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Teams Work

200+ delegates and experts in CEN/TC 250/SC 5 and WGs

CEN/TC 250/SC 5 Plenary Meeting
2024 at KIT, Karlsruhe (hybrid)
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Objectives T specific to EN 1995

Harmonization with the whole Eurocode family

Adaption to current state of the art in practice i
Incorporate the tremendous developments in timber construction

Revision of current design rules and addition of design rules for new developments
Low-threshold interface between EN 1995 and product standards
Reduction of NDPs and alternative design methods

Outsourcing specific design rules to normative annexes
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The second generation EN 19951 an overview

EN 1995-1
Part 1: General rules and rules for buildings A First half of presentation (Dietsch)
Part 2: Structural fire design A Second half of presentation (Frangi)

Part 3: Timber concrete composite structures (currently CEN/TS 19103)

EN 1995-2: Bridges

Revised part

EN 1995-3: Execution New part
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EN 1995-1-3: TCC 1 an overview

Load-carrying capacity and slip-modulus of connections with:

Dowel-type fasteners
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[Source: BS CEN/TS 19103:2021, Figure 10.2*)

Modification of creep coefficients for composite action

Calculation method for the effect of inelastic strains
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EN 1995-2: Bridges T an overview

Extension of design rules
Durability and detailing

Inspection and maintenance

Superstructures (deck plates, TCC)
Revision of design rules for [

Vibrations and damping

Fatigue Il
New design rules
Dimensional changes

Bearings
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[Source: EN 1995-2, Figure 3.1*)



EN 1995-3: Execution T an overview

Execution rules on which Eurocode 5 is directly based upon

Tolerances in connections KT 280
Tolerances in member dimensions TN N 77 .
TN SN

Tolerances of erected members

aq.cG J/ J{ dq.cG

Moisture control

Key
a spacing, end or edge distancei (i=1... 4)
5 spacing, end or edge distance s; (i =1 ... 4) of inclined fasteners on the reference surface
1/2 timber member

[Source: EN 1995-3, Figure 6.3%]
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EN 1995-1-1: Overvi




EN 1995-1-1: Structure

EN 1995-1-1:2004

1 General
e.g. Scope, Normative Refs., Assumptions,
Terms and Definitions, Symbols

2 Basis of design

3 Material properties

4 Durability

5 Basis of structural analysis
6 Ultimate limit states

7 Serviceability limit states

8 Connections with metal fasteners
9 Components and assemblies

10 Structural detailing and control

FprEN 1995-1-1:2025

1 Scope

2 Normative References

3 Terms, definitions and symbols
4 Basis of design

5 Materials

6 Durability

7 Structural analysis

8 Ultimate limit states

9 Serviceability limit states
10 Fatigue

11 Connections

12 Diaphragms

13 Timber foundation piles
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EN 1995-1-1: Extent

Pages
0 50 100 150 200 250 300 350 400 450

2004

2025

Symbols ULS SLS Connections Annexes
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EN 1995-1-1: Materials

Strength graded structural timber with Structural Finger Jointed Solid Timber Glued Solid Timber Cross Laminated Timber

rectangular cross-section

I

Multi-layered solid wood panel Laminated Veneer Lumber Plywood Oriented Strand Board Fibreboard, hard

|-Joist

Gypsum Fibreboards

Fibreboard, medium Softboard Cement Bonded Particle Board

[Source: dataholz.eu]
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EN 1995-1-1: Materials

No.|Groups and Product Abbreviation |[ENor EADA
Subgroups
1 = g _
= L [Structural timber ST EN 140811
) o
2 | =2 = € |Structural finger jointed  |[FST EN 15497
Qi DS timber
3 § = = Glued solid timber GST EN 14080
4 | 8| @ E& [Glued laminated timber |GL EN 14080, EAD 130320
5 |8| & £ 5 [Block glued glulam BGL EN 14080
6 g 0. c_Ecs g Single layered solid wood |SWRP EN 13986 in conjunction with
g “~  |panel EN 13353
7 A 2 Y5~ Cross laminated timber  |CLT EN 16351, EAD 130005
8 8 o 2 g')/ Multi -layered solid wood |SWRC EN 13986 in conjunction with
L5 |panel EN 13353
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EN 1995-1-1: Materials

