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European Foreword
This document (prEN 1993-1-2:2021) has been prepared by Technical Committee CEN/TC 250
“Structural CodesEurocodes”, the secretariat of which is held by BSI. CEN/TC 250 is responsible for
all Structural Eurocodes and has been assigned responsibility for structural and geotechnical
design matters by CEN.
This document is currently submitted to the CEN Enquiry.

This document will supersede EN 1993-1-2:2005 and its corrigenda.+ AC:2009.

The first generation of EN Eurocodes was published between 2002 and 2007. This document forms
part of the second generation of the Eurocodes, which have been prepared under Mandate M/515
issued to CEN by the European Commission and the European Free Trade Association.
The Eurocodes have been drafted to be used in conjunction with relevant execution, material,
product and test standards, and to identify requirements for execution, materials, products and
testing that are relied upon by the Eurocodes.

The Eurocodes recognise the responsibility of each Member State and have safeguarded their right
to determine values related to regulatory safety matters at national level through the use of
National Annexes.

5

Formatiert: Foreword Title,
Tabstopps: Nicht an 0 cm +
0,5 cm + 1,5 cm + 2,5 cm + 15
cm + 16 cm
Formatiert: Foreword Text

prEN 1993-1-2:2021 (E)

Introduction
0.1 Introduction to the Eurocodes
The Structural Eurocodes comprise the following standards generally consisting of a number of Parts:
— EN 1990 Eurocode: Basis of structural and geotechnical design
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— EN 1991 Eurocode 1: Actions on structures

— EN 1992 Eurocode 2: Design of concrete structures
— EN 1993 Eurocode 3: Design of steel structures

— EN 1994 Eurocode 4: Design of composite steel and concrete structures
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— EN 1995 Eurocode 5: Design of timber structures

— EN 1996 Eurocode 6: Design of masonry structures
— EN 1997 Eurocode 7: Geotechnical design

— EN 1998 Eurocode 8: Design of structures for earthquake resistance
— EN 1999 Eurocode 9: Design of aluminium structures

— New parts are under development, e.g. Eurocode for design of structural glass
0.2 Introduction to EN 1993 (all parts)
Introduction to EN 1993
(1) EN 1993 (all parts) 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 (all parts) is concerned only with requirements for resistance, serviceability, durability
and fire resistance of steel structures. Other requirements, e.g. concerning thermal or sound insulation,
are not covered.
(3) EN 1993 is subdivided in various parts:

EN 1993-1, Design of Steel Structures — Part 1: General rules and rules for buildings;

EN 1993-2, Design of Steel Structures — Part 2: Steel bridges;

EN 1993-3, Design of Steel Structures — Part 3: Towers, masts and chimneys;

EN 1993-4, Design of Steel Structures — Part 4: Silos and tanks;

EN 1993-5, Design of Steel Structures — Part 5: Piling;

EN 1993-6, Design of Steel Structures — Part 6: Crane supporting structures;

EN 1993-7, Design of steel structures — Part 7: Design of sandwich panels.

(4) EN 1993-1 in itself does not exist as a physical document, but comprises the following 14 separate
parts, the basic part being EN 1993-1-1:
6
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EN 1993-1-1, Design of Steel Structures — Part 1-1: General rules and rules for buildings;

EN 1993-1-2, Design of Steel Structures — Part 1-2: Structural fire design;

EN 1993-1-3, Design of Steel Structures — Part 1-3: Cold-formed members and sheeting;
NOTE

Cold formed hollow sections supplied according to EN 10219 are covered in EN 1993-1-1.

EN 1993-1-4, Design of Steel Structures — Part 1-4: Stainless steels;

EN 1993-1-5, Design of Steel Structures — Part 1-5: Plated structural elements;

EN 1993-1-6, Design of Steel Structures — Part 1-6: Strength and stability of shell structures;

EN 1993-1-7, Design of Steel Structures — Part 1-7: Strength and stability of planar plated structures
transversely loaded;
EN 1993-1-8, Design of Steel Structures — Part 1-8: Design of joints;

EN 1993-1-9, Design of Steel Structures — Part 1-9: Fatigue strength of steel structures;

EN 1993-1-10, Design of Steel Structures — Part 1-10: Selection of steel for fracture toughness and
through-thickness properties;

EN 1993-1-11, Design of Steel Structures — Part 1-11: Design of structures with tension components
made of steel;
EN 1993-1-12, Design of Steel Structures — Part 1-12: Additional rules for steel grades up to S960;

EN 1993-1-13, Design of Steel Structures — Part 1-13: Beams with large web openings;

EN 1993-1-14, Design of Steel Structures — Part 1-14: Design assisted by finite element analysis.

(5) All subsequent parts EN 1993-1-2 to EN 1993-1-14 treat general topics that are independent from
the structural type like structural fire design, cold-formed members and sheeting, stainless steels,
plated structural elements, etc.

(6) All subsequent parts numbered EN 1993-2 to EN 1993-7 treat topics relevant for a specific
structural type like steel bridges, towers, masts and chimneys, silos and tanks, piling, crane supporting
structures, etc. EN 1993-2 to EN 1993-7 refer to the generic rules in EN 1993-1 and supplement, modify
or supersede them.
0.3 Introduction to EN 1993-1-2
Introduction to EN 1993-1-2
EN 1993-1-2 describes the principles, requirements and rules for the structural design of steel buildings
exposed to fire. The focus in EN 1993-1-2 is on design methods and design rules for individual members
(beams, columns, beam-columns), joints and skeletal structures (frames) regarding resistance and
stability under fire conditions.
0.4 Verbal forms used in the Eurocodes
Verbal forms used in the Eurocodes
The verb “shall" expresses a requirement strictly to be followed and from which no deviation is
permitted in order to comply with the Eurocodes.

The verb “should” expresses a highly recommended choice or course of action. Subject to national regulation and/or any relevant contractual provisions, alternative approaches could be used/adopted where
technically justified.
7
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The verb “may" expresses a course of action permissible within the limits of the Eurocodes.

The verb “can" expresses possibility and capability; it is used for statements of fact and clarification of
concepts.

0.5 National Annex for EN 1993-1-2
National Annex for EN 1993-1-2

National choice is allowed in this standard where explicitly stated within notes. National choice includes
the selection of values for Nationally Determined Parameters (NDPs).

The national standard implementing EN 1993-1-2 can have a National Annex containing all national
choices to be used for the design of buildings and civil engineering works to be constructed in the
relevant country.
When no national choice is given, the default choice given in this standard is to be used.

When no national choice is made and no default is given in this standard, the choice can be specified by
a relevant authority or, where not specified, agreed for a specific project by appropriate parties.
National choice is allowed in EN 1993-1-2 through the following clauses:
−
−
−
−

4.5 (1)
4.7 (2)
7.5 (2) Note 1
7.5 (2) Note 2

The National Annex can contain, directly or by reference, non-contradictory complementary
information for ease of implementation, provided it does not alter any provisions of the Eurocodes.
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1 Scope
1.1 Scope of EN 1993-1-2
(1)P This Part of EN 1993document is applicable for deals with the design of steel structures for the
accidental situation of fire exposure and is intended to be used in conjunction with EN 1991-1-2, EN
1993-1-1, EN 1993-1-3, EN 1993-1-4, EN 1993-1-5, EN 1993-1-6, EN 1993-1-7, EN 1993-1-8, EN 19931-11, EN 1993-1-13 and EN 1993-1-14. This Part of EN 1993document only identifies differences from,
or supplements to, normal temperature design.
(2)P This Part of EN 1993document applies to steel structures required to fulfil a loadbearing function.
NOTE

NOTE: This Part of EN 1993document does not include rules for separating function.

(3)P This Part of EN 1993document gives principles and application rules for the design of structures
for specified requirements in respect of the aforementioned function and the levels of performance.

Formatiert: Note

(4)P This Part of EN 1993document applies to structures, or parts of structures, that are within the
scope of EN 1993--1--1 and are designed accordingly.

(5) P The methods given in this Part of EN 1993document are applicable to structural steel grades listed
in EN 1993-1-1:— 1, Table 5.1 and Table 5.2 of EN 1993-1-1 and EN 1993-1-3:— 2, Table 3.1a and Table
3.1b of EN 1993-1-3.

1.2 Assumptions

Kommentar [KS1]: Must read
Table 3.1 and 3.2 in EN 19931-3;

(1) In addition to the general assumptions of EN 1990 the following assumptions apply:
- the choice of the relevant design fire scenario is made by appropriate qualified and experienced
personnel, or is given by the relevant national regulation.
- any fire protection measure taken into account in the design will be adequately maintained.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
NOTE
See the Bibliography for a list of other documents cited that are not normative references, including
those referenced as recommendations (i.e. through ‘should’ clauses) and permissions (i.e. through ‘may’ clauses).

(1) This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and the
publications are listed hereafter. For dated references subsequent amendments to or revisions of any of
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 referred to applies (including
amendments).
(2) The following normative documents contain provisions which, through references in this clause,
constitute provisions of this European standard:
1
2
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EN 1363-1, Fire resistance tests — Part 1: General requirements,

EN 13501-2, Fire classification of construction products and building elements — Part 2: Classification
using data from fire resistance tests, excluding ventilation services,

Kommentar [PR2]: EN 1363-1 is
never referred in EN 1993-1-2

EN 13381-1, Test method for determining the contribution to the fire resistance of structural
members — Part 1: Horizontal protective membranes,
EN 13381-2, Test method for determining the contribution to the fire resistance of structural
members — Part 2: Vertical protective membranes,
EN 13381-4, Test method for determining the contribution to the fire resistance of structural
members — Part 4: Applied passive protection to steel members,

EN 13381-10, Test methods for determining the contribution to the fire resistance of structural
members — Part 10: Applied protection to solid bar in tension,
EN 1990:— 3), Eurocode — Basis of structural and geotechnical design
EN 1990, Eurocode: Basis of structural design,

EN 1991-1-2:— 4, Eurocode 1 — Actions on structures Eurocode 1. Actions on structures — Part 1-2:
Actions on structures exposed to fire,

EN 1993-1-1:— 5,
Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-1: General rules:
General rules and rules for buildings,
EN
Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-3: General rules:
Supplementary rules for cold formed steel members and sheeting,
1993-1-3:— 6,

EN 1993-1-4, Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-3: General rules:
Supplementary rules for stainless steels,
EN 1993-1-5:— 7,
elements,
EN 1993-1-8:— 8,
Design of joints,
EN 1993-1-13:— 9,
openings,

Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-5: Plated structural
Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-8: General rules:

Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-13: Beams with web

EN 1993-1-14, Eurocode 3 —Eurocode 3. Design of steel structures — Part 1-14: Design assisted by finite
element analysis
3) Under preparation. Current stage: prEN 1990:2020.
4 Under preparation.
5 Under preparation. Current stage: prEN 1993-1-1:2020.
6 Under preparation. Current stage: prEN 1993-1-3:2021.
7 Under preparation. Current stage: prEN 1993-1-5:2021.
8 Under preparation. Current stage: prEN 1993-1-8:2021.
9 Under preparation.
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EN 1994-1-2, Eurocode 4. Design of composite steel and concrete structures — Part 1-2: General rules:
Structural fire design.

3 Terms, definitions and symbols
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3.1 Terms and definitions
(1) For the purposes of this Part of EN 1993document, the definitions of given in EN 1990, and
EN 1991-1-2 and the apply with the following applyadditional definitions:.
3.1.1

Bbox value of section factor:
Rratio between the exposed surface area of a notional bounding box to the section and the volume of
steel

3.1.2
.
Ccritical temperature of structural steel element
temperature : Ffor a given load level, the temperature at which failure is expected to occur in a
structural steel element assuming a uniform temperature distribution
3.1.3
.
Eeffective yield strength:
stress level Ffor a given temperature, the stress level at which the stress-strain relationship of steel is
truncated to provide a yield plateau

3.1.4
.
Ffire protection material:
Any any material or combination of materials applied to a structural member for the purpose of
increasing its fire resistance
3.1.5
.
Ppart of structure:
Isolated isolated part of a structure with appropriate support and boundary conditions

3.1.6
.
Ssection factor:
ratio between the exposed surface area and the volume of steel For for a steel member, , orthe ratio
between the exposed surface area and the volume of steel; ratio between the internal surface area of the
exposed encasement and the volume of steel for an enclosed member, the ratio between the internal
surface area of the exposed encasement and the volume of steel.
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3.2 Symbols and abbreviations
(1)

For the purpose of EN 1993-1-2this document, the following symbols apply.:

3.2.1 Latin upper case letters
Ai

Am

Am / V
Ap

Ap/ V
Ci

Ea

Ea,θ
Ed

Efi,d
Ep0,2,θ
Fb,Rd

Fb,fi,t,Rd
Fv,Rd

Fv,fi,t, Rd
Fw, Rd

Fw,fi,t, Rd
If

Iz

Iz,i
L

Li

Mb,fi,t,Rd
Mc,Rd
Mcr
Mfi,t,Rd

Mfi,θ,Rd
12

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

surface area exposed to fire of a member per unit length [m2/m];
section factor of unprotected steel members [m-1];

appropriate area of fire protection material per unit length of the member [m2/m];
section factor for steel members insulated by fire protection material [m-1];
protection coefficient of member face i;

modulus of elasticity of steel for normal temperature design;

slope of the linear elastic range for steel at elevated temperature θa;

design effect of actions at normal temperature, determined in accordance with
EN 1991-1-1;

design effect of actions for the fire situation, determined in accordance with
EN 1991-1-2, including the effects of thermal expansions and deformations;
tangent modulus at 𝑓𝑓p0,2,θ ;

design bearing resistance per bolt according to EN 1993-1-8;

design bearing resistance per bolt in the fire situation at time t;

design shear resistance per bolt per shear plane calculated assuming that the
shear plane passes through the threads of the bolt according to EN 1993-1-8;
design shear resistance per bolt per shear plane in the fire situation at time t;
design resistance per unit length of a fillet weld according to EN 1993-1-8;

design resistance per unit length of a fillet weld in the fire situation at time t;
radiative heat flux from an opening;
radiative heat flux from a flame;

radiative heat flux from a flame to a column face i;
system length of a column in the relevant storey;

length along axis between the opening and the relevant point;

design buckling resistance moment in the fire situation at time t;

plastic moment resistance of the gross cross-section Mpl,Rd for normal
temperature design; the elastic moment resistance of the gross cross-section
Mel,Rd for normal temperature design;
elastic critical moment for lateral torsional buckling based on the gross cross-sectional
properties, taking into account loading conditions, actual moment distribution and
lateral restraints;
design moment resistance in the fire situation at time t;

design moment resistance of the cross-section for a uniform temperature θa;
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Nb,fi,t,Rd

design buckling resistance in the fire situation at time t of a compression member;

Nfi,t,Rd

design resistance in the fire situation at time t of a tension member with a
non-uniform temperature distribution across the cross-section;

Ncr

elastic critical axial force for the relevant buckling mode based on the gross
cross-sectional properties, using the buckling length under fire conditions;
design resistance of a tension member with a uniform temperature θa;

Nfi,θ,Rd
Nt,Rd

design tension resistance of the cross-section Npl,Rd for normal temperature design,
according to EN 1993-1-1;

Rfi,d,t

design resistance in the fire situation at time t;

Rfi,d,0

value of Rfi,d,t for time t = 0 ;

Tf

temperature of fire [K];

Tm

temperature of the steel member [K];

To

flame temperature at the opening [K];

Tx

flame temperature at the flame tip [813 K];

Tz

flame temperature [K];

Tz,1

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

Tz,2

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

V

volume of a member per unit length;

Vc,Rd

design value of the resistance to shear force for normal temperature design,
according to EN 1993-1-1;

Vfi,t,Rd

design shear resistance in the fire situation at time t;

Xk

3.2.1
Ai

Am

characteristic value of a strength or deformation property (generally fk or Ek)
for normal temperature design to EN 1993-1-1);.

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

surface area exposed to fire of a member per unit length [m2/m];

Am / V section factor of unprotected steel members [m-1];
Ap

Ap/ V
Ci

Ea

Ea,θ
Ed

Efi,d

Formatiert: Textkörper

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

section factor for steel members insulated by fire protection material [m-1];

protection coefficient of member face i;

modulus of elasticity of steel for normal temperature design;

slope of the linear elastic range for steel at elevated temperature θa;

design effect of actions at normal temperature, determined in accordance with
EN 1991-1-1;
design effect of actions for the fire situation, determined in accordance with
EN 1991-1-2, including the effects of thermal expansions and deformations;
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Ep0,2,θ
Fb,Rd

tangent modulus at 𝑓𝑓p0,2,θ ;

design bearing resistance per bolt according to EN 1993-1-8;

Fb,fi,t,Rd design bearing resistance per bolt in the fire situation at time t;
Fv,Rd

design shear resistance per bolt per shear plane calculated assuming that the
shear plane passes through the threads of the bolt according to EN 1993-1-8;

Fv,fi,t, Rd design shear resistance per bolt per shear plane in the fire situation at time t;
Fw, Rd

design resistance per unit length of a fillet weld according to EN 1993-1-8;

Fw,fi,t, Rd design resistance per unit length of a fillet weld in the fire situation at time t;
If

Iz

Iz,i
L

Li

radiative heat flux from an opening;

radiative heat flux from a flame;

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

system length of a column in the relevant storey;

length along axis between the opening and the relevant point;

Mb,fi,t,Rd design buckling resistance moment in the fire situation at time t;
Mc,Rd

plastic moment resistance of the gross cross-section
Mpl,Rd
for normal
temperature design; the elastic moment resistance of the gross cross-section
Mel,Rd for normal temperature design;

Mcr
elastic critical moment for lateral torsional buckling based on the gross cross-sectional
properties, taking into account loading conditions, actual moment distribution and lateral restraints;
Mfi,t,Rd design moment resistance in the fire situation at time t;

Mfi,θ,Rd design moment resistance of the cross-section for a uniform temperature θa;

Nb,fi,t,Rd design buckling resistance in the fire situation at time t of a compression member;
Ncr

Nfi,t,Rd

elastic critical axial force for the relevant buckling mode based on the gross
cross-sectional properties, using the buckling length under fire conditions;
design resistance in the fire situation at time t of a tension member with a
non-uniform temperature distribution across the cross-section;

Nfi,θ,Rd design resistance of a tension member with a uniform temperature θa;
Nt,Rd

Rfi,d,t

Rfi,d,0
Tf

Tm
To
Tx
Tz

Tz,1
14

design tension resistance of the cross-section Npl,Rd for normal temperature design,
according to EN 1993-1-1;

design resistance in the fire situation at time t;
value of Rfi,d,t for time t = 0 ;

temperature of fire [K];

temperature of the steel member [K];

flame temperature at the opening [K];

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

flame temperature [K] from annex B of EN 1991-1-2, level with the bottom of
a beam;
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Tz,2
V
Vc,Rd
Vfi,t,Rd
Xk

flame temperature [K] from annex B of EN 1991-1-2, level with the top of
a beam;
volume of a member per unit length;

design value of the resistance to shear force for normal temperature design,
according to EN 1993-1-1;

design shear resistance in the fire situation at time t;

characteristic value of a strength or deformation property (generally fk or Ek)
for normal temperature design to EN 1993-1-1;

3.2.2 Latin lower case letters
az
ca

cp
d

di

dp
df
f

fp,θ

fu,θ
fy

fy,θ
fy,i

heq
ℎ̇net,d
hz

absorptivity of flames;
specific heat of steel;

specific heat of the fire protection material;
effective cross-sectional dimension;

cross-sectional dimension of member face i;
thickness of fire protection material;

thickness of the fire protection material. (df = 0 for unprotected members.);
modification factor for χLT,fi;

proportional limit for steel at elevated temperature θa;

ultimate strength at elevated temperature, allowing for strain-hardening;
yield strength at 20 °C;

effective yield strength of steel at elevated temperature θa;

nominal yield strength fy for the elemental area Ai taken as positive on the
compression side of the plastic neutral axis and negative on the tension side;
equivalent height of the opening;

design value of the net heat flux per unit area;

i

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

kb, θ

reduction factor determined for the appropriate bolt temperature;

kc

kE,θ

kE,θ,com
kp0,2,θ
ksh

column face indicator (1), (2), (3) or (4);

correction factor for moment distribution;
reduction factor for the slope
steel temperature θa reached at time t ;

of

the

linear

elastic

range

at

the

reduction factor for the slope of the linear elastic range at the maximum steel
temperature in the compression flange θa,com reached at time t ;
reduction
factor
for
the
temperature θa reached at time t ;

