I;, the yield strength at 20°C 

fy,o the effective yield strength of steel at elevated temperature 8..\; 

f~,i the nominal yield strength f~, for the elemental area Ai taken as positive on the compression side 

of the plastic neutral axis and negative on the tension side; 

f~,o 

hnet.d 

the ultimate strength at elevated temperature, allowing for strain-hardening. 

the design value of the net heat flux per unit area; 

the height of thc top of the flame above the bottom of the beam; 

the column face indicator (I ), (2), (3) or (4); 

~ kb, e @l] the reduction factor determined for the appropriate bolt temperature; 

the reduction factor from section 3 for the slope of the linear elastic range at the steel temperature 

8..1 reached at time t. 

kE,fJ,com the reduction factor fi'om section 3 for the slope of the linear elastic range at the maximum steel 

temperature in the compression flange reached at time t. 

k sh correction factor for the shadow effect; 

ko the relative value of a strength or deformation property of steel at elevated temperature 8..1; 

ko the reduction factor for a strength or deformation property (XU) I Xk ) , dependent on the material 

temperature, see section 3; 

kw,0 @l] the strength reduction factor for wclds; 

ky.e the reduction factor from section 3 for the yield strength of steel at the steel temperature 8..1 

reached at time t. 

the reduction factor from section 3 for the yield strength of steel at the maximum temperature in 

the compression flange 8..1.<:0111 reached at time t. 

ky.o) the reduction factor for the yield strength of steel at temperature 0;,; 

the reduction factor for the yield strength of steel at the maximum steel temperature 

reached at time t; 

ky,f),weh the reduction factor for the yield strength of steel at the steel temperature ()web ,see section 3. 

ky the interaction factor; 

kz the interaction factor; 

kLT the interaction factor; 

m the number of openings on side 111; 

n the number of openings on side n; 

the length at 20°C; a distance from an opening, measured along the flame axis; 

In the buckling length of a column for the fire design situation; 

s the horizontal distance from the ccntreline of acolumn to a wall of a fire compartment; 

the time in fire exposure; 

Wi the width of an opening; 

Zi the distance from the plastic neutral axis to the centroid of the elemental area Ai; 
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Greek upper case letters 

Lit the time interval; 

111 the temperature induced expansion; 

I1Bg,t the increase of the ambient gas temperature during the time interval !J..t; 

¢r,i the configuration faetor of member face i for an opening; 

¢r the overall configuration factor of the member for radiative heat transfer from an opening; 

¢z the overall configuration factor of a member for radiative heat transfer from a flame; 

r/Jz,i the configuration factor of member face i for a flame; 

¢z,m the overall configuration factor of the column for heat from flames on side m; 

¢z,n the overall configuration factor of the column for heat from flames on side n; 

Greek lower case letters 

a the convective heat transfer coefficient; 

0M the equivalent uniform moment faetors; 

YG the partial factor for permanent actions; 

YM2 the partial factor at normal temperature; 

IM,fi the partial factor for the relevant material property, for the fire situation. 

Yo, I the partial factor for variable action 1; 

Sf the emissivity of a tlame; the emissivity of an opening; 

5z the emissivity of a flame; 

5z,m the total emissivity of the flames on side 111; 

5z,n the total emissivity of the flames on side n; 

~ a reduction factor for unfavourable permanent actions G; 

rJfi the reduction factor for design load level in the fire situation; 

B the temperature; 

~l the steel temperature [OC]. 

~l.Cf critical temperature of steel 

Bg,t the ambient gas temperature at time t; 

Bweb the average temperature in the web of the section; 

~ the temperature in the elemental area Ai' 

K the adaptation factor; 

KI an adaptation factor for non-uniform temperature across the cross-section; 

K2 an adaptation factor for non-uniform temperature along the beam; 

}" the thermal conductivity; 

15 



BS EN 1993-1-2:2005 
EN 1993-1-2:2005 (E) 

Ai the flame thickness for an opening i; 

Ap the thermal conductivity of the fire protection 

AI' the effective thermal conductivity of thc fire protection material. 

flo the degree ofutilization at tinie f O. 

(J the Stefan Boltzmann constant [5,67 x lO-x W/ny2K4]; 

PI the unit mass of steel; 

Pp the unit mass of the fire protection material; 

Xli the reduction factor for flexural buckling in the fire design situation; 

XLI.li the reduction factor for lateral-torsional buckling in the fire design situation; 

Xmin,fj the minimum value of and XZ.ji ; 

Xl)! the reduction factor for flexural buckling about the z-axis in the fire design situation; 

Xy.fi the reduction factor for flexural buckling about the y-axis in the fire design situation; 

the combination factor for frequent values, either by 'l/u or '1h..l ; 

2 Basis of design 

2.1 Requirenlents 

2.1.1 Basic requirements 

(1)P Where mechanical resistance in the case of fire is required, steel structures shall be designed and 
constructed in such a way that they maintain their load bearing function the relevant fire exposure. @il 

(2) Deformation criteria should be applied where the protection aims, or the design criteria for separating 
elements, require consideration of the deformation of the load bearing structure. 

(3) Except from (2) consideration of the deformation of the load bearing structure is not necessaty in the 
following cases, as relevant: 

the efficiency of the means of protection has been evaluated according to section 3.4.3~ 
and 

the separating elements have to fulfil requirements according to a nominal fire exposure. 

2.1.2 Nominal fire exposure 

(I) For the standard fire exposure, members should comply with criteria R as follows: 
load bearing only: mechanical resistance (criterion R). 

(2) Criterion "R" is assumed to be satisfied where the load bearing function is maintained during the 
required time of fire exposure. 

(3) With the hydrocarbon fire exposure curve the same criteria should apply, however the reference to this 
specific curve should be identified the letters "HC". 

2.1.3 Parametric fire exposure 

(1) The load-bearing function is ensured if collapse is prevented during the complete duration of the fire 
including the decay phase or during a required period of time. 
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(1) The thermal and mechanical actions should be taken from EN 1991-1-2. 
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(2) In addition to EN 1991-1-2, the emissivity related to the steel surface should be equal to 0) for carbon 
steel and equal to 0,4 for stainless steels according to aImex C. 

2.3 Design values of material properties 

(1) Design values of mechanical (strength and deformation) material properties are defined as tollows: 

where: 
Xk is the characteristic value of a strength or defonnation prope11y 

temperature design to EN 1993-1-1; 

(2.1) 

for normal 

kG IS the reduction factor for a or deformation property (,-\:1<.0 / Xk) , dependent on the 
material temperature, see section 3; 

f,vl,fi is the partial factor for the relevant material property, for the fire situation. 

NOTE: For the mechanical properties of steel, the partial factor for the fire situation is given in the national 
annex. The use of n.1.fi 1.0 is recommended. 

(2) Design values of thermal material properties XUi are defined as follows: 

if an increase of the propel1y is favourable for safety: 

Xd,ti Xk,o/ }\Ui (2.2a) 
if an increase of the property is unfavourable for safety: 

)I'vUiXk,O (2.2b) 

where: 

IS the value of a material property in fire 
temperature, see section 3; 

generally dependent on the material 

n,1.fi IS the partial factor for the relevant material property, for the fire situation. 

NOTE: For thermal properties of 
Yf'vtfi 1.0 is recommended. 

the partial factor for the fire situation see national annex. The llse of 

2.4 Verification methods 

2.4.1 General 

(1) The model of the structural system adopted for design to this Part 1-2 of EN1993 should reflect the 
expected performance of the structure in fire. 

NOTE: Where rules given in this Part 1-2 of EN 1993 are valid only for the standard tire exposure, this is 
identified in the relevant clauses. 

~ (2)P It shall be verified that, during the relevant duration of fire exposure t: @11 

(2.3) 

where: 
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EJi .d is the design effect of actions for the fire situation, determined in accordance with 
EN 1991-1-2, including the effects of thermal expansions and deformations; 

Rfi .J .1 is the corresponding design resistance in the fire situation. 

(3) The structural analysis for the fire situation should be calTied out according to EN 1990 5.1A (2). 

NOTE 1: For member analysis, see 2A.2; 
For analysis of parts of the structure, see 2A.3; 
For global structural analysis, see 2AA. 

NOTE 2: For verifying standard fire resistance requirements, a member analysis is sufficient. 

(4) As an alternative to design by calculation, fire design may be based on the results of fire tests, or on fire 
tests in combination with calculations. 

2.4.2 Member analysiS 

(1) The effect of actions should be determined for time t=0 using combination factors If/u or 1//].,1 according 
to EN 1991-1-2 clause 4.3.1. 

(2) As a simplification to (1), the effect of actions EtUi may be obtained from a struchlral analysis for normal 
temperahlre design as: 

where: 

(2.4) 

is the design value of the corresponding force or moment for nonnal temperature design, 
for a fundamental combination of actions (see EN 1990); 

is the reduction factor for the design load level for the fire situation. 

(3) The reduction factor 11 Ii for load combination (6.10) in EN 1990 should be taken as: 

18 

G k + If/ .Ii Q k,I 

Gk + YO.IQk,l 

(2.5) 

or for load combination (6.10a) and (6.1 Ob) in EN 1990 as the smaller value given by the two 
following expressions: 

'7fi 

where: 
Qk.1 
Gk 

YG 

YQ.I 

l/fJi 
; 

r 0.1 Vlo.1 Qk,1 

IS characteristic value of the leading variable action; 
is the characteristic value of a permanent action; 
IS the paliial factor for permanent actions; 

is the partial factor for variable action 1; 

(2.5a) 

(2.5b) 

IS the combination factor for values, given either by 1f/J.1 or 1f/2.1 ,see EN 1991-1 
is a reduction factor for unfavourable permanent actions G. 
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NOTE 1: An example of the variation of the reduction factor llli versus the load ratio Qk,I/Gk for 
different values of the combination factor \V Ii = \1'1 ,1 according to expression (2,5), is shO\vn in figure 
2.1 with the following assumptions: YG = 1,35 and Yo = 1,5. Partial factors are specified in the relevant 
National annexes of EN 1990. Equations (2 .5a) and (2,5b) give slightly higher values. 
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NOTE 2: As a simplification the recommended value of1ln = 0,65 may be used, except for imposed 
load according to load category E as given in EN 1991-1-1 (areas sLlsceptible to accumulation of 
goods, including access areas) where the recommended value is 0,7. 

(4) Only the effects of thermal deformations resulting from thermal gradients across the cross-section 
need to be considered. The effects of axial or in-plain thermal expansions may be neglected. 

(5) The boundary conditions at supports and ends of member may be assumed to remain unchanged 
throughout the fire exposure. 

(6) Simplified or advanced calculation methods given in clauses 4.2 and 4.3 respectively are suitable for 
verifying members under fire conditions. 

