
La prestazione di resistenza al fuoco negli
Eurocodici di seconda generazione

A
rc

e
lo

rM
itt

a
l P

h
o

to
 L

ib
ra

ry



New generation of Eurocodes fire part

• Introduction
‒ New Eurocodes : what is new and when?

‒ Fire : what does it mean?

‒ Requirements 

• Steel structures: Eurocode 3 fire part : EN 1993-1-2
‒ Main relevant improvements:

• Extension to High strength steels, 

• Normative annexes  for Stainless steels and  joints; new rules for class 4 sections in  the main text

• New annex for cellular beams 

• Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
‒ Overview of the changes

‒ Main relevant improvements:
• Concrete-filled Tubular Sections

• Composite Slim Floor Beams

• Membrane Effect

• Cellular Beams

• Actions in case of fire : Eurocode 1 fire part : EN 1991-1-2
‒ Natural fire



New Eurocodes : what is new and when?
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New Eurocodes : what is new and when?

1975-1989

1989

1991-1998

1999-2000

2000

2002

2003

2007

2010-2011

2015

Launch of Eurocode program by the European Commission

Transfer of the Eurocodes program to the CEN and creation of the CEN/TC 250
“Structural Eurocodes”

Publication of the first generation of Eurocodes (pr ENV)

Revision procedure (2 years) and decision to translate the ENV to EN

Start of the development of the second generation of Eurocodes (EN)

Publication of the first Eurocode (EN 1990)

European Commission recommendation to the member states in order to approve
and implement the Eurocodes EN

Publication of all the 58 EN sub-parts

Implementation of the Eurocodes EN with National Annexes in each member state
and withdrawal of the conflicting national standards

Revision of the Eurocodes

Eurocode History



New Eurocodes : what is new and when?

2010-2013

2015

2017

2018

2019

2020

2021

2023

2026

Mandate of Eurocode Revision

Start Project Team Phase 1, notably EN 1993-1-1

Start Project Team Phase 2, notably EN 1993-1-2 (PT6)

Start Project Team Phase 3&4, notably EN 1994-1-2 (PT7)

First CEN enquiry on draft standards

End Project Team Phase 2, notably EN 1993-1-2 (PT6))

End Project Team Phase 3&4, notably EN 1994-1-2 (PT7)

Last Standards made available to NSBs

Finalisation and distribution of 2nd generation of Eurocodes

Eurocode Revision 
Time line

François Hanus: 
- Member of TC250/SC4/PT2 (2015 – 2018)
- Member of TC250/SC3/PT6 (2017 – 2020)
- Chairman of TC250/SC4/PT7 (2018 – 2021)
- Convenor of TC250/SC4/AHG2 (2023 - …)

202? Withdrawal of 1st generation of Eurocodes



New Eurocodes : what is new and when?

Eurocode 3 
Present version provides
• Fire design rules for steel up to S460
• Thermal and mechanical properties for Carbon 

and stainless steels
• Method to calculate steel temperature 

development
• Methods to assess fire resistance through simple 

calculation model for carbon steel
• Give principles for advanced calculation models
• Give some informative annexes for external steel 

structures, stainless steel, joints and class 4 
sections

Revision: 
• Extension to High strength 

steels, 
• New rules for class 4 sections 

in the main text
• Normative annexes for 

Stainless steels and joints; 
• New annex for cellular beams
• Emissivity of HDG steel 



Eurocode 4: Present version provides
• Fire design rules for structural steel up to S460 and concrete up 

C50/60, rebars acc. to EN 10080
• Thermal and mechanical properties for structural steel, rebars 

and concrete
• Tabulated data to calculate fire resistance of 

• composite beam with partially encased and 
• composite column with partially or fully encased sections
• Composite columns made of concrete filled hollow sections

• Simple Calculation Models for 
• Composite slabs 
• Composite beams comprising steel beams with no 

concrete encasement
• Composite beams comprising steel beams with partial 

concrete encasement
• Composite columns -Steel sections with partial concrete 

encasement
• Composite columns - Concrete filled hollow sections

New Eurocodes : what is new and when?

