CLT - Cross Laminated Timber
Fire protection

www.clt.info

storaenso www.storaenso.com




Fire protection of CLT

CONTENTS

Version 01/2016 AG

It should be noted that this fact sheet on fire protection is merely intended to support the user. Stora Enso Wood
Products does not assume any responsibility for the accuracy or completeness of this document.

B I 1 oo 111 o 3
P O = o] 0] (=T (o] o OSSR 3
1.2 The building material, wood when exposed 10 fir€ .........oociiiiiiiiiii i 3

2 Reaction-to-fire performance of building Products ..o ————— 5

3 Fire resistance of building COMPONENTS ........eeiiiiiimiriii s e 6
T B @1 =TT o= o] o TP P PP PURRURPPORN 6
3.2 Fire proteCtive ClAadiNg .....ccoieeiiiie ittt e b e s e e be e e e e sbe e snreenreeen 7
3.3 Fire resistance of CLT COMPONENTS ........oiiiiiiiiiiiiii ettt st sbe e saneesneeea 7

4 \Verification of the fire resistance of CLT elements based on classification reports according to

NV 1 0 8
4.1 CLT external Wall STTUCIUIES ......ciiiiiiiee ittt et e e e st e e s et e e e ebae e e s sbeeeaesanseeeesasreeanans 8
4.2 CLT WAl STTUCIUIES ..veeieiiieiie ettt ettt e e e e e et e e e et et e e e ete e e e e sbaeeaeebseeesasaeeaesnsaaeesaasaneessnsenaanans 9
e T O I oY 11T TR (U o] (0= SO 10

5 Verification of the fire resistance of CLT elements based on calculations according to EN 1995-1-

b L I T =TT o X o oo =) 11
5.1 Verification method for actions in the fire situation according to EN 1995-1-2:2011 .......cccooooiiiiiiiieennn 11
5.2 Verification method for mechanical resistance in the fire situation according to EN 1995-1-2:2011 ....... 13
5.3 Charring rates for Stora ENSO CLT ...ttt et e e e e 14

5.3.1 Design value of charring rates B, for CLT on surfaces which are unprotected throughout the duration
(oL (L= 1= PSPPSR PR 14

5.3.2 Design value of charring rates B, for CLT on surfaces which are initially protected from exposure to
fire by gypsum plasterbOard ..........coo i 16

Page 1 of 50

storaenso




Fire protection of CLT

CONTENTS
5.4 Determining the load-bearing capacity (R) of CLT elements according to EN 1995-1-2:2011 ................ 22
5.5 Determining the integrity (E) and insulation (I) of CLT elements .........ccccoviiiiiie i 24
5.5.1 The insulating and protective layers of @ COMPONENT .......c.coiiiiiiiiiiiiee e 25
5.5.2 Determining @ 1ayer's DasIiC tIMES ......ciiiiiiiiieiiiie it ennee e 28
5.5.3 Calculating the position COEffICIENT Kpps «vvevvriviiiriiiiiiiiiiiiic i 29
5.5.4 Determining the joint COeffiCient Kj; .......cccccoiiiiiiiiiiiii 32
5.5.5 Calculation model/application fOr CLT ........coiiiiieiiii e ee e e e e e e s e e s ree e snreeeneeens 32
6 Technical fire protection of detailing ........ccccciiiemiieinis s —————————— 33
6.1 Joints and connections between COMPONENTS .........ooiiiiiiiiiiiiie e 33
6.2  INStallations @nd fIXTUIES .....oeeiiiiiieie e 34
6.3 Fire-retarding sealing in CLT CONSITUCHIONS ......ooiiiiiiiieiiie e e 34
O S = T (=1 0 1= £SO PSP U PR OPROPPP 35
6.5 Double-layered COMPONENTS .......ooiiiiiiiieiiee ettt e b e e s b e e e sae e e sab e e e anee e sbeeeanreennee 35
A = 11 o 1T T =T o 1 36
W oL 1= G Bl B T=E] T | =)= 1y 1] o = 40
A 1.1 Determining the charring rate of Stora Enso CLT (non-faced) ........ccccceiieriiiiriiin e 40
A 1.2 Determining the charring rate of Stora ENnso CLT (fAC) ....veeeiuiieiiiieieeeee e 41
A 1.3 Determining the notional charring depth of Stora Enso CLT (non-faced) .......cccooeovereerienenieeeceeeeene 42
A 1.4 Determining the integrity (El) of Stora Enso CLT (fAaCed) .....ceeooeieiiiiiiiiieee e 43
Annex 2 — Information on the residual cross-section and integrity of Stora Enso CLT components ........ 46
A 2.1 Calculated residual cross-section and integrity of CLT wall structures (non-faced) ........cccocccvvecreienne 47

A 2.2 Calculated residual cross-section and integrity of CLT wall structures with single layered fire protection
plasterboard cladding (12.5 mm) on the fire-exposed side of the component ..........ccccceeviiiiieiiee e 48

A 2.3 Calculated residual cross-section and integrity of CLT wall structures with service cavity (50 mm, rock
fibre) and single layered fire protection plasterboard cladding (12.5 mm) on the fire-exposed side of the
(oTo] 1 0] 0 0T 1= o | OO PUTT PP 49

A 2.4 Calculated residual cross-section and integrity of CLT ceiling structures (non-faced) ..........ccccocoeeenenee 50

Page 2 of 50

storaenso




Fire protection of CLT

INTRODUCTION

1 Introduction
1.1  Fire protection
Fire protection in its entirety is a complex system which can be broken down into several areas:
» Preventive fire protection
o Organisational fire protection
o Plant-specific fire protection
o Constructional fire protection
» Defensive fire protection
This document only deals with the subject of building material- and component-specific properties of CLT
elements which, in reference to the fire protection groups outlined above, are considered to belong to the
constructional fire protection group.
1.2 The building material, wood when exposed to fire
If the building material, wood is exposed to fire and thus to an elevated supply of energy, its temperature rises
and the water molecules embedded within start to evaporate at approx. 100 °C. At 200—-300 °C, the long-chain
molecules in the cell walls split, producing gaseous and flammable compounds and the gas subsequently enters
the surface of the wood where it reacts with oxygen in the air, and combusts. [1]
These chemical compounds decompose in a process known as “pyrolysis” (whereby gas emissions from
combustible components in the wood burst into flame), gradually spreading along the wood, leaving a charring
area behind it. This char layer is formed from the carbonaceous residue of pyrolysis, which burns, generating

embers. This layer’'s properties — in particular, low density and high permeability — act as heat insulation and
protect the underlying, undamaged wood.
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Fig. 1: cross-section of an 80 mm CLT element, originally clad with fire protection plasterboard, after a large-scale fire test

Figure 1 shows the cross-cut section of a CLT element, clad with fire protection plasterboard after a large-scale
fire test. It is possible to identify the different layers on this cross section: the charred area (black area), followed
by the pyrolysis area (brown area) — caused by the spreading fire or pyrolysis — and the undamaged wood.

Fig. 2: char layer of an 80 mm CLT element, originally clad with fire protection plasterboard, after a large-scale fire test
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2 Reaction-to-fire performance of building products

The reaction-to-fire performance of building products is classified according to EN 13501-1.

> Euroclasses: A1, A2,B,C,D,E, F

(Criteria: ignitability, flame propagation, heat release)
» Smoke classes: s1, s2, s3 (s1 => lowest smoke production)

» Burning droplets classes: d0, d1, d2 (d0 => no flaming droplets)

The reaction-to-fire performance of Stora Enso CLT is classified according to [26] as D-s2, d0.

When using CLT for raw floors (i.e. without any floor structure), Dg-s1 applies.

When using flame retardants which can delay the combustion of derived timber products and reduce the
subsequent release of energy, the fire behaviour of CLT can, depending on the retardant used, be classified as

class C or also B.
When used outdoors with the related likely effects of humidity and direct exposure to weather, it must be ensured

that the product has the necessary properties and resistance.
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3 Fire resistance of building components
3.1 Classification

The performance characteristics and fire resistance duration are defined as follows according to the classification
standard EN 13501-2:

> R (Load-bearing capacity)

The performance characteristic R is assumed to be satisfied if the load-bearing function of a component
subjected to a mechanical load is maintained during the required time of fire exposure.

> E (Integrity)

The performance characteristic E of a separating element describes its capacity to resist exposure to fire
on one side so that the spread of fire as a result of flames or hot gases to the side not exposed to fire is
prevented.

> | (Insulation)

The performance characteristic | is assumed to be satisfied if the average temperature rise over the
whole of the non-exposed side caused by one-sided exposure to fire does not exceed 140 °C, and the
maximum temperature at any one point does not exceed 180 °C, above ambient temperature.

Heat transmission must be limited so that the non-exposed component surface and any neighbouring
materials do not catch fire, and so that any persons in the vicinity are protected.