2.4.3 Analysis of part of the structure 

(1) 2.4.2 (1) applies 

(2) As an alternative to canying out a stl1lctural analysis for the fire situation at time t = 0, the reactions at 
supports and internal forces and moments at boundaries of part of the stl1lcturemay be obtained from a 
structural analysis for normal temperature as given in 2.4.2. 

(3) The p311 of the stmcture to be analysed should be specified on the basis of the potential thermal 
expansions and deformations such, that their interaction with other parts of the stl1lcture can be approximated 
by time-independent support and bound31Y conditions during fire exposure. 

(4) Within the part of the structure to be analyzed, the relevant failure mode in fire exposure , the 
temperature-dependent material properties and member stiffness, effects of thermal expansions and 
deformations (indirect fire actions) should be taken into account 
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(5) The boundary conditions at supports and forces and moments at boundaries of part of the structure 
may be assumed to remain unchanged throughout the fire exposure. 

2.4.4 Global structural analysis 

(]) Where a global structural analysis for the fire situation is can-ied out, the relevant failure mode in fire 
exposure, the temperature-dependent material properties and member stiffness , effects of thermal 
deformations (indirect fire actions) should be taken into account. 

3 Material properties 

3.1 General 

(1) Unless given as design values, the values of material properties given in this section should be treated as 
characteristic valucs. 

(2) The mechanical properties of steel at 20 °e should be taken as those given in EN 1993-1-1 for normal 
temperature design. 

3.2 Mechanical properties of carbon steels 

3.2.1 Strength and deformation properties 

(1) F or heating rates between 2 and 50 K/min, the strength and defonnation properties of steel at elevated 
temperatures should be obtained from the stress-strain relationship given in figure 3.1. 

NOTE: For the rules of this standard it is assumed that the heating rates fall within the specified limits. 

(2) The relationship given in figure 3.1 should be used to determine the resistances to tension, 
compression, moment or shear. 

(3) Table 3.1 gives the reduction factors for the stress-strain relationship for steel at elevated temperatures 
given in figure 3.1. These reduction factors are defined as follows: 

- effective yield strength, relative to yield strength at 20 oe: 
- proportional limit, relative to yield strength at 20 oe: 
- slope of linear elastic range, relative to slope at 20 oe: 

NOTE: The variation of these reduction factors with temperature is illustrated in figure 3.2. 

(4) Alternatively, for temperatures below 400 oe, the stress-strain relationship specified in (1) may be 
extended by the strain-hardening option given in annex A, provided local or member buckling does not lead 
to premature collapse. 

3.2.2 Unit mass 

(l) The unit mass of steel pcl may be considered to be independent of the steel temperature. The 
following value may be taken: 

pa 7850kg/m3 
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Strain range Stress (J 

Cp,e < C < Cy.O 

0,00 

Parameters 

Functions a cp,e) (8 y/) - t' p.O 

- cp/J)Ea,g + Z/ c 

c 
(fy.B - f p,o) 2 

Stress a 

-------------------'=---:=.---,--------,. 

f 0' p,' 

= tan a 

Key: effective yield strength; 

f p,8 proportional limit; 

Ea,e slope of the linear elastic range; 

C'p.8 strain at the proportional limit; 

cy,e yield strain; 

Ct,S limiting strain for yield strength; 

Cll,e ultimate strain. 

BS EN 1993-1-2:2005 
EN 1993-1-2:2005 (E) 

Tangent modulus 

E~LO 

l ~ (' )'J 11,5 a a- - t: yJ) - 8 -

o 

CtJ-) 0,15 Cu.O = 0,20 

E U,O Strain E 

Figure 3.1: Stress-strain relationship for carbon steel at elevated 
tern peratu res. 
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Table 3.1: Reduction factors for stress-strain relationship of 
carbon steel at elevated temperatures 

Reduction factors at temperature ea relative to the value of.h or 
at 20 0e 

Steel Reduction factor Reduction factor Reduction factor 
Temperature (relative to f;!) (relative to j~) (relative to Ea) 

for effective yield for proportional limit for the slope of the 

8:1 strength linear clastic range 

kv.o /; .. 01 /~ kn.o f'~.81 f~ /(E.O E~l.f'! E:l 

20 0 e 1,000 1,000 1,000 

1000e 1,000 1,000 ],000 

200 0e 1,000 0,807 0,900 

300 0e 1,000 0,613 0,800 

400 0 e 1,000 0,420 0,700 

500 0e 0,780 0,360 0,600 

600 0e 0,470 0,180 0,310 

700 0 e 0,230 0,075 0,130 

800 0e 0,110 0,050 0,090 

900 0 e 0,060 0,0375 0,0675 

lOOOoe 0,040 0,0250 0,0450 

1l00oe 0,020 0,0125 0,0225 

12000e 0,000 0,0000 0,0000 

NOTE: For intermediate values of the steel temperature, linear interpolation may 
be used. 
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Reduction factor 
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Figure 3.2: 

Temperature [OC] 

Reduction factors for the stress-strain relationship of carbon steel 
at elevated temperatures 

3.3 Mechanical properties of stainless steels 

(l) The mechanical properties of stainless steel may be taken from annex C. 

3.4 Thermal properties 

3.4.1 Carbon steels 

3.4.1.1 Thermal elongation 

(l) The relative thermal elongation of steel t'111l should be determined from the following: 

- for 20°C ()a 750°C: 

t'1// I x 10-5 ()a + 0,4 x 1 0-8 ~1 - 2,416 x 10-4 

t'111l 1,1 X 10-2 

- for 860°C < ()a:S: 1200°C: 

t'111l = 2 x 10-5 Ba - 6,2 X 10-3 

where: 

t'11 

~1 

is 

is 

is 

the at 

the temperature induced elongation; 

the steel temperature [OC]. 

NOTE: The variation of the relative thenual elongation with temperature is illustrated in 3.3. 

1 a) 

(3.lb) 

(3.1 c) 
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Figure 3.3: Relative thermal elongation of carbon steel as a function of the 
temperature 
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3.4.1.2 Specific heat 

(l) The specific heat of steel c" should be determined fro111 the following: 

- for 20°C s (Ja < 600°C: 

Ca = 425 7,73 x 10- 1 00 - 1,69 X 10-3 8,.12 + 2,22 X 10-6 8,.1 J/kgK 

- for 600°C s 00 < 735°C: 

C
a 

666 + 13002 J/kgK 
738 - ea 

- for 735°C s 00 900°C: 

C
a 

545 + 17820 J/kgK 
ea -731 

650 J/kgK 

where: 

Oa is the steel temperature [DC]. 

NOTE: The variation of the specific heat with temperature is illustrated in figure 3.4. 

Specific heat [J I kg K] 

5000~----~----------------~~-----------. 

4500 

4000+------..... ~-~--~-----------+-~··~-----~------~--1 

3500 

3000+-----~----------------#--~----------~--···--i 

2500+-----~----------------1~+---------~·---1 

2000 

1500 

1000+-----~----------~---~-++-~----~-----4 

500 -1-= ____ -+==:--:-:-:::::-::=== .. 
O+-----~----~----~~----+------------; 

o 200 400 600 800 1000 1200 

Temperature rOC] 

(3.2a) 

(3.2b) 

(3.2c) 

(3.2d) 

Figure 3.4: Specific heat of carbon steel as a function of the temperature 
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3.4.1.3 Thermal conductivity 

(1) The thermal conductivity of steel Aa should be determined from the following: 

- for 20°C {);j 800°C: 

Aa 54 3,33 x 10-1 ()a W/mK 

for 800°C::::; 8..1 ::::; 1200°C: 

Aa 27,3 \V/mK 

where: 

is the steel temperature [OC]. 

NOTE: The variation of the thermal conductivity with temperature is illustrated in figure 3.5. 

Thermal conductivity [W / mK] 
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Figure 3.5: Thermal conductivity of carbon steel as a function of the 
temperature 

3.4.2 Stainless steels 

(l) The thermal properties of stainless steels may be taken from annex C. 

3.4.3 Fire protection materials 

(3.3a) 

(3.3b) 

(1) The properties and performance of fire protection materials used in design should have been assessed 
using the test procedures given in ENV 13381-1, ENV t3381-2 or ENV 13381-4 as appropriate. 

NOTE: These standards include a requirement that the fire protection materials should remain coherent and 
cohesive to their supports throughout the relevant fire exposure. 
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4 Structural fire design 

4.1 General 

(l) This section gives rules for steelwork that can be either: 

- unprotected; 

- insulated by fire protection material; 

- protected by heat screens. 

NOTE: Examples of other protection methods are water filling or partial protection in walls and floors. 

(2) To determine the fire resistance the follO\ving design methods are permitted: 

- simplified calculation models; 

- advanced calculation models; 

- testing. 

NOTE: The decision on use of advanced calculation models in a Country may be found in its National Annex. 

(3) Simple calculation models are simplified design methods for individual members, which are based on 
conservative assumptions. 

(4) Advanced calculation models are design methods 111 which engineering principles are applied in a 
realistic manner to specific applications. 

4.2 Simple calculation models 

4.2.1 General 

~ (l)P The load-bearing function of a steel member shall be assumed to be maintained after a time t in a 
given fire if: @il 

s Rn.d.t (4.1 ) 

where: 

the design effect of actions for the fire design situation, according to EN 1991-En.d IS 

RIi,d.1 is the corresponding design resistance of the steel member, for the fire design situation, at 
time t. 

(2) The design resistance Rti .d.t at time t should be determined, usually in the hypothesis of a uniform 
temperature in the cross-section, by modifYing the design resistance for normal temperature design to 
EN 1993-1-1, to take account ofihe mechanical properties ofstcel at elevated temperatures, see 4.2.3. 

NOTE: In 4.2.3 Rti.d.t becomes .1ifli,t,Rd, 

values of "MtiJ.::d , etc represent Eti•d • 

etc (separately or in combination) and the corresponding 

(3) If a non uniform temperature distribution is used, the design resistance for normal temperature design 
to EN1993-1-1 is modified on the base of this temperature distribution. 

(4) Alternatively to (1), by using a unifol111 temperature distribution, the verification may be carried out in 
the temperature domain, see 4.2.4. 

(5) Net-section failure at fastener holes need not be considered, provided that there is a fastener in each 
hole, because the steel temperature is lower at joints due to the presence of additional material. 
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(6) The fire resistance of a bolted or a welded joint may be assumed to be sufficient provided that the 
following conditions arc satisfied: 

1. The thermal resistance (drlli.j)c of the joint's fire protection should be equal or greater than the 
minimum value of thermal resistance (drl )~f)11l of fire protection applied to any of the jointed 
members; 

Where: 
dr is the thickness of the fire protection materiaL (dr = 0 for unprotected members.) 
AI' is the effective thermal conductivity of the fire protection material. 

2. The utilization of the joint should be equal or less than the maximum value of utilization of any of 
the connected members. 