Revision: 
• Composite Slim Floor
• Membrane Action
• Cellular beam
• New Annex for CFTS



Fire : what does it mean?
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Fire : what does it mean?
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Eurocode
+

National annexes

Structural fire 
resistance

R [min]
≥
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consequences of failure
evacuation time
building height
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fireman safety...
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National fire safety 
requirements

Structural Fire safety Requirements 



New generation of Eurocodes fire part

• Introduction
‒ New Eurocodes : what is new and when?

‒ Fire : what does it mean

‒ Requirements 

• Steel structures: Eurocode 3 fire part : EN 1993-1-2
‒ Main relevant improvements:

• Extension to High strength steels, 

• Normative annexes  for Stainless steels and  joints; new rules for class 4 sections in the main text

• New annex for cellular beams 

• Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
‒ Overview of the changes

‒ Main relevant improvements:
• Concrete-filled Tubular Sections

• Composite Slim Floor Beams

• Membrane Effect

• Cellular Beams

• Actions in case of fire : Eurocode 1 fire part : EN 1991-1-2
‒ Natural fire



Overview of the changes: main relevant improvements:
High strength steels (S460M or S500)

Scope of EN 1993-1-2
Extended to S700
Applicable for Structural steel 
listed in Table 5.1 of EN 1993-1-1
and Table 5.2 for cold forming.

Rem: In case of Natural fire 
including cooling phase, material 
laws valid up to S500
First amendment currently under 
discussion

Table 5.1 of EN 1993-1-1



Overview of the changes: main relevant improvements:
Reduced emissivity for Hot-Dip Galvanised Steels

Rules valid for any steel grade
Not valid in case of duplex systems
New researches still ongoing

Table 5.1 — Surface emissivity of different types of steel 

Type of steel εm (≤ 500ᵒC) εm (> 500ᵒC) 

Carbon steel 0,7 

HDG steela 0,35 0,7 

a 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 14713-2:2020, Table 1. 

 Table 5.1 of prEN 1993-1-2 and prEN 1994-1-2

Source : M. Mensinger, TU Münich

Recent tests (2024)



Benefit of High strength steels –
R30 steel structure without any additional passive fire protection

Example: office building

7,20m

P(Gk = 6,3 kN/m² ; Qk = 3,0 kN/m²)
Case study
Loads on the central beam = 1,25 P. l



Critical temperature method: 7.5 of prEN 1993-1-2:2021 (E)
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Benefit of High strength steels –
R30 steel structure without any additional passive fire protection



Benefit of High strength steels –
R30 steel structure without any additional passive fire protection

Calculation of the resistance time under ISO fire
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Benefit of High strength steels –
R30 steel structure without any additional passive fire protection

Calculation of the resistance time under ISO fire
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R30 fire protection:
Extra cost for S460/S500 steel 
: 5 times lower than cost of an 
R30 intumescent paint.

Alternative with grade S460
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Benefit of High strength steels –
R30 steel structure without any additional passive fire protection

Calculation of the resistance time under ISO fire
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R30 fire protection:
Extra cost for S460/S500 steel 
: 5 times lower than cost of an 
R30 intumescent paint.

Alternative with grade S460

Alternative with grade S460 and HDG
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Beams with large web openings
Thermal response



Beams with large web openings
Mechanical response

According EN 1993-1-13 

With additional rules of EN 1993-1-2 for 

• Classification of cross sections : 
– 0.85 multiplies e
– Specific rules for beams with sinusoidal openings

• Resistance/stability formulae at the opening: replacing fy by fy,q, Ea by Ea,q and gM0, gM1, gM2
by gM,fi

• Web buckling near widely spaced opening and web post buckling: buckling under fire 
conditions cfi



Beams with large web openings
Mechanical response

Fully covered by new Standards 

Fire design of unprotected cellular steel beam : according to EN 1993-1-2 and EN 1993-1-13 

Fire design of protected cellular steel beam : according to EN 1993-1-2 and EN 1993-1-13 
and 

• EN 13381-4 for non reactive protection 
– For protected beams with regular openings, the thickness of fire protection is determined 

according to EN 13381-4 based on the section factor defined and on the critical 
temperatures obtained for the different failure modes.