» Additional characteristics are W (thermal radiation), M (resistance to mechanical action), C (self-closing

capability), S (smoke leakage), G (soot fire resistance) and K (fire protection ability), which, in general,
are not relevant for conventional CLT components.

The classification time is graduated in periods of 10, 15, 20, 30, 45, 60, 90, 120, 180, 240 and 360 minutes.
The direction of the classified fire resistance duration is described with the following abbreviations according to

EN 13501-2:

» Classification of fagades (curtain-walls) and external walls

i—o classified fire resistance duration from inside to outside
0—i classified fire resistance duration from outside to inside
0w classified fire resistance duration from inside to outside and from outside to inside

» Classification of ceilings with independent fire resistance

a—b classified fire resistance duration from top to bottom
a<b classified fire resistance duration from bottom to top
aeb classified fire resistance duration from top to bottom and from bottom to top
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3.2 Fire protective cladding
The designations K; and K; for fire protective cladding are described in accordance with EN 13501-2 as follows:

» The term “fire protective cladding” refers to the outermost layer on vertical components and to the lowest
layer on horizontal or inclined components.

» The cladding defined by the designation K; or K, must provide the protection described in accordance
with EN 13501-2 for the layer directly backing the fire protective cladding throughout the corresponding
classification period (K;: 10 min.; Kz: 10, 30 or 60 min.).

For example, fire protective cladding without an underlying cavity with the classification K, 60 must provide the
following protection for a period of 60 minutes:

» During the classification period, the fire protective cladding must not collapse in whole or in part.

» The average temperature recorded on the underside of the supporting plate (on which the fire protective
cladding to be classified is tested) must not exceed the ambient temperature by more than 250 °C.

» The maximum temperature recorded on (at any one point) on the underside of the supporting plate (on
which the fire protective cladding to be classified is tested) must not exceed the ambient temperature by
more than 270 °C.

» After the test, no burned or charred materials should be apparent on any one point of the supporting
plate (on which the fire protective cladding to be classified is tested).

Information on the fire protective cladding to be classified can be obtained from gypsum plasterboard
manufacturers, among others.
3.3 Fire resistance of CLT components
Components with high fire resistance can be produced with multiple layer CLT elements. For example, with a
non-clad, three-layer CLT element, the fire resistance REI 60 is already obtained, and with a CLT element clad
with a single layer of plasterboard, the fire resistance REI 90 is obtained.
In principle, increased requirements for fire resistance can be compensated by the following measures:

» Increase the thickness of the CLT element

» Increase the number of layers of the CLT element

> Apply the corresponding cladding
The verification of fire resistance of timber components can either be based on classification reports in

accordance with EN 13501-2 on the basis of large-scale fire tests, or on calculations according to EN 1995-1-2,
performed in conjunction with the respective national application documents.
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4 Verification of the fire resistance of CLT elements based on classification reports according
to EN 13501-2

Stora Enso commissioned different accredited test institutes to test the fire resistance of different CLT elements
with different component designs according to EN 1365-1 or EN 1365-2. The results of the classification reports
([271], [28], [29], [30], [31], [32] and [36]) from the fire resistance tests, performed in accordance with EN 13501-2,

are as follows.

4.1 CLT external wall structures

Classifications of the fire resistance REI 90 of load-bearing cross-laminated timber elements as external wall

elements:

Designation Lamella structure [kN/m]
[mm]
12.5 mm fire - CLT 100 C3s 30-40-30 50 mm wood 35 REI 90
protection wool slab,
plasterboard 15 mm
plaster
12.5 mm fire - CLT 100 C3s 30-40-30 80 mm rock 35 REI 90
protection fibre, 4 mm
plasterboard plaster
12.5 mm fire - CLT 100 C5s 20-20-20-20-20 50 mm wood 35 REI 90
protection wool slab,
plasterboard 15 mm
plaster
12.5 mm fire - CLT 100 C5s 20-20-20-20-20 80 mm rock 35 REI 90
protection fibre, 4 mm
plasterboard plaster
125 mm fire | rock fibre | CLT 100 C3s 30-40-30 50 mm wood 35 REI 90
protection (40 mm) wool slab,
plasterboard 15 mm
plaster
12.5 mm fire rock fibre CLT 100 C3s 30-40-30 80 mm rock 35 REI 90
protection (40 mm) fibre, 4 mm
plasterboard plaster
Table 1: classifications of the tested components in accordance with [32]
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4.2

CLT wall structures

Classifications of the fire resistance REI 60 of load-bearing cross-laminated timber elements as wall elements:

Designation | Lamella structure [mm] | [kN/m]
- - CLT 100 C3s 30—-40-30 35 REI 60
- - CLT 100 C5s 20-20-20-20-20 35 REI 60

Table 2: classifications of the tested components in accordance with [27]

Classifications of the fire resistance REI 90 of load-bearing cross-laminated timber elements as wall elements:

Designation | Lamella structure [mm] | [kN/m]
12.5 mm fire - CLT 100 C3s 30-40-30 35 REI 90
protection
plasterboard
12.5 mm fire - CLT 100 C5s 20-20-20-20-20 35 REI 90
protection
plasterboard
12.5 mm fire rock fibre (40 mm) | CLT 100 C3s 30-40-30 35 REI 90
protection
plasterboard
Table 3: classifications of the tested components in accordance with [28]
Designation | Lamella structure [mm] | [kN/m]
35 mm ProCrea clay - CLT 140 C5s 40-20-20-20-40 280 REI 90

board, 5 mm
ProCrea clay plaster
with reinforcement
fabric, 5 mm
ProCrea clay plaster

Table 4: classification of the tested components in accordance with [36]

Classifications of the fire resistance REI 120 of load-bearing cross-laminated timber elements as wall elements:

Designation | Lamella structure [mm] | [kN/m]
12.5 mm fire rock fibre (40 mm) | CLT 100 C3s 30-40-30 35 REI 120
protection
plasterboard
Table 5: classification of the tested components in accordance with [29]
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4.3 CLT ceiling structures

Classifications of the fire resistance REI 60 of load-bearing cross-laminated timber elements as ceiling/roof

elements:

e Designation | Lamella structure [mm] | [kN/m°]

I 125 mmfire . - CLT 100 L3s 30-40-30 0.6 REI 60
protection

plasterboard (on the
unexposed side) or

~_floor structure _—

- CLT 140 L5s 40-20-20-20-40 5 REI 60

Table 6: classifications of the tested components in accordance with [30]

Note *1: The 12.5 mm fire protection plasterboard applied to the unexposed side during the fire resistance
test was used to simulate a floor structure.

Classifications of the fire resistance REI 90 of load-bearing cross-laminated timber elements as ceiling/roof

elements:
Designation | Lamella structure [mm] | [kKN/m?]
- - CLT 160 L5s 40-20-40-20-40 6 REI 90
12.5 mm fire - CLT 140 L5s 40-20-20-20-40 5 REI 90
protection
plasterboard
35 mm Heraklith - CLT 140 L5s 40-20-20-20-40 5 REI 90
EPV
12.5 mm fire rock fibre (40 mm) | CLT 140 L5s 40-20-20-20-40 5 REI 90
protection
plasterboard

Table 7: classifications of the tested components in accordance with [31]

The classification reports can be downloaded from www.clt.info.
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5 Verification of the fire resistance of CLT elements based on calculations according to
EN 1995-1-2:2011 (Eurocode 5)

For the required time of fire exposure t, it must be demonstrated that:
Ed,ﬁ < Rd,t,ﬁ

where:

Eqs  is the design value of actions for the fire situation (= load effect)
(With materials other than wood, thermal expansion must also be taken into account.)
Ratsi  is the corresponding design resistance in the fire situation (= resistance)

5.1 Verification method for actions in the fire situation according to EN 1995-1-2:2011

The design value for actions in the fire situation should be determined for time t= 0 using combination factors
W11 Or Yo saccording to EN 1991-1-2:2002, clause 4.3.1. (See also EN 1990-1-1, clause 6.4.3.3.)