3. The resistance of the joint at ambient temperature should 
EN 1993-1.8. 

the recommendations given in 

(7) As an alternative to the method given in 4.2.1 (6) the fire resistance of a joint may be determined using 
the method given in Annex D. 

NOTE: As a simplification the comparison of the level of utilization within the joints and joined members 
may be performed for room temperature. 

4.2.2 Classification of cross-sections 

(1) For the purpose of these simplified rules the cross-sections may be classified as for n01111al 
tcmperaturc design with a reduced value for r; as in (4.2). 

[; 0,85 [235 If;.] (l.S (4.2) 

where: 

f IS the yield strength at 20°C 

NOTE 1: See EN1993-1-1 
NOTE 2: The reduction factor 0,85 considers influences due to increasing temperature. 

4.2.3 Resistance 

4.2.3.1 Tension members 

(1) The resistance Nti.O.Rd of a tension member with a uniform temperature B..l should be 
determined from: 

where: 

is the reduction factor for the yield strength of steel at temperature B..Hreached at 
time t see section 3; 

(4.3) 

is the design resistance of the cross-section for nonnal temperature design, 
according to EN 1993-1-1. 

(2) The design resistance NII.t.Rd at time t of a tension member with a non-uniform temperature 
distribution across the cross-section may be determined from: 
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Nfi,t,Rd L Ai ky ,8,i /l' / (4.4) 
i=l 

where: 

is an elemental area of the cross-section with a temperature e.; 
IS the reduction factor for thc yield strength of steel at temperature e., see section 3; 

is the temperature in the elemental area 

(3) The design resistance Nfi,t,Rd at time t of a tension member with a non-uniform temperature 
distribution may conservatively be taken as equal to the design resistance Nti.O,Rd of a tension member with a 
uniform steel temperature Ba equal to the maximum steel temperature ~Llnax reached at time t. 

4.2.3.2 Compression membe.·s with C1ass I, Class 2 or Class 3 cross-sections 

(1) The design buckling resistance Nb,fiJ.Rd at time t of a compression member \\lith a Class 1, Class 2 or 
Class 3 cross-section with a uniform temperature ~1 should be determined from: 

= Xn A ky,of;'; YM,ti 

where: 

Xfi IS the reduction factor for ±1exural buckling in the fire design situation; 

ky,o is the reduction factor from section 3 for the yield strength of steel at the steel 
temperature Bu reached at time t. 

(4.5) 

(2) The value of Xft should be taken as the lesser of the values of Xy,fi and Xz,fi determined according to: 

Xli =-----;==== 

with 

and 

I 
If' =-[l+alvB 

B 2 

The non-dimensional slenderness k for the temperature ~1' is by: 

Ae = A [k\"o / 

where: 

ky,e is the reduction factor from section 3 for the yield strength of steel at the steel 

temperature Ba reached at time t; 

(4.6) 

(4.7) 

IS the reduction factor from section 3 for the slope of the linear elastic range at the 

steel temperature Bn reached at time t. 
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(3) The buckling length /r; of a column for the fire design situation should generally be determined as for 
normal temperature design. However, in a braced frame the buckling length lu of a eolumn length may be 
determined by considering it as fixed in direction at eontinuous or semi-eontinuous joints to the eolumn 
lengths in the fire compartments above and below, provided that the fire resistanee of the building 
components that separate these fire eompartments is not less than the fire resistance of the column. 

(5) In the case of a braced frame in which each storey comprises a separate fire compartment with 
suffieient fire resistance, in an intermediate the buekling length h of a continuos column may be taken 
as hi = O,5L and in the top storey the buckling length may be taken as In = 0,7L, where L is the system 
length in the relevant storey, see figure 4.1. 

( 
\ 

Figure 4.1: Buckling lengths hi of columns in braced frames 

(6) When designing using nominal fire exposure the design resistance at time t of a compression 
member with a non-uniform temperature distribution may be taken as equal to the design resistance 
of a compression member with a uniform steel temperature B..I equal to the maximum steel temperature 

reached at time t. 

4.2.3.3 Beams with Class 1 or Class 2 cross-sections 

(l) The design moment resistance A1;1.0.Rd of a Class 1 or Class 2 cross-section with a uniform 
temperature B..I should be determined from: 

\vhere: 
lWRd IS 

IS 

(4.8) 

the plastic moment resistance of the gross cross-section A~)l,Rd for normal 
temperature design, according to EN 1993-1-1 or the reduced moment resistance 
for normal temperature design, allowing for the effects of shear if neeessary, 
according to EN 1993-1-1; 

the reduction factor for the yield strength of steel at temperature see section 3 

(2) Thc design moment resistance JV!ti.tRJ at time t of a Class 1 or Class 2 cross-section with a 
non-uniform temperature distribution across the cross-section may be determined from: 
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(4.9) 

is the distance from thc plastic neutral axis to the centroid of the elemental area Ai; 

is the nominal yield strength .I;, for the elemental area Ai taken as positive on the 

compression side of the plastic neutral axis and negative OIl the tension side; 

Ai and ky,o,i are as defined in 4.2.3.1 (2). 

(3) Alternatively, the design moment resistance Mfi,t.Rd at time t of a Class 1 or Class 2 cross-section in a 
member with a non-uniform temperature distribution, may be determined from: 

(4.1 0) 

~ Jilli,8.Rd S i\1Rd @IJ 

where: 

IS 

is 

K2 IS 

the design moment resistance of the cross-section for a uniform temperature 8;1 
which is equal to the uniform temperature f3..1 at time t in a cross-section which is 
not thermally influenced by the support.; 

an adaptation factor for non-uniform temperature across the cross-section, see (7); 

an adaptation factor for non-uniform temperature along the beam, see (8). 

(4) The design lateral torsional buckling resistance moment J\,lb.l i .t,RJ at time t of a laterally unrestrained 
member with a Class 1 or Class 2 cross-section should be determined from: 

where: 

ZLT,fi 

XU.1i TVpl •y / YM.fi (4.11) 

IS the reduction factor for lateral-torsional buckling in the fire design situation; 

is the reduction factor from section 3 for the yield strength of steel at the maximum 
temperature ill the compression t1ange f3..1,com reached at time t. 

NOTE: Conservatively can be assumed to be equal to the uniform temperature f3..\. 

(5) The value of XLT,fi should be determined according to the following equations: 

with 

and 

where: 

Xu,.!! (4.] 2) 

1 [ -
= 2 1 + a)"LT,0,(oll! + (4.] 3) 

a = O.65~235/fY (4.14) 

,B,com 
0.5 (4.15) 

IS the reduction factor from section 3 for the slope of the linear elastic range at the 
maximum steel temperature in the compression flange f3..l.t.:om reached at time t. 
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(6) The design shear resistance at time f of a Class 1 or Class 2 cross-section should be 
determined from: 

V t1.LRd 

where: 

B.,l'cb 

is 

is 

is 

(4.16) 

the shear resistance of the gross cross-section for normal temperature design, 
according to EN 1993-1-1~ 

the average temperature in the web of the section: 

the reduction factor for the yield strength of steel at the steel temperature Bweb , 

see section 3. 

(7) The value of the adaptation factor Kj for non-uniform temperature distribution across a cross-section 
should be taken as follows: 

for a beam exposed on all four sides: K] 1,0 

for an unprotected beam exposed on three sides, with a composite or concrete slab on side four: 

Kj 0,70 

- for an protected beam exposed on three sides, with a composite or concrete slab on side four: Kj 0,85 

(8) For a non-uniform temperature distribution along a beam the adaptation factor K2 should be taken as 
follows: 

- at the supports of a statically indeterminate beam: 

in all other cases: 

0,85 

1,0. 

4.2.3.4 Beams with Class 3 cross-sections 

(1) The design moment resistance N~l.t.Rd at time t of a Class 3 cross-section with a uniform temperature 
should be determined from: 

where: 
A1Rd is 

(4.17) 

the elastic moment resistance of the gross cross-section for normal 
temperature design, according to EN 1993-1-1 or the reduced moment resistance 
allowing for the effects of shear if necessalY according to EN 1993-1-1; 

is the reduction factor for the yield strcngth of steel at the steel temperature 8..1 ,see 
section 3. 

(2) The design moment resistance at time f of a Class 3 cross-section with a non-uniform 
temperature distribution may be determined from: 

Mfi,t.Rd (4.18) 

@ .Mjl,B.ReI S MRd ~ 

where: 
MRd 

K] 
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IS 

is 

the elastic moment resistance of the gross cross-section for normal 
temperature design or the reduced moment resistance allowing for the effects of 
shear if necessmy according to EN 1993 -1-1; 

the reduction factor for the yield strength of steel at the maximum steel temperature 
reached at time t, @ text deleted ~ ; 

an adaptation factor for non-uniform temperature in a cross-section, see 
4.2.3.3 (7); 
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is an adaptation factor for non-uniform temperature along the beam, see 4.2.3.3 (8). 

(3) The design buckling resistance moment k1l1.fi.t.Rd at time of a laterally unrestrained beam with a 
Class 3 cross-section should be determined from: 

(4.19) 

where: 

XLT.fi is as given in 4.2.3.3 (5). 

NOTE: Conservatively can be assumed to be equal to the maximum temperature 

(4) The design shear resistance Vti,t.Rd at time t of a Class 3 cross-section should be determincd from: 

( 4.20) 

where: 

VRd is the shear rcsistance of the gross cross-scction for normal tcmpcraturc design, 
according to EN 1993-1-1. 

4.2.3.5 ~1embers with Class 1, 2 or 3 cross-sections, subject to combined bending and axial compression 

(1) The design buckling resistance Rti,t,d at time t of a mcmber subject to combined bending and axial 
compression should be vcrified by satisfying expressions (4.21a) and (4.21b) for a membcr with a Class 1 or 
Class 2 cross-section, or cxpressions (4.21c) and (4.21d) for a member with a Class 3 cross-scction. 

A kvJ) 

---------------+ -----'---

X ,Ak ::./1 )i.e W k pl.:: yJ) 

-----'------+ ---'--...:...;.;.--'---- + -----'---'---

rM.ji 

k[T 
-------''----- + ------'-...::.....;..--- + ---'----

Xz,Ji A k 1 •e 

where: 

Xl11inJi 

Xz.ti 

XLT.!! 

rM,Ji 

is 

is 

is 

YtvI.jl 

as defincd in 4.2.3.2; 

as dcfincd in 4.2.3.2; 

as defincd in 4.2.3.3 (5); 

( 4.21a) 

(4.21b) 

(4.21c) 

(4.21d) 
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with: J.i LT 5 f3M.LT -0,15:::;0,9 

k ------:::;3 
fl' 

;C .. p A k 
rill,li 

with: For the strong axis: 

fl.1' = (2/J,\1,), 5)~J'.o + 0, 44/JM,). + 0,29::;; 0,8 with ::;; 1,1. 