No.|Groups and Product Abbreviation |[ENor EADA
Subgroups
9 — -
=25 = |LVL with parallel veneers |LVL-P EN 14374
= put
= )
i Ll L ey LVL-C EN 14374
b =
L o _ EAD 130337
8| 5 @ § ~ |GLVL with parallel veneergGLVL-P
Ll 08 =S EAD 130010
12| S|GELD - EAD 130010
S C_Ed c = |GLVL with crossband GLVLC
> > veneers EAD 130337
13 > EN 13986 in conj '
21 junction
a  |Plywood oy with EN 636
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EN 1995-1-1: Basis of design T moisture

W w A
/ : 6Uup,mean
} (‘)mean
| _A(UZ
A B K
A
ol Table 4.2 — Service classes
a) Cross section b) Moisture distribution at the upper Relative humidity of surrounding air Service class (SC)
limit of average moisture content ata temperature of 20° C
: 1 2 3 4
[Source: EN 1995-1-1, Figure 4.1*]
Upper limite 65 % 85 % 95 % b

(corresponding representative moisture content @ mean of | (12%) | (20%) | (24 %) | (saturated)
solid wood-based products (SWB)ed)

Yearly averagee 50 % 75 % 85 % b
(corresponding representative moisture content @mean of (10%) | (16%) | (20 %) | (saturated)
solid wood-based products (SWB)ed)

NOTE1 In SC1 the equilibrium moisture content in commonly used softwoods is usually in the range of
7 % - 10 %. A typical yearly variation of the average moisture content (A of Figure 4.1) over a cross-section of
approximately 50 mm width is in SC 1 about = 2 % and in SC 2 about * 3 %.

NOTE 2 The relationship between the time of exposure and its effect on moisture content is not straightforward
and depends on the size of the cross-section amongst other aspects.

. 212 *
The second generation Eurocodes: key changes and benefits through design examples [Source: EN 1995-1-1, Table 4.27]
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EN 1995-1-1: Ultimate limit states (ULS)

Compression perp. to grain Reinforcement
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[Source: EN 1995-1-1, Figure 8.3*] .« o o e
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[Source: EN 1995-1-1, Figure 8.5%]

The second generation Eurocodes: key changes and benefits through design examples
Dietsch, Frangi, Schenk; EN 1995: Design of timber structures, Online workshop, 3-5 June 2025



EN 1995-1-1: Serviceability imit states (SLS)

Floor vibrations

Table 9.1 — Floor vibration criteria according to the floor performance level

Floor performance levels é:—
Criteria I 11 I1I v Vv VI VII VIII é
For all floors in the categories of use A, B, C1, C3 and D as defined in prEN 1991-1-1:2023 E,
Frequency criteria fiz4,5Hz fi2 filim?
Stiffhess criteria Win < Wi mm

36 [Source: EN 1995-1-1, Figure 9.1%]

Deflection limit Wiy ® Wiim = Wiimmax Wi = max{wlim_max f ; 0,5 } < Wiimmax
Upper deflection limit Wiim max 0,25 0,5 1,0 1,25 1,5 1,75 2,0
Velocity criteria Vims < Vems lim /S

Limit of root mean square 0,0004 | 0,0008 | 0,0012 | 0,0016 | 0,0024 | 0,0036 | 0,0042 | 0,0048
velocity response Vims|lim

Additionally for floors with resonant response with fundamental frequency f; < fi,jim 2

Acceleration criteria Qs < Arms lim M /S2

Limit of root mean square Not applicable

. 0,02 0,04 0,06 0,08
value of acceleration @umslim

2 The fundamental frequency limit above which resonant response will not occur (see also Formula (9.12)), in Hz.
b In the formula for calculating wiim, [ is the floor span being considered (see also 9.3.2.1(3)), in m. [Source: EN 1995-1-1. Table 9. l*]
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EN 1995-1-1: Conne