EdA — ZGk’j n+nPn+n Ai n_'_an’l . (l//l’l Oder W2,1)1v+|12¥/2’i . Qk’i

where:

Gk; s the characteristic value of a permanent action j

P is the decisive representative value of a pre-load

Ad is the design value of an exceptional action

Qk1 | is the characteristic value of a decisive variable action 1

Q«;  is the characteristic value of a decisive variable action i

¥y is the combination factor for frequent values of variable actions

¥, is the combination factor for quasi-permanent values of variable actions

It is up to the user to choose/use y; . or Y, ;.
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For simplicity, the design value for actions in the fire situation E;from the calculation of the design value for
actions at normal temperature E; may be determined thus:

E,;s=7n4E,

where:

Eqq | is the design value for actions for the fire situation

nfi is the reduction factor for the design value of actions in the fire situation

Eq4 is the design value for actions at normal temperature for the fundamental combination of
actions

For the load combination in accordance with EN 1990-1-1, the reduction factor n; should be taken as follows,
whereby the smallest value is given by the following two equations:

Gty Q) n. = Gy +y - Q
= i =
7G'Gk+7Q,1'Qk,1 5‘7G'Gk+7Q,1'Qk,1

un

where:

Qx1  is the characteristic value of the leading variable action

G is the characteristic value of permanent actions

Ya is the partial safety factor for permanent actions

Va1  is the partial safety factor for the leading variable action

Wi is the combination factor for frequent values of variable actions in the fire situation,
given either by wy s0r w21, see EN 1991-1-1

14 is a reduction factor for unfavourable permanent actions G (see EN 1990-1-1, clause
A.1.3.1)

As a simplification, for the reduction factor ng as an alternative to the above equation, the recommended value is
ngs= 0.6 according to EN 1995-1-2:2011, clause 2.4.2. Exceptions here are areas with larger imposed loads
according to category E given in EN 1991-1-2:2002, where the recommended value is n; = 0.7.

When comparing the options for determining actions, it is clear that the simplified assumption with the action Eg
results in a greater load than the actions in the exceptional design situation.
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5.2 Verification method for mechanical resistance in the fire situation according to EN 1995-1-2:2011

For verification of mechanical resistance, the design values of strength and stiffness properties shall be
determined from:

— .o
fd,ﬁ _kmod,ﬁ M6

where:

fa fi is the design value of strength in fire
kmoa,fi - is the modification factor in the fire situation for the reduced cross-section method:
Kmoafi= 1.0  (as per EN 1995-1-2)

f20 is the 20% fractile value of a strength property at normal temperature;
foo = ki x fx

fi is the 5% fractile value of a strength property

kii is the coefficient for converting 5% to 20% fractile values;

kifor CLT =1.15 (as per EN 1995-1-2)
yms  is the partial safety factor for timber in fire
ymi=1.0 (as per EN 1995-1-2)

For the calculation in the fire situation, instead of the 5% fractile values, the 20% fractiles are used. The reason
for this assumption lies in the extremely low probability of occurrence of a fully developed fire during the lifetime
of a supporting structure, and does not depend on the material. [25]
(Hence the coefficient for converting the fractile value k; with 1.15.)

— LS
Sd,ﬁ _Kmd,ﬁ Mg

where:

Safi is the design value of the stiffness property (modulus of elasticity or shear modulus) in the
fire situation
kmoa,ii © is the modification factor in the fire situation for the reduced cross-section method:
Kmoasi=1.0  (as per EN 1995-1-2)
S2o is the 20% fractile of a stiffness property (modulus of elasticity or shear modulus) at
normal temperature

Sz = kii x Sos
Sos is the 5% fractile of a stiffness property (modulus of elasticity or shear modulus) at
normal temperature
ki is the coefficient for converting 5% to 20% fractile values;
kifor CLT =1.15 (as per EN 1995-1-2)
yms  is the partial safety factor for timber in fire
ymi=1.0 (as per EN 1995-1-2)
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5.3 Charring rates for Stora Enso CLT

During exposure to fire and to the resulting effect of temperature on the CLT cross-section, the use of
polyurethane adhesives between individual layers can lead to softening. A possible consequence of this may be
that small sections of the heat-insulating char layer fall off, and the protective function of this layer may be lost at
certain points. [2]

Therefore, in the case of ceiling elements and other horizontal components, possible delaminations must be
taken into account, and, for the subsequent fire-exposed layers, it is necessary to mathematically estimate an
increased charring rate until the formation of a new 25 mm-thick char layer.

5.3.1  Design value of charring rates B,for CLT on surfaces which are unprotected throughout the duration of
the fire

The following charring rates for Stora Enso CLT were determined as part of [8] by the accredited institute
Holzforschung Austria, and may be used for the calculation of the fire resistance of constructions with different
loads and/or layer thicknesses according to EN 1995-1-2 (with reference to the respective national annex).

» Ceiling and roof elements (horizontal components):
o 0.65 mm/min., if only one layer is affected by exposure to fire. [33]
o 1.3 mm/min. for any additional layers affected by exposure to fire until charring or the formation

of a 25 mm-thick char layer.
Thereafter, a charring rate of 0.65 mm/min. can be applied up to the next bonded joint. [33]

1

kO mm
30 nm
B "0‘5 //
. 2 Gl e LI'Omm
R, =43 / J 25 mm Jr:
r~
e i i 30mm
B,=43 25 mm
B T
B, ~Gks -
¥

Fig. 3: diagram illustrating an example of charring or the charring rate of a horizontal CLT component (CLT 180 L5s), which
explains the mathematically estimated charring rate of 1.3 mm/min. for each additional layer affected by fire until the formation
of a new 25 mm-thick char layer.
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» Wall element (vertical components):

o 0.63 mm/min., if only one layer is affected by exposure to fire. [33]

0.86 mm/min. for each additional layer affected by exposure to fire. [33]

o

20mm
20mm
mm
20mm
200m

L,

[

&

Fig. 4: diagram showing an example of charring or the charring rate of a vertical CLT component (CLT 100 L5s), which
explains the mathematically estimated increased charring rate of 0.86 mm/min. from the second layer affected by fire.
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5.3.2 Design value of charring rates B8, for CLT on surfaces which are initially protected from exposure to fire
by gypsum plasterboard

The fire resistance rating of components is determined during exposure to fire on the inside of a room
predominantly by interior cladding. To increase the fire resistance of structures such as wall, ceiling or roof
elements, plaster building materials/gypsum plasterboards are generally used as, even if they are not very thick,
they provide effective protection.

Effective protection is based particularly on the combined crystal water in the panels’ gypsum core which has a
concentration of approx. 20%. Energy is consumed by the evaporation of this crystal water, and a protective
steam curtain is also formed on the fire-exposed side of the component. In addition to delaying the spread of fire,
the dehydrated gypsum layer also acts as insulation through the declining thermal conductivity.

Fire protection plasterboard also contains glass fibre which reinforces the gypsum core and ensures structural
cohesion when exposed to fire. [3]

Fig. 5: two-ply fire protection plasterboard cladding exposed to fire during a large-scale fire test

Figure 5 illustrates the behaviour of fire protection plasterboard when exposed to fire; in this case there are two
layers of cladding.

As can be seen, after crazing and detaching of the char layer, as time progresses, large gaps appear between
the joints, the joint plaster compound fails and the first section of the first plasterboard layer falls off. If larger
panel sections fall away from the first layer, crazing also occurs in the second layer. After gaps appear in this
layer’s joints, the flames spread through the increasing gaps in the joints towards the underlying CLT which leads
to the production and emission of wood gas. Charring starts on the initially protected CLT element.

The following correlation or equivalence with regard to gypsum plasterboard designations should be noted:

Gypsum plasterboard, type A Plasterboard cladding

Gypsum plasterboard, type F or Fire protection plasterboard

DF

Gypsum plasterboard, type H2 Plasterboard cladding — waterproofed

Gypsum plasterboard, type DFH2 | Fire protection plasterboard — waterproofed
Table 8: comparison of gypsum plasterboard designations by EN 520 and ONORM B 3410 or DIN 18180
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In the case of initially protected components, the time of start of charring behind the protective layer or cladding
t.» and the failure time of the protective cladding tis essential.
According to EN 1995-1-2:2011, the following must be taken into account:

» The start of charring is delayed until time f,,;

» Charring can occur before failure of the fire protective cladding, however until the failure time ft;, the
charring rate is lower than the value according to [22], table 3.1 or the value according to [33];

» The charring rate after the failure time f; of the fire protective cladding until time t, is greater than the
value according to [22], table 3.1 or the value according to [33];

» The charring rate from time t,, where the charring depth corresponds to the lowest value — either the
charring depth of a similar component without fire protective cladding or 25 mm — again takes the values
according to [22], table 3.1 or the values according to [33].

