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Principles Eurocodes Revision

• Current State-Of-the-Art

• Ease of Use

• Avoiding parallel design methods

• Similar style between different Eurocodes

It is an evolution not a revolution!



1. Scope
2. Normative references
3. Terms, definitions and symbols
4. Basis of design 
5. Material properties
6. Tabulated design data
7. Simplified design methods
8. Advanced design methods
9. Connections
10. Detailing
Annexes

Start of charring, failure 
time of protection, 
charring rate

Specific rules
Zero-strength layer

Requirements for 
detailing

EN 1995-1-2:2025
Common part for all EN 
199x-1-2



, ,/ γΘΧ = ⋅ ⋅Χd fi fi k M fik k

Solid timber 1,25
Glued-laminated timber, cross-laminated timber 1,15
Wood-based panels 1,15
LVL 1,10
Connections with laterally loaded fasteners with 
side members of wood and wood-based panels

1,15

Connections with laterally loaded fasteners with 
side members of steel

1,05

Connections with axially loaded fasteners 1,05

fik
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4.5 Design values of material properties



a) One-dimensional charring b) Two-dimensional 
charring.

Key: 1 Fire exposed side
2 Residual cross-section

5.4.2 The European charring model

(1) <REC> The European charring model should be applied to standard fire exposure.

(2) <REQ> If the timber member undergoes charring in different charring phases the European 
charring model shall be individually applied for the individual charring phases and combined in 
series.
Notional charring depth

5.4 Charring

 
,char n nd tβ= ⋅

notional charring depth within one charring 
phase in mm;
notional design charring rate within one 
charring phase in mm/min;
time for the charring phase considered, in min.
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Notional design charring rate



• Annex C – a method for the evaluation of the basic design charring rate
• NDP for other species/densities allowed

Basic design charring rates
 

0β  
[mm/min] 

a) Timber member made of softwood(1) (3) (4) 0,65 
b) Timber member made of hardwood(1) 
 Beech(5) 

 Beech(5) LVL 
 Ash(6) 
 Oak(7) 

 
0.70 
0,65 
0,60 
0,50 

c) Panel(2)  
 Solid wood panelling and cladding, solid wood panel with only one layer 0,65 
 LVL panel(3)  0,65 
 Particleboard, fibreboard 0,72 
 OSB, solid wood panel with multiple layers 0,9 
 Plywood 1,0 

 



0n gd g h nk k k k kρβ β= ⋅ ⋅ ⋅ ⋅ ⋅

  
  arring b) Two-dimensional charring. 

    
Key:  1 Fire exposed side  

 2 Residual cross-section  
              

 

0n nkβ β= ⋅
Linear members
Solid timber
Glulam

0,65 1 0,65 mm/minnβ = ⋅ =
0,65 1,2 0,78 mm/minnβ = ⋅ =

0,65 1,23 0,8 mm/minnβ = ⋅ =
0,65 1,08 0,7 mm/minnβ = ⋅ =

Plane members (solid timber, glulam, LVL, CLT)

• Gaps ≤ 2 mm
• Gaps 2..5 mm

Initially unprotected sides of timber members

  
a) One-dimensional charring    

    
       
     

              
 

0n gkβ β= ⋅



– Normal charring phase (Phase 1)
for initially unprotected sides of timber members

for initially protected sides of timber members
– Encapsulated phase (Phase 0)

is the phase when no charring of the timber member occurs behind the fire 
protection system.

– Protected charring phase (Phase 2) is the phase when charring occurs behind 
the fire protection while the system is still in place.

– Post-protected charring phase (Phase 3) is the phase after the failure of the 
fire protection before a fully developed char layer has been formed.

– Consolidated charring phase (Phase 4)
is the phase with fully developed char layer.