Connections: Materials

-:j Tﬁk,@a«i bern ; E
4 V _ s m S Y« o o I
[ —) \ e
| 1 \ o 2
d /,// > }\ = dS =
} ” 30°
~ K - — Aﬁ Aﬁ
5 ~ A d d d d -
-3 “‘) 50 =
~— 1 T . ~ s pﬁﬁ =
= (—= = — = ~y -
| ! A L d | J( J(d .
a) Smooth nail b) Profiled nails c) Staple d) Dowel (with e) Bolt f) Coach screw g) Screws with different threads, heads and
threaded ends) with washer points

[Source: EN 1995-1-1, Figure 11.2*]
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Connections: Materials

No. (Group |Subgroup |Product hEN or EAD
1 _ Smooth shank nalil ?
2 0 Na Ring shank nail EAD 130287 |0 130033
3 & |Staple Staple § EAD 130019 ?
(7))
4 ";;;_ Vl?lﬁ\rl]vittbmt Dowel, bolt with nut § ?
5 = Lag screw I ?
5 % Screw Self—drilling screw, EAD 130118
S self-tapping screw EAD 130033
7 % Threaded |Rod with wood screw thread |EAD 130118
8 = |rod Rod with metric thread ENISO898-1, EN ISO 3504
9 Ribbed rods EN 10080

[Source: EN 1995-1-1, Table 5.2%]
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Connections: Structure

Existing EC 5

GENERAL

Fastener requirements

Multiple fastener connections

Multiple shear plane connections
Connection forces at an angle to the grain
Alternating connection forces

LATERAL LOAD-CARRYING CAPACITY OF METAL
DOWEL-TYPE FASTENERS

General

Timber-to-timber and panel-to-timber
connections

Steel-to-timber connections

NAILED CONNECTIONS
Laterally loaded nails
Axially loaded nails

Chapter 7 |

3.4

Combined laterally and axially loaded nails

STAPLED CONNECTI

8.5
85.1

BOLTED CONNECTIONS
Laterally loaded bolts
Axially loaded bolts

8.6

DOWELLED CONNECTIONS

8.7

87.1
8.7.2
8.7.3

SCREWED CONNECTIONS

Laterally loaded screws

Axially loaded screws

Combined laterally and axially loaded screws

8.8

8.8.1
8.8.2
8.8.3
8.8.4
8.8.5

CONNECTIONS MADE WITH PUNCHED METAL

PLATE FASTENERS

General

Plate geometry

Plate strength properties

Plate anchorage strengths
Connection strength verification

8.9

SPLIT RING AND SHEAR PLATE CONNECTORS

8.10

TOOTHED-PLATE CONNECTORS

Annex A Block shear failure

[Source: COST Action FP1402, WG3]
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New EC5

8.1
8.1.1
812

GENERAL
Fastener requirements
Multiple fastener connections

8.2

821
8.2.2
823
8.2.4

BASIS OF DESIGN
General
Alternating connection forces
Limits for joint capacities
Miscellaneous rules

8.3
83.1
8.3.2
833
8.3.4
8341

FASTENER PROPERTIES
General
Correction for wood type
Conditions for joint capacities (execution)
Strength parameters
Embedment strength
Structural timber, glulam, CLT and LVL
Wood-based panels
Yield moment
Head pull-through strength
Structural timber, glulam and CLT
Withdrawal strength
Structural timber, glulam and CLT

DURABILITY

Corrosivity of timber and atmospheric
environment

Extract form prEN 14592:2017

DESIGN OF SINGLE DOWEL-TYPE FASTENERS
General

Combined laterally and axially loaded fasteners
Axial load-carrying capacity

Lateral load-carrying capacity

Rope-effect

Johansen contribution

CONNECTION DESIGN
Spacing

Group effect

Timber failure

SERVICEABILITY
Joint slip (stiffness?)