0,2%

correction factor for the shadow effect;

proof

strength

at

the

steel

15
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ku,θ

reduction factor for the ultimate strength at the steel temperature θa reached
at time t ;

kθ

relative value of a strength or deformation property of steel at elevated
temperature θa;

kw,θ

strength reduction factor for welds at elevated temperature;

ky,θ

reduction
factor
for
the
temperature θa reached at time t ;

ky,θ,com

strength

at

the

steel

reduction factor for the yield strength of steel at the maximum temperature in
the compression flange θa,com reached at time t ;
reduction factor for the yield strength of steel at temperature θi ;

ky,θ,i

ky,θ,max

reduction factor for the yield strength of steel at the maximum steel
temperature θa,max reached at time t ;
reduction factor for the yield strength of steel at the steel temperature θweb;

ky,θ,web
ky

interaction factor for buckling about y-y axis;

kz

interaction factor for buckling about z-z axis;

kLT

interaction factor for lateral torsional buckling;

m

number of openings on side m;

n

number of openings on side n;

l

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

lfi

buckling length of a column for the fire design situation;

s

horizontal distance from the centreline of a column to a wall of a fire compartment;

t

time in fire exposure;

wi

width of an opening;

zi

3.2.2
az
ca

cp
d

di

dp

distance from the plastic neutral axis to the centroid of the elemental area Ai .
absorptivity of flames;

specific heat of the fire protection material;
effective cross-sectional dimension;

cross-sectional dimension of member face i;
thickness of fire protection material;

thickness of the fire protection material. (df = 0 for unprotected members.);

fp,θ

proportional limit for steel at elevated temperature θa;

fy

fy,θ
fy,i

Formatiert: Textkörper

specific heat of steel;

df
f
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yield

modification factor for χLT,fi;
yield strength at 20 °C;

effective yield strength of steel at elevated temperature θa;

nominal yield strength fy for the elemental area Ai taken as positive on the
compression side of the plastic neutral axis and negative on the tension side;
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fu,θ

heq

ultimate strength at elevated temperature, allowing for strain-hardening;
equivalent height of the opening;

ℎ̇net,d design value of the net heat flux per unit area;
hz
i

kb, θ
kc

kE,θ

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

column face indicator (1), (2), (3) or (4);

reduction factor determined for the appropriate bolt temperature;

correction factor for moment distribution;

reduction factor for the slope of
steel temperature θa reached at time t ;

the

linear

elastic

range

at

the

kE,θ,com reduction factor for the slope of the linear elastic range at the maximum steel
temperature in the compression flange θa,com reached at time t ;

kp0,2,θ reduction
factor
temperature θa reached at time t ;

for

the

0,2%

proof

strength

at

the

steel

ksh

correction factor for the shadow effect;

kθ

relative value of a strength or deformation property of steel at elevated
temperature θa;

ku,θ
at time t ;

kw,θ
ky,θ

reduction factor for the ultimate strength at the steel temperature θa reached

strength reduction factor for welds at elevated temperature;

reduction
factor
for
the
temperature θa reached at time t ;

yield

strength

at

reduction factor for the yield strength of steel at temperature θi ;

ky,θ,max reduction factor for the yield strength
temperature θa,max reached at time t ;

of

steel

at

the

kLT
m
n
l
lfi
compartment;

s
t

wi
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interaction factor for buckling about y-y axis;

kz
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steel

ky,θ,web reduction factor for the yield strength of steel at the steel temperature θweb;
ky
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the

ky,θ,com reduction factor for the yield strength of steel at the maximum temperature in
the compression flange θa,com reached at time t ;
ky,θ,i
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interaction factor for buckling about z-z axis;
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interaction factor for lateral torsional buckling;

number of openings on side m;
number of openings on side n;

length at 20 °C ; a distance from an opening, measured along the flame axis;
buckling length of a column for the fire design situation;

horizontal distance from the centreline of a column to a wall of a fire
time in fire exposure;

width of an opening;
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zi

distance from the plastic neutral axis to the centroid of the elemental area Ai .

3.2.3 Greek upper case letters
∆t

time interval;

∆l

temperature induced expansion;

∆θa,t

increase of the steel uniform temperature distribution in a cross-section
during the time interval ∆t ;

∆θg,t

increase of the ambient gas temperature during the time interval ∆t .;

3.2.3
∆t
∆l
∆θa,t
∆θg,t

time interval;

temperature induced expansion;

increase of the steel uniform temperature distribution in a cross-section
during the time interval ∆t ;
increase of the ambient gas temperature during the time interval ∆t ;

3.2.4 Greek lower case letters

α
αc

αLT
βM

γM0
γM2

γM,fi
ε

εf

εfi

εm
εz

εz,m
εz,n
εθ

ηfi
θ

θa
18

imperfection factor for flexural buckling;
convective heat transfer coefficient;

imperfection factor for lateral-torsional buckling;
equivalent uniform moment factors;

partial factor for resistance of cross-sections at normal temperature;
partial factor at normal temperature;

partial factor for the relevant material property, for the fire situation;
material parameter depending on fy, at normal temperature;
emissivity of a flame; the emissivity of an opening;

material parameter depending on fy, for the fire situation;
surface emissivity of the member;
emissivity of a flame;

total emissivity of the flames on side m;
total emissivity of the flames on side n;
strain at the steel temperature θa;

reduction factor applied to Ed in order to obtain Efi,d;
temperature;

steel temperature [°C];
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θa,cr

critical temperature of steel;

θweb

average temperature in the web of the section;

θg,t
θi

κ1
κ2
λ

λi
𝜆𝜆̅

𝜆𝜆̅θ

𝜆𝜆̅LT

𝜆𝜆̅LT,θ,com
𝜆𝜆�p,θ

λp
λf

µ0
σ

σθ
ρa

ρp
φf

φf,i
φz

φz,i

φz,m
φz,n
χfi

χLT,fi

χLT,fi,mod
χmin,fi
χy,fi
χz,fi

ambient gas temperature at time t ;
temperature in elemental area Ai;

adaptation factor for non-uniform temperature across the cross-section;
adaptation factor for non-uniform temperature along the beam;
thermal conductivity;

flame thickness for an opening i ;

relative slenderness for flexural buckling;

relative slenderness for flexural buckling at the steel temperature θa;
relative slenderness for lateral torsional buckling;

relative slenderness for lateral torsional
temperature in the compression flange θa,com;

buckling

at

the

maximum

relative slenderness for plate buckling of plane elements at the steel temperature θa;
thermal conductivity of the fire protection system;

effective thermal conductivity of the fire protection material;
degree of utilization at time t = 0;

Stefan Boltzmann constant [5,67 × 10-8 W/m2K4];
stress at the steel temperature θa;
density of steel;

density of the fire protection material;

overall configuration factor of the member for radiative heat transfer from
the opening;
configuration factor of member face i for an opening;

overall configuration factor of the member for radiative heat transfer from the flame;
configuration factor of member face i for a flame;

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

overall configuration factor of the column for heat from flames on side n;:.
reduction factor for flexural buckling in the fire design situation;

reduction factor for lateral-torsional buckling in the fire design situation;
modified reduction factor for lateral-torsional buckling;
minimum value of χy,fi and χz,fi;

reduction factor for flexural buckling about the y-axis in the fire design
situation;
reduction factor for flexural buckling about the z-axis in the fire design
situation.
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3.2.4

α
αc

imperfection factor for flexural buckling;
convective heat transfer coefficient;

αLT

imperfection factor for lateral-torsional buckling;

γM0

partial factor for resistance of cross-sections at normal temperature ;

βM

γM2

γM,fi

ε

equivalent uniform moment factors;

partial factor at normal temperature;

partial factor for the relevant material property, for the fire situation;

material parameter depending on fy, at normal temperature;

εf

emissivity of a flame; the emissivity of an opening;

εm

surface emissivity of the member;

εz,m

total emissivity of the flames on side m;

εfi
εz

εz,n
εθ

material parameter depending on fy, for the fire situation;

emissivity of a flame;

total emissivity of the flames on side n;
strain at the steel temperature θa;

ηfi

reduction factor applied to Ed in order to obtain Efi,d;

θa

steel temperature [°C];

θ

θa,cr

temperature;

critical temperature of steel;

θg,t

ambient gas temperature at time t ;

θi

temperature in elemental area Ai;

θweb
κ1
κ2
λ

λi
𝜆𝜆̅

average temperature in the web of the section;
adaptation factor for non-uniform temperature across the cross-section;
adaptation factor for non-uniform temperature along the beam;

thermal conductivity;

flame thickness for an opening i ;

relative slenderness for flexural buckling

𝜆𝜆̅θ

relative slenderness for flexural buckling at the steel temperature θa

𝜆𝜆�p,θ

relative slenderness for plate buckling of plane elements at the steel temperature θa;

λf

effective thermal conductivity of the fire protection material;

𝜆𝜆̅LT

relative slenderness for lateral torsional buckling

𝜆𝜆̅LT,θ,com relative slenderness for lateral torsional buckling at the maximum
temperature in the compression flange θa,com

λp

20

thermal conductivity of the fire protection system;
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µ0
σ

σθ

degree of utilization at time t = 0;

Stefan Boltzmann constant [5,67 × 10-8 W/m2K4];

stress at the steel temperature θa;

ρa

density of steel;

φf

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

ρp
φf,i
φz

φz,i

density of the fire protection material;

configuration factor of member face i for an opening;

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

configuration factor of member face i for a flame;

φz,m

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

χfi

reduction factor for flexural buckling in the fire design situation;

φz,n

overall configuration factor of the column for heat from flames on side n.

χLT,fi

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

χmin,fi

minimum value of χy,fi and χz,fi;

χLT,fi,mod modified reduction factor for lateral-torsional buckling;
χy,fi
χz,fi

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

4 Basis of design
4.1 General

(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 loadbearing function during the relevant fire
exposure.

(2)P Deformation criteria shall be applied where the means of fire protection require consideration of
the deformation of the loadbearing structure.
(3) Consideration of the deformation of the loadbearing structure is not necessary when the efficiency
of the means of protection has been evaluated according to clause 5.2.3.

(4)P Deformation criteria shall be applied where the design criteria for separating elements require
consideration of the deformation of the loadbearing structure.

(5) Consideration of the deformation of the loadbearing structure is not necessary when the separating
elements fulfil requirements of a nominal fire exposure.

4.2 Nominal fire exposure

(1)P For standard fire exposure, elements shall comply with the following function defined in
EN 1991-1-2:
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–

loadbearing function only: mechanical resistance (R);

(2) Function R is assumed to be satisfied when loadbearing is maintained during the required time of
fire exposure.
(3)P With the hydrocarbon fire exposure curve the same function (R) applies, however the reference to
this specific curve shall be identified by the letters "HC".

4.3 Physically based fire exposure

(1) The load-bearing function is ensured if collapse is prevented during the complete duration of the
fire, including the cooling phase or during a required period of time according to 4.4 (4) of
EN 1991-1-2.

4.4 Actions

(1)P Thermal and mechanical actions shall be taken from EN 1991-1-2.

4.5 Design values of material properties

(1)P Design values of mechanical (strength and stiffness) material properties for the fire situation Xd,fi
are defined as follows:
𝑋𝑋d,fi = 𝑘𝑘θ 𝑋𝑋k /𝛾𝛾M,fi

where:

(4.1)

Xk
is the characteristic value of a strength or stiffness property (generally fk or Ek) for normal
temperature design according to EN 1993-1-1;

is the temperature-dependent reduction factor (Xk,θ/Xk) for a strength or stiffness
kθ
property, see 5.3;

γM,fi

situation.

is the partial safety factor for the relevant mechanical material property for the fire

NOTE

NOTE: The value of γM,fi is 1,0 unless the National Annex gives a different value for use in a country.
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NOTE

NOTE: the The characteristic values of thermal material properties correspond to mean values.
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(2)P Design values of thermal material properties for the fire situation shall be taken equal to the
characteristic values.

4.6 Verification methods

(1)P The model of the structural system adopted for design shall reflect the performance of the
structure in the fire situation.

(2)P Mechanical resistance shall be verified for the required duration of fire exposure t according to
Formula (4.2):
Efi,d ≤ Rfi,d,t

where:

(4.2)

Efi,d is the design effect of actions for the fire situation, determined in accordance with 6.3 of
EN 1991-1-2, including effects of thermal expansions and deformations;
Rfi, d,t is the corresponding design resistance in the fire situation.

(3) The structural analysis for the fire situation should be carried out according to 5.1 of EN 1990.
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NOTE
NOTE: For verifying resistance requirements based on the standard fire curve, a member analysis is
sufficient.

(4) Where application rules given in this Part of EN 1993 are valid only for the standard fire curve, this
is identified in the relevant clauses.

Formatiert: Note

(5) The following design methods may be used in order to satisfy 4.6 (2):
- use of tabulated design data for specific types of members, see 6;

- use of simplified design methods for specific types of members, see 7;

- use of advanced design methods for the analysis of members, parts of the structure or the entire
structure, see 8.
(6)P 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.

4.7 Member analysis

(1) The design effect of actions should be determined for time t = 0 using combination factors according
to 6.3.1 of EN 1991-1-2.
(2) As a simplification to (1), the effect of actions Efi,d may be obtained from a structural analysis for
normal temperature design as:
Efi,d = ηfi Ed

where:

(4.3)

is the design value of the corresponding force or moment for normal temperature design,
Ed
for a fundamental combination of actions (see EN 1990:— 10, 8.3.4.2);

ηfi

is the reduction factor applied to Ed in order to obtain Efi,d.

NOTE
NOTE: The value of ηfi is 0.,65, except for imposed load according to load category E as given in
EN 1991-1-1 (areas susceptible to accumulation of goods, including access areas) where the value is ηfi = 0.,7.
Different values can be set by the National Annex for use in a country.

(3) The effects of thermal deformations resulting from thermal gradients across the cross-section shall
be considered. The effects of axial or in-plane thermal expansions may be neglected.

Formatiert: Note, Tabstopps:
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(4) The kinematic boundary conditions at supports and ends of members, applicable at time t = 0, may
be assumed to remain unchanged throughout the fire exposure.

(5) Tabulated design data, simplified or advanced design methods given in 6, 7 and 8 respectively are
suitable for verifying members under fire conditions.

4.8 Analysis of parts of the structure

(1) The effect of actions should be determined for time t = 0 using combination factors according to
EN 1991-1-2:— 11, 6.3.1.
(2)P Within the part of the structure to be analysed, the relevant failure mode in fire, the temperaturedependent material properties and member stiffness, effects of thermal expansions and deformations
(indirect fire actions) shall be taken into account.
10
11
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(3) The part of the structure 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 structure can be
approximated by time-independent support and boundary conditions during fire exposure.

(4) As an alternative to (1), the reactions at supports and internal forces and moments at the
boundaries of the part of the structure may be obtained from structural analysis for normal
temperature design as given in 4.7.

4.9 Global structural analysis
−
−
−

(1)P A global structural analysis for the fire situation shall take into account:

the relevant failure mode in fire exposure;

the temperature-dependent material properties and member stiffness;

effects of thermal expansions and deformations (indirect fire actions).

5 Material properties
5.1 General

(1)P Unless given as design values, the values of material properties given in this clause shall be treated
as characteristic values.
(2)P The mechanical properties of steel at normal temperature (20°C) shall be taken as those given in
EN 1993-1-1 and EN 1993-1-3 for normal temperature design.

5.2 Thermal properties
5.2.1 Carbon steel
5.2.1.1

Emissivity coefficient

(1) In addition to EN 1991-1-2:— 12, 5.1(6), the following values of surface emissivity, εm, related to
different types of steel from Table 5.1 may be taken:
Type of steel

Table 5.1 — Values of surface emissivity εm

Carbon steel

HDG steel1steela
1 a

εm (≤ 500ᵒC)
0,35

0,7
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εm (> 500ᵒC)
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0,7

Formatierte Tabelle

Steel that has been hot-dip galvanized according to EN ISO 1461 and with steel composition according
to Category A or B of EN ISO 14713-2, Table 1.
5.2.1.2

Thermal conductivity

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

12

for 20 °C ≤ θa < 800 °C:

λa = 54 - 3,33 × 10-2 θa W/mK

Under preparation.
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-

for 800 °C ≤ θa ≤ 1200 °C:

λa = 27,3 W/mK

where:
NOTE

θa

(5.1b2)

is the steel temperature [°C].

NOTE: The variation of thermal conductivity with temperature is illustrated in Figure 5.1.
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Figure 5.1: Thermal conductivity of carbon steel as a function of temperature
5.2.1.3

Specific heat

(1) The specific heat of steel ca should be determined from the following:
-

for 20 °C ≤ θa < 600 °C:

ca = 425 + 7,73 × 10-1 θa - 1,69 × 10-3 θa2 + 2,22 × 10-6 θa3 J/kgK
-

for 600 °C ≤ θa < 735 °C:

(5.2a3)

ca = 666 +

13002
J/kgK
738 - θ a

(5.2b4)

ca = 545 +

17820
J/kgK
θ a − 731

(5.2c5)

-

for 735 °C ≤ θa < 900 °C:
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-

for 900 °C ≤ θa ≤ 1200 °C:

ca = 650 J/kgK

where:
NOTE

θa

(5.2d6)

is the steel temperature [°C].

NOTE: The variation of specific heat with temperature is illustrated in Figure 5.2.
Specific heat [J / kg K]
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5.2.1.4

Specific heat of steel

Steel temperature

Figure 5.2: Specific heat of carbon steel as a function of temperature

Density

(1) The density of steel ρa may be considered to be independent of steel temperature. The following
value may be taken:

ρa = 7850 kg/m3

5.2.2 Stainless steels

(1) The thermal properties of stainless steels should be taken from Annex C.

5.2.3 Fire protection materials

(1) The properties and performance of fire protection materials used in design should have been
assessed using the test procedures given in the relevant parts of EN 13381 as appropriate.
NOTE
NOTE: These standards include a requirement that the fire protection materials shall remain coherent
and cohesive to their supports throughout the relevant fire exposure.
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5.3 Mechanical properties
5.3.1 Carbon steel
5.3.1.1

Strength and stiffness properties

(1) For heating rates between 2 and 50 K/min, the strength and stiffness properties of steel at elevated
temperatures should be obtained from the stress-strain relationship given in Table 5.2 and Figure 5.3.
NOTE

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

(2) The relationship given in Table 5.2 and Figure 5.3 should be used to determine the resistance.

(3) Table 5.1 3 gives the reduction factors for the stress-strain relationship of steel at elevated
temperatures shown in Table 5.2 and Figure 5.3. These reduction factors are defined as follows:
−
−
−

NOTE

effective yield strength, relative to yield strength at 20 °C:

ky,θ =

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

kE,θ =

proportional limit, relative to yield strength at 20 °C:

kp,θ =

fy,θ / fy

fp,θ / fy

Ea,θ / Ea

NOTE: The variation of these reduction factors with temperature are illustrated in Figure 5.4.

(4) Alternatively, for temperatures below 400 °C, 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.

(5) In case of thermal actions according to 5.3 of EN 1991-1-2:— 13, 5.3 (physically based), the values
specified in Figure 5.3 for the stress-strain relationship of structural steel up to and including S500 may
be used as an approximation.

13

Formatiert: Abstand Nach: 12
Pt.

Under preparation.

27

Formatiert: Abstand Nach: 12
Pt.
Kommentar [KS3]: Correct
verb for normative Annex?