Charring phases



Charring phases (bond line integrity is maintained)
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– Normal charring phase (Phase 1)
– Encapsulated phase (Phase 0) 
– Protected charring phase (Phase 2) 
– Post-protected charring phase (Phase 3) 
– Consolidated charring phase (Phase 4) 





Charring phases (bond line integrity is not maintained)

– Normal charring phase (Phase 1)
– Post-protected charring phase (Phase 3) 
– Consolidated charring phase (Phase 4)

– Encapsulated phase (Phase 0) 
– Protected charring phase (Phase 2) 
– Post-protected charring phase (Phase 3) 
– Consolidated charring phase (Phase 4) 



Start time of charring
Timber members

boards

Protection 
layers

tprot,panels

= Σch prot, panelst t

Sum of protection times
(270˚C):

,

min prot
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f pr

t
t

t

= 
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∑Floors:

Huomautuksia esittäjälle
Esityksen muistiinpanot
Graph from Kraudok



Failure times 

Generic values based on 20% fractile
analysis

Table 5.4 – Failure time of panels
due to mechanical degradation
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6.1 General
6.2 Time limits for charring phases
6.3 Initially protected timber members 
6.4 Plane timber members made of cross-
laminated timber

6. Tabulated design data



Tabulated 
design
data

tch & tf,pr



Tabulated design data CLT



7.1 General
7.2 Effective cross section method
7.3 Separating function method

7. Simplified design methods



Effective cross-section

1 Fire exposed side
2 Residual cross-section
3 Effective cross-section
d0 is the zero-strength layer depth
dchar,n is the notional charring depth 
def is the effective charring depth
kside is the number of respective sides exposed to fire

 0,ef char nd  = d  + d

ef side efb  = b k d− ⋅

ef side efh  = h k d− ⋅



7.2.2 Design of linear timber members 
2 0n nk kβ β= ⋅ ⋅

3 0n nk kβ β= ⋅ ⋅

0n nkβ β= ⋅
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Phase 2

Phase 3

Phase 4Phase 1

Initially unprotected sides of timber members Initially protected sides of timber members

0n nkβ β= ⋅



7.2.2 Design of linear timber members 

Charring direction 
Layer 

first layer other layers 
A 2 2 
B 2 not applicable 
C 2 1,3 
D 2 not applicable 

 

Caused by: Fall-off of 
protection 
system

Fall-off of 
charred 
layer



Phase 1 βn = 0,7 mm/min
Phase 3 βn = 2,0*0,7 = 1,4 mm/min
Phase 4 βn = 0,7 mm/min

Charring in direction B and D

7.2.2 Design of linear timber members 

Phase 1 βn = 0,7 mm/min

Initially unprotected sides of timber members; Bond line integrity not maintained

Charring in direction A



Phase 3 βn = 2,0*0,7 = 1,4 mm/min
Phase 4 βn = 0,7 mm/min

Charring in direction B and D

7.2.2 Design of linear timber members 

Charring in direction A

Initially protected sides of timber members; Bond line integrity not maintained

Phase 3 βn = 2,0*0,7 = 1,4 mm/min
Phase 4 βn = 0,7 mm/min
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Phase 1 βn = 0,7 mm/min
Phase 3 βn = 1,3*0,7 = 0,91 mm/min
Phase 4 βn = 0,7 mm/min

Charring in direction B

7.2.2 Design of linear timber members 

Phase 1 βn = 0,7 mm/min

Charring in direction C

Initially unprotected sides of timber members; Bond line integrity not maintained



7.2.2 Design of linear timber members 

Zero-strength layer depth d0

EN 1995-1-2:2004

d0=7 mm



7.2.3 Design of plane timber members 

0n gkβ β= ⋅
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2 0n gk kβ β= ⋅ ⋅

3 0n gk kβ β= ⋅ ⋅

0n gkβ β= ⋅

Phase 2

Phase 3

Phase 4

Bond line integrity maintained

Phase 1

Initially unprotected sides of timber members Initially protected sides of timber members



Evaluation of bond line integrity according to Annex B

7.2.3 Design of plane timber members 
Bond line integrity not maintained

Initially unprotected sides of timber members Initially protected sides of timber members



7.2.3 Design of plane timber members 

Fall-off of 
protection 
system

Fall-off of 
charred 
layer



7.2.3 Design of plane timber members 
made of solid wood, glulam and LVL

Zero-strength layer depth d0



7.2.3 Design of plane timber members 
made of cross-laminated timber

Zero-strength layer depth d0



  
(a) fully insulated cavities (PL1 to PL 3) (b) partially insulated cavities (PL1 to PL 3) 