CONNECTORS

General

Split ring and shear plate connectors
Toothed-plate connectors

PUNCHED METAL PLATE FASTENERS




Connections: Structure

11
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
11.10
11.11

Connections
General

Resistance of a single dowdlype fastener ]‘

Connection design with doweltype fasteners
Spacing, edge and end distances

Brittle failure modes of connections loaded parallel to graiﬂ

Brittle failure of connections loaded perpendicular to grain |
Shear connectors -
Punched metal plate fasteners
Expanded tube fasteners
Bonded-in rods

Carpentry connections

The second generation Eurocodes: key changes and benefits through design examples
Dietsch, Frangi, Schenk; EN 1995: Design of timber structures, Online workshop, 3-5 June 2025

Resistance of single fastener

Design of connection
(fastener arrangement)

Resistance of connection
(timber failure)

Design of specific
connection types



Connections: Structure

11.1.3 Design procedure for connections with dowel-type fasteners

(1) The design of a connection with dowel-type fasteners should comprise:

— the determination of the resistance of single fastener:
— the axial resistance givenin 11.2.2,
— the lateral resistance given in 11.2.3,
— the interaction of axial and lateral resistance given in 11.3.7,
— the connection design given in 11.3,
— the design and layout of the fasteners’ position with spacing, edge and end distances given in 11.4 and

— a check for brittle failure in the timber members given in 11.5 and 11.6.
[Source: EN 1995-1-1, 11.1.3 (1)*]
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Connections: General

11.1 General

Embedment depth Withdrgwal length
~r o Hl- L A% s
J E i i 1 ;

[Source: EN 1995-1-1, Figure 11.1*] 1

Angle

The second generation Eurocodes: key changes and benefits through design examples [Source: EN 1995-1-1, Figure 11.5*]
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Connections: Single fastener

11.2 Resistance of a single dowel-type fastener

Withdrawal Head-pull - Tensile Compression
through resistance (buckling )@

[Source: EN 1995-1-1, Formula (11.3)*]
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Connections: Single fastener

11.2 Resistance of a single dowel-type fastener

QR e DASKR 4B " (=]

ou
x EQE
@® A OA82 (or ETA)
i ph AOoc IR wTJ
Q

Tt Tdﬁ(ﬁJllEOnJ R o1J

P I OEAEOA LA A

Q@ AR | le . o a
#AC Y b E0 .01 A,
PG
i EOT £OxA BRAOu ]
Q pip AOIT AOxA WAIO- wm
pp APEAOAX|AITAMO - wmd
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Withdrawal strength "Q g

I
withdrawal parameter "G} g g

[Source: EN 1995-1-1, Table 11.2%)



Connections: Connection design

11.3 Connection design with dowel -type fasteners

Splitting Z N Overlapping of fasteners
)
- | < 1 / / / - _>
I Y e —f | Al |
. > . T e— )< >< ></ﬁ
. o - . ~ | \ 2
—_ S !

[Source: EN 1995-1-1, Figure 11.11*)

. e 1 *
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Connections: Connection design

11.3 Connection design with dowel -type fasteners

Slip modulus

" I : P [Source: EN 1995-1-1, Figure 11.14*
0 Ug u re-coloured]
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Connections: Connection design

11.4 Spacings, edge and end distances

Table 11.19 — Minimum spacings, edge and end distances for fasteners in CLT and SWP-C

SpﬂCing / distance a1,min a2,min a3,t,min a3,c,min a4,t,min a4,c,min
Tvpe Criteria (loaded | (unloaded | (loaded | (unloaded
yp end) end) edge) edge)
Nails and staple legs Wide face 5d 3d 10d 6d 7d 3d
Edge face 10d 3d 12d 7d 5d 5d
Staple legs Wide face 15d 5d 15d 10d 7d 5d
Bolts Wide face 5d 4d 5d 4d 3d 3d
Dowels Wide face 5d 3d 5d 4d 3d 3d
Screws, rods with wood screw | Wide face 4d 2,5d 6d 6d 6d 2,5d
thread and bonded-in rods
Edge face 10d 3d 12d 7d 5d 5d

[Source: EN 1995-1-1, Figure 11.25%]

a4,ct

The second generation Eurocodes: key changes and benefits through design examples
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[Source: EN 1995-1-1, Table 11.19%)