Formatiert: Textkörper

Formatiert: Englisch (USA)

prEN 1993-1-2:2021 (E)

Table 5.2 — Stress-strain relationship for carbon steel at elevated temperatures
Strain range

Tangent modulus

Stress σθ

εθ ≤ εp,θ

εθ Ea,θ

εp,θ < εθ < εy,θ

𝑓𝑓p,θ − 𝑐𝑐 + (𝑏𝑏⁄𝑎𝑎 ) �𝑎𝑎2 − �𝜀𝜀y,θ − 𝜀𝜀θ � �

εy,θ ≤ εθ ≤ εt,θ

εt,θ < εθ < εu,θ

fy,θ

2 0,5

𝑓𝑓y,θ �1 − �𝜀𝜀θ − 𝜀𝜀t,θ ���𝜀𝜀u,θ − 𝜀𝜀t,θ ��

εθ = εu,θ

0,00

Functions

𝑎𝑎2 = �𝜀𝜀y,θ − 𝜀𝜀p,θ ��𝜀𝜀y,θ − 𝜀𝜀p,θ + 𝑐𝑐⁄𝐸𝐸a,θ �

Parameters

εp,θ = fp,θ / Ea,θ

εy,θ = 0,02

Ea,θ

𝑏𝑏�𝜀𝜀y,θ − 𝜀𝜀θ �

2 0,5

𝑎𝑎 �𝑎𝑎2 − �𝜀𝜀y,θ − 𝜀𝜀θ � �

0
-

εt,θ = 0,15

εu,θ = 0,20

𝑏𝑏2 = 𝑐𝑐�𝜀𝜀y,θ − 𝜀𝜀p,θ �𝐸𝐸a,θ + 𝑐𝑐 2
𝑐𝑐 =

σθ

2

�𝑓𝑓y,θ −𝑓𝑓p,θ �

�𝜀𝜀y,θ −𝜀𝜀p,θ �𝐸𝐸a,θ −2�𝑓𝑓y,θ −𝑓𝑓p,θ �

f y,θ

f p,θ

E a,θ = tan α

α
εp,θ

Key

σθ
εθ
fy,θ
fp,θ
Ea,θ

εp,θ
εy,θ
εt,θ
εu,θ
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stress
strain
effective yield strength
proportional limit
slope of the linear elastic range
strain at the proportional limit
yield strain
limiting strain for yield strength
ultimate strain

Figure 5.3:

ε y,θ

ε t,θ

ε u,θ

εθ

Stress-strain relationship for carbon steel at elevated temperatures
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Table 5.13: Reduction factors for stress-strain relationship of carbon steel at elevated
temperatures

Steel
Temperature

θa
20 °C

Reduction factor
(relative to fy)
for the effective yield
strength

Reduction factor
(relative to fy)
for the proportional
limit

Reduction factor
(relative to Ea)
for the slope of the
linear elastic range

ky,θ = fy,θ / fy

kp,θ = fp,θ / fy

kE,θ = Ea,θ / Ea

1,000

1,000

1,000

1,000

100 °C
200 °C

1,000

300 °C

1,000

400 °C

1,000

500 °C

0,780

600 °C

0,470

700 °C

0,230

800 °C

0,110

900 °C

1000 °C
1100 °C
1200 °C

NOTE: NOTE

Reduction factors at temperature θa relative to the value of fy or Ea at
20 °C

1,000
0,807
0,613
0,420
0,360
0,180
0,075
0,050

1,000
0,900
0,800
0,700
0,600
0,310
0,130
0,090

0,060

0,0375

0,0675

0,020

0,0125

0,0225

0,040
0,000

0,0250
0,0000

0,0450
0,0000
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0,61 cm

For intermediate values of the steel temperature, linear interpolation can be used.
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Reduction factor

𝑘𝑘kθθ

Effective yield strength
ky,θ = fy,θ / fy
𝑘𝑘y,θ

1

0.8

0.6
Slope of linear elastic range
𝑘𝑘E,θ
kE,θ = Ea,θ / Ea

0.4
Proportional limit
fy
kp,θ = fp,θ𝑘𝑘/ p,θ

0.2

0
0

200

400

600

800

1000

1200

Temperature [°C]
Key
Reduction factor

𝑘𝑘θ

θa

𝑘𝑘y,θ = 𝑓𝑓y,θ ⁄𝑓𝑓y

Steel temperature

Reduction factor for the effective yield strength

𝑘𝑘E,θ = 𝐸𝐸𝑎𝑎,𝜃𝜃 ⁄𝐸𝐸𝑎𝑎 Reduction factor for the slope of linear elastic range
𝑘𝑘p,θ = 𝑓𝑓p,θ ⁄𝑓𝑓y

Figure 5.4:
5.3.1.2
(1)

-

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

Thermal expansion
The relative thermal expansion of steel ∆l / l should be determined from the following:

for 20 °C ≤ θa < 750 °C:

∆l / l = 1,2 × 10-5 θa + 0,4 × 10-8 θa2 - 2,416 × 10-4

(5.3a7)

∆l / l = 1,1 × 10-2

(5.3b8)

∆l / l = 2 × 10-5 θa - 6,2 × 10-3

(5.3c9)

-

-

30
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for 750 °C ≤ θa ≤ 860 °C:

for 860 °C < θa ≤ 1200 °C:
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where:
l

∆l

θa
NOTE

is the length at 20 °C;

is the temperature induced expansion;
is the steel temperature [°C].

Formatiert: Abstand Vor: 3
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NOTE: The variation of the relative thermal expansion with temperature is illustrated in Figure 5.5.
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∆𝑙𝑙 ⁄𝑙𝑙 × 10−3

𝜃𝜃𝑎𝑎 ℃

Key
∆𝑙𝑙⁄𝑙𝑙 Relative thermal expansion

θa

Steel temperature

Figure 5.5: Relative thermal expansion of carbon steel as a function of the temperature
5.3.2 Stainless steels
(1) The mechanical properties of stainless steels should be taken from Annex C.
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6 Tabulated design data
6.1 General
(1)
Tabulated design data may be used to obtain recognised design solutions generally in relation to
member typology (dimensions) without recourse to any form of equilibrium equation.
(2)
Tabulated data can be derived from tests, calculation models or some combination of the two
and may be presented either in the form of a table or an equation.
(3)
Tabulated design data should give conservative results compared to relevant tests or simplified
or advanced design methods. They may be used only within their range of application, without
extrapolation outside.
(4)
There is no tabulated design data in this Part of EN 1993.
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7 Simplified design methods
7.1 General
(1)

Simplified design methods are based on global equilibrium equations.

NOTE
NOTE: Solving the global equilibrium equation of a simplified design method results in the
determination of single quantity: e.g. a temperature in a section or part of it, a loadbearing capacity for a section or
a member.

(2)
Simplified design models should give conservative results compared to relevant tests or
advanced design methods.

(3)
The load-bearing function of a steel member shall be assumed to be maintained at a time t in a
given fire if:
Efi,d ≤ Rfi,d,t

where:

Efi,d

(7.1)

is the design effect of actions for the fire design situation,
according to EN 1991-1-2;

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

(4)
The design resistance Rfi,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 of the mechanical properties of steel at elevated temperatures,
see 7.4.
NOTE
NOTE: In 7.4 Rfi,d,t becomes Mfi,t,Rd , Nfi,t,Rd etc (separately or in combination) and the corresponding
values of Mfi,Ed, Nfi,Ed etc represent Efi,d .

(5)
If a non-uniform temperature distribution is used, the design resistance Rfi,d,t may be determined
based on the temperature distribution of the member.

(6)
Alternatively to (3), by using a uniform temperature distribution, the verification may be carried
out in the temperature domain, see 7.5.
(7)
The fire resistance of a bolted or a welded joint may be assumed to be sufficient provided that
the following conditions are satisfied:
32
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1. The thermal resistance (df / λf )c of the joint's fire protection is equal or greater than the
minimum value of thermal resistance (df / λf )m of fire protection applied to any of the jointed
members;
df

λf

where:

is the thickness of the fire protection material (df = 0 for unprotected members);
is the effective thermal conductivity of the fire protection material.

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

NOTE As a simplification, the comparison of the degree of utilization within the joints and joined members can
be performed at normal temperature.

2.

NOTE: As a simplification, the comparison of the degree of utilization within the joints and joined members can be
performed at normal temperature.

(8)
As an alternative to the method given in 7.1 (7) the fire resistance of a joint may be determined
using Annex D.

7.2 Classification of cross-sections

(1)
For the purpose of these simplified rules the cross-sections may be classified as for normal
temperature design with a reduced value for ε as given in Formula (7.2).

εfi = 0,85 [235 / fy ] 0,5

where:

fy
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(7.2)

is the yield strength at 20 °C.

The maximum width-to-thickness ratios for Class 1, 2 and 3 compression parts should be obtained
using Table 7.3 from EN 1993-1-1:— 14 , Table 7.3 with fy at 20 °C and ε = εfi.
NOTE

NOTE: The reduction factor 0,85 considers influences due to elevated temperature.

7.3 Effective width for Class 4 cross-sections
(1)
In Class 4 cross-sections effective widths may be used to make necessary allowances for
reductions in resistance due to the effects of local buckling using EN 1993-1-5:— 15, 6.4, except that the
reduction factor ρ should be taken as follows:
Internal elements:
𝜌𝜌 =

�𝑝𝑝 +0,9−0,26�
�𝜆𝜆
𝜀𝜀

1,5

−0,055(3+𝜓𝜓)

�𝑝𝑝 +0,9−0,26�
�𝜆𝜆
𝜀𝜀

Outstand elements:
𝜌𝜌 =
14
15

�𝑝𝑝 +1,1−0,52�
�𝜆𝜆
𝜀𝜀

1,2

−0,188

�𝑝𝑝 +1,1−0,52�
�𝜆𝜆
𝜀𝜀

3

2,4

≤ 1,0

≤ 1,0

(7.3a)
(7.3b4)
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with 𝜀𝜀 = �235/𝑓𝑓𝑦𝑦

7.4 Resistance

7.4.1 Tension members
(1)
The design resistance Nfi,θ,Rd of a tension member with a uniform temperature θa should be
determined from:
Nfi,θ,Rd = ky,θ Nt,Rd [γM,0 / γM,fi ]

where:

ky,θ
Nt,Rd

(7.45)

is the reduction factor for the yield strength of steel at temperature θa , reached at time t,
see 5;
is the design tension resistance of the cross-section Npl,Rd for normal temperature design,
according to EN 1993-1-1:— 16, 8.2.3.

(2)
The design resistance Nfi,t,Rd at time t of a tension member with a non-uniform temperature
distribution across the cross-section may be determined from:
𝑁𝑁fi,t,Rd = ∑𝑛𝑛𝑖𝑖=1 𝐴𝐴i 𝑘𝑘y,θ,i 𝑓𝑓y ⁄𝛾𝛾M,fi

where:

(7.56)

Ai

is an elemental area of the cross-section with a temperature θ,i ;

θ,i

is the temperature in the elemental area Ai.

ky,θ,i

is the reduction factor for the yield strength of steel at temperature θ,i , see 5;
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(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 Nfi,θ,Rd of the tension member
with a uniform steel temperature θa equal to the maximum steel temperature θa,max reached at time t .
7.4.2 Compression members

(1)
The design buckling resistance Nb,fi,t,Rd at time t of a compression member with a uniform
temperature θa should be determined from:
Nb,fi,t,Rd = χfi A ky,θ fy / γM,fi

Nb,fi,t,Rd = χfi Aeff ky,θ fy / γM,fi

where:

χfi

ky,θ

Aeff

16
17

for class 1, 2 or 3 cross-sections
for class 4 cross-sections

(7.6b8)

is the reduction factor for flexural buckling in the fire design situation;
is the reduction factor from 5 for the yield strength of steel at the steel temperature θa
reached at time t ;

is the effective area calculated according to EN 1993-1-1:— 17, 8.2.2.5, using the reduction
factor for plate buckling as defined in 7.3.
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(2)
The value of χfi should be taken as the lesser of the values of χy,fi and χz,fi determined
according to:
with

and

𝜒𝜒fi =

1

(7.79)

�θ 2
𝜙𝜙θ + �𝜙𝜙θ 2 − 𝜆𝜆

2
𝜙𝜙θ = 0,5 �1 + α𝜆𝜆̅θ + 𝜆𝜆̅θ �

𝛼𝛼 = 0,65�235/𝑓𝑓𝑦𝑦

(7.810)
where 𝑓𝑓𝑦𝑦 is the yield strength in N/mm2.

The relative slenderness 𝜆𝜆̅θ for the temperature θa , is given by:
𝑘𝑘y,θ
𝜆𝜆̅θ = 𝜆𝜆̅�

where:

𝑘𝑘E,θ

𝐴𝐴𝑓𝑓𝑦𝑦

𝜆𝜆 = � 𝑁𝑁

cr

𝐴𝐴eff 𝑓𝑓y

𝜆𝜆 = �

ky,θ
kE,θ

Ncr

𝑁𝑁cr

(7.911)

(7.1012)

for class 1, 2 or 3 cross-sections;

(7.1113)

for class 4 cross-sections;

(7.1214)

is the reduction factor from 5 for the yield strength of steel at the
steel temperature θa reached at time t ;

is the reduction factor from 5 for the slope of the linear elastic
range at the steel temperature θa reached at time t;
is the elastic critical force for the relevant buckling mode based on the
gross cross-sectional properties, using the buckling length under fire conditions.

(3)
The buckling length lfi of a column for the fire design situation should generally be determined
as for normal temperature design.

(4)
In the case of a non-sway frame in which each storey comprises a separate fire compartment
with a fire resistance not less than the fire resistance of the column, the buckling length lfi of a
continuous column may be taken as lfi = 0,5 L in an intermediate storey and as lfi = 0,7L in the top storey,
where L is the system length in the relevant storey, see Figure 7.1.
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lfi,2 = 0,5L2
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d

Key ((Check redrawn figure if it reads Lfi,4=0,7L4))
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a Shear wall or other bracing system
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b Height of separate fire compartments in each storey
c Columns buckling length exposed to fire
d Deformation mode in fire
1

2

3

lfi,4 = 0,5L4

3

lfi,2 = 0,5L2

~
~
L~
3
~
~
L2
~
~
L1
~
L4

4

4

Key
1 Shear wall or other bracing system

2 Separate fire compartments in each storey
3 Columns length exposed to fire
4 Deformation mode in fire

Figure 7.1: Buckling lengths lfi of columns in non-sway frames

(5)
When designing using nominal fire exposure the design resistance Nb,fi,t,Rd at time t of a
compression member with a non-uniform temperature distribution may be taken as equal to the design
36
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resistance Nb,fi,θ,Rd of a compression member with a uniform steel temperature θa equal to the maximum
steel temperature θa,max reached at time t .
7.4.3 Beams with Class 1 or Class 2 cross-sections

(1) The design moment resistance Mfi,θ,Rd of a Class 1 or Class 2 cross-section with a uniform
temperature θa should be determined from:
Mfi,θ,Rd = ky,θ [γM,0 / γM,fi ]Mc,Rd

where:

(7.1315)

Mc,Rd is the plastic moment resistance of the gross cross-section Mpl,Rd for normal temperature
design, according to EN 1993-1-1:— 18, 8.2.5(2), or the reduced moment resistance for normal
temperature design, allowing for the effects of shear if necessary, according to 1993-1-1:— 19,
8.2.8;
ky,θ

is the reduction factor for the yield strength of steel at temperature θa , see 5.

(2) The design moment resistance Mfi,t,Rd 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:
𝑀𝑀fi,t,Rd = ∑𝑛𝑛𝑖𝑖=1 𝐴𝐴i 𝑧𝑧i 𝑘𝑘y,θ 𝑓𝑓y,i ⁄𝛾𝛾𝑀𝑀,𝑓𝑓𝑓𝑓

where:

zi
fy,i
Ai and ky,θ,i

(7.1416)

is the distance from the plastic neutral axis to the centroid of the elemental area
Ai;
is the nominal yield strength fy for the elemental area Ai taken as positive on the
compression side of the plastic neutral axis and negative on the tension side;
are as defined in 7.4.1 (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:
Mfi,t,Rd = Mfi,θ,Rd / (κ1 κ2)

where:

Mfi,θ,Rd

κ1
κ2

but Mfi,t,Rd ≤ Mc,Rd

(7.1517)

is the design moment resistance of the cross-section for a uniform temperature θa
which is equal to the uniform temperature θa at time t in a cross-section which is not
thermally influenced by the support.;
is an adaptation factor for non-uniform temperature across the cross-section, see (8);
is an adaptation factor for non-uniform temperature along the beam, see (9).
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(4)
The design lateral torsional buckling resistance moment Mb,fi,t,Rd at time t of a laterally
unrestrained member with a Class 1 or Class 2 cross-section should be determined from:
Mb,fi,t,Rd = χLT,fi Wpl,y ky,θ,com fy / γM,fi

18
19

(7.1618)
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where:

Wpl,y

χLT,fi

is the plastic section modulus of the cross-section;
is the reduction factor for lateral-torsional buckling in the fire design situation;

ky,θ,com is the reduction factor from 5 for the yield strength of steel at the maximum
temperature in the compression flange θa,com reached at time t .

Conservatively θa,com may be assumed to be equal to the uniform temperature θa .
(5)

The value of χLT,fi should be determined according to the following Formulae:

𝜒𝜒LT,fi =

with

1

but 𝜒𝜒LT,fi ≤ 1

2
�2
−𝜆𝜆
𝜙𝜙LT,θ,com +�𝜙𝜙LT,θ,com
LT,θ,com

𝜙𝜙LT,θ,com = 0,5�1 + 𝛼𝛼LT λ�LT,θ,com + 𝜆𝜆̅2LT,θ,com �

(7.1719)
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where the imperfection factor for the lateral-torsional buckling, 𝛼𝛼LT , should be determined according to
the Formula (7.911),
and

𝑘𝑘y,θ,com
𝜆𝜆̅LT,θ,com = 𝜆𝜆̅LT �

(7.1921)

𝑘𝑘E,θ,com

where:

kE,θ,com

is the reduction factor from 5 for the slope of the linear elastic range at the
maximum steel temperature in the compression flange θa,com reached at time t .

and the relative slenderness 𝜆𝜆̅LT is given by:
𝑊𝑊pl,y 𝑓𝑓y
𝜆𝜆̅LT = � 𝑀𝑀

Mcr

cr

(7.2022)

is the elastic critical moment for lateral-torsional buckling based on the gross
cross-sectional properties, taking into account loading conditions, actual moment
distribution and lateral restraints.

(6)
In order to take into account the effects of moment distribution between the lateral restraints of
the members, the reduction factor may be modified as follows:
𝜒𝜒LT,fi,mod =

𝜒𝜒LT,fi
𝑓𝑓

but

𝜒𝜒LT,fi,mod ≤ 1,0

where f should be taken to depend on the loading type, according to the Formula:
𝑓𝑓 = 1 − 0,5(1 − 𝑘𝑘c )

where 𝑘𝑘c is a correction factor according to Table 7.1.

(7.2123)
(7.2224)
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Moment distribution

−1,0 ≤ 𝜓𝜓 ≤ 1,0

Table 7.1 – Correction factor 𝑘𝑘c .

𝑘𝑘c

0,6 + 0,3𝜓𝜓 + 0,15𝜓𝜓2 but 𝑘𝑘c ≤ 1,0
0,91
0,90
0,91
0,79
0,73
0,75

NOTE

NOTE: for For others bending diagrams 𝑘𝑘c = 1,0.