The following illustrations from EN 1995-1-2:2011 are provided to aid understanding of the above points:

Key:
1 Relationship for components which are
" A unprotected throughout the time of fire
S exposure with the notional charring rate 8, (or
2 | . /. g 2 ,80)
Abbrand- o 2 Relationship for initially protected components
tiefe 7 after failure of the fire protective cladding
s 20 - Ta /| |dehaco =25 mm 2a | After the fire protective cladding has fallen off,
ader > / oder charring starts at an increased rate
b d cnarn = 25 mm 2b After the charring depth exceeds 25 mm or the
Genarn 10 - 3 / time t, is exceeded, the charring rate reduces
[mm] Pl / - to the normal rate
0 / /

ty t,
Zeit t
Fig. 6: illustration of the charring depth depending on the time for t;, = t and a charring depth of 25 mm at time ¢, [22]

Key:
1 Relationship for components which are
40 unprotected throughout the time of fire
exposure with the notional charring rate 8, (or
Bo)
ﬁ‘:’fzra”d' 0 1 2c 2 Relationship for initially protected components
on which charring starts before failure of the
dehar.o Jeparo = 25 mm fire protective cladding
oder 2b odor 2a Charring starts at f, at a reduced rate for as
d enarn = 25 MM !ong as the fire protective cladding remains
[r;:‘;]" intact

2b After the fire protective cladding falls off,
charring starts at an increased rate
t to ‘ 2c After the charring depth exceeds 25 mm or the
time t;is exceeded, the charring rate reduces
to the normal value

Zeit t

Fig. 7: illustration of the charring depth depending on the time for t., < £ [22]
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5.3.2.1  Charring rates for initially protected components

» Fortime t;, <t < t, according to [22], the charring rates given in EN 1995-1-2, table 3.1 or according to
the statement of expert opinion of the Holzforschung Austria should be multiplied by a factor kz; for single
layer gypsum plasterboard, type F, this is calculated as:

k, =1-0,018-h,

where:

" hp | is the thickness of the layer in mm

For several layers of gypsum plasterboard, type F, h, should be taken as the thickness of the inner layer.

If the timber component is protected by rock fibre batts (thickness: =20 mm, bulk density: = 26 kg/ms,
melting point: =2 1000 °C), the factor k, may be taken from table 9. For thicknesses between 20 and 45
mm, linear interpolation may be applied.

Dicke k2
l""IHS

mm
20 1
=45 086

Table 9: values of k for timber components protected by rock fibre batts [22]

» For the stage after failure of the fire protective cladding given by ;< t< t,, according to [22], the charring
rates given in EN 1995-1-2, table 3.1 or according to the statement of expert opinion of Holzforschung
Austria should be multiplied by a factor k3= 2. For t = {,, the charring rates should be applied without
multiplication by the factor kj;.

» The time limit ¢, (see figure 6) should for {,, = t;, in accordance with [22], be taken as:

2-t;
t =min< 25

! ——+t,
k3 .ﬂn
Or for t, < t:

ta — 25_(tf _tch).kZ.ﬁn +
kS'ﬂn

te

where:

Bn  is the design value of the notional charring rate in mm/min.
(In the case of one-dimensional charring, B, is replaced by Bo.)
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5.3.2.2 Start of charring on initially protected components

» Single layer gypsum plasterboard, type A, F or H:

For claddings consisting of one layer of gypsum plasterboard, type A, F or H, according to EN 520,
outside of joints or at locations adjacent to filled joints, or unfilled gaps with a width of 2 mm or less, in
accordance with [22], the start of charring t,, should be taken as:

t, =2.8-h ~14

In locations adjacent to joints with unfilled gaps with a width of more than 2 mm, the time of start of
charring should be calculated as:

t, =28-h —23

where:

ten s the time of start of charring of a protected component in minutes
hp ' is the thickness of the fire protective cladding in mm

» Two-layer gypsum plasterboard, type A or H:

For claddings consisting of two layers of gypsum plasterboard, type A or H in accordance with EN 520,
according to [22], the time of start of charring t,, should be determined according to the formula in
5.3.2.2, where the thickness h, is taken as the thickness of the outer layer and 50% of the thickness of
the inner layer. This is subject to the condition that the spacing of fasteners in the inner layer is not
greater than the spacing of fasteners in the outer layer.

» Claddings consisting of two layers of gypsum plasterboard, type F:

For claddings consisting of two layers of gypsum plasterboard, type F in accordance with EN 520,
according to [22], the time of start of charring t,, should be determined according to the formula in
5.3.2.2, where the thickness h, is taken as the thickness of the outer layer and 80% of the thickness of
the inner layer. This is subject to the condition that the spacing of fasteners in the inner layer is not
greater than the spacing of fasteners in the outer layer.

» Cavity insulation material:

If the timber component is protected by rock fibre batts (thickness: = 20 mm, bulk density: > 26 kg/m°,
melting point: = 1000 °C), for the time of start of charring ., the following equation must also be taken
into account:

t,, =0,07-(h,, —20)-\/p,..

where:

tcn  is the time until the start of charring of a protected component in minutes
hins ' is the insulation material thickness inmm
Pis | is the insulation material bulk density in kg/m®
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5.3.2.3 Failure time of fire protective cladding

In principle, the charring or mechanical degradation of the cladding material, the spacing of, and distances
between, fasteners and/or a possibly insufficient penetration length of fasteners into the uncharred cross-section
could be responsible for the failure of the fire protective cladding.

» Cladding consisting of gypsum plasterboard, type A or H:

For gypsum plasterboard, type A or H in accordance with EN 520, according to [22], the failure time tis
equal to the time at the start of charring .

For gypsum plasterboard, type A or H, after the start of charring and after the cladding simultaneously
falls off, charring occurs at double the rate until time t,. After formation of a 25 mm-thick char layer, the
charring rate reduces to the normal rate.

(See also fig. 6)

tf :tch

» Cladding consisting of gypsum plasterboard, type F:

However, in the case of gypsum plasterboard, type F or fire protection plasterboard, according to [22],
there is less charring from the start of charring f;, to the time t. Until the subsequent formation of a
25 mm-thick char layer, charring occurs at double the rate, after which, the charring rate reduces to the
normal rate.

(See also Fig. 7.)

EN 1995-1-2:2011 does not provide any information regarding the failure time of gypsum plasterboard,
type F or fire protection plasterboard.

According to ONORM B 1995-1-2:2011 (Austrian national specifications), the failure times t for cladding
consisting of fire protection plasterboard in accordance with ONORM B 3410 or gypsum plasterboards,
type DF according to EN 520 and gypsum fibreboard GF-C1-W2 according to EN 15283-2 can be
determined as follows:

Wall components: t; =22-h +4
Ceiling components: t;=14-h, +6
where:

tr | is the failure time of the fire protective cladding in minutes
hp | is the thickness of the fire protective cladding in mm

In determining the failure time of multiple-layer cladding consisting of gypsum plasterboard, type F, the
rules specified in section 5.3.2.2 apply correspondingly, according to which, the thickness h, corresponds
to the thickness of the outer layer and to 80% of the thickness of the inner layer.
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» Penetration length of fasteners for gypsum plasterboard

In addition to thermal degradation of the cladding material, the fire protective cladding can also fall off
due to the pull-out failure of fasteners.

According to [22], the required minimum length of the fasteners should also be determined in order to
eliminate the fact that pull-out of the fasteners is a relevant factor for the failure of the fire protective
cladding.

The minimum penetration length of the fastener /, into the unburnt cross-section should be taken as
10 mm.

The required penetration length of the fastener /., is calculated as follows:

lf,req = hp + dchar,() + la
where:
hp is the panel thickness in mm
deharo | is the charring depth in the timber component
la is the minimum penetration length of the fastener into the unburnt wood

For more information on cladding fasteners/penetration lengths, see [22], section 7.1.2.

» Failure times f of fire protection plasterboard on Stora Enso CLT confirmed by statements of expert
opinion:

In addition to the equations demonstrated above and specified in [22] and [25] to determine the start of
charring t;, and the failure time t;of gypsum plasterboards, Stora Enso has a statement of expert opinion
on failure times which must be referred to during dimensioning according to EN 1995-1-2.

According to [35], based on various tests, the failure times t listed in table 10 were given for fire
protection plasterboards in accordance with ONORM B 3410 or gypsum plasterboards, type DF in
accordance with EN 520.

(Compare the calculated values according to the equations of [25], which were originally worked out for
timber frame structures.)

HFA statement ON B 1995-1-2
of expert opinion
[mm] t[min.] t;[min.]
12.5 55.0 31.5
2x15 80.0 63.4

Table 10: failure times for fire protection plasterboards or gypsum plasterboards, type DF directly applied to CLT elements in
accordance with [35] (cf. the failure times calculated according to EN 1995-1-2)

The failure times given in table 10 only apply to fire protection plasterboards or gypsum plasterboards,

type DF directly applied to Stora Enso CLT elements. The fire protection plasterboard must be applied
and sealed according to the manufacturer’s instructions. [35]
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5.4 Determining the load-bearing capacity (R) of CLT elements according to EN 1995-1-2:2011

When determining the load-bearing capacity (R) of timber components exposed to fire, or when calculating cross-
sectional values, in addition to determining the charring area, the underlying area affected by temperature must
also be taken into account because the wood’s strength and stiffness properties decrease as the temperature
rises.