Connections: Connection resistance

11.5 Brittle failure modes of connections loaded parallel to grain

Splitting (ng) Row shear
o Not covered in
EN 1995-1-1
Block shear

EN 1995-1-1
Annex A

Net tensile failure (A.q) Plug shear
EN 1995-1-1
Annex A

[Source: EN 1995-1-1, Figure 11.26*]
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Connections: Connection resistance

11.6 Brittle failure modes of connections loaded perpendicular to grain

Cross-connections b beon, 21 beon L2 |
‘ ‘ ‘ ‘ ‘ [Source: EN 1995-1-1, Figure 11.31%]
L 4o SLE s e }
< | o //// o T —F% | o s i T
= = < _
- _ o
v Fioo, v Fio0,rd v Fioo, rd
Fea/2 T ) TFEd/ 2 7 TFEd TFEd
b b b 5 | et et 9
i
Reinforcement lemal JTIT
N & :¢ L ] - :.:-:::Ei.: @I'Etir'}i
-— kY ‘t‘\é \‘\\“3 — % : T N ﬂ\ E i
FERTES | N, N, N,
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Connections: Specific connection types

11.10 Bonded-in rods

a) tension failure of the rod
b) compression (buckling) failure of the rod
c) failure of the adhesive
d) shear failure of the timber
e) splitting of the timber
f) timber failure of the member
(e.g. netcross-section, or block shear failure)
g) Tensionfailure in net-cross-section

Larin

d)
/ fy Ly
[Source: Jockwer, R., Palma, P. et al. WCTE 2023; based on Tlustochowitz et al , 2010]
Material: timber adhesive steel !
“—— . —
@ oo y | —
Failure behaviour: brittle  brittle ductile o

[Source: Prof. R. Jockwer, TU Dresden; based on Steiger, R., 2012] lean

The second generation Eurocodes: key changes and benefits through design examples [Source: EN 1995-1-1, Figure 11.37*]
Dietsch, Frangi, Schenk; EN 1995: Design of timber structures, Online workshop, 3-5 June 2025



Connections: Specific connection types

11.11 Carpentry connections
Step joints

tv1

Ivl

kS

%6
N B ] 7

\ -
==

Mortise and tenon

1 2

T

he 1
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Connections: Specific connection types

Connections covered in annexes

Annex F.3 Punched metal plate fasteners

Annex F.4 Connections with interlayers

fra k" 9 f; -
fi h,ilk T F hLk f h,ilk T F
v,k vk

The second generation Eurocodes: key changes and benefits through design examples [Source: EN 1995-1-1, Figure F.11%]
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Connections: Specific connection types

Connections covered in annexes

Fyn Rk

4.____.___.
<—
Annex G.3Three -dimensional connectors 1 | mo=6
o
.‘_

Annex G.4Expanded tube fasteners |

The second generation Eurocodes: key changes and benefits through design examples [Source: EN 1995-1-1, Figure G.74]
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EN 1995-1-1: Holes |




Holes In beams T geometric boundary conditions

40

Possible diameters
Not reinforced Reinforced

| -lm- .................

DIN EN 1995-1-1/NA
Possible positions FprEN 1995-1-1

» -
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Holes in beams T design approach

Strength verification of circular holes arranged on neutral axis of beam

[Source: EN 1995-1-1, Formula (8.85)*]

) (M) Ao
A )
ey g
Y/ 7
A

[Source: EN 1995-1-1, Figure 8.15%)
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Holes in beams T design approach

Strength verification of circular holes arranged on neutral axis of beam

C‘ﬁvﬁvﬁ hh NS PN ©0 [\
OR OR R - R 2 — R % B
~ 5~ X, n phT i/ 4 (2) -/7- "
TwQ O Q R - (6) 450 (6) | (5)
[Source: EN 1995-1-1, Formula (8.85)*] = |tgo\i z -
o o T[F)(’Q TIB(Q o . ﬁ’j’Q (3) [Source: EN 1995-1-1, Figure 8.18%]
e =l [N e i
hh 0 Q hh P
Q ‘ -,
Op THPQ
O h
Q < S ) O see following slides
it w'Q
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Holes in beams 1T design of rectangular holes
Determination of equivalent diameter

w E W "
T1—— O\——
9) 9)