X::,/i A 
rMJi 

with: [§) For the weak axis: 

,liz =(1.2jJ",t,:: -3)~t.e +0.71jJM,z -0.29 S; 0,8 @il 

NOTE: For the equivalent uniform moment factors 0,YI see figure 4.2. 
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Equivalent uniform moment factor 

~M 

~M,\I' = 1,8 - 0,7 \I' 

~M ,Q = 1,3 

~M,Q = 1,4 

MQ = I max M I due to lateral load only 

ImaxMI 

~M 

I maxM I + I minM I 

for moment diagram 

without change of sign 

for moment diagram 

with change of sign 

Figure 4.2: Equivalent uniform moment factors. 
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4.2.3.6 l\1embers with Class 4 cross-sections 

(l) For members with class 4 cross-sections other than tension members it may be assumed that 4.2.1 (l) is 
satisfied jf at time t the steel temperature e a at all cross-sections is not more than e crit . 

NOTE 1: For further information see annex E. 
NOTE 2: The limit erritmay be chosen in the National Annex. The value Seri[ = 350°C is recommended. 

4.2.4 Critical temperature 

(l) As an alternative to 4.2.3, verification may be carried out in the temperature domain. 

(2) Except when considering deformation criteria or~ when instability phenomena have to be taken 
into account, the critical temperature OcLCl< of carbon steel according to 1.1.2 (6) at time t for a uniform 
temperature distribution in a member may be determined for any degree of utilization po at time t ° 
using: 

fJ..Lcr 39,191n __ 1 __ -1J + 482 
O}9674 jio 

where Po must not be taken less than 0,013. 

NOTE: Examples for values of for values of Po from 0,22 to 0,80 are given in table 4.1. 

( 4.22) 

(3) For members with Class 1, Class 2 or Class 3 cross-sections and for all tension members, the degree of 
utilization Po at time t ° may be obtained from: 

po (4.23) 

where: 

Rfi .d.O is the value of Rn.d.t for time to, from 4.2.3; 

Ell.d and Rn,d,t are as defined in 4.2.1(1). 

(4) Alternatively for tension members, and for beams where lateral-torsional buckling is not a potential 
failure mode, Po may conservatively be obtained from: 

Po '7n (4.24) 

where: 

'7n IS the reduction factor defined in ~ 2.4.2 (3) @l) . 

36 



BS EN 1993-1-2:2005 
EN 1993-1-2:2005 (E) 

Table 4.1: Critical temperature ()a,cr for values of the utilization factor flo 

1'0 Ba.cr 1'0 l1..1.cr 1'0 B~u:r 

0,22 711 0,42 612 0,62 549 

0,24 698 0,44 605 0,64 543 

0,26 685 0,46 598 0,66 537 

0,28 674 O,4u 591 0,68 531 

0,30 664 0,50 585 0,70 526 

0,32 654 0,52 578 0,72 520 

0,34 
I 

645 0,54 572 514 

0,36 636 0,56 566 0,76 508 

0,38 628 0,58 560 ~ 502 

0,40 620 0,60 554 496 

NOTE: The national annex may give default values for critical temperatures. 

4.2.5 Steel temperature development 

4.2.5.1 Unprotected internal steelwork 

(1) For an equivalent uniform temperature distribution in the the increase of temperature 
IJBa.t in an unprotected steel member during a time interval IJt should be determined from: 

where: 

k 

k sh 
AmlV 
Am 
V 

IJt 

pa 

IS 

is 
is 
is 
is 
IS 

is 
is 

con-ectlon factor for the shadow effect, see (2) 
the section factor for unprotected steel members [lImJ; 
the surface area of the member per unit length [m2/mJ; 
the volume of the member per unit length [m3/111J; 
the specific heat of from section 3 [J/kgKJ; 
the design value of the net heat flux per unit area [W/m2J; 

the time interval [ seconds]; 
the unit mass of steel, from section 3 

(4.25) 

(2) For I-sections under nominal fire actions, the correction factor for the shadow effect may be 
determined from: 

( 4.26a) 

where: 

IS box value of the section factor 

In all other cases, the value of ksh should be taken as: 

(4.26b) 
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~OTE (1): For cross sections with a convex shape (e.g. rectangular or circular hollow sections) fully 
embedded in fire, the shadow effect does not play role and consequently the correction factor ksh equals 
unity. 

NOTE (2): Ignoring the shadow effect (i.e.: ksh l), leads to conservative solutions. 

(3) The value of hnet,d should be obtained from EN 1991-1-2 using &f= 1,0 and &m according to 2.2(2), 

where &1', &;11 are as defined in EN 1991-1-2. 

(4) The value of /j.t should not be taken as more than 5 seconds. 

(5) In expression (4.26) the value of the section faetor Ami V should not be taken as less than 10m']. 

NOTE: Some expressions for calculating design values of the section factor Ami V for unprotected steel 
members are given in table 4.2. 
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Table 4.2: Section factor Am IV for unprotected steel members. 

Open section exposed to fire on all sides: 

v cross- section area 

Open section exposed to fire on three sides: 
Am surface to fire 

V cross- section area 

I-section tlange exposed to fire on three sides: 
Ami V= (b + 2tf)/(btr) 

If 1« b: V:::::; I/tr 

Angle exposed to fire on all sides: 
Ami V= 21t 

Flat bar exposed to fire 011 all sides: 
Ami V = 2(b + 1)1 (bl) 

If t« b: 

I 

Tube exposed to fire on all sides: lit 

t 

Hollow section (or welded box section of uniform 
thickness) exposed to fire on all sides: 

[f 1« b: v:::::; lit 

Welded box section exposed to fire on all sides: 
Am _ 2(b + h) 

V cross- section area 

I-section with box reinforcement, exposed to fire on 

all sides: 
V cross- section area 

! 

Flat bar exposed to fire on three sides: 
Ami V= (b + 2t)/(bt) 

lft«b: AmlV:::::;l/t 

I 
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4.2.5.2 Internal steelwork insulated by fire protection material 

(l) For a uniform temperature distribution in a cross-section, the temperature increase ~ Bcu of an 
insu lated steel member during a time interval ~t should be obtained from: 

~e - ApAp / V (Sg,t - Sa,t) .6.t _ (e(I)/ 10 _ I )~Bg.l 
d.t dpcaPa (1 + ~/3) 

( but ~B:J.t 2 0 if ~Bg,t > 0 ) ( 4.27) 

with: 

where: 

Ap/V is the section factor for steel members insulated by fire protection material; 

Ap 

V 

is 

is 

the appropriate area of fire protection material per unit length of the member [m2/m]; 

the volume of the member per unit length [m3/m]; 

Ca 

CJl 

dp 

~t 

Bcl.l 
Bg,t 

~Bg.l 

Ap 

PI 

Pp 

IS 

IS 

IS 

is 

is 

is 

is 

is 

is 

is 

the temperature dependant specific heat of steel, from section 3 [J/kgK]; 

the temperature independent specific heat of the fire protection material [J/kgK]; 

the thickness of the fire protection material [m]; 

the time interval [seconds]; 

the steel temperature at time t[OCl; 

the ambient gas temperature at time t[OC]; 

the increase of the ambient gas temperature during the time interval ~t[K]; 

the thermal conductivity of the fire protection system [W/mK]; 

the unit mass of steel, from section 3 [kg/m3]; 

the unit mass of the fire protection material [kg/m3
]. 

(2) The values of cp , ~) and Pp should be determined as specified in section 3. 

(3) The value of ~t should not be taken as more than 30 seconds. 

(4) The area Ap of the fire protection material should generally be taken as the area of its inner surface, 
but for hollow encasement with a clearance around the steel member the same value as for hollow 
encasement without a clearance may be adopted. 

NOTE: Some design values of the section factor Ap/ V for insulated steel members are given in table 4.3. 

(5) For moist fire protection materials the calculation of the steel temperature increase ~Bcl may be 
modified to allow for a time delay in the rise of the steel temperature when it reaches 100°C. This delay 
time should be determined by a method conforming with ENV 13381-4. 

(6) As an alternative to 4.2.5.2 (1), the uniform temperature of an insulated steel member after a given 
time duration of standard fire exposure may be obtained using design flow charts derived in conformity with 
ENV 13381-4. 
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Table 4.3: Section factor ApI V for steel members insulated by fire protection 
material 

Sketch 

/ ....... 

Description 

Contour encasement 
of uniform thickness 

Hollow encasement 
of uniform thickncss)] 

Contour encasement 
of uniform thickness, 
exposed to fire 
on three sides 

Hollow encasement 
of uniform thickness, 
exposed to fire 
on three sides) 1 

)1 The clearance dimensions and c] should not normally cxceed hl4 

Section t~lctor (Api V) 

stccl perimetcr 

steel cross-section area 

2(b + h) 

steel cross-section area 

steel perimeter - b 

steel cross-scction arca 

211 b 

steel cross-section area 
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4.2.5.3 Internal steelwork in a void that is protected by heat screens 

(I) The provisions below apply to both of the following cases: 

- stcel membcrs in a void that have a floor on top and by a horizontal heat screen below, and 

- steel members in a void that have vertical heat screens on both sides, 

provided in both cases that there is a gap between the heat screen and the member. They do not apply if the 
heat screen is in direct contact with the member. 

(2) For intemal steelwork protected by heat screens, the calculation of the steel temperature increase b..Ba 

should be based on the methods given in 4.2.5.1 or 4.2.5.2 as appropriate, taking the ambient gas temperature 
as equal to the gas temperature in the void. 

(3) The properties and performance of the heat screens used in design should have been determined using 
a test procedure conforming with ENV 13381-1 or ENV 13381-2 as appropriate. 

(4) The temperature development in the void in which the steel members are situated should be 
determined from measurement according to ENV 13381-1 or ENV 1338\ -2 as appropriate. 

4.2.5.4 External steelwork 

(1) The temperature of external steelwork should be determined taking into account: 

the radiative heat flux from the fire compartment; 

- the radiative heat flux and the convective heat flux from the flames emanating from openings; 

- the radiative and convective heat loss from the steelwork to the ambient atmosphere; 

- the sizes and locations of the structural members. 

(2) Heat screens may be provided on one, two or three sides of an external steel member in order to 
protect it ti'0111 radiative heat transfer. 

(3) Heat screens should be either: 

- directly attached to that side of the steel member that it is intended to protect, or 

large enough to fully screen that side from the expected radiative heat flux. 

(4) Heat screens referred to in annex B should be non-combustible and have a fire resistance of at least E1 
30 according to EN [SO 13501-2. 

(5) The temperature in external steelwork protected by heat screens should be determined as required in 
4.2.5.4(1), assuming that there is no radiative heat transfer to those sides that are protected by heat screens. 