As an alternative to the calculation option specified in EN 1995-1-2, annex B, the cross-sectional values can also
be calculated using two simplified methods. We recommend the first method:

» Reduced cross-section method
For verification in the fire situation, this method uses a reduced cross-section or residual cross-section,
calculated on the basis of increased charring (roundings or corner charring), and an additional area
affected by temperature (reduction of mechanical properties due to the effect of temperature).
» Reduced properties method
As an alternative to the reduced cross-section method — calculated with charring speed and corner
charring — this method takes into account the reduction of mechanical properties depending on the type
of load and cross-section.
The verification of load-bearing capacity in the fire situation is performed for CLT on the basis of the reduced
cross-section method.
Reduced cross-section method
The cross-section which is reduced by the charring depth is further reduced by removing a layer with zero

strength and stiffness k, x dp. Thus, the notional residual cross-section is calculated by deducting the notional
charring depth d,from the original cross-section.

d.; =dg0 +k-dg

where:
et is the notional charring depth
denaro | is the design value of the charring depth for one-dimensional charring
Ooharo = Boxt
Bn is the design value of the one-dimensional charring rate under normal load
t is the time under fire exposure
ko is the coefficient for taking the duration of the fire into account;
t<20min.: ko=1/20
tz20min.:  kp=1.0
do iwose to the char line) with assumed zero strength and stiffness.
______________________ do=7mm »2
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Note *2: The value specified for dy = 7 mm is based on [26] (relating to [22]).

The value d, of 7 mm (for the simplified calculation method of the reduced cross-section method)
is currently being discussed by scientists around the world, however no unified opinion has been
established.

Possible national regulations on d, must be taken into account.

With regard to assumptions about charring rates for Stora Enso CLT, the following must be observed:

» When using CLT for flat components (wall and ceiling structures), one-dimensional charring rates in
accordance with [33] (see section 5.3.1) should be used.

» When using CLT for supports (edgewise), for example, proceed according to [22], section 3.4.2. In doing

so, for CLT cross-sections with original widths which do not meet requirements, increased charring rates
should be expected.

When verifying the load-bearing capacity in the fire situation of Stora Enso CLT components, the following must
be observed:

» Charring on both sides must be taken into account on load-bearing elements with no separating function.
[22]

» Possible additional, eccentric load applications due to one-sided charring must be taken into account
particularly on thinner CLT elements.

» Residual cross-sections of layers <3 mm are not used in the remaining calculations.

(This assumption takes into account the generally non-linear nature of the char line.)

The remaining calculation steps and verifications are performed in the same way as the cold calculations.
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5.5 Determining the integrity (E) and insulation (I) of CLT elements
The following options exist for verification of integrity (E) and insulation (I):
» Calculation method according to EN 1995-1-2:2011, annex E ([22])

> Model according to ONORM B 1995-1-2:2011, 14.3 ([25]) or the European guideline “Fire safety in timber
buildings” ([9]) or the dissertation by Ms Schleifer ([4])

> Structures without additional verifications according to ONORM B 1995-1-2:2011 ([25])

Verification of the integrity and insulation of CLT can be performed using the model specified in ONORM B 1995-
1-2:2011 ([25]) or in the European technical guideline “Fire safety in timber buildings” ([9]) and elaborated by [4],
which have the same approach/support the same theory.

If we compare this model with the calculation method specified in EN 1995-1-2:2011, annex E, the possibility of
an unlimited variation of materials and number of layers can be considered to be a significant advantage.

Extended method for determining the integrity (El) of wall and ceiling structures in accordance with
ONORM B 1995-1-2:2011 ([25]) or the European guideline “Fire safety in timber buildings” ([9])

In principle, the following applies to the calculation:

» The influence of temperature according to the uniform temperature curve as per EN 1991-1-2 provides
the basis for the calculation model.

» According to [25], the calculation model is limited to a fire resistance duration of 60 minutes.

Validation calculations performed by the accredited institute Holzforschung Austria as part of large-scale
fire tests show that this model can also be used for a fire resistance duration of 90 minutes. [5]

» The requirement for integrity (E) is considered satisfied if the requirement for the insulation (l) criterion is
shown to be positive.

» The requirement for insulation (1) is satisfied if the average temperature rise on the unexposed side of the
component does not exceed 140 °C, or 180 °C at any one point (above the ambient temperature).

> In order to ensure the calculated fire resistance or integrity, in the case of composite timber components,
the surplus insulation must be prevented from falling out after failure of the cladding by mechanical
means, where appropriate. It must also be ensured, through correct installation according to the
manufacturer’s instructions (e.g. information relating to spacing between fasteners and penetration
lengths), that the cladding on the unexposed side cannot fall off at an early stage.
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The component may be composed of any of the following panel and insulation materials and may be designed
with a cavity:

Panel materials (fasteners according to the manufacturer’s instructions):
» Solid wood panels of at least C 24 in accordance with EN 338
» OSB panels in accordance with EN 300
» Particle board (chipboard) in accordance with EN 309
» Gypsum plasterboard, type A, H and F in accordance with EN 520
» Gypsum fibreboard in accordance with EN 15283-2
Insulation material (surplus installation according to the manufacturer’s instructions):

> Rock fibre in accordance with EN 13162
> Glass wool in accordance with EN 13162

The required integrity of a component is considered satisfied if the following equation is satisfied:

tins is the time until failure of the separating function of the entire component, in minutes.
treq is the required fire resistance duration for the separating function of the entire component,
in minutes.

5.5.1 The insulating and protective layers of a component

Based on simulation calculations or FE modelling, it was demonstrated that the insulation () requirements were
satisfied. If we consider a timber structure with multiple layers, the individual layers are arranged with a protective
(protective in terms of the underlying layers) and insulating function (last layer of the unexposed side). [4]

Timber frame member

AN | o P

Layern : = = Last layer with insulating function
Layern-1 1 37d d

[N AN

I

: \ Layers with protective function

I

I

I

. I -

Layer1i v

Layer 1 WZNINININTNI NN NINTNI NN

e

Fig. 8: design of a multiple layer timber construction to define the protective and insulating layers [4]
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The time of the separating function (El) of the component under consideration is the time until the temperature
criterion ATyw / ATwax= 140 / 180 °C is reached on the unexposed side. This criterion with the maximum
temperature to be maintained of T = 160 °C (20 °C room temperature + 140 K) is only relevant for the unexposed
side of the last layer.

The preceding protective layers must satisfy the cladding criterion in accordance with EN 13501-2, whereby the
temperature criterion ATyw / ATy = 250 / 270 °C must be satisfied. Thus, in applying the average value, a
maximum temperature to be maintained of T = 270 °C (20 °C room temperature + 250 K) is obtained.

When the temperature criterion of 270 °C is reached (= protection time i, is reached), it is assumed that the
tested layer / will fall off the structure and the protection time of the directly underlying layer ;.1 begins.

g [20°C g5 M>20°C e B 220°C
h 3. WP _‘g h 3. WP E hI 3. WP gr\
‘B H20°C E >20°C E
Z 7 Z
h 2. WP <) h 2. WP 5 (2. layer falls off) 5 270°C
o o
£ Haoe E ' £
h 1. WP g (1. layer falls off) £  270°C ‘s £
: qé‘ 20C y g o g
2 ¢y 2 P— g
&3
a) Start of fire: b) Second layer exposed to fire: ¢) Third layer exposed to fire:

t=10 1= tpron1 = tprot,1  tpror,2

Fig. 9: method for determining the contributions of individual layers [4]

As a result, the protective layers lose their protective function as soon as a temperature of T =270 °C is reached
on their unexposed side.

The time of the separating function of a complete component f,s is thus obtained by adding together the

contributions of the individual layers — the protection times of the protective layers and the insulation time of the
insulating layer — while observing the above-mentioned temperature criteria of 270 or 160 °C.

tins = throui—l + tins,i

where:

tins is the time until failure of the separating function of the entire component, in minutes
toroti | is the protection time of the layer i, in minutes

tins,i is the insulation time of the layer J, in minutes
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When determining the protection and insulation time, it is important to note that the preceding and backing layers
influence the layer under investigation depending on its position in the component. This is taken into account in
the calculation model with the position coefficient k,os. In the process, kuosex is the position coefficient resulting
from the influences of the layers preceding the layer under investigation and Kpesunexo iS the position coefficient
resulting from the influences of the layers backing the layer under investigation.

The insulation and protection time of individual layers is determined with the following equations:

tprol,i = (tprot,O,i : kpos,expi : kpos,unexpi + Atl) : kj i

where:

torot i is the protection time of the layer under investigation /, in minutes

torot,0,i is the basic insulation time of the layer i, in minutes

Kpos,exp,i is the position coefficient for the layer under investigation i (influences from the

preceding layer)
Kpos,unexp,i | 1S the position coefficient for the layer under investigation i (influences from the
backing layer)

At is the time difference for the layer under investigation /, in minutes.
(To take into account the influence of the preceding gypsum plasterboard, type F or
gypsum fibreboard)

ki is the joint coefficient for the layer under investigation i

Gosi = (tins,O,i 'kposexpi + Ati) : kj,i

where:
tins, i is the insulation time of the layer under investigation /, in minutes.
tins, 0, is the basic insulation time of the layer /, in minutes.