' ' M/V
Height to length ratio  M/V-ratio (position)

Q Q pltdQ Tioa
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Holes In beams T design of groups of holes

Determination of reduction factor kg, (NO B O d}

( p
y . . 1p Tt pv VQ 9 | smaller distances
Q | E 4 pwQ  _
. LQ « . dist
\ P e e I arger distances
=

b,

! ! [Source: EN 1995-1-1, Figure 8.18*]

The second generation Eurocodes: key changes and benefits through design examples
Dietsch, Frangi, Schenk; EN 1995: Design of timber structures, Online workshop, 3-5 June 2025



Holes in beams T design of groups of small holes

Design using a circumscribed rectangular hole

M(VT _______ : _______ _

ly

[Source: EN 1995-1-1, Figure 8.18%*]
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Holes in beams T design of reinforcement

Design of dowel-type or plane reinforcement

; £
2 I = =
= = i P ~ s
< = I \ & 23] \1_ | D u ﬁ-ngfO/}__g_:\ <
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[Source: EN 1995-1-1, Figure 8.19%)

The second generation Eurocodes: key changes and benefits through design examples
Dietsch, Frangi, Schenk; EN 1995: Design of timber structures, Online workshop, 3-5 June 2025




EN 1995-1-2: Overvi




EN 1995-1-2: Structure

1. Scope
2. Normative references

S 4. Basis of design
ore limitations

3. Terms, definitions and symbols

o

Common part for all EN
199x-1-2

Fasy | consenatve 5 Material properties «

Start of charring, failure
time of protection,
charring rate

Specific rules
zero-strength layer

=
§ . 6. Tabulated design data
> - 7. Simplified design methods
< _— 8. Advanced design methods
Comtle;erapp"cm acarate Q- Connections
10. Detailing «
Annexes
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Design values of material properties

EN 1995-1-2:2025* EN 1995-1-2:2004*
Con Ko K Oy f f 50
dfi— Kmodfi—
I i
kfi Solid timber 1,25 f _ f
Gluedlaminated timber, crostaminated timber 1,15 20~ kfi k
Wood-based panels 1,15
LVL 1,10 ki
Connections with laterally loaded fasteners with 1,15 Solid timber 1,25
side members of wood and wodshsed panels Glued-laminated timber 115
Connections with laterally loaded fasteners with |1,05 tﬁ‘)d'based panels 115
side members Of Ste_el Connections with fasteners in shear with side 1,15
Connections with axially loaded fasteners 1,05 members of wood and wood-based panels
[Source: EN 1995-1-2, Formula (4.1) and Table 4.1* ] Connections with fasteners in shear with side 1,05
members of steel
The second generation Eurocodes: key changes and benefits through design examples Connections with axially loaded fasteners 1,05
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Material properties 1
The European charring model

_4 dchar,n L_

1
[Source: EN 1995-1-2, Figure 5.3*]

dchar,n — /8?1 'l

a) One-dimensional charring b) Two-dimensional
charring.
) . . 9 notional charring depth within one charring
Key: 1 Fire exposed side char.n ) )
. . ' phase in mm;
2 Residual cross-section . . . cer
ﬁ notional design charring rate within one
" charring phase in mm/min;
A time for the charring phase considered, in min.

The second generation Eurocodes: key changes and benefits through design examples
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Notional design
charring rate

Modification . . -
factor Designation Description Reference
. It considers the effect of increased
Keon connection factor charring due to the fasteners 5.4.2.2 (3) and (4)
It considers the effect of the
kga grain direction factor increased charring parallel to the 5.4.2.2 (5) and (5)
grain
For plane timber members, it
kg gap factor considers the effect of increased 7.2.3 (2) and (3)
charring of the member with the gap
For wood panelling and wood-based
kp, thickness factor panels, it considers the effect of the 5.4.2.2 (7)
limited thickness
For linear timber members, it
considers the effect of corner
. roundings and the effect of cracks
kn conversion factor and fissures on the surface, and 7.2.2(2) and (3)
allows the conversion into a
rectangular residual cross-section.
combined section and . 1 .
Ky conversion factor for For tllmber fra{r}e ass‘emblles, they 7.2.4 (14)
" he fi d sid consider the effect of corner
the fire exposed side roundings as well as the
combined section and superposition of heat flux, they allow
. the conversion into a rectangular
kgno conversion factor for residual cross-sectior. 7.2.4 (14)
the lateral side
kp density factor For wood-based panels, it considers 5422 [8)

the effect of the density.