  
(c) side protection of timber member with  
     cavity insulation PL1 

(d) void cavities 
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Key:  
1 Fire exposed side of the timber frame assembly 
2 Unexposed side of the timber frame assembly 
3 Fire protection system, cladding on the fire exposed side 
4 Cladding on the unexposed side 
5 Cavity insulation 
6 Fire exposed side of the timber member 
7 Lateral side of the timber member 
b  Width of the initial cross-section of the timber member 
h  Height of the initial cross-section of the timber member 

insh  Thickness of the cavity insulation 
 

7.2.4 Design of timber frame assemblies
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		(a) fully insulated cavities (PL1 to PL 3)

		(b) partially insulated cavities (PL1 to PL 3)
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		(c) side protection of timber member with 
     cavity insulation PL1

		(d) void cavities
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		Key:

		



		1

		Fire exposed side of the timber frame assembly



		2

		Unexposed side of the timber frame assembly



		3

		Fire protection system, cladding on the fire exposed side



		4

		Cladding on the unexposed side



		5

		Cavity insulation



		6

		Fire exposed side of the timber member



		7

		Lateral side of the timber member



		



		Width of the initial cross-section of the timber member



		



		Height of the initial cross-section of the timber member



		



		Thickness of the cavity insulation
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7.2.4 Design of timber frame assemblies

Protection level PL Insulation material Density 
PL 1 Stone wool ≥ 26 kg/m3 
PL 2 Glass wool ≥ 14 kg/m3 

Wood fibre ≥ 50 kg/m3 
Cellulose fibre ≥ 50 kg/m3 

PL 3 XPS - 
EPS - 
PUR - 
PIR - 
Not assessed insulation 
materials 

- 

 

Protection level PL for typical insulation materials

Protection level PL can be assessed according to Annex D.

EN 1995-1-2:2004
Stone wool
Glass wool (until tf)


		Protection level PL

		Insulation material

		Density



		PL 1

		Stone wool

		≥ 26 kg/m3



		PL 2

		Glass wool

		≥ 14 kg/m3



		

		Wood fibre

		≥ 50 kg/m3



		

		Cellulose fibre

		≥ 50 kg/m3



		PL 3

		XPS

		-



		

		EPS

		-



		

		PUR

		-



		

		PIR

		-



		

		Not assessed insulation materials

		-
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PL1

EN 1995-1-2:2004
Reduced Properties 
Method 

Bending member with the fire 
exposed side in tension: 0 50 100

10 bd h
+ +=  

Bending member with the fire 
exposed side in compression 0 6

50 50
b hd + +=  

Out-of-plane buckling of 
compression member 0 50 25

7 b hd + +=  

In-plane buckling of 
compression member 0 6

14 100
bd h

+ +=  

 

d0 =0  at time t=0
d0 is maximum at time tpeak
d0 =0 when dchar,n,1=h

Zero strength layer 
changes between the limits:

Maximum values for d0

7.2.4 Design of timber frame assemblies


		Bending member with the fire exposed side in tension:

		





		Bending member with the fire exposed side in compression

		





		Out-of-plane buckling of compression member

		





		In-plane buckling of compression member
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For the fire exposed side

Phase 2 

Phase 3 

For the lateral side

Phase 3

Phase 4

 
2 , ,1 0n s nk kβ β= ⋅ ⋅

3,1 , ,1 0n s nk kβ β= ⋅ ⋅

3,2 , ,2 0β β= ⋅ ⋅n s nk k

, ,2 0n s nkβ β= ⋅

,2 ,
2
3ch f pr

rec

ht t
v

= + ⋅

Start time of charring on the 
lateral side

7.2.4 Design of timber frame assemblies



7.3 Separating function method
Timber members

boards tins= � tprot,i

i=n-1

i=1

 +tins,n 

Schleifer, V (2009) Zum Verhalten von 
raumabschliessenden mehrschichtigen Holzbauteilen 
im Brandfall. Diss. ETH Zürich.
Mit Ergänzungen/Verbesserungen von K. Maeger
(TalTech) und M. Rauch (TUM)

Huomautuksia esittäjälle
Esityksen muistiinpanot
Graph from Kraudok



Generic materials included 
Gypsum plasterboards, Type A, F, H  EN 520
Gypsum fibre boards EN 15283-2

Timber, glulam, CLT ρ ≥ 290 kg/m3 

LVL ρ ≥ 480 kg/m3

OSB ρ ≥ 550 kg/m3 EN 300
Particle boards ρ ≥ 500 kg/m3 EN 312
Fibre boards ρ ≥ 500 kg/m3 EN 622