(7)
The design shear resistance Vfi,t,Rd at time t of a Class 1 or Class 2 cross-section should be
determined from:
Vfi,t,Rd = ky,θ, web Vc,Rd [γM,0 / γM,fi ]

where:

Vc,Rd

θweb

ky,θ,web
20

Formatiert: Note, Tabstopps:
Nicht an 7,5 cm + 14,32 cm

(7.2325)

is the shear resistance of the gross cross-section for normal temperature design,
taken as Vpl,Rd, according to EN 1993-1-1:— 20, 8.2.6(2);
is the average temperature in the web of the section;

is the reduction factor for the yield strength of steel at the steel temperature θweb ,

Under preparation. Current stage: prEN 1993-1-1:2020.
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see 5.

(8)
The value of the adaptation factor κ1 for non-uniform temperature distribution across the crosssection should be taken as follows:
-

κ1 = 1,0

for a beam exposed to fire on all four sides:

-

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

κ1 = 0,70

-

for a protected beam exposed to fire on three sides, with a composite or concrete slab on the
fourth:

κ1 = 0,85

(9)
For a non-uniform temperature distribution along a beam the adaptation factor κ2 should be
taken as follows:
-

at the supports of a statically indeterminate beam:

-

in all other cases:

κ2 = 1,0.

κ2 = 0,85

7.4.4 Beams with Class 3 cross-sections
(1)
The design moment resistance Mfi,t,Rd at time t of a Class 3 cross-section with a uniform
temperature should be determined from:
Mfi,θ,Rd = ky,θ Mc,Rd [γM,0 / γM,fi ]

where:

Mc,Rd

ky,θ

(7.2426)

is the elastic moment resistance of the gross cross-section Mel,Rd for normal
temperature design, according to EN 1993-1-1:— 21, 8.2.5(2) or the reduced
moment resistance allowing for the effects of shear if necessary according to
EN 1993-1-1:— 22, 8.2.8;
is the reduction factor for the yield strength of steel at the steel temperature θa,
see 5.

(2)
The design moment resistance Mfi,t,Rd at time t of a Class 3 cross-section with a non-uniform
temperature distribution may be determined from:
Mfi,t,Rd = ky,θ,max Mc,Rd [γM,0 / γM,fi ] / (κ1κ2)

where:

ky,θ,max

κ1
κ2
21
22

but Mfi,t,Rd ≤ Mc,Rd

is the reduction factor for the yield strength of steel at the maximum steel temperature
θa,max reached at time t ;
is an adaptation factor for non-uniform temperature in a cross-section, see 7.4.3 (8);
is an adaptation factor for non-uniform temperature along the beam, see 7.4.3 (9).

Under preparation. Current stage: prEN 1993-1-1:2020.
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(3)
The design buckling resistance moment Mb,fi,t,Rd at time t of a laterally unrestrained beam with a
Class 3 cross-section should be determined from:
Mb,fi,t,Rd = χLT,fi Wel,y ky,θ,com fy / γM,fi

where:

Wel,y

χLT,fi

is the elastic section modulus of the cross-section;
is as given by Formula (7.1719) with

𝑊𝑊el,y 𝑓𝑓y
𝜆𝜆̅LT = �
𝑀𝑀cr

Conservatively θa,com may be assumed to be equal to the maximum temperature θa,max .

(7.2628)

(7.2729)

(4)
The design shear resistance Vfi,t,Rd at time t of a Class 3 cross-section should be determined
according to Formula (7.2325).
7.4.5 Beams with Class 4 cross-sections
The design moment resistance Mfi,θ,Rd of a Class 4 cross-section with a uniform temperature θa
should be determined from:
Mfi,θ,Rd = Weff ky,θ fy / γM,fi
(7.2830)

(1)

where:

Weff

Formatiert: Englisch (USA)
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the effective section modulus of the cross-section determined according to
EN 1993-1-1, using the reduction factor for plate buckling as defined in 7.3;
ky,θ
is
the reduction factor for the yield strength of steel at temperature θa , see 5.
The design lateral torsional buckling resistance moment Mb,fi,t,Rd at time t of a laterally
unrestrained beam with a Class 4 cross-section should be determined from:
Mb,fi,t,Rd = χLT,fi Weff,y ky,θ,com fy / γM,fi
(7.2931)

(2)

is

where:

ky,θ,com is
the reduction factor from 5 for the yield strength of steel at the maximum
temperature in the compression flange θa,com reached at time t .

χLT,fi is
the reduction factor for lateral-torsional buckling in the fire design situation
given by Formula (7.171932) with
𝜒𝜒LT,fi =

with

1

2
�2
−𝜆𝜆
𝜙𝜙LT,θ,com +�𝜙𝜙LT,θ,com
LT,θ,com

but 𝜒𝜒LT,fi ≤ 1

𝜙𝜙LT,θ,com = 0,5�1 + 𝛼𝛼LT �λ�LT,θ,com − 0,2� + 𝜆𝜆̅2LT,θ,com �
the value of 𝛼𝛼𝐿𝐿𝐿𝐿 as given in Table 7.2 and
and

𝑘𝑘y,θ,com
𝜆𝜆̅LT,θ,com = 𝜆𝜆̅LT �𝑘𝑘

where:

E,θ,com

𝑊𝑊eff,y 𝑓𝑓𝑦𝑦
𝜆𝜆̅LT = � 𝑀𝑀
cr

(7.32)

(7.303233)

(7.313334)

(7.323435)
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Mcr
kE,θ,com
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is the elastic critical moment for lateral-torsional buckling based on gross crosssectional properties, taking into account the loading conditions, the real moment
distribution and the lateral restraints;
is the reduction factor from 5 for the slope of the linear elastic range at the maximum
steel temperature in the compression flange θa,com reached at time t .
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Table 7.2: Selection of imperfection factor αLT
Curve

Limits

𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦
> 0,9
𝑊𝑊𝑒𝑒𝑒𝑒,𝑦𝑦
𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦
0,8 <
≤ 0,9
𝑊𝑊𝑒𝑒𝑒𝑒,𝑦𝑦
𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦
≤ 0,8
𝑊𝑊𝑒𝑒𝑒𝑒,𝑦𝑦

L1
L2

(3)

L3

𝛼𝛼𝐿𝐿𝐿𝐿

1,25 �235/𝑓𝑓𝑦𝑦
1,00 �235/𝑓𝑓𝑦𝑦
0,75 �235/𝑓𝑓𝑦𝑦

To take into account the effects of moment distribution between the lateral restraints of a
member with Class 4 cross-section, the reduction factor χLT,fi should be modified as in Formula
(7.213), with the factor f defined as:

𝑓𝑓 = 1 − 0,5(1 − 𝑘𝑘𝑐𝑐 ) ≥ 0,8
(7.33356)
(4)
The design shear resistance Vfi,t,Rd at time t of a Class 4 cross-section should be determined
according to Formula (7.2325).
7.4.6 Members with Class 1, 2 or 3 cross-sections, subject to combined bending and axial
compression
(1)
The design buckling resistance Rfi,d,t at time t of a member subject to combined bending and axial
compression should be verified by satisfying Formulae (7.34a367) and (7.34b378) for a member with a
Class 1 or Class 2 cross-section, or Formulae (7.34c389) and (7.34d3940) for a member with a Class 3
cross-section.
For the strong axis:
𝑁𝑁fi,Ed

𝜒𝜒min,fi 𝐴𝐴𝑘𝑘y,θ
𝑁𝑁fi,Ed

𝜒𝜒z,fi 𝐴𝐴𝑘𝑘y,θ

𝛾𝛾M,fi

𝑁𝑁fi,Ed

𝑁𝑁fi,Ed

where:

𝛾𝛾M,fi

𝑓𝑓y

𝜒𝜒min,fi 𝐴𝐴𝑘𝑘y,θ
𝜒𝜒z,fi 𝐴𝐴𝑘𝑘y,θ

𝑓𝑓y

+ 𝑘𝑘LT

𝑓𝑓y

𝛾𝛾M,fi

𝑓𝑓y

𝛾𝛾M,fi

+ 𝑘𝑘y

𝑊𝑊pl,y 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

𝑀𝑀y,fi,Ed

𝜒𝜒LT,fi 𝑊𝑊pl,y 𝑘𝑘y,θ

+ 𝑘𝑘y

+ 𝑘𝑘LT

𝑀𝑀y,fi,Ed

𝑀𝑀y,fi,Ed

𝑊𝑊el,y 𝑘𝑘y,θ

𝑓𝑓y

𝛾𝛾M,fi

𝑀𝑀y,fi,Ed

𝜒𝜒LT,fi 𝑊𝑊el,y 𝑘𝑘y,θ

+ 𝑘𝑘z

𝑓𝑓y
𝛾𝛾M,fi

+ 𝑘𝑘z

+ 𝑘𝑘z
𝑓𝑓y

𝛾𝛾M,fi

𝑀𝑀z,fi,Ed

𝑊𝑊pl,z 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

𝑀𝑀z,fi,Ed

𝑊𝑊pl,z 𝑘𝑘y,θ

𝑀𝑀z,fi,Ed

𝑊𝑊el,z 𝑘𝑘y,θ

+ 𝑘𝑘z

≤ 1,0

𝑓𝑓y
𝛾𝛾M,fi

𝑓𝑓y
𝛾𝛾M,fi

≤ 1,0

(7.34b378)

≤ 1,0

(7.34d3940)

≤ 1,0

𝑀𝑀z,fi,Ed

𝑊𝑊el,z 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

χmin,fi

is as defined in 7.4.2 (2);

χLT,fi

is as defined in 7.4.3 (5) and 7.4.3 (6) for members with Class 1 and 2
Cross-Sections and in 7.4.3 (5) for members with Class 3 Cross-sections;

χz,fi

𝑘𝑘LT = 1 −

(7.34a367)

(7.34c389)

is as defined in 7.4.2 (2);
𝜇𝜇LT 𝑁𝑁fi,Ed

𝜒𝜒z,fi 𝐴𝐴𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

≤ 1,0

(7.35401)
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𝜇𝜇LT = 0,15𝜆𝜆̅z,θ 𝛽𝛽M,LT − 0,15 ≤ 0,9

𝑘𝑘y = 1 −

𝜇𝜇y 𝑁𝑁fi,Ed

𝜒𝜒y,fi 𝐴𝐴𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

(7.36412)

≤ 3,0

(7.37423)

≤ 3,0

(7.39445)

𝜇𝜇y = min[�2𝛽𝛽M,y − 5�𝜆𝜆̅y,θ + 0,44𝛽𝛽M,y + 0. ,29; 0,8] with 𝜆𝜆̅𝑦𝑦,20℃ ≤ 1. ,1
𝑘𝑘z = 1 −

𝜇𝜇z 𝑁𝑁fi,Ed

𝜒𝜒z,fi 𝐴𝐴𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

𝜇𝜇z = min [� 1. ,2 𝛽𝛽M,z − 3� 𝜆𝜆̅z,θ + 0. ,71 𝛽𝛽M,z − 0. ,29; 0,8]

(7.38434)
(7.40456)

NOTE 1: For the equivalent uniform moment factors β M see Class 1, 2 or 3 in FigureTable 7.23.

NOTE 1

NOTE 2
NOTE 2: The equivalent uniform moment factors 𝛽𝛽𝑀𝑀,𝑦𝑦 , 𝛽𝛽𝑀𝑀,𝑧𝑧 and 𝛽𝛽𝑀𝑀,𝐿𝐿𝐿𝐿 can be obtained according to the
bending moment diagram between the relevant braced points as follows:
moment factor

bending axis

𝛽𝛽𝑀𝑀,𝑧𝑧

z-z

y-y

𝛽𝛽𝑀𝑀,𝑦𝑦

points braced in direction

Formatiert: Abstand Nach: 12 Pt.
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z-z

y-y

7.4.7 Members with Class 4 cross-sections, subject to combined bending and axial compression

Formatiert: Spanisch
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(1)
The design buckling resistance Rfi,d,t at time t of a member subject to combined bending and
axial compression should be verified by satisfying Formulae (7.41a467) and (7.41b478) for a member
with a Class 4 cross-section.

Formatiert

𝛽𝛽𝑀𝑀,𝐿𝐿𝐿𝐿

𝑁𝑁fi,Ed

𝜒𝜒min,fi 𝐴𝐴eff 𝑘𝑘y,θ
𝑁𝑁fi,Ed

𝜒𝜒z,fi 𝐴𝐴eff 𝑘𝑘y,θ

𝑓𝑓y

𝛾𝛾M,fi

𝑓𝑓y

𝛾𝛾M,fi

y-y

+ 𝑘𝑘y

+ 𝑘𝑘LT

𝑀𝑀y,fi,Ed +∆𝑀𝑀y,fi,Ed
𝑊𝑊eff,y 𝑘𝑘y,θ

𝛾𝛾M,fi

+ 𝑘𝑘z

𝑀𝑀y,fi,Ed +∆𝑀𝑀y,fi,Ed

𝜒𝜒LT,fi 𝑊𝑊eff,y 𝑘𝑘y,θ

where:

χmin,fi
χz,fi
χLT,fi

∆𝑀𝑀y,fi,Ed, ∆𝑀𝑀z,fi,Ed
𝑘𝑘LT = 1 −

𝑓𝑓y

𝜇𝜇LT 𝑁𝑁fi,Ed

𝜒𝜒z,fi 𝐴𝐴eff 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

𝑓𝑓y

𝛾𝛾M,fi

𝑘𝑘y = 1 −
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𝜒𝜒y,fi 𝐴𝐴eff 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

𝑀𝑀z,fi,Ed +∆𝑀𝑀z,fi,Ed

+ 𝑘𝑘z

𝑊𝑊eff,z 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

≤ 1,0

𝑀𝑀z,fi,Ed +∆𝑀𝑀z,fi,Ed
𝑊𝑊eff,z 𝑘𝑘y,θ

𝑓𝑓y

𝛾𝛾M,fi

≤ 1,0

(7.41a467)

(7.41b478)

is as defined in 7.4.2 (2);
is as defined in 7.4.2 (2);
is as defined in 7.4.5 (2) and (3);
are the additional bending moments, due to the shift of the centroidal
axis when the cross-section is subjected to compression only, see 8.2.2.5
(3) of EN 1993-1-1;

≤ 1,0

𝜇𝜇LT = 0,45𝜆𝜆̅z,θ 𝛽𝛽M,LT + 0,2 ≤ 0,7
𝜇𝜇y 𝑁𝑁fi,Ed

y-y

≤ 3,0

(7.42489)

(7.434950)
(7.44501)
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𝜇𝜇y = min��2𝛽𝛽M,y,1 − 5�𝜆𝜆̅y,θ + 0. ,44𝛽𝛽M,y,2 + 0. ,7; 0. ,6� with
𝑘𝑘z = 1 −

𝜇𝜇z 𝑁𝑁fi,Ed

𝜒𝜒z,fi 𝐴𝐴eff 𝑘𝑘y,θ

𝑓𝑓y
𝛾𝛾M,fi

≤ 3,0

𝜇𝜇z = min��1. ,2𝛽𝛽M,z − 3�𝜆𝜆̅z,θ + 0. ,71𝛽𝛽M,z − 0. ,29; 0. ,8�

NOTE
7.4.6.

𝜆𝜆̅y,20℃ ≤ 1. ,1

(7.45512)

(7.46523)

(7.47534)

NOTE: For the equivalent uniform moment factors β M see Class 4 in FigureTable 7.23 and NOTE 2 of
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Table 7.3: Equivalent uniform moment factors
Equivalent uniform moment factor

Moment diagram

βM

Class 1, Class 2 or Class 3

M

End moments

ψM

-1 ≤ ψ ≤ 1
Moments due to in-plane lateral
loads

MQ
Q

𝛽𝛽M,Q = 1,3

Moments due to in-plane lateral
loads plus end moments

∆M

MQ
∆M

𝛽𝛽M = 𝛽𝛽M,ψ +

∆M

∆M

𝛽𝛽M,y,2 = 𝛽𝛽M,y,1

𝛽𝛽M,LT = 𝛽𝛽M,ψ = 1,8 − 0,9𝜓𝜓

𝛽𝛽M,y,2 = 0

𝛽𝛽M,LT = 𝛽𝛽M,Q = 1,6

𝑀𝑀Q

∆M

�𝛽𝛽M,Q − 𝛽𝛽M,ψ �

MQ = | max M | due to lateral load only

MQ

MQ

𝛽𝛽M,y,1 = 𝛽𝛽M,ψ = 1,8 − 0,9𝜓𝜓

𝛽𝛽M,y,1 = 𝛽𝛽M,Q = 1,6

𝛽𝛽M,Q = 1,4

MQ

M

𝛽𝛽M,ψ = 1,8 − 0,7𝜓𝜓

Class 4

∆M

⎧
⎪

|maxM|

⎨
⎪|maxM| + |minM|
⎩

For moment diagram
without change of sign
For moment diagram
with change of sign

MQ
Figure 7.2:
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7.5 Critical temperature
(1)

As an alternative to 7.4, 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 θa,cr of carbon steel according to 1.2 (5) at time t for a uniform
temperature distribution in a member may be determined for any degree of utilization µ0 at time t = 0
using:
1
0,9674𝜇𝜇0 3,833

𝜃𝜃a.cr = 39,19ln �

− 1� + 482

where µ0 should not be taken less than 0,013.
NOTE 1
country.

NOTE 1:

[°C]

(7.48545)

Default values for critical temperatures can be set by the National Annex for use in a

NOTE 2
NOTE 2:
For members with class 4 cross-sections, a default critical temperature, θa,cr, equal to
350°C is recommended unless the National Annex gives a different value for use in a country.

(3)
For members with Class 1, Class 2 or Class 3 cross-sections and for all tension members, the
degree of utilization µ0 at time t = 0 may be obtained from:

µ0 = Efi,d / Rfi,d,0

where:

Rfi,d,0

Efi,d and Rfi,d,t

is the value of Rfi,d,t for time t = 0 , from 7.4;

(7.49556)

are as defined in 7.1(3).

(4)
Alternatively for tension members and for beams where lateral-torsional buckling is not a
potential failure mode, µ0 may conservatively be obtained from:

µ0 = ηfi [γM,fi / γM0]

where:

ηfi

(7.50567)

is the reduction factor defined in 4.7(2).

7.6 Steel temperature development
7.6.1 Unprotected internal steelwork
(1)
For an equivalent uniform temperature distribution in the cross-section, the increase of
temperature ∆θa,t in an unprotected steel member during a time interval ∆t should be determined from:
∆𝜃𝜃a,t = 𝑘𝑘sh

where:

𝐴𝐴m ⁄𝑉𝑉
ℎ̇
∆𝑡𝑡
𝑐𝑐𝑎𝑎 𝜌𝜌𝑎𝑎 net,d

k sh

is correction factor for the shadow effect, see (2);

Am

is the surface area exposed to fire of the member per unit length
[m²/m];

Am / V
V

(7.51578)

is the section factor for unprotected steel members [m-1];
is the volume of the member per unit length [m³/m];
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ca

is the specific heat of steel, from 5 [J/kgK];

∆t

is the time interval [seconds];

ℎ̇ net,d

ρa

is the design value of the net heat flux per unit area [W/m2];
is the density of steel, from clause 5 [kg/m3].

Formulae for calculating design values of the section factor Am / V for unprotected steel members may
be taken from Table 7.34.

(2)
For I-sections under nominal fire actions, the correction factor for the shadow effect may be
determined from:
ksh = 0.,9 [Am/V]b/[Am/V]

where:

(7.52589)

[Am/V]b is the box value of the section factor defined as the ratio between the exposed surface
area of a notional bounding box to the section and the volume of steel, as shown in Table 7.45, [m-1].

In all other cases, the value of ksh should be taken as:
ksh = [Am/V]b/[Am/V]

(7.535960)

NOTE 1
NOTE 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 a role and consequently the correction factor ksh equals unity.
NOTE 2

NOTE 2: Ignoring the shadow effect (i.e.: ksh = 1), leads to conservative solutions.

(3)
The value of ℎ̇ net,d should be obtained from EN 1991-1-2 using εf = 1,0 and εm according to
5.2.1.1, where εf , εm are as defined in EN 1991-1-2. For stainless steels εm is given in Annex C.