[Source: EN 1995-1-2, Table 5.6*]
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Material properties:
Basic design charring rates

O,
[mm/min]
a) Timber member made of softwood® )4 0,65
b) Timber member made of hardwood®
Beech®) 0.70
Beech® LVL 0,65
Ash(®) 0,60
Oak® 0,50
c) Panel®
Solid wood panelling and cladding, solid wood panel with only one layer 0,65
LVL panel® 0,65
Particleboard, fibreboard 0,72
OSB, solid wood panel with multiple layers 0,9
Plywood 1,0
A Annex Ci a method for the evaluation of the basic design charring rate
A NDP for other species/densities allowed [Source: EN 1995-1-2, Table 5.7%]
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Initially unprotected sides of timber members

bn:QQdkgOkh@K b_@q

Linear members

Solid timber b,=0,65 @23 8,8 mm/mi
Glulam b =0,65 Q08 &,7 mm/mi

b) Two-dimensional charring.

Key: 1 Fire exposed side
2  Residual cross-section

Plane members (solid timber, glulam, LVL, CLT)
b,= b K
AGaps O 2 m# =0,650 665mm/mi
A Gaps 2..5 mm b =0,6502 & 78 mm/mi

a) One-dimensional charring

[Source: EN 1995-1-2, Figure 5.3*]
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Charring phases

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

for initially protected sides of timber members

I Encapsulated phase (Phase 0)
IS the phase when no charring of the timber member occurs behind the fire

protection system.

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

I 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.

I Consolidated charring phase (Phase 4)
IS the phase with fully developed char layer.

The second generation Eurocodes: key changes and benefits through design examples
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Charring phases (bond line integrity is maintained)

Initially unprotectedsides of timber members Initially protected sides of timber members

o d = ’
i 5
4 Ve
1
=
5
N 2 / 3
. 0
) 1. i * t
[Source: EN 1995-1-2, Figure 5.1%*] teh tior  ta t

I Encapsulated phase (Phase 0)

I Protected charring phase (Phase 2)

I Post-protected charring phase (Phase 3)
I Consolidated charring phase (Phase 4)

I Normal charring phase (Phase 1)
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Falling off of the firs




The European charring model i
Charring phases (bond line integrity is not maintained)

Initially unprotectedsides of timber members Initially protected sides of timber members

57777 T TT T/ X ;A—————'—————;—7—r
= ; & & o
4
______ __'/ i 3 A | - .
IR 7 N B :
g 8 3
] y — =
7 £
. ] ;
| K]
A £N ™

tg1 L2 L52 t teh tf,pr a1 tr1 Gap te2 t
[Source: EN 1995-1-2, Figure 5.2%]

I 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)

The second generation Eurocodes: key changes and benefits through design examples
Dietsch, Frangi, Schenk; EN 1995: Design of timber structures, Online workshop, 3-5 June 2025

I Post-protected charring phase (Phase 3)
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i Consolidated charring phase (Phase 4) i
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Start time of charring

Timber members
boards

/£ /
u

Floors:

Protection layers

tprot,panels

Sum of protection times
(270eC) :

t, = S

prot, panels

Fa tprot

. =minj
th,pr

t

C
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Fallure times
of panels

\étf ,degr
|
I

f ,anch

Generic values based

on 20% fractile analysis

Vertical Horizontal
Panels ts hy ts hy
[min] [mm] [min] [mm]