(6) Calculations may be based on steady state conditions resulting from a stationary heat balance using the 
methods given in annex B. 

(7) Design using annex B of this Part 1-2 of EN 1993 should be based on the model given in annex B of 
EN 1991-1-2 describing the compartment fire conditions and the flames emanating from openings, 011 which 
the calculation of the radiative and convective heat fluxes should be based. 
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4.3 Advanced calculation models 

4.3.1 General 

(1) Advanced calculation methods should provide a realistic analysis of structures exposed to fire. They 
should be based on fundamental physical behaviour in such a way as to lead to a reliable approximation of 
the behaviour of the relevant structural component under fire conditions. 

(2) Any potential failure modes not covered by the advanced calculation method (including local buckling 
and failure in should be eliminated by appropriate means. 

(3) Advanced calculation methods should include separate calculation models for the determination of: 
the development and distribution of the temperature within structural members (thermal 
response model); 
the mechanical behaviour of the structure or of any part of it (mechanical response model). 

(4) Advanced calculation methods may be used in association with any heating curve, provided that the 
material properties are known for the relevant temperature range. 

(5) Advanced calculation methods may be used with any type of cross-section. 

4.3.2 Thermal response 

(l) Advanced calculation methods for thermal response should be based on the acknowledged principles 
and assumptions of the theOlY of heat transfer. 

(2) The thermal response model should consider: 
the relevant thermal actions specified in EN 1991-
the variation of the thermal properties of the material with the temperature, sec section 3. 

(3) The effects of non-uniform thermal exposure and of heat transfer to adjacent building components 
may be included where appropriate. 

(4) The influence of any moisture content and of any migration of the moisture within the fire protection 
material may conservatively be neglected. 

4.3.3 Mechanical response 

(1) Advanced calculation methods for mechanical response should be based on the acknowledged 
principles and assumptions of the theory of structural mechanics, into account the changes of 
mechanical properties with temperature. 

(2) The effects of thermally induced strains and stresses both due to temperature rise and due to 
temperature differentials, should be considered. 

(3) The model for mechanical response should also take account of: 

- the combined effects of mechanical actions, geometrical imperfections and thermal 

- the temperature dependent mechanical properties of the material, see section 3; 

- geometrical non-linear 

- the effects of non-linear material properties, including the unfavourable effects of loading and unloading 
on the structural stifIness. 

(4) Provided that the stress-strain relationships given in section 3 are used, the effects of transient thermal 
creep need not be given explicit consideration. 
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(5) The deformations at ultimate limit state implied by the calculation method should be limited to ensure 
that compatibility is maintained between all parts of the structure. 

(6) The design should take into account the ultimate limit state beyond which the calculated deformations 
of the structure would cause failure due to the loss of adequate support to one of the members. 

(7) For the analysis of isolated vertical members a sinusoidal initial imperfection with a maximum value 
of hi I 000 at mid-height should be used, when not specified by relevant product standards. 

4.3.4 Validation of advanced calculation models 

(1) A verification of the accuracy of the calculation models should be made on basis of relevant test 
results. 

(2) Calculation results may refer to temperatures, deformations and fire resistance times. 

(3) The critical parameters should be checked to ensure that the model complies with sound engineering 
principles, by means of a sensitivity analysis. 

(4) Critical parameters may refer, for example to the buckling length, the size of the elements, the load 
level. 
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Annex A [normative] Strain-hardening of carbon steel at elevated 
temperatures 

(1) For temperatures below 400°C, the alternative strain-hardening option mentioned in 3.2 may be used 
as follows: 

- for 0,02 < /:: < 0,04: 

50(f~.8 -/'.y,e) & + 2f~,8 - (A.la) 

- for 0,04::; &::;0,15: 

Oil (A.lb) 

- for 0,15 < & < 0,20: 

[1 - 20(& 0,15)] (A.Ie) 

for & z 0,20: 

0,00 (A.ld) 

where: 
IlI,8 is the ultimate strength at elevated temperature, allowing for strain-hardening. 

NOTE: The alternative stress-strain relationship for steel, allowing for strain hardening, is illustrated in 
figure A.I. 

(2) The ultimate strength at elevated temperature, allowing for strain hardening, should be determined as 
follows: 

IlI.8 1,25j~.e (A.2a) 

(2 - 0,0025 ea ) @1] (A.2b) 

IlI,e = Iy,o (A.2c) 

NOTE: The variation of the altenlative stress-strain relationship with temperature is illustrated in figure A.2. 
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Figure A.1: Alternative stress-strain relationship for steel allowing for strain
hardening 
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Figure A.2: Alternative stress-strain relationships for steel at elevated 
temperatures, allowing for strain hardening 



Annex B [normative] Heat transfer to external steelwork 

B.1 General 

B.1.1 Basis 

BS EN 1993 ... 1 .. 2:2005 
EN 1993-1-2:2005 (E) 

(1) In this aImex the fire compaIiment is assumed to be confined to one storey only. All windows or 
other similar openings in the fire compartment are assumed to be rectangular. 

(2) The determination of the temperature of the compartment fire, the dimensions and temperatures of tbe 
flames projecting from the openings, and the radiation and convection parameters should be performed 
according to annex B of EN 1991-1-2. 

(3) A distinction should be made between members not engulfed in flame and members engulfed in flame, 
depending on their locations relative to the openings in the walls of the fire compartment. 

(4) A member that is not engulfed in flame should be assumed to receive radiative heat transfer from all 
the openings in that side of the fire compartment and from the flames projecting fl'0111 all these openings. 

(5) A member that is engulfed in flame should be assumed to receive convective heat transfer from the 
engulfing flame, plus radiative heat transfer from the engulfing flame and from the fire compartment opcning 
from which it projects. The radiative heat transfer from other flames and from other openings may be 
neglected. 

B.1.2 Conventions for dimensions 

(1) The convention for geometrical data may be taken from figure B. 1. 

B.1.3 Heat balance 

(1) F or a member not engulfed in flame, the average temperature of the steel member Till [K] should be 
determined from the solution of the following heat balance: 

(B. 1 ) 

where: 

(J' IS the Stefan Boltzmann constant x 10. 12 kW/m2K4]; 

a is the convective heat transfer coefficient [kW/m2K]; 

1z is the radiative heat flux from a flame [kW/m2]; 

h is the radiative heat flux from an opening [k\V/m2]. 

(2) The convective heat transfer coefficient a should be obtained from annex B of EN 1991-1-2 for the 
no forced draught' or the 'forced draught' condition as appropriate, using an effective cross-sectional 

dimension d = (dl d2 )/2. 
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Figure B.1: Member dimensions and faces 
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(3) For a member engulfed in flame, the average temperature of the steel member Till [K] should be 
determined from the solution of the following heat balance: 

where: 

IS 

is 

IS 

the flame temperature [K]; 

the radiative heat flux from the flame [kW/m2]; 

the radiative heat flux from the corresponding opening [kWltn~]. 

(B.2) 

(4) The radiative heat flux Iz from flames should be determined according to the situation and type of 
member as follows: 

- Columns not engulfed in flame: 

- Beams not engulfed in flame: 

Columns engulfed in flame: 

- Beams fully or partially engulfed in flame: 

see B.2; 

see B.3; 

see B.4; 

see B.S. 

Other cases may be treated analogously, using appropriate adaptations of the treatments given in B.2 to B.S. 

(S) The radiative heat flux Ir from an opening should be determined from: 

If (8.3) 

where: 

CPr is the overall configuration factor of the member for radiative heat transfer from that 
opening; 

Tf 

IS 

is 

IS 

the emissivity of the opening; 

the absorptivity of the flames; 

the temperature of the fire [K] from annex B of EN 1991-1-2. 

(6) The emissivity Cf of an opening should be taken as unity, see annex B of EN 1991-1-2. 

(7) The absorptivity az of the flames should be determined from B.2 to B.S as appropriate. 
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B.1.4 Overall configuration factors 

(l) The overall configuration factor ¢f of a member for radiative heat transfer from an opening should be 
determined from: 

¢r 

where: 

is 

IS 

is 

(B.4) 

the configuration factor of member face i for that opening, see annex G of EN 
1991-1 

the cross-sectional dimension of member face i; 

the protection coefficient of member face as fol1ows: 

for a protected face: C 0 

- for an unprotected face: C 

(2) The configuration factor for a member face from which the opening is not visible should be taken 
as zero. 

(3) The overall configuration factor ¢z of a member for radiative heat transfer from a flame should be 
determined from: 

( C I cP ::, 1 + C'2 CP::,1 ) d I + ( C 3 CP:.3 + C 4 cP ::,4 ) d '2 

where: 

is 

(C 1 + )dl+(C3+C4)d2 

the configuration factor of member face 
EN 1991-1-2. 

(B.5) 

for that flame, see annex G of 

(4) The configuration factors of individual member faces for radiative heat transfer from flames may 
be based on equivalent rectangular flame dimensions. The dimensions and locations of equivalent rectangles 
representing the front and sides of a flame for this purpose should be determined as given in B.2 for columns 
and B.3 for beams. For all other purposes, the flame dimensions from annex B of EN 1991-1-2 should be 
used. 

(5) The configuration factor for a member face from which the flame is not visible should be taken as 
zero. 

(6) A member face may be protected by a heat screen, see 4.2.5.4. A member face that is immediately 
adjacent to the compartment wall may also be treated as protected, provided that there are no openings in that 
part of the wall. All other member faces should be treated as unprotected. 
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B.2 Column not engulfed in flame 

B.2.1 Radiative heat transfer 

BS EN 1993-1-2:2005 
EN 1993-1-2:2005 (E) 

(l) A distinction should be made between a column located opposite an opening and a colullln located 
between openings. 

NOTE: Illustration are given in B.2 

(2) If the column is opposite an opening the radiative heat flux lz from the flame should be determined 
from: 

(B.6) 

where: 

is 

IS 

the overall conflguration factor of the column for heat from the flame, see B. 1.4; 

the emissivity of the flame, see B.2.2; 

IS the flame temperahlre [K] from B.2.3. 

NOTE: Illustration are given in B.3. 

(3) If the column is between openings the total radiative heat flux lz from the flames on each side should 
be determined from: 

(B.7) 

where: 

is the overall configuration factor of the column for heat from flames on side m, see B.I.4; 

is the overall configuration factor of the column for heat from flames on side 11, see B. 1.4; 

&'z.m IS the total emissivity of the flames on side 111, see B.2.2; 

IS the total emissivity of the flames on side n, see B.2.2. 

NOTE: Illustration are given in B.4. 