Mineral wool EN 13162

ADDED
Cellulose and wood fibre insulations
Clay plaster, lime plaster, screed 

Huomautuksia esittäjälle
Esityksen muistiinpanot
The method was developed for a limited number of materials [4], 
the coefficients of the design method (basic values, correction time and position coefficient) were obtained by extensive finite-element thermal simulations based on physical models for heat transfer through separating multi-layered construction [3], [4]. The material properties used for the finite element thermal simulations were calibrated and validated by fire tests performed on unloaded specimens using fire exposure of the standard temperature-time curve.
The described method is also included in the European technical guideline Fire Safety in Timber Buildings [2] as an improved method for separating function of timber construction. 
The method is presented as an open model, where the introduction of new materials is allowed through the previous verification by fire tests and FEM analysis. Therefore this method is recommended instead of the present method in Annex E of Eurocode 5 Part 1-2. The improved method will form a basis for the revision of the fire part of Eurocode 5.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=UDUDa8UvIqy13M&tbnid=905WNFDB6p0aJM:&ved=0CAUQjRw&url=http://ehituseabc.ee/uldehitusmaterjalid/ehitusplaadid-kergkonstruktsioonimaterjalid/kipsplaat/kipsplaat-gkb13-26x12-13mm/&ei=5othUqL4GdTC4QT-iIGQDw&bvm=bv.54934254,d.bGE&psig=AFQjCNGqvyi0NXh4NAEviwR_PuUkk8tMGg&ust=1382210912693727
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=adIqStWOXvfJ4M&tbnid=8Cn9_KPX8BdfFM:&ved=0CAUQjRw&url=http://www.baumax.ee/soojustus/kivivill/kivivill-paroc.html&ei=EI1hUvCJA-OJ4AT0m4HABA&bvm=bv.54934254,d.bGE&psig=AFQjCNFLb8wsmYejnLRsFr8ZLKdOkbur3Q&ust=1382211154609354


9 Connections
Methods extended to fire resistance up to 120 min.

Connections with timber side members 
• minimum fire resistance of initially unprotected timber-to-timber and 
steel-to-timber connections
• geometric requirements for a specific fire resistance up to 120 min



Geometric requirements for a specific fire resistance up to 120 min

9 Connections



Methods extended to fire resistance up to 120 min.

• Exponential reduction method

 
,

reqk t
k fi kR R e− ⋅= ⋅

Rk,fi – characteristic load-carrying capacity at normal temperature
Rk – characteristic load-carrying capacity at the required fire 
resistance time
c1, c2 -k – coefficient depending on type of fastener and connection
treq – required fire resistance time

( )1 2 1, 3

,
req fic t c t c

k fi kR R e − ⋅ + ⋅ += ⋅

Nails and screws Dowels and dowels

9 Connections



• Protected connections

9 Connections

• Increased dimensions



Rules for 
• dimensions and spacings
• fixing and connections of panels, gaps of joints
• fixing of cavity insulation
• joints in and between elements
• penetrations and openings 

2nd Draft -> 7 pages

EN 1995-1-2:2004

Very few general 
rules (2 pages)
No rules for joints 
between the 
elements, 
penetrations

10 Detailing



The fire resistance of the relevant bracing, the bearing area and the 
supporting structural elements shall be verified.

10 Detailing



10.2.2 Fixing and joints of panels



Annexes (normative or informative)
Annex A Design of timber structures exposed to physically based design fires

Annex B Evaluation of the bond line integrity in fire 

Annex C Determination of the basic design charring rate 

Annex D Assessment of Protection Level (PL) of the cavity insulation

Annex E External flaming 

Annex F Assessment of the failure time of fire protection systems

Annex G Implementation rules for Separating Function Method

Annex I Design model for timber frame assemblies with I-shaped timber member

Annex M Material properties

Annex T  Determination of temperature in timber members



Annex B Assessment of the bond line integrity in fire 
(normative)



 The European charring model
 Notional design charring rate
 Failure time of the fire protection system
 ….

 Effective cross-section method
 New rules for CLT
 New rules for TCC
 Revised rules for Timber Frame Assemblies
 ….

 Revised rules for connections
 Extension up to 120 min
 ….

 Revised rules for detailing
 Design of timber structures exposed to physically based design fires

EN 1995-1-2:2025 vs EN 1995-1-2:2004
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