Kpos,exp,i | i the position coefficient for the layer under investigation / (influences from the
preceding layer)

At is the time difference (= delayed fall off time) for the layer under investigation i/, in
minutes;
(To take into account the influence of the preceding gypsum plasterboard, type F or
gypsum fibreboard)

K;i is the joint coefficient for the layer under investigation i
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5.5.2 Determining a layer’s basic times

The basic time fy; — whereby a distinction is made between the basic protection time ..o, and the basic
insulation time tps,;— describes the fire behaviour of a layer without taking the influence of adjacent layers into
account.

The basic protection time t,.0,and basic insulation time t,s o;0f different materials can be defined using table 11
(from [25]), taking the layer’s thickness and bulk density into account.

Basic insulation time Basic protection time
Material tins.0.i tins.0
min min

Gypsum plasterboard

in accordance with ONORM
EN 520

(applies to: type A, type H, fpo y1-2
type F, type DF) 24. ﬁ]

Gypsum fibreboard \ 15

in accordance with ONORM
EMN 15283-2

(applies to: GF-C1-W2)

Solid wood board ‘b (1.4 b 11
in accordance with ONORM 19.| 2L 0 [ i 1
EN 13353 20 | )

Particle board (chipboard) y14

in accordance with ONORM 22. @
EN 312 20

0SB board )
in accordance with ONORM
EN 300

11
93 . h*_
20
Rock fibre

-’.....---'-_- —-_-'-'-—-.-_‘-
in accordance with ONORM < (0,01: ppg 0224 —0,02) ke > 0,3 fing {0.75100( s s }-ins,,1400)
EN 13162 [ — " |

for hips; < 40 mm: 0 for hjns; < 40 mm: 0
for hiys,; 2 40 mm: for hins; 2 40 mm:
(0,001 - pins; + 0,035) - hins + (0,0007 * pins, + 0,048) - hins; +
85=30 13=30

Glass wool
in accordance with ONORM
EN 13162

Where:

hps is the thickness of the fire protective cladding i, in mm
ing. i is the thickness of the insulation i, in mm

Pinsd is the bulk density of the insulation i, in kg/m?

Table 11: equations to determine the basic times f,, in minutes [25]

Note *3: The equation highlighted in table 11 (taken from ONORM B 1995-1-2:2011) for calculating ts o,
for OSB panels is not correct.

1.4
According to [4], the correct equation should be: ¢ 0 = 16-[3]
s, 20

Note *4: The equation highlighted in table 11 (taken from ONORM B 1995-1-2:2011) to calculate s, for
rock fibre is not correct.

According to [4], the correct equation should be: ¢ . =(0,01-p

insi

0224 0,02)- h, 2

ns,i
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5.5.3 Calculating the position coefficient ks

To enable any combination of layers in a timber structure, the influences of adjacent layers on the layer under
investigation must be taken into account. The influence of the preceding layer is described or calculated with
position coefficient kyos exp and the influence of the underlying layer with position coefficient Kpos unexp-

5.5.3.1 Position coefficient k,os 64 fOr taking into account the influence of the preceding layers

The position coefficient k,qsex iS assumed to be 1.0, if the layer under investigation i is exposed to fire from the
start of the fire and if it is not protected by any preceding layers.

If the layer under investigation i is protected from direct exposure to fire by preceding layers, the position
coefficient kuos exo Must be defined according to the equations in the following table.

When determining the position coefficient kusexp, the sum of the protection times of the preceding layers > t,o.1,
the material of the layer under investigation J, the thickness of the layer under investigation i/ and the bulk density
of the layer under investigation i must be taken into account. However, the properties of the layer under
investigation i have already been calculated during determination of the basic protection time f,.0,0r the basic
insulation time 0 and therefore the position coefficient kyosex, for cladding and insulation can be calculated
depending on the sum of the protection times of the preceding layers } ty:..s and the basic time (basic protection
time ty010,0r basic insulation time tj,5,9,).

Material Kpos,exp fOF tins,i Kpos,exp fOF torot,i

Rock fibre see formulae for glass wool see formulae for cladding

E If i— fn:

prot,i—1 0,

_o,a.r_+1 2 e ST
0i for

Glass wool
for h; 2 40 mm

(0,75-0,002-fins ;) fo;
prrot -1~ .
’ 4

(0,001-;)‘,,5,#0,27){ fos
for

z Tprot,i1

1 - Frics
prot,i—1 o,
-0,6 —Z r +1 prrot,i—t = _2’
0,
Cladding i for

lo; lo;
0,5 th—] prrot,f—1 > ?J
prot,i—1 for

Table 12: equations to determine the position coefficient Kpos,exp [25]

When using the equations in table 12, it must be considered whether an insulation time or a protection time
should be calculated, i.e. the basic protection time or insulation time must be used accordingly for the basic time.
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Through the delayed fall off of protected layers from the gypsum plasterboard, type F or DF in accordance with
EN 520 or gypsum fibreboard GF-C1-W2 in accordance with EN 15283-2, the protection or insulation time of the
underlying layer is increased.

If the layer under investigation is protected by the preceding gypsum plasterboard or gypsum fibreboard of the
above-mentioned types, the protection time or insulation time of the layer under investigation must be increased
via time differences A;;according to table 13.

If this is not the case, A;; = 0 applies.

i At; for ceiling structures At for wall structures
Material : -
min min
0‘06"r9r0!.a—1 + 1,1'1’0,- 5 0,03'-"pr0t.,-_1 +0,g'-'0',- —2,3
Claddin for fo, <811 for ‘o, <12 min
9 0,1- orotj-1 ~ 0,035 10, +1,2 0,22 fyrot;1 — 0,119, +4,7
for T0; =8 min tor f0; =12 min

Insulation
//_\ 0.1 "prot.:‘—1 +.‘0J- =10
*5

fo; <6 min
. 2 - . 2 for OJ
0.1 oot -1~0,035-10, +1.2 ) 0.22- 1o, 1~ 0115, +3.5

v for -’QJ- =B min

Table 13: equation to determine the time differences A;;for layers in ceiling and wall structures protected by preceding gypsum plasterboard
or gypsum fibreboard [25]

TN,

Note *5: The equation highlighted in table 13 (taken from ONORM B 1995-1-2:2011) for calculating A, for
insulation in ceiling structures is not correct.

According to [4], the correct equation should be: A, =0.1 —0,035-1,,

- proti-1

5.5.8.2 Position coefficient Kkuos unexp fOr taking into account the influence of the backing layers

When determining the position coefficient ku.sunexp: @ distinction is made between layers with underlying cladding
and layers with underlying insulation.

However, underlying layers should only be taken into account for layers with a protective function, which, in turn,
means that when determining the insulation time, the basic time of the insulating layer must only be used with the
position coefficient Kuos exp fOr taking the influence of the preceding layers into account.

The slight influence of the underlying gypsum boards or timber material cladding on the layer under investigation i
can be ignored, whereby, in this case, the position coefficient Kpos unexp IS @assumed to be 1.0.

The position coefficient Kpos unexp fOr underlying insulation materials is assumed, depending on the thickness of the
layer h; and bulk density p;, according to table 14.
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Material of layer under

investigation Kkpos,unexp With underlying cladding Kpos,unexp With underlying insulation

Gypsum plasterboard

in accordance with ONORM
EN 520

(applies to: type A, type H,
type F, type DF) 0,5, 015

Gypsum fibreboard

in accordance with ONORM
EN 15283-2

(applies to: GF-C1-W2)

Solid wood board
in accordance with ONORM 0,35 I, ;021
EN 13353

1,0
Particle board (chipboard)
in accordance with ONORM 0,41- hp,,.UJB
EN 312

OSB board .
in accordance with ONORM 0,5- hp‘i0‘15
EN 300

Rock fibre B
in accordance with ONORM 0,18- }g‘nSJO‘OOmnﬁj +0,08
EN 13162

Glass wool . b2
in accordance with ONORM 0,01 fing,; — ==l 1 g 009 1,3
EN 13162 30000

Table 14: equations to determine the position coefficient Kpos,unexp [25]
Regarding the position coefficients Kposexp @Nd Kpos unexps Cavities must also be taken into account in structures if
they are at least 40 mm thick:
> For layers preceded by cavities, the position coefficient ks expo must first be multiplied by the factor 1.6.
o If the cavity is protected from direct exposure to fire by gypsum plasterboard, type F or gypsum
fibreboard, for the layer on the unexposed side of the cavity, the time difference A;; according to

the equations in table 13, line 2, must also be multiplied by the factor 3.