B.2.2 Flame em issivity 

(1) [f the column is opposite an opening, the flame emIsSIVIty &'z should be determined from the 
expression for &' given in annex B of EN 1991-1-2, using the tlame thickness }" at the level of the top of the 
openings. Provided that there is no awning or balcony above the opening ;~ may be taken as follows: 

- for the 'no forced draught' condition: 

2h/3 (B.8a) 

for the' forced draught' condition: 

A x but A ::; hx/z (B.8b) 

where h, x and z are as given in annex B of EN 1991 1-2. 
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(2) If the column is between two openings, the total emissivities &Z.111 and &z.11 of the flames on sides 111 

and n should be determined from the expression for & given in annex B of EN 1991 1-2 using a value for 
the total name thickness A as follows: 

m 
for side 111: }v = L I,j 

i=1 

n 
- for side n: A L Ivj 

where: 

m 

n 

Ai 

IS 

IS 

is 

i=1 

the number of openings on side 77'1; 

the number of openings on side n; 

the flame thickness for opening i. 

(3) The flame thickness Ai should be taken as follows: 

for the' no forced draught' condition: 

- for the' forced draught' condition: 
Wi + 0,4s 

where: 

H'j the width of the opening; 

(B.9a) 

(B.9b) 

(B.10a) 

(B.IOb) 

s 

is 

is the horizontal distance from the centreline of the column to the wall of the fire 
compartment, see figure B.1. 

8.2.3 Flame temperature 

(1) The flame temperature Tz should be taken as the temperature at the flame axis obtained from the 
expression for Tz given in annex B of EN 1991-1-2, for the 'no forced draught' condition or the 'forced 
draught' condition as appropriate, at a distance ! from the opening, measured along the flame as 
follows: 

- for the' no forced draught' condition: 

! hl2 (B.ll a) 

- for the 'forced draught' condition: 

- for a column opposite an opening: 

! 0 (B.llb) 

- for a column between openings is the distance along the flame axis to a point at a horizontal distance 
s from the wall of the fire compartment. Provided that there is no awning or balcony above the opening: 

sXlx (B.llc) 

where X and x are as in annex B of EN 1991-1-2. 

55 



BS EN 1993-1-2:2005 
EN 1993-1-2:2005 (E) 

B.2.4 Flame absorptivity 

(l) For the 'no forced draught' condition, the flame absorptivity az should be taken as zero. 

(2) For the 'forced draught' condition, the flame absorptivity Gz should be taken as equal to the emissivity 
&z of the relevant flame, see B.2.2. 

B.3 Beam not engulfed in flame 

B.3.1 Radiative heat transfer 

(l) Throughout B.3 it is assumed that the level of the bottom of the beam is not below the level of the top 
of the openings in the fire compartment. 

(2) A distinction should be made between a beam that is parallel to the external wall of the fire 
compartment and a beam that is perpendicular to the external wall of the fire compartment, see figure B.S. 

(3) if the beam is parallel to the external wall of the fire compartmcnt, the average temperature of the steel 
member Till should be determined for a point in the length of the beam directly above the centre of the 
opening. For this case the radiative heat flux 1z from the flame should be determined from: 

where: 

is 

is 

is 

(B,12) 

the overall configuration factor for the flame directly opposite the beam, see B.IA; 

the flame emissivity, see B.3.2; 

the flame temperature from B.3.3 [K]. 

(4) If the beam is perpendicular to the external wall of the fire compartment, the average temperature in 
the beam should be determined at a series of points every 100 mm along the length of the beam. The 
average temperature of the steel member TI11 should then be taken as the maximum of these values. For this 
case the radiative heat flux Iz from the flames should be determined from: 

where: 

is 

¢Z,11 is 

&z.111 is 

&z.11 

Tz 

56 

+ ¢z,n &Z.11 ) aT z (B.13) 

the overall configuration factor of the beam for heat from flames on side m, see B.3.2; 

the overall configuration factor of the beam for heat from flames on side 11, see B.3.2; 

the total emissivity of the flames on side m, see B.3.3; 

IS the total emissivity of the flames on side n, see B.3.3; 

is the flame temperature [K], see B.3A. 
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B.3.2 Flame emissivity 

(1) If the beam is parallel to the external wall of the fire compartment, above an opening, the flame 
emissivity L-z should be determined from the expression for & given in annex B of EN 1991-1-2, using a 
value for the flame thickness A at the level of the top of the openings. Provided that there is no awning or 
balcony above the opening A may be taken as follows: 

for the 'no forced draught' condition: 

A 2h/3 (B.14a) 

for the' forced draught' condition: 

A x but A :; hxlz (B.14b) 

where h, x and z are as in annex B of EN 1991-1-2 

(2) If the beam is perpendicular to the external wall of the fire compartment, betvv'een two openings, the 
total emissivities &Lm and &z,11 of the flames on sides 111 and n should be detel111ined from the expression 
for & given in annex B of EN 1991-1-2 using a value for the flame thickness A as follows: 

- for side 111: A 

- for side n: )l, 

where: 

m is 

11 is 

Ai is 

the number of openings on side 111; 

the number of openings on side n; 

the width of opening i. 

(3) The flame thickness Ai should be taken as follows: 

- for the 'no forced draught' condition: 

Ai H'i 

- for the' forced draught' condition: 
Ai leVi + O,4s 

where: 

the width of the opening; 

(B.15a) 

(B.15b) 

(B.16a) 

(B.16b) 

s 

is 

is the horizontal distance from the wall of the fire compartment to the point under 
consideration on the beam, see figure B.S. 
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8.3.3 Flame temperature 

(l) The flame temperature Tz should be taken as the temperature at the flame axis obtained from the 
expression for Tz given in annex B of EN 1991-1 for the 'no forced draught' or 'forced draught' condition 
as appropriate, at a distance I from the opening, measured along the flame axis. as follows: 

- for the 'no forced draught' condition: 

I hl2 (B.17a) 

- for the 'forced draught' condition: 

- for a beam parallel to the external wall of the fire compartment. above an opening: 

I 0 (B.17b) 

- for a beam perpendicular to the external wall of the fire compartment, between openings I is the distance 
along the flame axis to a point at a horizontal distance s from the wall of the fire compartment. Provided 
that there is no awning or balcony above the opening: 

sXlx (B.17c) 

where X and x are as given in annex B of EN 1991-1-2. 

8.3.4 Flame absorptivity 

(l) F or the' no forced draught' condition, the flame absorptivity Gz should be taken as zero. 

(2) For the 'forced draught' condition, the flame absorptivity Gz should be taken as equal to the emissivity 
Cz of the relevant flame, see B.3.2. 

8.4 Column engulfed in flame 

(1) The radiative heat flux 1z from the flames should be determined from: 

with: 

1z,1 

1z,3 

1z,4 

where: 
j-

Z,I 

cz.i 

C 
Tz 

To 

is 

15 

is 

IS 

is 

IS 

4 

C3Cz.30To4 

C4 CZAOTz
4 

the radiative beat flux from the flame to column face i; 

the emissivity of the flames with respect to face i of the column; 

the column face indicator (l), (2), (3) or (4); 

the protection coefficient of member face i, see B.l.4; 

the flame temperature [K]; 

the flame temperature at the opening [K] from annex B of EN 1991-1-2. 

(B.18) 
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(2) The emissivity of the flames [;zj for each of the faces 1, 2, 3 and 4 of the column should be 
determined from the expression for & given in annex B of EN 1991-1 using a flame thickJleSS A equal to 
the dimension }~i indicated in figure R6 corresponding to face i of the column. 

(3) For the 'no forced draught' condition the values of Ai at the level of the top of the opening should be 
used, see figure B.6(a). 

(4) For the 'forced draught' condition, if the level of the intersection of the flame axis and the column 
centreline is below the level of the top of the opening, the values of Ai at the level of the intersection should 
be used, see figure B.6(b)(1). Otherwise the values of Ai at the level of the top of the opening should be 
used, see figure B.6(b)(2), except that if A4 < ° at this the values at the level where ° should 
be used. 

(5) The flame temperature Tz should be taken as the temperature at the flame axis obtained from the 
expression for Tz given in annex B of EN 1991-1-2 for the 'no forced draught' or 'forced draught' condition 
as appropriate, at a distance I from the opening, measured along the flame axis, as follows: 

- for the 'no forced draught' condition: 

I hl2 (B.19a) 

- for the' forced draught' condition, I is the distance the flame axis to the level where /l, i is 
measured. Provided that there is no balcony or awning above the opening: 

(A3 + 0,5dl )Xlx but I 0,5hXlz (R19b) 

where h, X, x and z are as given in annex B of EN 1991-1-2. 

(6) The absorptivity Oz of the flames should be determined from: 

3 
(B.20) 

where [;z.l, [;z.2 and [;z,3 are the emissivities of the flame for column faces 1, 2, and 3. 
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B.5 Beam fully or partially engulfed in flame 

B.5.1 Radiative heat transfer 

B.5.l.] General 

(J) Throughout B.5 it is assumed that the level of the bottom of the beam is not below the level of the top 
of the adj acent openings in the fire compartment. 

(2) A distinction should be made between a beam that is parallel to the external wall of the fire 
compartment and a bcam that is perpendicular to the external wall of the fire compartment, see figure B.7. 

(3) I f the beam is parallel to the external wall of the fire compartment, its average temperature Tm should 
be determined for a point in the length of the beam directly above the centre of the opening. 

(4) I f the beam is perpendicular to the external wall of the fire compartment, the value of the average 
temperature should be determined at a series of points every lOO mm along the length of the beam. The 
maximum of these values should then be adopted as the average temperature of the steel member 

(5) The radiative heat flux 1z from the flame should be determined from: 

(B.2l) 

where: 

IS the radiative heat flux from the flame to beam face i; 

IS the beam face indicator (1), (2), (3) or (4). 

B.5.1.2 'No forced draught' condition 

(l) F or the' no forced draught' condition, a distinction should be made between those cases where the top 
of the flame is above the level of the top of the beam and those where it is below this level. 

(2) If the top of the flame is above the level of the top of the beam the following equations should be 
applied: 

where: 

C1 &z.1 a'To4 

&z,2 crTz.2
4 

(B.22a) 

(B.22b) 

(B.22e) 

(B.22d) 

C3 6z.3 a( + Tz/)/2 

is 

IS 

is 

IS 

a(Tz/ 

the emissivity of the flame with respect to face i of the beam, see B.5.2; 

the temperature at the opening [KJ from annex B of EN ] 991 1-2; 

the flame temperature [K] from annex B of EN 1991-1-2, level with the bottom of 
the beam; 
the flame temperature [K] from annex B of EN 1991-1-2, level with the top of the 
beam. 

(3) J n the case of a beam parallel to the external wall of the fire eompatiment C4 may be taken as zero if 
the beam is immediately adjacent to the wall, see B. 7. 
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(4) If the top of the flame is below the level of the top of the beam the following equations should be 
applied: 

where: 

B.S.].3 

o 
(hzlchJ 6z.ja(Tz.1

4 + r/)/2 

(h) d)J ez.4 a(1~/ + T,4
) 12 

is 

is 

the flame temperature at the flame tip [813 KJ; 

the height of the top of the flame above the bottom of the beam. 