GPB Type F,

YPe te=46h,—25 | 9<h,<18 | tr=13h,+9 | 9<h, <18
one layer
GPB Type F,
two layers or te= 4,4 hy, — 50 25 <h, <36 tr=15h, + 15 25 < h, <36
GPB Type Fa+ A
GPB Type A,

tr=21h,—6 9<h,<18 te=21h,—9 9<h,<18

one layer
GPB Type A,

yPe te=18h,—4 | 25<h, <36 | t;=17h,—13 | 25<h, <36
two layers
GFB, one layer tr=3,8h, — 21 9<h,<18 te=13h, +7 9<h, <18
GFB, two layers te=3,7 h, — 42 25 <h, <36 te=13h, + 14 25 < h, <36
where
hp is the thickness of the single panel or the total thickness of multiple panels, in mm.

a  Type F directly exposed to fire.

[Source: EN 1995-1-2, Table 5.9%]
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Tabulated design
data for t,, and t;

Table 6.1 — Start time of charring £, and failure time of the fire protection systems t;p, on linear

timber members, vertical plane timber members or vertical timber frame assemblies

Thickness of the Fire protection Fire protection
fire protection system backed by | system backed by
Panels system [mm] 2 insulation b panel b.c

layer 1 | layer 2 ten tipr ten tipr

hy h: [min] [min] [min] [min]
GPB Type A 12,5 - 15 20 21 22
15 - 21 25 28 28
18 - 28 32 35 35
12,5 12,5 28 41 38 45
15 15 37 50 49 55
18 18 47 61 61 67
GPB Type F 12,5 - 15 32 21 35
15 - 21 44 28 48
18 - 28 58 36 63
12,5 12,5 39 60 49 66
15 15 50 82 61 90
18 18 64 108 76 119
GPB Type F + Type A 12,5 12,5 39 60 49 66
(Type Fis layer 1) 15 12,5 45 71 56 78
GFB 12,5 - 15 26 21 29
15 - 21 36 28 39
18 - 28 47 36 52
12,5 12,5 39 50 49 55
15 15 50 69 61 76
18 18 63 91 76 100

[Source: EN 1995-1-2, Table 6.1*]
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Tabulated design data for cross-laminated timber

Table 6.5 — Values of the depth of the effective cross-section herin mm for initially unprotected
horizontal members made of CLT with bond line integrity maintained under 30 to 90 minutes
fire exposure

Number Total et
Layup [mm] thickness Fire resistance time, s
of layers [mm]
30 min 60 min 90 min

3 20-20-20 60 18 9 -
3 40-40-40 120 94 38 38
5 20-20-20-20-20 100 58 49 18
5 40-20-20-20-40 140 114 78 70
5 40-20-40-20-40 160 134 98 90
5 40-30-40-30-40 180 154 108 108
5 40-40-40-40-40 200 174 118 118

. _ _ [Source: EN 1995-1-2, Table 6.6*]
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Effective cross-section method

| J
A . :
I I
e I I
oy .
7 -
s 2
i |
5 [Source: EN 1995-1-2, Figure 7.6* 1
§
=

1 Fire exposed side
2 Residual cross-section
3 Effective cross-section

lfi’cha\r,n

d, IS the zero-strength layer depth

denarn IS the notional charring depth

des IS the effective charring depth

Keige is the number of respective sides exposed to fire
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Design of linear timber members

% FIRENWOOD Fire tests with glulam

120
€100
n £
| < 80
=3 0,7
®— L 60 mm/min
: &
& = 40
O
I S 20
0

1 PRF 3 4 5 6 7 8 9 11 12

Reference
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Design of linear timber members

T

|
V4R
1’?7* | i B—, *—B
Va Yayayd | |
/ Yayayy 1 \I‘ |
i 7
);)‘/ /—):% Ciin
4 //////// i I } I I
Vd NN S I
AN/ il
AAAA [RAN
i
t t Hym—_ i
ILE‘:.' /
A B — Caused by: | Fall-off of
a) Horizontal member b) Vertical member prOteCtlon
NOTE Definition of vertical member is given in 3.1.31. SyStem

Fall-off of
charred
layer

Figure 7.4 — Description of the charring direction for linear timber members

[Source: EN 1995-1-2, Figure 7.8%*]
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