(4)

(5)
1.
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Table 7.34: Section factor Am / V for unprotected steel members
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Open section exposed to fire on all sides:

Tube exposed to fire on all sides: Am / V = 1 / t

Open section exposed to fire on three sides:

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

𝐴𝐴m
perimeter
=
𝑉𝑉
cross − section area

𝐴𝐴m contour lenght exposed to fire
=
𝑉𝑉
cross − section area

t

If t ≪70 b: Am / V ≈ 1 / t

t
h
b

I-section flange exposed to fire on three sides:
Am / V = (b + 2tf ) / (btf )

If t ≪70 b: Am / V ≈ 1 / tf

Welded box section exposed to fire on all sides:
𝐴𝐴m
𝑉𝑉

2(𝑏𝑏+ℎ)

= cross−section area

If t ≪70 b: Am / V ≈ 1 / t

Formatiert: Deutsch
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h
tf

b

b

Angle exposed to fire on all sides:
Am / V ≈ 2/t

I-section with box reinforcement, exposed to fire on
𝐴𝐴m
2(𝑏𝑏+ℎ)
all sides:
= cross−section area
𝑉𝑉
h

Am / V = 2(b + t) / (bt)

If t ≪70 b: Am / V ≈ 2 / t
t

b

Formatiert: Deutsch
(Deutschland)

Flat bar exposed to fire on all sides:

Formatiert: Deutsch
(Deutschland)

Am / V = (b + 2t) / (bt)

If t ≪70 b: Am / V ≈ 1 / t
t

Formatiert: Deutsch
(Deutschland)
Formatiert: Deutsch
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b

Flat bar exposed to fire on all sides:

Formatiert: Deutsch
(Deutschland)
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b
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Table 7.45: Section factor [Am / V]b for unprotected steel members
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2(𝑏𝑏 + ℎ)
steel cross − section area
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𝑏𝑏 + 2ℎ
steel cross − section area

b

box perimeter
steel cross − section area

7.6.2 Internal steelwork insulated by fire protection material
(1)
For a uniform temperature distribution in a cross-section, the temperature increase ∆θa,t of an
insulated steel member during a time interval ∆t should be obtained from:
∆𝜃𝜃𝑎𝑎,𝑡𝑡 =

with:

𝜙𝜙 =

where:

𝑑𝑑p 𝑐𝑐a 𝜌𝜌a (1+𝜙𝜙⁄3)

𝑐𝑐p 𝜌𝜌p
𝑐𝑐a 𝜌𝜌a

∆𝑡𝑡�e𝜙𝜙⁄10 − 1�∆𝜃𝜃g,t (but ∆θa,t ≥ 0 if ∆θg,t > 0 )

𝑑𝑑p 𝐴𝐴p ⁄𝑉𝑉

(7.54601)
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(7.55612)
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Ap /V

is the section factor of the steel members insulated by fire protection material;

V

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

Ap
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is the appropriate area of fire protection material per unit length of the member
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ca

is the temperature dependant specific heat of steel, from 5 [J/(kgK)];

dp

is the thickness of the fire protection material [m];

cp

∆t

θa,t

θg,t

∆θg,t

λp
ρa
(2)

(3)

ρp

is the temperature independent specific heat of the fire protection material [J/(kgK)];
is the time interval [seconds];

is the steel temperature at time t [°C];

is the ambient gas temperature at time t [°C];

is the increase of the ambient gas temperature during the time interval ∆t [K];
is the thermal conductivity of the fire protection system [W/(mK)];
is the density of steel, from 5 [kg/m3];

is the density of the fire protection material [kg/m3].

The values of cp , λp and ρp should be determined as specified in 5.2.3.

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.
Some design values of the section factor Ap / V for insulated steel members are given in Table 7.56.

(5)
For moist fire protection materials the calculation of the steel temperature increase ∆θa 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 EN 13381-4.

(6)
As an alternative to 7.6.2 (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 EN 13381-4.
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Table 7.56: Section factor Ap / V for steel members insulated by fire protection material

Sketch

Description

Section factor ( Ap / V )

Contour encasement

perimeter
steel cross − section area

of uniform thickness

Hollow encasement
of uniform
thickness)1a

Contour encasement

of uniform thickness,
exposed to fire
on three sides

b

b
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of uniform thickness,

h

h

1)a

Hollow encasement

c1

b

c2

exposed to fire

on three sides1)a

The clearance dimensions c1 and c2 should not normally exceed h/4

2(𝑏𝑏 + ℎ)
steel cross − section area

perimeter − b
steel cross − section area

𝑏𝑏 + 2ℎ
steel cross − section area
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7.6.3 Internal steelwork in a void that is protected by heat screens
(1)

-

The provisions given below apply to both of the following cases:

steel members 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 internal steelwork protected by heat screens, the calculation of the steel temperature
increase ∆θa should be based on the methods given in 7.6.1 or 7.6.2 as appropriate, taking the ambient
gas temperature θg,t 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 EN 13381-1 or EN 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 EN 13381-1 or EN 13381-2 as appropriate.
7.6.4 External steel work
(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 from 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 shield 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 EI 30 according to EN ISO 13501-2.

(5)
The temperature in external steelwork protected by heat screens should be determined as
required in 7.6.4(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 document 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, on
which the calculation of the radiative and convective heat fluxes should be based.
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8 Advanced design methods
8.1 General
(1) P Advanced design methods shall be based on fundamental physical behaviour, employing local
equilibrium equations, which are satisfied at every point in the structure.
NOTE
NOTE: Calculations are undertaken using numerical models based on finite element analyses or other
appropriate advanced procedures. Solving the equations of an advanced design method results in the
determination of a quantity in a large number of points or nodes: e.g. the temperatures in a section, the
displacements along a member.

(2) P Any potential failure mode not covered by the advanced design method (e.g. local buckling and
failure in shear) shall be prevented by appropriate means.
(3) Advanced design methods may 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 design methods may be used in association with any thermal action, provided the
material properties are known for the relevant temperature history.

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

(6) Advanced calculation models may be used when information concerning stress and strain evolution,
deformations and / or temperature fields are required.

8.2 Thermal analysis

(1) P Advanced design methods for thermal response shall be based on the acknowledged principles
and assumptions of the theory of heat transfer.

(2) P The thermal response model shall consider:
The relevant thermal actions specified in EN 1991-1-2;
-

The temperature dependent thermal properties of the materials, see clause 5.2.

(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 moisture content and of migration of the moisture within the materials may
conservatively be neglected.

8.3 Mechanical analysis
(1) P Advanced design methods for mechanical analysis shall be based on the acknowledged principles
and assumptions of the theory of structural mechanics.

(2) P The mechanical response model shall consider:
-

-

The material temperatures calculated according to 8.2.

The temperature dependent mechanical properties of the materials, see clause 5.3.

(3) P The effects of thermally induced strains and stresses due to temperature rise and temperature
differentials shall be considered.

(4) The mechanical response model should also take account of:
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- geometrical imperfections;

- geometrical non-linear effects;

- the non-linear material behaviour, including the effects of loading and unloading on the structural
stiffness.
(5) P The compatibility between all parts of the structure shall be taken into account by the design
method.

(6) P The deformations given by the design method shall not cause failure due to the loss of adequate
support to one of the members.

(7) Provided that the stress-strain relationships given in clause 5.3 are used, explicit consideration of
the effects of basic creep may be omitted.

(8) For the analysis of isolated members, a sinusoidal initial imperfection with a maximum value of
l/1000 at mid-length should be used, when not specified by relevant product standards, where l is
the length of the member.

8.4 Validation of advanced design methods
(1) A verification of the accuracy of the calculation models should be made on the 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.
NOTE
Note: 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 5.3 may
should be used as follows:
-

-

-

where:

for 0,02 < εθ < 0,04:
σθ = 50 (fu,θ - fy,θ) εθ + 2 fy,θ - fu,θ
for 0,04 ≤ εθ ≤ 0,15:

σθ = fu,θ

(A.1b2)

σθ = fu,θ [ 1 - 20 (εθ - 0,15)]

(A.1c3)

σθ = 0,00

(A.1d4)

for 0,15 < εθ < 0,20:
for εθ ≥ 0,20:
fu,θ

(A.1a)

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

NOTE
NOTE: The alternative stress-strain relationship for steel, allowing for strain hardening, is illustrated in
Figure A.1.

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

-

-

for θa < 300 °C:

fu,θ = 1,25 fy,θ

(A.2a5)

fu,θ = fy,θ (2 - 0,0025𝜃𝜃𝑎𝑎 )

(A.2b6)

fu,θ= fy,θ

(A.2c7)

for 300 °C ≤ θa < 400 °C:
for θa ≥ 400 °C:

NOTE
NOTE: The variation of the alternative stress-strain relationship with temperature is illustrated in
Figure A.2.
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sθ
f u,θ
f y,θ

f p,θ

E a,θ = tan α
α
ε p,θ

ε y,θ

ε s,θ

ε t,θ

ε u,θ

εθ

Figure A.1: Form of alternative stress-strain relationship of steel allowing for strain-hardening

𝜎𝜎θ
𝑓𝑓𝑦𝑦

𝜀𝜀θ

Figure A.2: Alternative stress-strain relationships for steel at elevated temperatures, allowing
for strain hardening
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Annex B
(normative)

Heat transfer to external steelwork
B.1 General
B.1.1 Basis
(1)
In this annex B, the fire compartment 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 the flames projecting from the openings, and the radiation and convection parameters
should be performed according to EN 1991-1-2:— 23, 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 on that side of the fire compartment and from the flames projecting from 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 opening 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 is shown in Figure B.1.

B.1.3 Heat balance

(1)
For a member not engulfed in flame, the average temperature of the steel member Tm [K] should
be determined from the solution of the following steady state heat balance:

σTm4 + α c Tm = ΣIz + ΣIf + 293αc

where:

(B.1)

σ
αc

is the Stefan Boltzmann constant [5,67 × 10-8 W/(m2K4)];
is the convective heat transfer coefficient [W/(m2K)];
Iz
is the radiative heat flux from a flame, according to B.1.3(4) [W/m2];
If
is the radiative heat flux from an opening, given in B.1.3(5) [W/m2] .
(2)
The convective heat transfer coefficient αc should be obtained from EN 1991-1-2:— 24, Annex
BAnnex B of EN 1991-1-2 for the `no forced draught' or the `forced draught' condition as appropriate,
using an effective cross-sectional dimension deq = (d1 + d2 ) / 2 .
23
24

Under preparation.
Under preparation.
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Figure B.1: Member dimensions and faces

(3)
For a member engulfed in flame, the average temperature of the steel member Tm [K] should be
determined from the solution of the following steady state heat balance:
60
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where:

Tz
Iz
If

is the flame temperature [K];

is the radiative heat flux from a flame, according to B.1.3(4) [W/m2];
is the radiative heat flux from an opening, given in B.1.3(5) [W/m2] .

(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.5.

Other cases may be treated analogously, using appropriate adaptations of the treatments given in B.2 to
B.5.
(5)

The radiative heat flux If from an opening should be determined from:

If = φf εf (1 - az ) σTf4

where:

φf
εf

az
Tf

(B.3)

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

is the absorptivity of the flames;

is the temperature of the fire compartment [K] from EN 1991-1-2:— 25, Annex
BAnnex B of EN 1991-1-2.

(6)
The emissivity εf of an opening should be taken as unity, see EN 1991-1-2:— 26, Annex BAnnex B
of EN 1991-1-2.
(7)

The absorptivity az of the flames should be determined from B.2 to B.5 as appropriate.

B.1.4 Overall configuration factors

(1)
The overall configuration factor φf of a member for radiative heat transfer from an opening
should be determined according to EN 1991-1-2:— 27, Annex BAnnex B of EN 1991-1-2.

(2)
The configuration factors φz,i for a member face from which the flame is not visible should be
taken as zero.

(3)
A member face may be protected by a heat screen, see 7.6.4. 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.
Under preparation.
Under preparation.
27 Under preparation.
25
26
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B.2 Column not engulfed in flame
B.2.1 Radiative heat transfer
(1)
A distinction should be made between a column located opposite an opening and a column
located between openings.
NOTE

NOTE: Illustration are given in Figure B.2

(2)
If the column is opposite an opening the radiative heat flux Iz from the flame should be
determined from:
Iz = φz εz σ Tz4

where:

φz

Formatiert: Note, Abstand Nach: 0
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(B.4)

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

εz

Tz

is the emissivity of the flame, see B.2.2;

is the flame temperature [K] from B.2.3.

NOTE: I NOTE

Illustrations are given in Figure B.3.

(3)
If the column is between openings the total radiative heat flux Iz from the flames on each side
should be determined from:
Iz = ( φz,m εz,m + φz,n εz,n ) σ Tz4

where:
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(B.5)

φz,m is the overall configuration factor of the column for heat from flames on
φz,n

εz,m
εz,n

side m , see B.1.4;

is the overall configuration factor of the column for heat from flames on
side n , see B.1.4;
is the total emissivity of the flames on side m , see B.2.2;
is the total emissivity of the flames on side n , see B.2.2.

NOTE: NOTE

Illustrations are given in Figure B.4.

B.2.2 Flame emissivity

(1)
If the column is opposite to an opening, the flame emissivity εz should be determined from the
expression for ε given in EN 1991-1-2:— 28, Annex BAnnex B of EN 1991-1-2, using the flame thickness
df at the level of the top of the openings. Provided that there is no awning or balcony above the opening
df may be taken as follows:
-

for the `no forced draught' condition:

df = 2 heq / 3

28

for the `forced draught' condition:

Under preparation.
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df = LH but df ≤ heq LH / LL

(B.6b7)

where:

heq, LH and LL are as given in EN 1991-1-2:— 29, Annex BAnnex B of EN 1991-1-2.
Openings

1) Column opposite an opening

Flames

m openings

Flame side m

n openings

Flame side n

2) Column between openings

a)

29

`No forced draught' condition
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Openings

1) Column opposite an opening

Flames

m openings

n openings

Flame side m

Flame side n

2) Column between openings

b)

`Forced draught' condition

1)
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Figure B.2: Column positions

wall above and heq < 1,25wt
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2)

heq > 1,25wt or no wall above

a)

`No forced draught' condition

b)

`Forced draught' condition
Figure B.3: Column opposite opening

1)

wall above and heq < 1,25 wt
65

prEN 1993-1-2:2021 (E)

heq > 1,25 wt or no wall above

2)

a)

`No forced draught' condition

b)

`Forced draught' condition

Figure B.4: Column between openings

(2)
If the column is between two openings, the total emissivities εz,m and εz,n of the flames on sides
m and n should be determined from the expression for ε given in EN 1991-1-2:— 30, Annex B Annex B
of EN 1991-1-2 using a value for the total flame thickness df as follows:
- for side m : 𝑑𝑑𝑓𝑓 = ∑𝑀𝑀
𝑖𝑖=1 𝑑𝑑𝑓𝑓,𝑖𝑖
- for side n : 𝑑𝑑𝑓𝑓 = ∑𝑁𝑁
𝑖𝑖=1 𝑑𝑑𝑓𝑓,𝑖𝑖

where:

M
N
df,i

30

is the number of openings on side m;
is the number of openings on side n;
is the flame thickness for opening i .

Under preparation.
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(3)

The flame thickness df,i should be taken as follows:

-

for the `no forced draught' condition:

df,i = wt,i

(B.8a10)

df,i = wt,i + 0,4 s

(B.8b11)

-

for the `forced draught' condition:

where:

wt,i

is the width of the opening i;

s

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

B.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 EN 1991-1-2:— 31, Annex BAnnex B of EN 1991-1-2, for the `no forced
draught' condition or the `forced draught' condition as appropriate, at a distance Lx from the opening,
measured along the flame axis, as follows:
-

for the `no forced draught' condition:

Lx = heq / 2

-

-

for the `forced draught' condition:

for a column opposite an opening:

(B.9a12)

Lx = 0

(B.9b13)

Lx = s Lf / LH

(B.9c14)

-

for a column between openings Lx 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:

where Lf and LH are as given in EN 1991-1-2:— 32, Annex BAnnex B of EN 1991-1-2.

B.2.4 Flame absorptivity
(1)

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

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

31
32

Under preparation.
Under preparation.

67

prEN 1993-1-2:2021 (E)

B.3 Beam not engulfed in flame
B.3.1 Radiative heat transfer
(1)
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.5.
(3)
If the beam is parallel to the external wall of the fire compartment, the average temperature of
the steel member Tm 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 Iz from the flame should be determined from:
Iz = φz εz σ Tz4

where:

(B.1015)

φz

is the overall configuration factor for the flame directly opposite the beam, see B.1.4;

Tz

is the flame temperature from B.3.3 [K].

εz

is the flame emissivity, see B.3.2;

(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 Tm 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:
Iz = ( φz,m εz,m + φz,n εz,n ) σ Tz4

where:

φz,m
φz,n

εz,m
εz,n
Tz

1)
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(B.1116)

is the overall configuration factor of the beam for heat from flames on side m ,
see B.3.2;
is the overall configuration factor of the beam for heat from flames on side n , see
B.3.2;
is the total emissivity of the flames on side m , see B.3.2;
is the total emissivity of the flames on side n , see B.3.2;
is the flame temperature [K], see B.3.3.

wall above and heq < 1,25 wt
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2)

heq > 1,25 wt or no wall above

b)

`Forced draught' condition
Figure B.5: Beam not engulfed in flame

a)

`No forced draught' condition

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 εz should be determined from the expression for ε given in EN 1991-1-2:— 33, Annex BAnnex
B of EN 1991-1-2, using a value for the flame thickness df at the level of the top of the openings.
Provided that there is no awning or balcony above the opening df may be taken as follows:
-

df = 2 heq / 3

(B.12a17)

df = LH but df ≤ heq LH / LL

(B.12b18)

-

33

for the `no forced draught' condition:
for the `forced draught' condition:
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where heq, LH and LL are as given in EN 1991-1-2:— 34, Annex B.Annex B of EN 1991-1-2

(2)
If the beam is perpendicular to the external wall of the fire compartment, between two
openings, the total emissivities εz,m and εz,n of the flames on sides m and n should be determined from
the expression for ε given in EN 1991-1-2:— 35, Annex BAnnex B of EN 1991-1-2 using a value for the
flame thickness df as follows:
for side m : 𝑑𝑑𝑓𝑓 = ∑𝑀𝑀
𝑖𝑖=1 𝑑𝑑𝑓𝑓,𝑖𝑖

-

for side n : 𝑑𝑑𝑓𝑓 = ∑𝑁𝑁
𝑖𝑖=1 𝑑𝑑𝑓𝑓,𝑖𝑖

where:

M
N

(3)

(B.13a19)

(B.13b20)

is the number of openings on side m ;
is the number of openings on side n ;

df,i is the width of opening i .

The flame thickness df,i should be taken as follows:

-

for the `no forced draught' condition:

df,i = wt,i

- for the `forced draught' condition:
df,i = wt,i + 0,4 s

where:

(B.14a21)

(B.14b22)

wt,i is the width of the opening i;
s

is the horizontal distance from the wall of the fire compartment to the
point under consideration on the beam, see Figure B.5.

B.3.3 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 EN 1991-1-2:— 36, Annex BAnnex B of EN 1991-1-2, for the `no forced
draught' or `forced draught' condition as appropriate, at a distance Lx from the opening, measured
along the flame axis, as follows:
–

for the `no forced draught' condition:

Lx = heq / 2

for the `forced draught' condition:
for a beam parallel to the external wall of the fire compartment, above an opening:
Lx = 0

–

(B.15a23)

–

Under preparation.
Under preparation.
36 Under preparation.
34
35
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for a beam perpendicular to the external wall of the fire compartment, between openings Lx 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:

–

Lx = s Lf / LH

where Lf and LH are as given in EN 1991-1-2:— 37, Annex BAnnex B of EN 1991-1-2.