'Forced draught' condition 

(8.23a) 

(8.23b) 

(B.23c) 

(B.23d) 

(l) For the 'forced draught' condition, in the case of beams parallel to the external wall of the fire 
compartment a distinction should be made between those immediately adjacent to the wall and those not 
immediately adjacent to it. 

NOTE: lllustrations are given in figure B.7. 

(2) For a beam parallel to the wall, but not immediately adjacent to it, or for a beam perpendicular to the 
wall the following equations should be applied: 

1z.1 C1 CZ. JaTo 4 (B.24a) 

1z.2 6z.2 (B.24b) 

Cj C,,3 C5( Tz.1
4 + 1~/) 12 (B.24c) 

11..4 C4 6z.4 C5( TZ• 1 :.I + Tz.2:.1) 12 (B.24d) 

(3) If the beam is parallel to the wall and inm1ediately adjacent to it, only the bottom face should be taken 
as engulfed in flame but one side and the top should be taken as exposed to radiative heat transfer from the 
upper surface of the flame, see figure B.7(b)(2). Thus: 

¢z') C3 CLJ M 4 + Tz.1
4 )/2 

o 

(8.25a) 

(B.25b) 

(B.25c) 

(B.25d) 

where ¢z.j is the configuration factor relative to the upper surface of the flame, for face of the beam, from 
annex G of EN 1 991-1-2. 

B.5.2 Flame emissivity 

(1) Thc emissivity of the flame eli for each ofthc faces 1,2,3 and 4 of the beam should be determined 
from the expression for e given in annex B of EN 1991-1-2, using a flame thickness A equal to the 
dimension Ai indicated in figure B.7 corresponding to face i of the beam. 

B.5.3 Flame absorptivity 

(1) The absorptivity of the flame Oz should be determined from: 

I - (B.26) 

~ whcrc: 

h is the hcight of the opening. See figure B.7b) (height is noted as ~). @2] 
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Annex C [informative] Stainless steel 

C.1 General 

(1) The thermal and mechanical properties of following stainless arc given in this annex: 1.4301, 1.4401, 
1.4571, 1.4003 and 1.4462. 

Note: For other stainless steels according to EN 1993-1-4 the mechanical properties given in 3.2 may be 
used. The thermal properties may be taken from this annex. 

(2) The values of material properties given in this annex should be treated as characteristic. 

(3) The mechanical properties ofstee} at 20°C should be taken as those given in EN 1993-1-4 for normal 
temperature design. 

C.2 Mechanical properties of steel 

C.2.1 Strength and deformation properties 

(1) For heating rates between 2 and 50K/min, the strength and deformation properties of stainless steel at 
elevated temperatures should be obtained from the stress-strain relationship given in figure C.l. 

NOTE: For the rules of this standard it is assumed that the heating rates fall within the specified limits. 

(2) This relationship should be used to determine the resistances to tension, compression, moment or 
shear. 

(3) Table C.l gives reduction factors, relative to the appropriate value at 20 for the stress-strain 
relationship of several stainless steels at elevated temperatures as follows: 

- slope of linear elastic range, relative to slope at 20°C: 

- proof strength, relative to yield strength at 20 °C: 

tensile strength, relative to tensile strength at 20°C: 

(4) For the use of simple calculation methods table C.l gives the correction factor for the 
determination of the yield strength using: 

([u,8 - /0,21',0 ) (C.1) 

(5) For the use of advanced calculation methods table C.2 gives additional values for the stress-strain 
relationship of several stainless steels at elevated temperatures as follows: 

- slope at proof strength, relative to slope at 20°C: 

ultimate strain: 

C.2.2 Unit mass 

(1) The unit mass of steel pa may be considered to be independent of the steel temperature. The 
following value may be taken: 

pa 7850kg/m3 
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Strain range Stress (J Tangent modulus Et 

E·£ E(1+a·£ h - a. b. £b) 
E::; Ec.O 

1 + a. £h (1+a·£h)2 

d·(£ -c) 
f

O
.2PJ) - e + (die) ~C2 - (£/1,0 _ £)2 ~ 

lI,e (§] 
Ec.O < E ::; [,'u,O C~C2 _ (£ _ £)2 lI,e 

Parameters Ec.8 = ,fo.2p,O/ Ea.8 + 0,002 

Functions E£ -fr (1- £. E. / it) )E £ a = a,O c.e ' 0.2]7,(/ b = c,O (/,0 . O._}J,O' a,O c,O 

f,' b (Ea,e E:c,O / Io.2}J,e -1) f~.2P'0 . 0.2p,e £cl) 

J l e ~ d 2 } 

C = E: E: £ + = e (£/1,0 - £c,e) Ec/,e +e~ ( lI,e - c,e) £u,e - (',e E 
c/ ,e 

e= 
(Iu.e - fo.2}J,e)2 

(£u.e - £c,e ) EcI,e - 2 (fu.e - f~.2}J,e) 

Stress a! 

f O.2p,8 

// .. f!.\ E ct, 8 = tan a 

tan a Ea,e = 

--~--:------------------------------------~------~~~ 
Ec,e Eu,e Strain £ 

Key: f~l,8 

f02P.0 

Ea.o 

Ecl.O 

is 

is 

tensile strength; 

Figure C.1: 
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IS 

is 

is 

IS 

the proof strength at 0.2% plastic strain; 

the slope of the linear elastic range; 

the slope at proof strength; 

the total strain at proof strength; 

the ultimate strain. 

Stress-strain relationship for stainless steel at elevated 
tern peratu res. 
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Table C.1: Factors for determination of strain and stiffness of stainless steel at 
elevated temperatures 

Steel Reduction factor Reduction factor Reduction factor Factor for 
Temperature (relative to Ea) (relative tofJ (relative to.t:l) detcrmi nation 

for the slopc of the for proof strength for tensile strcngth of the yield 

~l linear elastic range 

kLO = ~ll.fJ lEa ko 1p.0 .ft;.1p.e U;· 
• 

ku.o = .t:I.n 'f:l k1,!:,.o 

Grade 1.4301 
20 1,00 1,00 1,00 0,26 
100 0,96 0,82 0.87 0.24 
200 0,92 0.68 0,77 0,19 
300 0,88 0,64 0.73 0.19 
400 0,84 0,60 0.72 0,19 
500 0,80 0,54 0,67 0,19 
600 0,76 0,49 0,58 0.22 
700 0,71 0,40 0.43 0,26 
800 0,63 0.27 0,27 0,35 
900 0,45 0,14 0,15 0,38 
1000 0,20 0,06 0.07 0,40 
1100 0,10 0,03 0.03 0,40 
1200 0,00 0,00 0,00 0,40 

Grade] .4401 / 1.4404 
20 1,00 1,00 1,00 0,24 
100 0,96 0,88 0,93 0,24 
200 0,92 0,76 0,87 0,24 
300 0,88 0,71 0,84 0.24 
400 0,84 0,66 0,83 0,21 
500 0,80 0.63 0,79 0.20 
600 0,76 0,61 0,72 0,19 
700 0,71 0,51 0.55 0,24 
800 0,63 0,40 0.34 0,35 
900 0,45 0,19 0,18 0,38 
1000 0,20 0,10 0,09 0,40 
]100 0,10 0,05 0,04 0,40 
1200 0,00 0,00 0,00 0,40 

Grade 1.4571 
20 1,00 1,00 1,00 0.25 
100 0,96 0,89 0,88 0.25 
200 0,92 0,83 0,81 0,25 
300 0,88 0,77 0,80 0,24 
400 0,84 0,72 0,80 0,22 
500 0,80 0,69 0,77 0,21 
600 0,76 0,66 0,71 0,21 
700 0,71 0,59 0,57 0,25 
800 0,63 0,50 0,38 0,35 
900 0,45 0,28 0,22 0,38 
1000 0,20 0.15 0,11 0,40 
1100 0,10 0,075 0,055 0,40 
1200 0,00 0,00 0,00 0.40 

Continued 
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Steel Reduction factor 
Temperature (relative to Ea) 

for the slope of the 

Ba linear elastic range 

kE.O = Ea.o! Ea 
Grade 1.4003 

20 1,00 
100 0,96 
200 0,92 
300 0,88 
400 0,84 
500 0,80 
600 0,76 
700 0,71 
800 0,63 
900 0,45 
1000 0,20 
1100 0,10 
1200 0,00 

Grade 1.4462 
20 1,00 
100 0,96 
200 0,92 
300 0,88 
400 0,84 
500 0,80 
600 0,76 
700 0,71 
800 0,63 
900 0,45 
1000 0,20 
110O 0,10 
1200 0,00 
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Table C.1 continued 

Reduction faetor Reduction factor Factor for 
(relative to.t;) (relative to.t~) determination 

for proof strength for tensile strength of the yield 
strength f~.e 

ko.2p,e ,k2p.OU;, ku.e j~I.0!AI k]'()/o.8 

1,00 1,00 0,37 
1.00 0,94 0,37 
1,00 0,88 0,37 
0,98 0,86 0,37 
0,91 0,83 0,42 
0,80 0,81 0,40 
0,45 0,42 0,45 
0,19 0,21 0,46 
0,13 0,12 0,47 

0,1 ° 0,11 0,47 
0,07 0,09 0,47 
0,035 0,045 0,47 
0,00 0,00 0,47 

1,00 1,00 0,35 
0,91 0,93 0,35 
0,80 0,85 0,32 
0,75 0,83 0,30 
0,72 0,82 0,28 
0,65 0,71 0,30 
0,56 0,57 0,33 
0,37 0,38 0,40 
0,26 0,29 0,41 
0.10 0,12 0,45 
0,03 0,04 0,47 

0,015 0,02 0,47 
0,00 0,00 0,47 
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Table C.2: Reduction factor and ultimate strain for the 
use of advanced calculation methods 

Steel Reduction factor Ultimate strain 
Temperature (relative to CU.li 

for the slope of the linear [- ] 
fJ..l clastic range 

kEcl. fJ Ectel Ea 
Grade 1.4301 

20 0,11 0,40 
100 0,05 0,40 
200 0,02 0,40 
300 0,02 OAO 
400 0,02 0,40 
500 0,02 0,40 
600 0,02 0,35 
700 0,02 0,30 
800 0,02 0,20 
900 0,02 0,20 
1000 0,02 0,20 
1100 0,02 0,20 
1200 0,02 0,20 

Grade 1.4401 / 1.4404 
20 0,050 0,40 
100 0,049 OAO 
200 0,047 0,40 
300 0,045 0,40 
400 0,030 0,40 
500 0,025 0,40 
600 0,020 0,40 
700 0,020 0,30 
800 0,020 0.20 
900 0,020 0,20 
1000 0,020 0,20 
1100 0,020 0,20 
1200 0.020 0,20 