> The position coefficient Kposunexp fOr cladding with an underlying cavity is determined based on the
equations in table 14, column 3.

> The position coefficient k,os unexp fOr insulation with an underlying cavity is assumed to be 1.0.
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5.5.4 Determining the joint coefficient k;;

According to [22], joints with a gap width greater than 2 mm are not permitted and may not be used in the
calculation model. In addition, unfilled joints on timber cladding and unsealed joints on gypsum plasterboard are
not permitted on the cladding not exposed to fire.

For simplicity, it is assumed that, apart from cladding on the side not exposed to fire, the joint coefficient for
timber panels and insulation with joint detailing shown in the table below, and for butt-joined sealed joints on
gypsum plasterboards is 1.0. [4]

Therefore, in the calculation model for verification of integrity, only joint coefficients for the layer on the side of the
component which is not exposed to fire are calculated, which can be referred to in table 15.

Material Joint type ki for tin i ki for toroti

K =2mm

Timber materials H 0,3 1,0

in accordance with ONORM

= 30mm

EN 13986
< 2Zmm gy = 2mm g
Solid wood u—_n‘-':u
in accordance with ONORM E 04 1,0
EN 338 = 15mm = 30mm
= 2mm g < 2mm

Glass wool or rock fibre
in accordance with ONORM

EN 13162

il

—
2 30mm

% 06 1,0

Gypsum plasterboard
in accordance with ONORM

M < 2mm

EN 520
(applies to: type A, type H, :I:
fill

type F, type DF) illed 0.8 10
Gypsum fibreboard and joint types in accordance with
in accordance with ONORM the manufacturer's instructions
EN 15283-2 (filled)
(applies to: GF-C1-W2)

— Joint types other than the above
all materials types 0 0

— Cutouts

Table 15: joint coefficient k;; for non-fire-exposed cladding [25]

5.5.5 Calculation model/application for CLT

Due to their layered structure, multiple layer solid wood panels cannot be compared to single-layer solid wood
panels. Therefore, when determining the integrity of CLT elements using this model, each individual layer must
be regarded as an independent panel or layer. [4]

The integrity of cross-laminated timber elements can thus be determined as the sum of the protection times and
the insulation time of the individual layers using the specified basic protection times, basic insulation times and
position coefficients for single layer solid wood panels. Excluding the slight fall off of charred layers, CLT
elements can be regarded as single-layer solid wood panels.

The joint coefficient in the area of element can always be calculated with k;;= 1.0. However, when verifying the
element joint area, depending on the joint type of the entire element, the joint coefficient k;; from table 15 should
be used for all layers. [6]
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6 Technical fire protection of detailing

6.1 Joints and connections between components
» Stora Enso CLT element joints

Stora Enso commissioned the nationally accredited test institute Holzforschung Austria to test the fire
resistance of CLT element joints with step joint and butt board connections.

Provided that the following conditions are met, there is no impairment of the fire resistance of Stora Enso
CLT elements specified in section 4.

o The screwing together of the elements must be non-positive, with a centre distance of e = 50 cm
being adequate without further analysis.

o Conventional compressible tape, for example, is adequate for use as a sealing strip. [34]

/ S A
R — " - \ — se——
N
b e
Element 2 @ %  Element 1
| 1 N
! —
—
—
' Dichtungsband

Fig. 10: element joints with step joint connection [34]

) 16 o
0.5, 15 95 T
II! r." i |
N
X
L — ® -
\ T ‘
Element 1 ‘ X | Element 2
\\ lll
\
*Dichtungsband

Fig. 11: element joints with butt board connection for CLT ceiling elements [34]
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» Stora Enso CLT component connections

Component connections (e.g. wall-to-ceiling, wall corner joints and wall T-joints) have the same fire
resistance as individual components as long as the connections and joints meet the requirements of the
corresponding standards (ONORM B 2330 in Austria).

o Load-transferring connections

o Accurately fitting fire protective cladding [34]

In the case of connections of ceiling-to-wall components, it must be ensured that the structural function of
the support maintains the required fire resistance duration.

6.2 Installations and fixtures
» Fitting wiring installations

In elements forming a fire section, wiring installations must be fitted in an insulated facing/service cavity.
Direct installation in the CLT element is only permitted if a special verification is performed.

However, in the case of elements which do not form a fire section, provided that the dimensions/designs
are not greater than three sockets or a distribution box, wiring can be installed in channels cut directly
into the CLT element. The thickness of the residual cross-laminated timber elements must not be
reduced by more than half in this localised area. Sockets positioned on the opposite side must be
staggered by =20 cm. Alternatively, professionally installed and tested fire protection sockets may also
be used. [34]

» Holes for assembly

If cut-outs/holes are made in CLT elements to attach various lifting devices, they must be sealed with
wooden plugs or filled with rock fibre (melting point 21000 °C) and do not affect the classified fire
resistance of the CLT element. [34]

> Installation of windows and doors

If fire resistance requirements for windows and/or doors are laid down, tested systems must be used in
compliance with the manufacturer’s instructions. In the case of requirements for cladding criterion, the
reveals must be performed accordingly. [34]

6.3 Fire-resistant sealing in CLT construction

» Sometimes, the construction of domestic installations also involves components which form a fire section
(wall or ceiling structures). The intersections required for this must be sealed in terms of fire protection so
that the required fire resistance of the intersecting component is not affected. This means that the fire
protection seal of an intersection must comply with the fire resistance rating of the component to be
intersected.
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» The planning and implementation of seals usually involves several subsections. Corresponding
advanced planning is essential and indispensable for qualitative separation measures.

» For more information on the subject of “Fire-resistant sealing in timber structures”, Stora Enso refers the
reader to [7].
Large-scale fire tests required for [7] for wall and ceiling components (respectively 90 minutes test
duration) were performed using Stora Enso CLT elements.
Detailed solutions for the installation, fastening and connection of various sealing systems for timber
constructions have been developed on the basis of these test results and are explained in [7].

6.4 Fasteners
» To achieve a good fire protection joint, the steel component must accurately fit the timber structure. Steel
components which protrude past the surface of the wood should be avoided where possible. This

reduces the transmission of heat released by the fire inside the timber cross-section.

» If greater fire resistance is required, fasteners can be fully protected by cladding made of wooden
materials or mineral panel materials.

»  For further structural design information, Stora Enso refers the reader to [22], section 6.

6.5 Double-layered components

» Gaps between double-layered components must be fully insulated with rock fibre. [34]
(In the fire situation, this can, for instance, prevent sparks or other burning components from falling
between double-layered walls. In addition, by insulating the cavities, a possible chimney effect — which
would favour the spread of fire — can be prevented.)
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Annex 1 — Calculation examples
A 1.1 Determining the charring rate of Stora Enso CLT (non-faced)

Assumption:  CLT 180 L5s (lamella structure: 40—-30—40-30—40) as an unclad ceiling element; required fire
resistance duration: 90 minutes;

Calculation: Fire resistance of the 1st layer:

d zm — il St
£, 0.65mm/min

Fire resistance of the 2nd layer:

d  25.0mm N 5.0mm

= = : — =26.9min
B, 1.3mm/min 0.65mm/min

Charring depth of the 3rd layer:

dyparos = B, -t =1.3mm/ min-(90.0 min—61.5min—26.9 min) = 2. Imm

Charring depth design value:

dar0 = 40.0mm+30.0mm-+ 2. Imm= 72.lmm
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A 1.2 Determining the charring rate of Stora Enso CLT (faced)

CLT 140 L5s (lamella structure: 40-20-20-20—40) as a clad wall element; cladding: 12.5 mm fire

Assumption:
protection plasterboard; required fire resistance duration: 90 minutes;

Calculation: Start of charring:

t, =2.8-h, —14=2.8-12.5mm—14 = 21.0 min

Failure time of cladding:

t, =55.0min

Charring for the time t,, < t < t¢

k, =1-0.018-h, =1-0.018-12.5mm=0.775

d = [, -k, -t =0.63mm/ min-0.775 - (55.0min—21.0 min) =16.6mm

char,0,2,

Charring for the time < t< t.:

t, = 25_(tf _tch)'kz‘ﬂo I
k3'ﬂ0

¢

(= 25— (55.0min—21.0min) -0.775-0.63mm/ min +55.0min = 61.6min
2-0.63mm/ min

d =, -k -t =0.63mm/ min- 2 - (61.6 min—55.0min) = 8.3mm

char,0 7p

Residual fire resistance of 1st layer:

d 40.0mm-16.6mm-_8.3mm

== = =24.0min
By 0.63mm/ min

Charring depth of the 2nd layer:

d = [, -t =0.86mm/ min- (90.0 min—61.6 min—24.0 min) = 3.8mm

char,0 7¢

Charring depth design value:

daro = 40.0mm+3.8mm=43.8mm
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A 1.3 Determining the notional charring depth of Stora Enso CLT (non-faced)