(B.15c25)

B.3.4 Flame absorptivity

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

(1)

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

B.4 Column engulfed in flame
(1)

The radiative heat flux Iz from the flames should be determined from:

𝐼𝐼𝑧𝑧 =

with:

(𝐼𝐼𝑍𝑍,1 +𝐼𝐼𝑍𝑍,2 )⋅𝑑𝑑1 +(𝐼𝐼𝑍𝑍,3 +𝐼𝐼𝑍𝑍,4 )⋅𝑑𝑑2
(𝐶𝐶1 +𝐶𝐶2 )⋅𝑑𝑑1 +(𝐶𝐶3 +𝐶𝐶4 )⋅𝑑𝑑2

Iz,1 = C1 εz,1 σ Tz4

(B.1626)
(B.17a27)

Iz,2 = C2 εz,2 σ Tz4

(B.17b28)

Iz,4 = C4 εz,4 σ

(B.17d30)

Iz,3 = C3 εz,3 σ To4
where:

Tz4

Iz,i

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

i

is the column face indicator (1), (2), (3) or (4);

(B.17c29)

εz,i is the emissivity of the flames with respect to face i of the column;
Ci

Tz

To

37
38

is the protection coefficient of member face i , see B.1.4;
is the flame temperature [K];

is the flame temperature at the opening [K] from EN 1991-1-2:— 38, Annex
BAnnex B of EN 1991-1-2.
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a) No forced draught' condition

1) Flame axis intersects column axis below top of opening

2) Flame axis intersects column axis above top of opening

b) 'Forced draught' condition
72

Figure B.6: Column engulfed in flame
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(2)
The emissivity of the flames εz,i for each of the faces 1, 2, 3 and 4 of the column should be
determined from the expression for ε given in EN 1991-1-2:— 39, Annex BAnnex B of EN 1991-1-2, using
a flame thickness df equal to the dimension df,i indicated in Figure B.6 corresponding to face i of the
column.

(3)
For the `no forced draught' condition the values of df,i 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 df,i at the level of the
intersection should be used, see Figure B.6(b)(1). Otherwise the values of df,i at the level of the top of the
opening should be used, see Figure B.6(b)(2), except that if df,4 < 0 at this level, the values at the level
where df,4 = 0 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 EN 1991-1-2:— 40, Annex BAnnex B of EN 1991-1-2 for the `no forced
draught' or `forced draught' condition as appropriate, at a distance Lx from the opening, measured along
the flame axis, as follows:
–

for the `no forced draught' condition:

Lx = heq / 2

(B.18a31)

Lx = (df,3 + 0,5 d1 ) Lf / LH but Lx ≤ 0,5 heq Lf / LL

(B.18b32)

–

for the `forced draught' condition, Lx is the distance along the flame axis to the level where df,i is
measured. Provided that there is no balcony or awning above the opening:

where heq , Lf, LH and LL are as given in EN 1991-1-2:— 41, Annex BAnnex B of EN 1991-1-2.
(6)

The absorptivity az of the flames should be determined from:

𝑎𝑎z =

𝜀𝜀z,1 +𝜀𝜀z,2 +𝜀𝜀z,3
3

where εz,1 , εz,2 and εz,3 are the emissivities of the flame for column faces 1, 2, and 3.

(B.1933)

B.5 Beam fully or partially engulfed in flame
B.5.1 Radiative heat transfer
B.5.1.1 General

(1)
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 adjacent 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.7.

(3)
If 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.
Under preparation.
Under preparation.
41 Under preparation.
39
40
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(4)
If 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 100 mm along the length of the
beam. The maximum of these values should then be adopted as the average temperature of the steel
member Tm .

(5)

The radiative heat flux Iz from the flame should be determined from:

𝐼𝐼𝑧𝑧 =

where:

(𝐼𝐼𝑍𝑍,1 +𝐼𝐼𝑍𝑍,2 )⋅𝑑𝑑1 +(𝐼𝐼𝑍𝑍,3 +𝐼𝐼𝑍𝑍,4 )⋅𝑑𝑑2

Iz,i
i

(𝐶𝐶1 +𝐶𝐶2 )⋅𝑑𝑑1 +(𝐶𝐶3 +𝐶𝐶4 )⋅𝑑𝑑2

(B.2034)

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

(1)
For 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 Formulae should be
applied:
Iz,1 = C1 εz,1 σ To4

Iz,2 = C2εz,2 σ Tz,24
Iz,3 = C3 εz,3 σ( Tz,14 + Tz,24 ) / 2

Iz,4 = C4 εz,4 σ( Tz,14 + Tz,24 ) / 2
where:

εz,i

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

Tz,1

is the flame temperature [K] from EN 1991-1-2:— 43, Annex BAnnex B of
EN 1991-1-2, level with the bottom of the beam;

To

Tz,2

(B.21a35)

(B.21b36)
(B.21c37)

(B.21d38)

is the temperature at the opening [K] from EN 1991-1-2:— 42, Annex
BAnnex B of EN 1991-1-2;
is the flame temperature [K] from EN 1991-1-2:— 44, Annex BAnnex B of
EN 1991-1-2, level with the top of the beam.

(3)
In the case of a beam parallel to the external wall of the fire compartment C4 may be taken as
zero if the beam is immediately adjacent to the wall, see Figure B.7.

Under preparation.
Under preparation.
44 Under preparation.
42
43
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1) Beam perpendicular to wall

3) Top of flame below top of beam

a) `No forced draught' condition

2) Beam parallel to wall

4) Beam immediately adjacent to wall

75

prEN 1993-1-2:2021 (E)

1) Beam not adjacent to wall

b) `Forced draught' condition

2) Beam immediately adjacent to wall

Figure B.7: Beam engulfed in flame

(4)
If the top of the flame is below the level of the top of the beam the following Formulae should be
applied:
Iz,1 = C1 εz,1 σ To4

(B.22a39)

Iz,2 = 0

(B.22b40)

Iz,4 = (hz / d2 ) C4 εz,4 σ (Tz,14 + Tx4 ) / 2

(B.22d42)

Iz,3 = (hz / d2 ) C3 εz,3 σ (Tz,14 + Tx4 ) / 2
where:

Tx
hz

(B.22c41)

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

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

B.5.1.3 Forced draught' condition

(1)
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

NOTE: Illustrations 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 Formulae should be applied:
Iz,1 = C1 εz,1 σ To4

Iz,2 = C2 εz,2 σ Tz,24

(B.23b44)

Iz,4 = C4 εz,4 σ ( Tz,14 + Tz,24 ) / 2

(B.23d46)

Iz,3 = C3 εz,3 σ ( Tz,14 + Tz,24 ) / 2

76
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(B.23c45)
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(3)
If the beam is parallel to the wall and immediately 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:
Iz,1 = C1 εz,1 σ To4

(B.24a47)

Iz,2 = φz,2 C2 εz,2 σTz,24

(B.24b48)

Iz,4 = 0

(B.24d50)

Iz,3 = φz,3 C3 εz,3 σ ( Tz,14 + Tz,24 ) / 2

(B.24c49)

where φz,i is the configuration factor relative to the upper surface of the flame, for face i of the beam,
from EN 1991-1-2:— 45, Annex GAnnex G of EN 1991-1-2.

B.5.2 Flame emissivity

(1)
The emissivity of the flame εzi for each of the faces 1, 2, 3 and 4 of the beam should be
determined from the expression for ε given in EN 1991-1-2:— 46, Annex BAnnex B of EN 1991-1-2, using
a flame thickness df equal to the dimension df,i indicated in Figure B.7 corresponding to face i of the
beam.

B.5.3 Flame absorptivity
(1)

where:
heq

45
46

The absorptivity of the flame az should be determined from:

az = 1 - e-0,3heq

(B.2551)

is the equivalent height of the opening. See Figure B.7b) (height is noted as 𝑑𝑑𝑓𝑓,1 ).
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Annex C
(normative)

Stainless steels
C.1 General
(1)
The thermal and mechanical properties of austenitic, austenitic-ferritic (duplex) and ferritic
stainless steels are given in this annex.

NOTE
NOTE: Austenitic-ferritic stainless steels are commonly known as duplex stainless steels. The term
duplex stainless steels is used in this Standard.

(2)

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

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

C.2 Thermal properties

C.2.1 Emissivity coefficient
(1)

The emissivity coefficient of a stainless steel surface εm should be taken as 0,4.

(1)

The thermal conductivity 𝜆𝜆a may be determined from the following:

C.2.2 Thermal conductivity

For austenitic and duplex stainless steels:

𝜆𝜆a = 14,6 + 1,27 × 10−2 𝜃𝜃a

W/(mK)

(C.1)

𝜆𝜆a = 20,4 + 2,28 × 10−2 𝜃𝜃a − 1,54 × 10−5 𝜃𝜃a 2

W/(mK)

(C.2)

For ferritic stainless steels:

where:
𝜃𝜃a

is the steel temperature (°C).

C.2.3 Specific heat
(1)

The specific heatthermal capacity 𝑐𝑐a may be determined from the following:

For austenitic and duplex stainless steels:

𝑐𝑐a = 450 + 0,28 × 𝜃𝜃a − 2,91 × 10−4 𝜃𝜃a 2 + 1,34 × 10−7 𝜃𝜃a 3 J/(kgK)

(C.3)

𝑐𝑐a = 430 + 0,26 × 𝜃𝜃a

(C.4)

For ferritic stainless steels:
where:
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is the steel temperature (°C).

𝜃𝜃a

C.3 Mechanical properties of steel
C.3.1 Stress-strain properties

(1)
The stress-strain properties of stainless steel at elevated temperatures should be described
using the following:
𝜀𝜀θ =
𝜀𝜀θ =

𝑛𝑛θ

𝜎𝜎θ
𝜎𝜎θ
+ 0,002 �
�
𝐸𝐸a,θ
𝑓𝑓p0,2,θ
𝜎𝜎θ −𝑓𝑓p0,2,θ

where:
𝜎𝜎θ
𝜀𝜀θ

𝐸𝐸a,θ

𝐸𝐸p0,2,θ

+ �𝜀𝜀u,θ − 𝜀𝜀p0,2,θ −

𝑓𝑓u,θ −𝑓𝑓p0,2,θ
𝐸𝐸p0,2,θ

σθ −𝑓𝑓p0,2,θ

� �𝑓𝑓

u,θ −𝑓𝑓p0,2,θ

𝑚𝑚θ

�

For 𝜎𝜎θ ≤ 𝑓𝑓p0,2,θ

(C.5)

+ 𝜀𝜀p0,2,θ for 𝑓𝑓p0,2,θ < 𝜎𝜎θ ≤ 𝑓𝑓u,θ (C.6)

is the stress at temperature 𝜃𝜃a ;
is the strain at temperature 𝜃𝜃a ;

is the slope of the linear elastic range at temperature 𝜃𝜃a ;

𝑓𝑓p0,2,θ is the 0,2% proof strength at temperature 𝜃𝜃a ;
𝜀𝜀p0,2,θ is the total strain corresponding to 𝑓𝑓p0,2,θ;

𝐸𝐸p0,2,θ is the tangent modulus at 𝑓𝑓p0,2,θ defined as:

𝐸𝐸p0,2,θ =
𝜀𝜀u,θ

𝐸𝐸a,θ

1 + 0,002𝑛𝑛θ

𝐸𝐸a,θ
𝑓𝑓p0,2,θ

(C.7)

is the strain at ultimate strength 𝑓𝑓u,θ (0,02 ≤ 𝜀𝜀u,θ ≤ 𝜀𝜀u )

𝜀𝜀u,θ = 1 −

𝑓𝑓2,θ
𝑓𝑓u,θ

𝜀𝜀u,θ = 0,6 �1 −

𝑓𝑓2,θ
�
𝑓𝑓u,θ

for austenitic and duplex stainless steels

(C.8)

for ferritic stainless steels

(C.9)

where:
𝑓𝑓2,θ is the strength at 2% total strain at temperature 𝜃𝜃a ;

𝑛𝑛θ and 𝑚𝑚θ are exponents which define the degree of material non-linearity at temperature 𝜃𝜃a
𝑓𝑓2,𝜃𝜃 − 𝑓𝑓𝑝𝑝0,2,𝜃𝜃
�
𝐸𝐸𝑝𝑝0,2,𝜃𝜃
ln �
�
𝑓𝑓𝑢𝑢,𝜃𝜃 − 𝑓𝑓𝑝𝑝0,2,𝜃𝜃
ε𝑢𝑢,𝜃𝜃 − 𝜀𝜀𝑝𝑝0,2,𝜃𝜃 − �
�
𝐸𝐸𝑝𝑝0,2,𝜃𝜃
𝑚𝑚θ =
𝑓𝑓2,𝜃𝜃 − 𝑓𝑓𝑝𝑝0,2,𝜃𝜃
ln �
�
𝑓𝑓𝑢𝑢,𝜃𝜃 −𝑓𝑓𝑝𝑝0,2,𝜃𝜃
0,02 − 𝜀𝜀𝑝𝑝0,2,𝜃𝜃 − �

but 1,5 ≤ 𝑚𝑚θ ≤ 5 for
grades of stainless steel

all

(C.10)

Values for 𝑛𝑛θ may be taken as the normal temperature values for 𝑛𝑛:
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𝑛𝑛 = 7 for austenitic stainless steels;
𝑛𝑛 = 8 for duplex stainless steels;
𝑛𝑛 = 14 for ferritic stainless steels.

(2)
The stress-strain relationship in (1) should be used to determine the resistances to tension,
compression, moment or shear.

(3)
For heating rates between 2 and 50 K/min, the strength and stiffness reduction factors at
elevated temperatures in Table C.1 should be used in Formulae (C.5) and (C.6) for the appropriate
group of stainless steels. The factors are defined as follows:
𝑘𝑘p0,2,θ is the reduction factor for the 0,2 % proof strength at temperature 𝜃𝜃a , i.e.:
𝑘𝑘p0,2,θ = 𝑓𝑓p0,2,θ ⁄𝑓𝑓y

(C.11)

𝑘𝑘2,θ = 𝑓𝑓2,θ /𝑓𝑓y but 𝑓𝑓p0,2,θ < 𝑓𝑓2,θ < 𝑓𝑓u,θ

(C.12)

𝑘𝑘u,θ = 𝑓𝑓u,θ ⁄𝑓𝑓u

(C.13)

𝑘𝑘E,θ = 𝐸𝐸a,θ ⁄𝐸𝐸a

(C.14)

𝑘𝑘2,θ is the reduction factor for the strength at 2 % total strain at temperature 𝜃𝜃a , i.e.:
𝑘𝑘u,θ is the reduction factor for the ultimate strength at temperature 𝜃𝜃a , i.e.:

𝑘𝑘E,θ is the reduction factor for the slope of the linear elastic range at temperature 𝜃𝜃𝑎𝑎 , i.e.:
where:
𝐸𝐸a

is the modulus of elasticity at normal temperature (= 200×103 N/mm2);

𝑓𝑓u

is the ultimate strength at normal temperature.

𝑓𝑓y

is the yield strength (0,2% proof strength) at normal temperature;

(4)
For material in the cold worked condition, or where an enhanced strength is being used arising
from cold forming during the fabrication of the section, the following strength and stiffness reduction
factors should be used for heating rates between 2 and 50 K/min:
𝑘𝑘p0,2,θ,CF = 𝑘𝑘p0,2,θ

200 ≤ θ ≤ 700 °C

𝑘𝑘u,θ,CF = 𝑘𝑘u,θ

for all temperatures

𝑘𝑘2,θ,CF = 𝑘𝑘2,θ
𝑘𝑘E,θ,CF = 𝑘𝑘E,θ

200 ≤ θ ≤ 700 °C

𝑘𝑘p0,2,θ,CF = 0,8 𝑘𝑘p0,2,θ
𝑘𝑘2,θ,CF = 0,9 𝑘𝑘2,θ

θ ≥ 800°C

θ ≥ 800 °C

for all temperatures

where the subscript CF relates to the material in the cold worked/cold formed condition.
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Table C.1 Reduction factors for strength and stiffness at elevated temperature
Temperature
θ (°C)

Reduction factor

Austenitic I
1.4301, 1.4307, 1.4318

𝒌𝒌p0,2,𝛉𝛉

Reduction factor

Reduction factor

Reduction factor

𝒌𝒌2,𝛉𝛉

𝒌𝒌u,𝛉𝛉

𝒌𝒌E,𝛉𝛉

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

1,00
0,78
0,65
0,60
0,55
0,50
0,46
0,38
0,25
0,15
0,07
0,05

1,31
1,02
0,88
0,82
0,78
0,73
0,68
0,54
0,35
0,18
0,08
0,06

1,00
0,81
0,72
0,68
0,66
0,61
0,54
0,40
0,25
0,13
0,08
0,05

1,00
0,96
0,92
0,88
0,84
0,80
0,76
0,71
0,63
0,45
0,20
0,10

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

1,00
0,86
0,72
0,67
0,62
0,60
0,56
0,50
0,41
0,22
0,14
0,07

1,19
1,13
0,98
0,92
0,85
0,82
0,75
0,68
0,50
0,26
-

1,00
0,87
0,80
0,78
0,77
0,74
0,67
0,51
0,34
0,19
0,10
0,07

1,00
0,96
0,92
0,88
0,84
0,80
0,76
0,71
0,63
0,45
0,20
0,10

20
100
200
300
400
500
600
700
800
900
1000

1,00
0,89
0,82
0,77
0,72
0,69
0,65
0,59
0,51
0,29
0,15

1,31
1,16
1,07
1,01
0,95
0,91
0,85
0,76
0,63
0,38
0,18

1,00
0,88
0,81
0,79
0,79
0,77
0,71
0,57
0,38
0,23
0,10

1,00
0,96
0,92
0,88
0,84
0,80
0,76
0,71
0,63
0,45
0,20

20
100
200
300
400
500
600
700
800
900

1,00
0,83
0,75
0,69
0,58
0,43
0,27
0,14
0,07
0,04

1,15
0,94
0,82
0,77
0,70
0,59
0,45
0,28
0,14
0,05

1,00
0,94
0,87
0,79
0,70
0,59
0,47
0,33
0,20
0,09

1,00
0,96
0,92
0,88
0,84
0,80
0,76
0,71
0,63
0,45

Austenitic II
1.4401, 1.4404, 1.4541

Austenitic III
1.4571

Duplex I
1.4362, 1.4062, 1.4482
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Table C.1 (continued) Reduction factors for strength and stiffness at elevated temperature
Temperature
θ (°C)

Reduction factor

Duplex II
1.4462, 1.4162, 1.4662
20
100
200
300
400
500
600
700
800
900
1000
Ferritic I
1.4509, 1.4521, 1.4621
20
100
200
300
400
500
600
700
800
900
1000
Ferritic II
1.4003, 1.4016
20
100
200
300
400
500
600
700
800
900
1000
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Reduction factor

Reduction factor

Reduction factor

1,00
0,82
0,70
0,65
0,60
0,53
0,42
0,27
0,15
0,07
0,01

1,12
0,96
0,86
0,82
0,76
0,67
0,55
0,37
0,21
0,11
0,03

1,00
0,96
0,91
0,88
0,82
0,71
0,56
0,38
0,22
0,14
0,06

1,00
0,96
0,92
0,88
0,84
0,80
0,76
0,71
0,63
0,45
0,20

1,00
0,88
0,83
0,78
0,73
0,66
0,53
0,39
0,10
0,04
0,02

1,12
1,01
0,99
0,92
0,90
0,86
0,71
0,48
0,13
0,04
0,02

1,00
0,93
0,91
0,88
0,82
0,78
0,64
0,41
0,11
0,03
0,01

1,00
0,98
0,95
0,92
0,86
0,81
0,75
0,54
0,33
0,21
0,09

1,00
0,93
0,91
0,89
0,87
0,75
0,43
0,16
0,10
0,06
0,04

1,19
1,12
1,09
1,07
1,05
1,01
0,48
0,18
0,12
0,09
0,06

1,00
0,93
0,89
0,87
0,84
0,82
0,33
0,13
0,09
0,07
0,05

1,00
0,98
0,95
0,92
0,86
0,81
0,75
0,54
0,33
0,21
0,09

𝒌𝒌p0,2,𝛉𝛉

𝒌𝒌2,𝛉𝛉

𝒌𝒌u,𝛉𝛉

𝒌𝒌E,𝛉𝛉
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C.3.2 Thermal expansion
(1)
The relative thermal expansion of stainless steels ∆l / l for temperatures ranging from 20°C to
1000°C should be determined from the following:
Austenitic:

∆𝑙𝑙
(16,54 + 3,58 × 10−3 𝜃𝜃a ) × (𝜃𝜃a − 20)
=
𝑙𝑙
106

Ferritic:

∆𝑙𝑙
(9,87 + 3,89 × 10−3 𝜃𝜃a ) × (𝜃𝜃a − 20)
=
𝑙𝑙
106

Duplex:

where:
𝑙𝑙

∆𝑙𝑙
𝜃𝜃a

∆𝑙𝑙
(12,98 + 4,14 × 10−3 𝜃𝜃a ) × (𝜃𝜃a − 20)
=
𝑙𝑙
106

(C.15a)

(C.15b16)
(C.15c17)

is the length at 20 °C

is the temperature induced expansion
is the steel temperature (°C)

C.3.3 Density

(1)
The density of stainless steel ρa may be considered to be independent of the steel temperature.
The following value may be taken: ρa = 7850 kg/m3.
NOTE

NOTE: More accurate values for each grade are given in EN 10088-1.