Grade 1.4571 
20 0,060 0,40 
100 0,060 0,40 
200 0,050 0,40 
300 0,040 0,40 
400 0,030 0,40 
500 0,025 0,40 
600 0,020 0,35 
700 0,020 0,30 
800 0,020 0,20 
900 0,020 0,20 
1000 0,020 0,20 
1100 0,020 0,20 
1200 0,020 0,20 

Continued 
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Steel 
Temperature 

Ba 

Grade 1.4003 
20 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 

Grade 1.4462 
20 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
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Table C.2 continued 

Reduction factor Ultimate strain 
(relative to Cu,Q 

for the slope of the linear [-] 
elastic range 

kEcr.o = E<:,.eIEa 

0,055 0,20 
0,030 0,20 
0,030 0,20 
0,030 0,20 
0,030 0,15 
0,030 0,15 
0,030 0,15 
0,030 0,15 
0,030 0,15 
0,030 0,15 
0,030 0,15 
0,030 0,15 
0,030 0,15 

0,100 0,20 
0,070 0,20 
0,037 0,20 
0,035 0,20 
0,033 0,20 
0,030 0,20 
0,030 0,20 
0,025 0,15 
0,025 0,15 
0.025 0,15 
0,025 0,15 
0,025 0,l5 
0,025 0,15 
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C.3 Thermal properties 

C.3.1 Thermal elongation 

(1) The thermal elongation of austenitic stainless steel f....lll may be determined from the following: 

f....lIl 

where: 

f....1 

is the length at 20°C; 

IS 

is 

the temperature induced expansion; 

the steel temperature [OC]. 

NOTE: The variation of the thermal elongation with temperature is illustrated in figure C.2. 

Elongation AlII [-] 
25 10-3~~ ___ -~-------r-------~--------~-------'--------, 

5 1 0 -3+ __ .. ___ --; __ ----:71i'C. ..... _--+-.. _._ ... _ ... ____ -+-_______ .. _.i---_~_ .... ----'----.. --.------1 

o ~~--~------_r------~------~----_+----~ 
o 

Figure C.2: 

200 400 600 800 1000 1200 

Temperature [OC] 

Thermal elongation of stainless steel as a function of the 
temperature 

C.3.2 Specific heat 

(1) The specific heat of stainless steel Ca may be determined from the following: 

450 + 0,280 x Ba - 2,91 X lOA ~l + 1,34 X 10-7 ~13 J/kgK 

where: 

IS the steel temperature [OC]. 

NOTE: The variation of the specific heat with temperature is illustrated in figure C.3. 

(C. 1 ) 

(C.2) 
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Specific heat [J I kg K ] 

700~~·~~~·····-~-~-------·----~·----·---r----~-~--·--·~--------------

600 

500 

300 

O+-----~------~----~------r-----~----~ 

o 200 400 600 800 1000 1200 

Temperature [OC] 

lEV Figure C.3:@lI Specific heat of stainless steel as a function of the temperature 

C.3.3 Thermal conductivity 

(l) The thermal conductivity of stainless steel Aa may be determined from the following: 

Aa = 14,6 + .1 ,27 X 10-2 f)a W/mK 

where: 

(1\ is the steel temperature [OC]. 

NOTE: The variation of the thermal conductivity with temperature is illustrated in figure C.4. 
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Thermal conductivity [W I mK ] 
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Figure C.4: 
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Thermal conductivity of stainless steel as a function of the 

temperature 
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Annex 0 [informative] Joints 

0.1 Bolted joints 

(1) Net-section failure at fastener holes need not be considered, provided that there is a fastener in each 
hole, because the steel temperature is lower at joints due to the presence of additional material. 

01.1 Design Resistance of Bolts in Shear 

D1.1.1 Category A: Bearing Type 

(1) The fire design resistance of bolts loaded in shear should be determined from: 

(D. 1) 

where 
(§) is the reduction factor determined for the appropriate bolt temperature from Table D.l; 

is the design shear resistance of the bolt per shear plane calculated assuming that the shear 
plane passes tluough the threads of the bolt (table 3.4 of EN 1993-1-8); 

YM2 

YM,ti 

is the partial factor at normal temperature; 

is the partial factor for fire conditions. 

(2) The design bearing resistance of bolts in fire should be determined from: 

~,I.Rd F.k 
b,Rd b,O Y At, fl 

where 
Fb,Rd is determined from table 3.4 EN 1993-1 

(§) @.il is the reduction factor determined for the appropriate bolt temperature from Table D.I 

(D.2) 

D1.1.2 Category B: Slip resistance at serviceability and category C Slip resistance at ultimate 
state 

(1) Slip resistant joints should be considered as having slipped in fire and the resistance of a bolt 
should be determined as for bearing type bolts, see D 1.1. ] . 

01.2 Design Resistance of Bolts in Tension 

D1.2.1 Category D and E: Non-preloaded and preloaded bolts 

(1) The design tension resistance of a single bolt in fire should be detennined from: 

~en,l,Rd (D.3) 
Y M,p 

where 
Ft.Rd is determined from table 3.4 of EN 1993-1 

(§) kb•e ~ is the reduction factor determined for the appropriate bolt temperature from Table D.I 
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Table D.1: Strength Reduction Factors for Bolts and Welds 

Temperature Reduction factor for Reduction factor for 
bolts, ~ welds, ~ kw.e @l] 

~\ (Tension and shear) 

20 1,000 1,000 
100 0,968 1,000 
150 0,952 1,000 
200 0,935 1,000 
300 0,903 1,000 
400 0,775 0,876 
500 0,550 0,627 
600 0,220 0,378 
700 0,100 0,130 
800 0,067 0,074 
900 0,033 0,018 
1000 0,000 0,000 

D.2 Design Resistance of Welds 

D2.1 Butt Welds 

(1) The design strength of a full penetration butt weld, for temperatures up to 700°C, should be taken as 
equal to the strength of the weaker part joined using the appropriate reduction factors for structural steel. 
For temperatures> 700°C the reduction factors for fillet welds can also be applied to butt welds. 

D2.2 Fillet Welds 

(1) The design resistance per unit length of a fillet weld in fire should be determined from: 

FlI.I,/?d 
rllJ.li 

where 
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~ kw.e ~ is obtained form Table D.I for the appropriate weld temperature; 
Fw.Rd is determined from clause 4.5.3. ~ EN 1993-1-8 

(DA) 
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D.3 Temperature of joints in fire 

D3.1 General 

(1) The temperature of a joint may be assessed using the local A/V value of the parts forming that joint. 

(2) As a simplification an uniform distributed temperature may be assessed within thc joint; this 
temperature may be calculated using the maximum value of the ratios A/V of the connected stccimcmbcrs in 
the vicinity of the joint. 

(3) For beam to column and beam to beam joints, where the beams are supporting any type of concrete 
floor, the temperature for the joint may be obtained from the temperature of the bottom flange at mid span. 

(4) In applying the method in 4.2.5 the temperature of the joint components may be determined as 
follows: 

a) If the depth of the beam is less or equal than 400mm 

8h = 0,8880 [1 - 0,3(h/D)] (0.5) 

where 

8h is the temperature at height h (mm) of the steel beam (Figure D.I); 

8 0 is the bottom flange temperature of the steel beam remote from the joint; 
h is the height of the component being considered above the bottom of the beam in (mm); 
D is the depth of the beam in (mm). 

b) I f the depth of the beam is greater than 400mm 

i) When h is less or equal than D/2 

(D.6) 

ii) When h is greater than D/2 

8 h = 0,8880 [1 + 0,2 (1 - 2h/D)] (0.7) 

where 

\:-~."<7'':'-=--

8 0 is the bottom flange temperature of the steel beam remote from the joint; 
h is the height of the component being considered above the bottom of the beam in (mm); 
D is the depth of the beam in (mm). 

Temperature Temperature 
Profile Profile 

D:s; 400mm 0> 400mm 

0.62 0.70 I Dth 
9h 

0.75 0.88 

0.88 0.88 

Figure 0.1 Thermal gradient within the depth of a composite joint 
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Annex E [informative] Class 4 cross-sections 

E.1 Advanced calculation models 

(I) Advanced calculation models may be used for the design of class 4 sections when all stability effects 
are taken into account. 

E.2 Simple calculation models 

(1) The resistance of members with a class 4 cross section should be verified with the equations given in 
4.2.3.2 for compression members, in 4.2.3.4 for beams in bending, and in 4.2.3.5 for members subject to 
bending and axial compression, in which the area is replaced by the effective area and the section modulus is 
replaced by the effective section modulus. 

(2) The effective cross section area and the effective section modulus should be determined in accordance 
\vith EN 1993-1-3 and EN 1993-] i.e. based on the material proper1ies at 20°e. 

(3) For the design under firc conditions the design yield strength of steel should be taken as the 0,2 
percent proof strength. This design yield strength may be used to determine the resistance to tension, 
compression, moment or shear. 

(4) Reduction factors for the design yield strength of carbon steels relative to the yield strength at 20°C 
may be taken from table E.l : 

- design yield strength, relative to yicld strength at 20°C: 

slope of linear clastic range; relative to slope at 20°C: 

NOTE: These reductions factors are illustrated in figure E.l. 

kpO.2JJ 

ku ) 

(5) Reduction factors [§) for the design proof strength of stainless steels relative to the proof strength @l] 
at 20°C may be taken from annex C. 
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Table E.1: Reduction factors for carbon steel for the 
design of class 4 sections at elevated temperatures 

Steel Reduction factor Reduction factor 
Temperature (relative to/;,) (relative 

for the design yield strength of for the design yield strength 

B..l hot rolled and welded of cold formed 
class 4 sections class 4 sections 

~ @il= .t;}{/,:!. r/j;'b 

20 0 e 1,00 

1000e 1~00 

200 0 e 0,89 

300 0 e 0,78 

400°C 0,65 

500°C 0,53 

600 0 e 0,30 

700 0 e 0,13 

800 0 e 0,07 

900 0 e 0,05 

1000 0 e 0,03 

1l00°C 0,02 

1200°C 0,00 

NOTE 1: For intermediate values of the steel temperature, linear 
interpolation may be used. 

NOTE 2: The definition for/;.<b should be taken from EN 1993-1-3 
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Reduction factor 

ko 1.000 

0.800 

0.600 

0.400 

0.200 

Slope of linear elastic range 

kE,e = Ea,e/ Ea 

0.000 +---~----r-------.------r---r---===-' 

a 200 400 600 800 1000 1200 

Temperature [OC] 

Figure E.2: Reduction factors for the stress-strain relationship of cold formed 
and hot rolled class 4 steel sections at elevated temperatures 

78 



blank 