• EN 13381-8 and -9 for reactive protection 
– Additionally, the critical temperature of beams protected by reactive coatings 

should be decreased for failure modes corresponding to the web resistance 
or stability, according to EN 13381-9.

– 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.



Beams with large web openings
Protection with intumescent paint – EN 13381-9 

Web modification factor which is product specific and function of the web-post length.



Beams with large web openings - Protection with intumescent paint – EN 13381-9
Cellular beams: Example: 24 span tapered cellular beam with R30 fire requirement 

• HEA 900: Am/V= 92 m-1   Intumescent paint layer 472 m according to EN 13381-8
• Tapered beam based on a HEA 900: Am/V= 125 m-1   Intumescent paint layer 486 m



Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2

• Introduction
‒ New Eurocodes : what is new and when?

‒ Fire : what does it mean

‒ Requirements 

• Steel structures: Eurocode 3 fire part : EN 1993-1-2
‒ Main relevant improvements:

• Extension to High strength steels, 

• Normative annexes  for Stainless steels and  joints; new rules for class 4 sections in  the main text

• New annex for cellular beams 

• Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
‒ Overview of the changes

‒ Main relevant improvements:
• Concrete-filled Tubular Sections

• Composite Slim Floor Beams

• Membrane Effect

• Cellular Beams

• Actions in case of fire : Eurocode 1 fire part : EN 1991-1-2
‒ Natural fire

What about the scope ?



Concrete-filled tubular sections

Scope of current EN 1994-1-2 limited due to unsafe predictions of buckling resistance of CFTS

New Annex F will cover Circular, Square, Elliptical and Rectangular Hollow Sections



Eurocode 4 fire part : EN 1994-1-2 : Composite Shallow floor

Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Main relevant improvements: composite Slim Floor

7.4 Composite beam
7.4.2.4 Composite shallow floor beams
8.3 Mechanical analysis
8.4 Validation of advanced design methods

Section 9 Detailing
9.1 General
9.2 Composite beams
9.2.1 Composite beams comprising steel beams with partial encasement
9.2.2 Composite shallow floor beams

Annex H [Normative] Calculation of the sagging moment resistance Mfi,Rd+ of shallow floor beams
H.1 Introduction
H.2 Calculation of the sagging moment resistance Mfi,Rd+



Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Composite Shallow Floor

Example: Galerie Konz

Copyright : F. Benyahia (Schroeder Associés)



Case study «Galerie KONS» 

• Beam span : 9.45 m

• Section HEB 220 (S460) + plate 350*25 mm (S355)

• Slab span: 5.40 m

• Fire resistance REI 90 achieved with additional longitudinal rebars : 2Ф25+ 1Ф28  S500 per side

Copyright : F. Benyahia (Schroeder Associés)
Arval COFRAPLUS 220



Case study «Galerie KONS» (Luxembourg)

• Fire Design made in 2015

• Different methods published at that time but no one fully recognised by Eurocode or national regulations

• Advanced calculation method requested by check office

• Today, such a design/approval would be much quicker and easier thanks to Annex H of EN 1994-1-2

Arval COFRAPLUS 220
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Eurocode 4 fire part : EN 1994-1-2 : Composite Shallow floor

• R30 : Fire resistance automatically achieved 

• R60 : Fire resistance almost always achieved; 
some additional longitudinal rebars might be 
needed. 

• R90/R120 :  Additional longitudinal rebars  
needed, which can be optimised through 
Annex H of EN 1994-1-2

Use of new Annex H of EN 1994-1-2 
leads to the following conclusions in 
case of a composite shallow floor 
designed according to EN 1994-1-1:



Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action

4.8 Analysis of parts of the structure

(5) A composite floor constructed of primary steel/composite beams, secondary 
steel/composite beams and composite slabs can be divided into a number of structural 
zones, each of which being analysed separately. The fire resistance of each zone can 
be justified by considering the tensile membrane effect that can develop in the 
composite floor slab supported by the surrounding edge beams, thereby allowing 
elimination of fire protection to the internal secondary beams.