C.4 Simple calculation models
C.4.1 General
(1)
Unless otherwise indicated, the rules for carbon steel given in 7 apply apart from where
indicated below. The characteristic material strength should be taken as the strength at 2% total strain,
𝑓𝑓2,θ for all cross-section classes.

C.4.2 Classification of cross-sections

C.4.2.1 Classification of compression elements
(1)
Compression elements of a cross-section should be classified as non-slender (i.e. fully effective)
or slender according to C.4.2.2(1) based on their relative elevated temperature slendernesses 𝜆𝜆̅p,θ given
as:
𝑓𝑓y
𝑏𝑏�/𝑡𝑡
𝜆𝜆̅𝑝𝑝,𝜃𝜃 = 𝜉𝜉𝜃𝜃 �
=
𝜎𝜎cr 28,4𝜀𝜀fi �𝑘𝑘σ
in which

𝜉𝜉θ = �𝑘𝑘2,θ /𝑘𝑘E,θ
𝑡𝑡

(C.1618)

is the elevated temperature factor.
is the relevant thickness;
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is the buckling factor corresponding to the stress ratio 𝜓𝜓 and boundary
conditions from Table 4.1 or Table 4.2 in EN 1993-1-5:— 47, Table 4.1 or
Table 4.2 where appropriate;

𝑘𝑘σ
𝑏𝑏�

0,5

235
𝜀𝜀fi = �
�
𝑓𝑓y

is the relevant width.

�𝜉𝜉θ

(C.1719)

(2)
Alternatively, the following constant values of 𝜉𝜉θ may be used:
𝜉𝜉θ = 1,00
For Austenitic I and II, Duplex I and II, Ferritic I;

𝜉𝜉θ = 1,10
For Austenitic III and Ferritic II.
(3)
Compression elements with 𝜆𝜆̅p,θ ≤ 𝜆𝜆̅p0,θ should be classified as non-slender. Compression
elements that do not satisfy the criteria for non-slender (i.e. those with 𝜆𝜆̅p,θ > 𝜆𝜆̅p0,θ) should be classified
as slender, where 𝜆𝜆̅p0,θ should be obtained from C.4.2.2(1).

(4)
The class of a cross-section should be taken as slender if any of the constituting compression
elements is classified as slender. A cross-section should be classified as non-slender only if all of the
constituting compression elements are classified as non-slender.

(5)
The section properties in Table C.2 should be used for the determination of the design
resistances according to the Class of the cross-section. Aeff and Weff are the effective area and effective
section moduli determined using effective widths, as described in C.4.2.2 for slender sections.
Table C.2 Section properties for the determination of design resistances
Class

Non-slender

Slender

Section Area Ai

A

Aeff

Section Modulus Wy
Section Modulus Wz

Wpl,y
Wpl,z

Weff,y
Weff,z

C.4.2.2 Effective widths in slender sections
(1)
For slender cross-sections, effective widths may be used to make necessary allowances for
reductions in resistance due to the effects of local buckling using EN 1993-1-5:— 48, 4.4(1) to (5) except
that the reduction factors should be taken as follows:
Internal compression elements:
Austenitic

𝜌𝜌 = 1,0
𝜌𝜌 =

47
48

0,54

0,75

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

−

0,015(3 + 𝜓𝜓)
1,5

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

Under preparation. Current stage: prEN 1993-1-5:2021.
Under preparation. Current stage: prEN 1993-1-5:2021.
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1,33

with 𝜆𝜆̅p0,θ = �0,27 + �0,0279 − 0,015𝜓𝜓�

Duplex and Ferritic
𝜌𝜌 = 1,0
𝜌𝜌 =

0,6

0,75

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

−

𝜆𝜆̅p,θ ≤ 𝜆𝜆̅p0,θ

0,015(3 + 𝜓𝜓)
1,5

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

1,33

with 𝜆𝜆̅p0,θ = �0,3 + �0,045 − 0,015𝜓𝜓�

Outstand compression elements:

�𝜉𝜉θ

Austenitic

𝜌𝜌 = 1,0
𝜌𝜌 =

0,6

0,6

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

−

0,075

𝜆𝜆̅p,θ > 𝜆𝜆̅p0,θ

1,2

Duplex and Ferritic
𝜌𝜌 = 1,0
𝜌𝜌 =

0,67

0,6

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

−

0,075

𝜆𝜆̅p,θ ≤ 𝜆𝜆̅p0,θ

𝜆𝜆̅𝑝𝑝,𝜃𝜃 > 𝜆𝜆̅p0,θ

1,2

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

with 𝜆𝜆̅p0,θ = 0,344�𝜉𝜉θ

𝜆𝜆̅p,θ > 𝜆𝜆̅p0,θ

𝜆𝜆̅p,θ ≤ 𝜆𝜆̅p0,θ

�𝜆𝜆̅p,θ ��𝜉𝜉θ �

with 𝜆𝜆̅p0,θ = 0,237�𝜉𝜉θ

(C.18a21)

�𝜉𝜉θ

Formatierte Tabelle
(C.1922)

(C.19a23)

Formatierte Tabelle
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(C.20a25)
Formatierte Tabelle
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C.4.3 Resistance
C.4.3.1 Tension members
(1)
The design resistances Nfi,θ,Rd or Nfi,t,Rd of a tension member should be determined using
Formulae (7.45) or (7.56),accordingly, with 𝑘𝑘y,θ replaced by 𝑘𝑘2,θ . The following condition should also be
satisfied:
𝑁𝑁fi,θ,Rd ≤ 𝑁𝑁t,Rd or

𝑁𝑁fi,t,Rd ≤ 𝑁𝑁t,Rd

(C.2228)

C.4.3.2 Compression members

(1)
The design buckling resistance 𝑁𝑁b,fi,t,Rd at time t of a compression member with a uniform
temperature 𝜃𝜃a is given by:
𝑁𝑁b,fi,t,Rd =
𝑁𝑁b,fi,t,Rd =

where:

𝜒𝜒fi 𝐴𝐴 𝑘𝑘2,θ 𝑓𝑓y
≤ 𝑁𝑁t,Rd
𝛾𝛾M,fi

𝜒𝜒fi 𝐴𝐴eff 𝑘𝑘2,θ 𝑓𝑓y
≤ 𝑁𝑁t,Rd
𝛾𝛾M,fi

for non-slender sections
for slender sections

(C.23a29)
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𝑘𝑘2,θ is the reduction factor for the strength at 2% total strain at temperature 𝜃𝜃a given in Table C.1;

𝜒𝜒fi is the reduction factor for column buckling in fire defined in C.4.3.2(2);

𝐴𝐴eff is the effective area calculated in accordance with the expressions given in C.4.2.2.

(2)
The value of 𝜒𝜒fi should be taken as the lesser of the values of 𝜒𝜒y,fi and 𝜒𝜒z,fi considering flexural,
torsional and torsional-flexural buckling of a compression member. The value of 𝜒𝜒fi should be
determined according to:
𝜒𝜒fi =

1

2
𝜙𝜙θ + �𝜙𝜙θ 2 − 𝛽𝛽𝜆𝜆̅θ

where:

but 𝜒𝜒fi ≤ 1

2
𝜙𝜙θ = 0,5 �1 + α𝜆𝜆̅θ + 𝛽𝛽𝜆𝜆̅θ �

in which

(C.2431)

Formatiert: Französisch
(Frankreich)

(C.2532)

Formatiert: Französisch
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𝛽𝛽 is defined in Table C.3.

α is the elevated temperature imperfection factor, which may be determined as follows:
𝛼𝛼 = 𝛼𝛼0 ⁄𝜉𝜉θ
where:
𝛼𝛼0

(C.2633)

is defined in Table C.3;

𝜉𝜉θ

is the elevated temperature factor given in C.4.2.1(1).

Table C.3 Values of α0 and β for flexural, torsional and torsional-flexural buckling
Austenitic

Duplex

Type of member
Hot-finished and coldformed hollow sections

Any

0,80

0,75

0,60

0,80

0,40

1,00

Minor

0,90

1,50

0,55

1,50

0,55

1,50

Welded or hot-rolled open
sections
Other section types

Major
Any

𝜶𝜶𝟎𝟎

0,90
1,00

𝜷𝜷

1,00
1,50

𝜶𝜶𝟎𝟎

0,55
1,00

𝜷𝜷

1,00
1,50

The modified relative slenderness 𝜆𝜆̅θ at temperature 𝜃𝜃a should be taken as:
𝜆𝜆̅θ = 𝜉𝜉θ 𝜆𝜆̅

for all Classes of cross-section

in which the relative slenderness 𝜆𝜆̅ is given by

𝜆𝜆 = �

86

𝐴𝐴𝑓𝑓𝑦𝑦
𝑁𝑁cr

Ferritic

Axis of
buckling

for non-slender sections

𝜶𝜶𝟎𝟎

0,55
1,00

𝜷𝜷

1,00
1,50

(C.2734)
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𝜆𝜆 = �

𝐴𝐴eff 𝑓𝑓y
𝑁𝑁cr

for slender sections

where:

(C.28b36)

𝑁𝑁cr
is the elastic critical force for the relevant buckling mode based on the gross cross-sectional
properties, using the buckling length under fire conditions.

(3)
When the temperature of the member is non-uniform, the compression resistance may
conservatively be estimated by assuming a uniform temperature equal to the maximum temperature in
the member.
C.4.3.3 Beams

(1)
The design moment resistances Mfi,θ,Rd or Mfi,t,Rd of a cross-section should be determined using
Formulae (7.1315) or (7.1416), accordingly, with 𝑘𝑘y,θ replaced by 𝑘𝑘2,θ for all Classes of section. The
following condition should also be satisfied:
𝑀𝑀fi,θ,Rd ≤ 𝑀𝑀c,Rd and 𝑀𝑀fi,t,Rd ≤ 𝑀𝑀c,Rd

(C. 2379)

(2)
Alternatively, the design moment resistance Mfi,t,Rd at time t in a member with a non-uniform
temperature distribution, may be determined following 7.4.3(3),but with Mfi,θ,Rd given by C.4.3.3(1) for
all Classes of section.

(3)
The design lateral-torsional buckling resistance moment 𝑀𝑀b,fi,t,Rd at time t of a laterally
unrestrained member should be determined from:
𝑀𝑀b,fi,t,Rd =
𝑀𝑀b,fi,t,Rd =

𝜒𝜒LT,fi 𝑊𝑊pl,y 𝑘𝑘2,θ,com 𝑓𝑓y
≤ 𝑀𝑀c,Rd
𝛾𝛾M,fi

𝜒𝜒LT,fi 𝑊𝑊eff,y 𝑘𝑘2,θ,com 𝑓𝑓y
≤ 𝑀𝑀c,Rd
𝛾𝛾M,fi

for non-slender sections
for slender sections

(C.30a38)

𝜒𝜒LT,fi =

1

2
𝜙𝜙LT,θ,com + �𝜙𝜙LT,θ,com 2 − 𝜆𝜆̅LT,θ,com

2

𝜙𝜙LT,θ,com = 0,5 �1 + 𝛼𝛼LT λ�LT,θ,com + λ�LT,θ,com �

but 𝜒𝜒LT,fi ≤ 1

where:
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𝛼𝛼LT is the elevated temperature imperfection factor for lateral-torsional buckling determined as
follows:
𝛼𝛼LT = 𝛼𝛼LT,0 /𝜉𝜉θ,com
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𝑘𝑘2,θ,com is the reduction factor to the strength at 2% total strain at the maximum temperature in the
compression flange 𝜃𝜃a,com , given in Table C.1.
The value of 𝜒𝜒LT,fi should be determined according to the following equations:
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(C.30b39)

where:
𝜒𝜒LT,fi is the reduction factor for lateral-torsional buckling in fire defined in C.4.3.3(4);
(4)

Formatiert: Englisch (USA)

(C.3342)

𝛼𝛼LT,0 is defined in Table C.4.
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𝜉𝜉θ,com is the temperature dependent factor given in C.4.2.1(1) for the maximum steel temperature in the
compression flange 𝜃𝜃a,com reached at time t.
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Table C.4 Values of αLT,0 for lateral-torsional buckling
Type of member
Welded or hot-rolled open
sections

Hot-finished and cold-formed
hollow sections
Other section types

Austenitic

Duplex

Ferritic

𝜶𝜶𝐋𝐋𝐋𝐋,𝟎𝟎

𝜶𝜶𝐋𝐋𝐋𝐋,𝟎𝟎

𝜶𝜶𝐋𝐋𝐋𝐋,𝟎𝟎

0,34

0,34

0,34

0,64

0,76

0,45

0,76

The relative slenderness 𝜆𝜆̅LT,θ at the steel temperature 𝜃𝜃𝑎𝑎 is given by:

0,40

0,76

𝜆𝜆̅LT,θ,com = 𝜉𝜉θ,com 𝜆𝜆̅LT

for all Classes of cross-sections

𝑊𝑊pl,y 𝑓𝑓𝑦𝑦
𝜆𝜆̅LT = �
𝑀𝑀cr

for non-slender sections

(C.35a44)

for slender sections

(C.35b45)

The relative slenderness 𝜆𝜆̅LT is given by:

𝑊𝑊eff,y 𝑓𝑓𝑦𝑦
𝜆𝜆̅LT = �
𝑀𝑀cr
where:

(C.3443)

Mcr
is the elastic critical moment for lateral-torsional buckling based on the gross cross-sectional
properties, taking into account loading conditions, actual moment distribution and lateral restraints.

(5)
The effect of the moment distribution between the lateral restraints of a member may be taken
into account by modifying the reduction factor 𝜒𝜒LT,fi as follows:
𝜒𝜒LT,fi,mod

𝜒𝜒LT,fi
=
𝑓𝑓

but

𝜒𝜒LT,fi,mod ≤ 1.0
1
�𝜒𝜒
LT,fi,mod ≤
2
𝜆𝜆̅LT,θ,com

The following expressions should be used for the determination of 𝑓𝑓:
Austenitic:

𝑓𝑓 = 1 − 0.83(1 − 𝑘𝑘𝑐𝑐 ) ≥ 0.67

Ferritic:

𝑓𝑓 = 1 − 0.60(1 − 𝑘𝑘𝑐𝑐 ) ≥ 0.76

Duplex:

𝑓𝑓 = 1 − 0.67(1 − 𝑘𝑘𝑐𝑐 ) ≥ 0.73

(C.3646)
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(C.37a47)

(C.37b48)
(C.37c49)

where 𝑘𝑘𝑐𝑐 is the correction factor determined according to Table 8.6 of EN 1993-1-1:— 49, Table 8.6.
49
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(6)
The design shear resistance Vfi,t,Rd at time t of a cross-section should be determined using
Formula (7.2325) with 𝑘𝑘y,θ,web replaced by 𝑘𝑘2,θ,web for all Classes of cross-sections.
C.4.3.4 Members subject to combined bending and axial compression

(1)
The design buckling resistance 𝑅𝑅fi,d,t at time t of a member subject to combined bending and
axial compression should be verified by satisfying Formulae (C.38a50) and (C.38b51) for a member
with non-slender cross-section, or Formulae (C.39a52) and (C.39b53) for a member with a slender
cross-section.
𝑁𝑁fi,Ed

𝑓𝑓𝑦𝑦
𝜒𝜒y,fi 𝐴𝐴𝑘𝑘2,θ
𝛾𝛾M,fi
𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒z,fi 𝐴𝐴𝑘𝑘2,θ 𝛾𝛾
M,fi

+ 𝑘𝑘yy
+ 𝑘𝑘zy

𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒y,fi 𝐴𝐴eff 𝑘𝑘2,θ
𝛾𝛾M,fi
𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒z,fi 𝐴𝐴eff 𝑘𝑘2,θ 𝛾𝛾
M,fi

𝑀𝑀y,fi,Ed

𝑓𝑓y
𝑊𝑊pl,y 𝑘𝑘2,θ 𝛾𝛾
M,fi

+ 𝑘𝑘yz

𝑀𝑀y,fi,Ed

𝑓𝑓y
𝜒𝜒LT,fi 𝑊𝑊pl,y 𝑘𝑘2,θ 𝛾𝛾
M,fi

+ 𝑘𝑘yy
+ 𝑘𝑘zy

where:
𝜒𝜒y,fi, 𝜒𝜒z,fi
𝜒𝜒LT,fi

∆𝑀𝑀y,fi,Ed, ∆𝑀𝑀y,fi,Ed
𝑘𝑘yy , 𝑘𝑘yz , 𝑘𝑘zy , 𝑘𝑘zz

𝑀𝑀z,fi,Ed

𝑓𝑓y
𝑊𝑊pl,z 𝑘𝑘2,θ 𝛾𝛾
M,fi

+ 𝑘𝑘zz

≤1

𝑀𝑀z,fi,Ed

𝑓𝑓y
𝑊𝑊pl,z 𝑘𝑘2,θ 𝛾𝛾
M,fi

(C.38a50)
≤1

𝑀𝑀y,fi,Ed + ∆𝑀𝑀y,fi,Ed
𝑀𝑀z,fi,Ed + ∆𝑀𝑀z,fi,Ed
+ 𝑘𝑘yz
≤1
𝑓𝑓y
𝑓𝑓y
𝑊𝑊eff,y 𝑘𝑘2,θ
𝑊𝑊eff,z 𝑘𝑘2,θ
𝛾𝛾M,fi
𝛾𝛾M,fi

𝑀𝑀y,fi,Ed + ∆𝑀𝑀y,fi,Ed
𝑀𝑀z,fi,Ed + ∆𝑀𝑀z,fi,Ed
+ 𝑘𝑘zz
≤1
𝑓𝑓y
𝑓𝑓y
𝜒𝜒LT,fi 𝑊𝑊eff,y 𝑘𝑘2,θ 𝛾𝛾
𝑊𝑊eff,z 𝑘𝑘2,θ 𝛾𝛾
M,fi
M,fi

(C.38b51)
(C.39a52)
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(C.39b53)

are the reduction factors due to flexural, torsional or torsional-flexural
buckling from C.4.3.2;
is the reduction factor due to lateral-torsional buckling from C.4.3.3;

are the moments due to the shift of the centroidal axis according to
C.4.2.2 for slender sections;
are the interaction factors see (3).

(2)
The reduction factor for buckling about z-z axis 𝜒𝜒z,fi should be taken as the lowest of those
determined considering flexural about z-z axis, torsional and torsional-flexural buckling modes.