(6) This tensile membrane effect shall be justified by advanced design methods 
described in Section 8 considering material and geometrical non-linearities or by using 
accepted simplified design methods.

NOTE: Annex G provides a simplified design method.

(7) The edge beams should be able to resist the additional vertical loads from the load 
distribution path of tensile membrane action.



Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action

Annex G [Informative]
Simple calculation model of fire resistance of steel and concrete composite floors 
under tensile membrane action

G.1 Introduction
G.2. Field of application
G.3. Floor design zones
G.4 Temperature distribution
G.5 Calculation of floor loadbearing capacity under tensile membrane action.
G.5.1 Calculation of slab loadbearing capacity
G.5.2 Calculation of loadbearing capacity of unprotected secondary beams inside the floor design zone
G.5.3 Calculation of the total loadbearing capacity of the floor design zone
G.5.4 Loading condition of beams on the perimeter of the floor design zone
G.6 Detailing
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Rf = 20 min
Naked

central beams
Protected

surrounding beams

Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action – Fire test FRACOF 



ISO-834 Curve

Loading condition

Uniform loading through 15 sand bags to simulate

Dead load: 1,25 kN/m²

Imposed load: 5,0 kN/m²

Equivalent uniform load

3,87 kN/m²   ≈   (1,25 + 0,5 x 5)

Partitions 1 Imposed 
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Weight of each sand bag = 1500 kg
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Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action – Fracof Fire test
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Test results
R > 120 minutes

Deformed shape 1040 °C

300 °C

Rebars: 300 °C
0

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100

Time [min]

V
e

rt
ic

a
l d

is
p

la
ce

m
e

n
t 

[m
m

]

120 140 ...

34 cm
after fire

Test

Simulation

video

Composite Steel/Concrete  structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action – Fracof Fire test
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Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action - ACB Fire test in Ulster

video
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Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action - ACB Fire test in Ulster

Reference
Buildings School in 

Turkey

Protected 
Primary beams

Unprotected 
Secondary 
beams

Protected 
Primary beams

Unprotected 
Secondary 
beams

AM building
CAL



Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action

Example



Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action – Example Building GERIC near Thionville



Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action – Example Building GERIC near Thionville
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Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2
Membrane Action – Example Building GERIC near Thionville (F)

41

Protected
Beams

Unprotected
Beams



Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2 –
Beams with large web openings

(12) Evolution of temperature of a beam with large web openings should be calculated 
according to Annex E of EN 1993-1-2, using section factors which depend on whether 
a uniform or non-uniform temperature approach is adopted.

7.4.2.1 General

(1)P Composite beams shall be checked for: 
resistance of critical cross-sections, see (6) to (8); 
vertical shear, see (9) to (11); 
resistance to longitudinal shear, see (12) to (17).

NOTE Guidance on critical cross-sections is given in 6.1.1(4)P of EN1994-1-1. 



Composite Steel/Concrete structures: Eurocode 4 fire part : EN 1994-1-2 –
Beams with large web openings

(2)P In addition to (1), composite beams with large web openings shall be checked for:
resistance to Vierendeel bending, see (18) and (19).
web buckling resistance in case of widely spaced openings, see (18) and (19).
web-post buckling, shear and bending resistance in case of closely spaced openings, 
see (18) and (19).

The verification of composite beams with large web openings in zones with no 
openings should be done according to rules for composite beams without web 
openings, see (1).

(19) The resistance of the steel elements at the opening at a particular temperature q is 
obtained by application of EN 1993-1-13 and EN 1994-1-1, replacing fy by fy(q), E by 
E(q) and gM0, gM1, gM2 by gM,fi according to Table 5.3.

(20) Additional rules for beams with large web openings in case of stiff slabs (definition 
according to Annex D of EN 1994-1-1)



Actions on structures: Eurocode 1 fire part : EN 1991-1-2 – Localized fires



Dr. Ir. François HANUS 
Steligence® Fabrication Center

ILNAS Representative 
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