(3)
The interaction factors 𝑘𝑘yy , 𝑘𝑘yz , 𝑘𝑘zy , 𝑘𝑘zz which should be used for the design of members with
doubly symmetric cross-sections in Formulae (C.3850), (C.51), (C.52) and (C.3953) may be obtained
from Tables C.5, C.6 and C.7 using the following parameters:
𝑛𝑛y =

𝑛𝑛y =
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𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒y,fi 𝐴𝐴𝑘𝑘2,θ
𝛾𝛾M,fi
𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒y,fi 𝐴𝐴eff 𝑘𝑘2,θ 𝛾𝛾
M,fi

and

and

𝑛𝑛z =

𝑛𝑛z =

𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒z,fi 𝐴𝐴𝑘𝑘2,θ
𝛾𝛾M,fi
𝑁𝑁fi,Ed

𝑓𝑓y
𝜒𝜒z,fi 𝐴𝐴eff 𝑘𝑘2,θ 𝛾𝛾
M,fi

for non-slender sections

for slender sections
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NOTE
NOTE: The factors in Table C.6 distinguish between members that are susceptible (𝜒𝜒LT,fi,mod < 1) and
not susceptible (𝜒𝜒LT,fi,mod = 1) to lateral-torsional buckling.

Table C.5 Interaction factors for Formulae (C.38a50) and (C.39a52) – Instability governed by
buckling about y-y axis
For 𝜆𝜆̅y,θ < 𝐷𝐷3,𝑦𝑦
For 𝜆𝜆̅y,θ ≥ 𝐷𝐷3,𝑦𝑦

𝑘𝑘yz = 𝑘𝑘zz

𝑘𝑘yy = 𝐶𝐶my �1 + 𝐷𝐷1,y (𝜆𝜆̅y,θ − 𝐷𝐷2,y )𝑛𝑛𝑦𝑦 �

𝑘𝑘yy = 𝐶𝐶my �1 + 𝐷𝐷1,y (𝐷𝐷3,y − 𝐷𝐷2,y )𝑛𝑛𝑦𝑦 �

Formatiert: Note, Abstand
zwischen asiatischem und
westlichem Text anpassen,
Abstand zwischen asiatischem
Text und Zahlen anpassen
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(for 𝑘𝑘zz see Table C.6)

Table C.6 Interaction factors for Formulae (C.38b51) and (C.39b53) – Instability governed by
buckling about z-z axis

𝑘𝑘zz

𝑘𝑘zy

Type of section

Not susceptible
to LT-buckling
Susceptible to
LT-buckling

All sections

Interaction factor

Formatiert: Englisch (USA)

𝑘𝑘zy = 0,8𝑘𝑘yy (for 𝑘𝑘yy see Table C.5)

For 𝜆𝜆̅z,θ < 𝐷𝐷3,𝐿𝐿𝐿𝐿
For 𝜆𝜆̅z,θ ≥ 𝐷𝐷3,𝐿𝐿𝐿𝐿
For 𝜆𝜆̅z,θ < 𝐷𝐷3,𝑧𝑧
For 𝜆𝜆̅z,θ ≥ 𝐷𝐷3,𝑧𝑧

𝑘𝑘zy = 1 −
𝑘𝑘zy = 1 −

𝐷𝐷1,LT 𝜆𝜆̅z,θ 𝑛𝑛𝑧𝑧
𝐶𝐶mLT − 𝐷𝐷2,LT
𝐷𝐷1,LT 𝐷𝐷3,𝐿𝐿𝐿𝐿 𝑛𝑛𝑧𝑧
𝐶𝐶mLT − 𝐷𝐷2,LT

𝑘𝑘zz = 𝐶𝐶mz �1 + 𝐷𝐷1,z (𝜆𝜆̅z,θ − 𝐷𝐷2,z )𝑛𝑛𝑧𝑧 �

𝑘𝑘zz = 𝐶𝐶mz �1 + 𝐷𝐷1,z (𝐷𝐷3,𝑧𝑧 − 𝐷𝐷2,z )𝑛𝑛𝑧𝑧 �

Table C.7 Values of auxiliary coefficients Dy, Dz, and DLT
Type of Section

Coefficient

Austenitic

Duplex and Ferritic

D1,y

2,5

2,0

D3,y

1,4

1,6

D2,y
All sections

D1,z
D2,z
D3,z

Susceptible to LT-buckling

D1,LT
D2,LT
D3,LT

0,2

0,3

3,0

2,5

0,2
1,4

0,4
0,10

1,8

0,27
1,00
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NOTE: For the equivalent moment gradient factors Cmy, Cmz and CmLT, see Table 8.9 in EN 1993-1-1.
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(normative)
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Joints

D.1 Bolted joints
(1)
Net-section failure at fastener holes need not be considered, provided that there is a fastener in
each hole.
NOTE

Note: tThe steel temperature is lower at joints due to the presence of additional material.

Formatiert: Note

D.1.1 Design Resistance of Bolts in Shear
D.1.1.1 Category A: Bearing Type
(1)

The fire design resistance per bolt loaded in shear should be determined from:

𝐹𝐹v,fi,t,Rd = 𝐹𝐹v,Rd 𝑘𝑘b,θ

where:

kb,θ

𝛾𝛾M2
𝛾𝛾M,fi

but 𝐹𝐹v,fi,t,Rd ≤ 𝐹𝐹v,Rd

(D.1)

is the reduction factor determined for the appropriate bolt
temperature from Table D.1;

Fv,Rd is the design shear resistance of the bolt per shear plane
calculated assuming that the shear plane passes through the
threads of the bolt (Table 3.4 of EN 1993-1-8:— 50, Table 3.4);

γM2
(2)

γM,fi

is the partial factor for fire conditions.

The design bearing resistance per bolt in the fire situation should be determined from:
𝛾𝛾

𝐹𝐹b,fi,t,Rd = 𝐹𝐹b,Rd 𝑘𝑘b,θ 𝛾𝛾 M2

where:

Fb,Rd
kb,θ

50

is the partial factor at normal temperature;

M,fi

but 𝐹𝐹b,fi,t,Rd ≤ 𝐹𝐹b,Rd

(D.2)

is the design bearing resistance per bolt determined from Table
3.4 EN1993-1.8;

is the reduction factor determined for the appropriate bolt
temperature from Table D.1.

Under preparation. Current stage: prEN 1993-1-8:2021.

93

Formatiert: Englisch (USA)

prEN 1993-1-2:2021 (E)

D.1.1.2 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 single
bolt should be determined as for bearing type bolts, see D1.1.1.

D.1.2 Design Resistance of Bolts in Tension

D.1.2.1 Category D and E: Non-preloaded and preloaded bolts
(1)

The design tension resistance of a single bolt in fire should be determined from:
𝛾𝛾

𝐹𝐹ten,fi,t,Rd = 𝐹𝐹t,Rd 𝑘𝑘b,θ 𝛾𝛾 M2

M,fi

where:

Ft,Rd
kb,θ

but 𝐹𝐹ten,fi,t,Rd ≤ 𝐹𝐹t,Rd

(D.3)

is the design tension resistance per bolt determined from Table 3.4 of
EN 1993-1-8;
is the reduction factor determined for the appropriate bolt
temperature from Table D.1.

Table D.1: Strength Reduction Factors for Bolts and Welds

Temperature

θa

Reduction factor for
bolts, kb,θ
(Tension and shear)

Reduction factor for
welds, kw,θ

20
100
150
200
300
400
500
600
700
800
900
1000

1,000
0,968
0,952
0,935
0,903
0,775
0,550
0,220
0,100
0,067
0,033
0,000

1,000
1,000
1,000
1,000
1,000
0,876
0,627
0,378
0,130
0,074
0,018
0,000

D.2 Design Resistance of Welds
D.2.1 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 given for fillet welds can also be applied to butt welds.

D.2.2 Fillet Welds
(1)
94

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

prEN 1993-1-2:2021 (E)

𝐹𝐹w,fi,t,Rd = 𝐹𝐹w,Rd 𝑘𝑘w,θ

where:

kw,θ

𝛾𝛾M2
𝛾𝛾M,fi

but 𝐹𝐹w,fi,t,Rd ≤ 𝐹𝐹w,Rd

(D.4)

is obtained from Table D.1 for the appropriate weld temperature;

Fw,Rd is the design weld resistance per unit length determined from
EN 1993-1-8:— 51, 4.5.3..

D.3 Temperature of joints in fire
D.3.1 General

(1) The temperature of a joint may be assessed using the local A/V value of the parts forming that
joint. For unprotected joints, the local A/V value may be calculated as 2/t where “t” is the total
thickness of the connected steel plates (e.g. endplate/column flange, fin plate/beam web) in the
thinnest part of the joint.
(2) Alternatively, as a simplification, the unprotected joint temperature may be taken as the
maximum temperature of the unprotected connected steel members.
(3) For protected joints, the joint temperature should be taken equal to the maximum temperature
of the protected connected steel members.

D.4 Welded steel tubular joints
D.4.1 General

(1) D.4 covers uniplanar joints only.
(2) The temperature (θ) of a welded tubular joint should be taken equal to the highest temperature
of the connected members.
(3) The elevated temperature resistance of the joint should be obtained by multiplying its
resistance for normal temperature design by ky,θ, except for the cases in D.4.2 and D.4.3.

D.4.2 Welded tubular joints with axial compression in brace members

(1) In T-, Y- and X-circular, rectangular, square, and elliptical hollow section joints where the brace
member is connected to the wide face of the chord member, and when the joint fails by chord
face plastification, the elevated temperature resistance of the joint should be obtained by
multiplying its resistance for normal temperature deign by a factor kc1,θ given in Table D.2.

D.4.3 Welded tubular joints with in-plane bending moment in brace members

(1) The elevated temperature resistance of a joint which fails by chord face plastification should be
obtained by multiplying its resistance for normal temperature deign by a factor kc2,θ given in
Table D.2.

51

Under preparation. Current stage: prEN 1993-1-8:2021.
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Table D.2: Multiplication factors for welded tubular joints
Steel Temperature θ

Modification factor kc1,θ

Modification factor kc2,θ

20 °C

1,000

1,000

200 °C

0,900

0,950

100 °C
300 °C
400 °C
500 °C
600 °C
700 °C
800 °C

96

0,800
0,700
0,600
0,310
0,130
0,090

900 °C

0,0675

1100 °C

0,0225

1000 °C

NOTE
used.

1,000

1200 °C

0,0450
0,0000

1,000
0,900

0,850
0,690
0,390
0,180
0,100
0,064
0,042
0,021
0,000

NOTE: For intermediate values of the steel temperature, linear interpolation can be

Formatiert: Note, Links

prEN 1993-1-2:2021 (E)

Annex E
(normative)

Beams with large web openings
E.1 General
(1)
This Annex is applicable to steel beams with large web openings within the scope of
EN 1993-1-13.

E.2 Thermal response

(1)
Evolution of temperature may be calculated from Formula (7.51578), using section factors
which depend on whether a uniform or non-uniform temperature approach is adopted.

(2)
For a uniform temperature approach, section factors should be calculated for the different
failure modes, as follows:
-

Flexural bending in a gross section (no opening): from case (1) in Table E.1
Flexural bending in a net section (with an opening) from case (2) in Table E.1
Vierendeel bending from case (3) in Table E.1 for the top chord or (4) for the bottom chord
Web post buckling: from case (5) in Table E.1 for the top chord or (6) for the bottom chord
Web horizontal shear or weld shear at the junction of the chords: from case (7) in Table E.1
Web vertical shear: from case (8) in Table E.1.

Figure E.1: Cross-sections affected by likely failure modes of a beam with large web openings
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Figure E.2: Gross cross-section (left) and net cross-section (right) of a beam with large web
openings
Table E.1: Uniform temperature approach: Section factors for the different failure modes of a
beam with large web openings in fire
Failure
mode
Bending in
a gross
section (1)

Bending in
net
section (2)

Vierendeel
bending in
the top
chord (3)

98

Fire
exposure

Section factor

3 sides

(𝐴𝐴m ⁄𝑉𝑉 )1,3sides =

4 sides

(𝐴𝐴m ⁄𝑉𝑉 )1,4sides =

2�ℎtop + 𝑏𝑏bott + ℎbott � + 𝑏𝑏top − 𝑡𝑡w,top − 𝑡𝑡w,bott

𝑏𝑏top 𝑡𝑡f,top + �ℎtop − 𝑡𝑡f,top�𝑡𝑡w,top + 𝑏𝑏bott 𝑡𝑡f,bott + �ℎbott − 𝑡𝑡f,bott �𝑡𝑡w,bott
2�ℎtop + 𝑏𝑏top + 𝑏𝑏bott + ℎbott � − 𝑡𝑡w,top − 𝑡𝑡w,bott

𝑏𝑏top 𝑡𝑡f,top + �ℎtop − 𝑡𝑡f,top�𝑡𝑡w,top + 𝑏𝑏bott 𝑡𝑡f,bott + �ℎbott − 𝑡𝑡f,bott �𝑡𝑡w,bott
2�ℎtop + 𝑏𝑏bott + ℎbott − 𝑎𝑎0 � + 𝑏𝑏top
𝑏𝑏top 𝑡𝑡f,top + ℎw,top𝑡𝑡w,top + 𝑏𝑏bott 𝑡𝑡f,bott + ℎw,bott 𝑡𝑡w,bott

3 sides

(𝐴𝐴m ⁄𝑉𝑉 )2,3sides =

4 sides

(𝐴𝐴m ⁄𝑉𝑉 )2,4sides = 2

3 sides
4 sides

ℎtop + 𝑏𝑏top + 𝑏𝑏bott + ℎbott − 𝑎𝑎0
𝑏𝑏top 𝑡𝑡f,top + ℎw,top𝑡𝑡w,top + 𝑏𝑏bott 𝑡𝑡f,bott + ℎw,bott 𝑡𝑡w,bott

(𝐴𝐴m ⁄𝑉𝑉 )3,3sides =
(𝐴𝐴m ⁄𝑉𝑉 )3,4sides

𝑎𝑎
1
𝑏𝑏top + 2 � 20 �cos 𝜙𝜙

top

ℎw,top
− 1� + cos 𝜙𝜙 + 𝑡𝑡f,top �
top

ℎw,top
𝑎𝑎
1
𝑏𝑏top 𝑡𝑡f,top + � 0 �
− 1� +
� 𝑡𝑡
2 cos 𝜙𝜙top
cos 𝜙𝜙top w,top

ℎw,top
𝑎𝑎0
1
− 1� +
+ 𝑡𝑡f,top �
2 �cos 𝜙𝜙top
cos 𝜙𝜙top
=
ℎw,top
𝑎𝑎
1
𝑏𝑏top 𝑡𝑡f,top + � 0 �
− 1� +
� 𝑡𝑡
2 cos 𝜙𝜙top
cos 𝜙𝜙top w,top
2 �𝑏𝑏top +
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Vierendeel
bending in
the
bottom
chord (4)
Top chord
web post
buckling
(5)
Bottom
chord web
post
buckling
(6)
Web
horizontal
shear or
weld
shear (7)
Web
vertical
shear (8)

4 sides

(𝐴𝐴m ⁄𝑉𝑉 )4,4sides

ℎ
𝑎𝑎
1
2 �𝑏𝑏bott + 20 �cos 𝜙𝜙
− 1� + cosw,bott
𝜙𝜙bott + 𝑡𝑡f,bott �
bott
=
ℎ
𝑎𝑎
1
𝑏𝑏bott 𝑡𝑡f,bott + � 20 �cos 𝜙𝜙
− 1� + cosw,bott
𝜙𝜙bott � 𝑡𝑡w,bott
bott
(𝐴𝐴m ⁄𝑉𝑉 )5 =

-

(𝐴𝐴m ⁄𝑉𝑉 )6 =

-

(𝐴𝐴m ⁄𝑉𝑉 )7 =

-

(𝐴𝐴m ⁄𝑉𝑉 )8 =

2
𝑡𝑡w,top
2

𝑡𝑡w,bott
2

min�𝑡𝑡w,top ; 𝑡𝑡w,bott �
2

min�𝑡𝑡w,top ; 𝑡𝑡w,bott �

(3)
For failure in Vierendeel bending, the section factor of the inclined Tee leading to uniform
temperature in the Tee may be considered.
1

2
2

1

Key
1

2

Cross-section used in the section factor calculation

Cross-section used in the load-bearing capacity calculation

Figure E.3: Definition of the cross-sections used for the section factor and for Vierendeel bending
of the top chord (left) and bottom chord (right)
(4)
For a non-uniform temperature approach, section factors of Table E.2 should be used for the top
flange, bottom flange and web.
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(4)
Table E.2: Non-uniform temperature approach: Section factors for the flanges and web
Element
Top flange
Bottom flange
Web

Fire exposure
3 sides
4 sides
4 sides
-

Section Factor, A/V
𝑏𝑏top + 2𝑡𝑡f,top
𝑏𝑏top 𝑡𝑡f,top
𝑏𝑏top + 𝑡𝑡f,top
2
𝑏𝑏top 𝑡𝑡f,top
𝑏𝑏bott + 𝑡𝑡f,bott
2
𝑏𝑏bott 𝑡𝑡f,bott
4
𝑡𝑡w,top + 𝑡𝑡w,bott

(5)
For protected beams with regular openings, the thickness of fire protection is should be
determined according to EN 13381-4 or EN 13381-8 based on the section factor defined in (4) and on
the critical temperatures obtained for the different failure modes.

Kommentar [KS7]: should be
determined? If yes, keep 13381-8 in
Bibliography.

NOTE
Note: EN 13381-9 provides a web modification factor which is product specific and function of the
web-post length. It considers the difference in the rate of heating between a web-post and a solid web section.

Formatiert: Note, Abstand Nach: 0
Pt., Abstand zwischen Absätzen
gleicher Formatierung einfügen,
Zeilenabstand: einfach

(6)
In addition to (5), the critical temperature of beams protected by reactive coatings should be
increased decreased for failure modes corresponding to the web resistance or stability, according to EN
13381-9.

E.3 Mechanical response
(1)
The classification of cross-sections, Tees and longitudinal stiffeners should respectively be done
according to 7.4, 7.5 and 7.6 of EN 1993-1-13:— 52, 7.4, 7.5 and 7.6 using a reduced value for ε as given
in Formula (7.2).

(2)
The resistance/stability of the elements at the opening at a particular elevated temperature θ
should be obtained by application of EN 1993-1-13, replacing fy by fy,θ, Ea by Ea,θ and γM0, γM1, γM2 by γM,fi

(3)
The web buckling near widely spaced opening and web post buckling should be calculated
according to EN 1993-1-13 considering the reduction factor for flexural buckling under fire conditions
χfi, as given in Formula (7.79).
(4)
Thermally-induced stresses should be assessed at the web-flange junction of welded beams,
except if the web and the flange are connected by:
-

52

Either a full-penetration weld;
Or two continuous fillet welds with an effective throat thickness higher or equal to half of the
thickest connected plate thickness.

Under preparation.
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(5)

In addition to (1) to (4), (6) to (8) apply to beams with sinusoidal openings.

(6)
The moment and axial force interaction criterion for a Tee (Formula (8.62) of EN 1993-1-13:—
53, Formula (8.62)) should be linear. The value of α should be 1.
v
(7)
No over-resistance factor for the resistance of a post under horizontal shear (8.11.1 (4) of
EN 1993-1-13:— 54, 8.11.1 (4)) should be considered.
(8)

-

The depth of the Tee cross-section should be calculated as follows,

For Class 1 openings (CwT = 1), the cross-section is fully effective: hEff,i = ht
For other classes, the depth is reduced: hEff,i = ρh ht

(E.1)
(E.2)

ρh = max (hTCl1/ht ; ρh,min)

(E.3)

where the reduction factor ρh should be obtained as follows:
with:

hTCl1 = tf + tc + 9εfitw

and εfi as given by Formula (7.2).
NOTE

(9)

(E.4)

NOTE: The recommended value of ρh,min is 0.,8.

Formatiert: Note, Abstand
Nach: 0 Pt., Zeilenabstand:
einfach

For weld verification, D.2 applies.
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