Assumption:  CLT 180 L5s (lamella structure: 40-30—40-30—-40) as unclad ceiling element; required fire
resistance duration: 90 minutes;

Calculation: Fire resistance of the 1st layer:

d  40.0mm —61.5min

B, 0.65mm/min

Fire resistance of the 2nd layer:

d  25.0mm N 5.0mm

== . — =26.9min
B, 1.3mm/min 0.65mm/min

Charring depth of the 3rd layer:

d = f, -t =1.3mm/ min- (90.0min—61.5min—26.9 min) = 2.lmm

char,0!1

Charring depth design value:

dyar0 = 40.0mm+30.0mm-+ 2. Imm= 72.lmm

Notional charring depth:

d.; =dg.0 +k-dy =72.1mm+1-7.0mm=79.1mm

ef
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A 1.4 Determining the integrity (El) of Stora Enso CLT (faced)

Assumption:  CLT 100 L5s (lamella structure: 30-40-30) as a clad wall element; cladding: 12.5 mm fire
protection plasterboard; required fire resistance duration: 90 minutes;

Calculation: Protection time of the 1st layer (fire protection plasterboard):
Basic protection time: b\ 12.5mm"* :
" tprot,O,GKF =30- F =30- =24.1min
Position coefficient: K osexparr = 1.0

(as fire protection plasterboard is exposed to the fire from the start)

Position coefficient: k =1.0

pos,unexp GKF

(as the next CLT layer is the underlying cladding)

Time difference: Axr =0

(as there is no preceding protective layer)

Joint coefficient: K; orr =1.0

(as fire protection plasterboard with sealed joints)

Protection time: t +At) -k,

proti = (tprot,o,i . kpos,exp,i : kpos,unexpj

oo = (24.1min-1.0-1.0+0)-1.0 = 24. 1min

Protection time of the 2nd layer (1st CLT layer):

1.1
Basic protection time: Eproocrnt =30.(&] :30.(

Position coefficient: K

46.9 min
kpos,exp,CLTl = 05 . 241mm = 0698
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Position coefficient: k =1.0

pos,unexp CLT1

(as the next CLT layer is the underlying cladding)

Time difference: At =0.22-t ~0.1-t,, +4.7

proti-1

Ateyz, =0.22-24.1min—0.1-46.9min+4.7 = 5.3min

Joint coefficient: Ko =1.0

(as this is a multiple layer solid wood panel)

Protection time: Eorot = tororos *Kpoexpi * Kposunerps +A6) K

tororcen = (46.9min-0.698-1.0+5.3min) 1.0 =38.0min

Protection time of the 3rd layer (2nd CLT layer):

40.0mm
20

1.1 1.1
Basic protection time: Eorococrrs = 30[hj = 30.[ ) = 64.3min
roR 20

Position coefficient: k

f64.3min
kPosexp,CLTz =0.5- 62.1min =0.509

Position coefficient: k

=1.0

pos,unexp CLT2
(as the next CLT layer is the underlying cladding)
Time difference: Acir =0

(as no gypsum plasterboard or gypsum fibreboard as the preceding layer)

Joint coefficient: L5 LAY

(as this is a multiple layer solid wood panel)

Protection time: t +AL) K,

proti = (tprot,O,i . kpos,exp,i : kpos,unexpi

€rorcurs = (64.3min-0.509-1.0+0)-1.0 = 32.7 min
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Protection time of the 4th layer (3rd CLT layer):

30.0mm

20 20

Position coefficient: Kk —05. / Lo
S ztprol,i—l
33.5min
kpos,exp,CLTS = 05 . m = 0297

Time difference: Acirs =0

14 1.4
Basic insulation time: tinsocm=19'[hp‘ij :19.[_ ) =33.5min

(as there is no gypsum plasterboard or gypsum fibreboard as the preceding layer)

Joint coefficient: LS e L)

(as this is a multiple layer solid wood panel)

Insulation time: +At)-k;;

tins,i = (tins,O,i . kpos,expi

e curs = (33.5min-0.297 +0)-1.0 = 10.0min

Time until failure or the separating function:

tins = throt,i—l +tins,i

t,. =94.8min+10.0min =104.8 min

Verification:

104.8 min =90 min

This verification demonstrates that the structure described above has a fire resistance of El 90.
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Annex 2 — Information on the residual cross-section and integrity of Stora Enso CLT
components

The values specified and calculated in tables 16—19 are based on the following conditions:

R criterion:

» The notional residual cross-section calculated (in millimetres) according to the CLT component and the
required fire resistance are based on the charring rates confirmed by the statement of expert opinion for
Stora Enso CLT in accordance with [33], the failure times confirmed by the statement of expert opinion
for fire protection plasterboard cladding on Stora Enso CLT in accordance with [35] (for direct cladding),
the failure times for fire protective cladding in accordance with [25] (for cladding with service cavities), the
calculation according to [22] and the assumption of one-sided charring.

» During the mathematical determination of the notional residual cross-section, in addition to the charring
depth, the zero-strength and stiffness layer k, x dp must also be taken into account.
(According to [26] with regard to [22]: dp= 7 mm)

» Residual cross-sections of lamellas which are < 3 mm thick are not used in the remaining calculations.
(Lamellas/layers concerned by this regulation are indicated with M in the following tables.)

» If the charring or char line is in a structurally non-load-bearing position, the residual strength of this
position is shown in brackets.
When determining the structural residual cross-section, this is taken into account or subtracted for the
non-load-bearing lamellas/layers affected by exposure to fire.

» Lamellas/layers in the main load-bearing direction are shown in bold in the following tables.

El criterion:

> Integrity calculated depending on the CLT component and the required fire resistance is determined
according to [25] or [9] or [4].
The integrity values in the following tables concern the verification in the area of element. If the
component under investigation is composed of several individual elements, the verification must also be
performed in the area of element joints, whereby a different result is obtained due to the assumption of a
corresponding joint coefficient.
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A 2.1 Calculated residual cross-section and integrity of CLT wall structures (non-faced)

CLT wall elements (non-faced)

Original cross-section R criterion El
criterion
Calculated notional residual cross-section after | Structu Cal-
30 minutes’ exposure to fire ral culated
CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]
80 C3s 20,0 | 40,0 | 20,0 0,0 | 34,1) | 20,0 54,1 20,0 72 > 30
90 C3s 30.0 | 30.0 | 30.0 41 | 30.0 | 30.0 64.1 64.1 81>30
100 C3s 30.0 | 40.0 | 30.0 41 | 40.0 | 30.0 74.1 741 95 > 30
120 C3s 40.0 | 40.0 | 40.0 141 | 40.0 | 40.0 941 941 | 114>30
100 C5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 | 14.1) | 20.0| 20.0 | 20.0 74.1 60.0 73 >30
120 C5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 41| 20.0| 20.0| 20.0 | 30.0 941 94.1 90 > 30
140 C5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 | 14.1| 20.0 | 20.0 | 20.0 | 40.0 | 114.1 114.1 | 111 >30
160 C5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 14.1| 20.0 | 40.0 | 20.0 | 40.0 | 134.1 134.1 | 129 >30

Calculated notional residual cross-section after | Structu Cal-
60 minutes’ exposure to fire ral culated
CLT Lamella structure Lamella structure Resid. | resid. integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]
80 C3s 20,0 | 40,0 | 20,0 00| 8,7 | 20,0 28,7 20,0 72 > 60
90 C3s 30.0 | 30.0 | 30.0 0.0 | (12.3) | 30.0 42.3 30.0 81 > 60
100 C3s 30.0 | 40.0 | 30.0 0.0 | 22.3) | 30.0 52.3 30.0 95 > 60
120 C3s 40.0 | 40.0 | 40.0 0.0 | 35.2)| 40.0 75.2 40.0 | 114 >60

100 C5s | 20.0 | 20.020.0 | 200200 ©0.0] 00| 87| 200| 20.0 48.7 487 | 73>60
120 C5s | 30.0 | 20.0 | 20.0 | 20.0 | 30.0 00| W0.0| 20.0| 20.0| 30.0 70.0 70.0 | 90>60
140 C5s | 40.0 | 20.0 | 20.0 | 20.0 | 40.0 | 0.0 (152 | 20.0 | 20.0 | 40.0 95.2 80.0 | 111 >60
160 C5s | 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 0.0 | (15.2)| 40.0| 20.0| 40.0| 1152 | 100.0 | 129 > 60

Calculated notional residual cross-section after | Structu Cal-
90 minutes’ exposure to fire ral culated
CLT Lamella structure Lamella structure Resid. | resid. integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]
80C3s | 20,0 | 40,0 | 20,0 0,0 0,0 P0,0 0,0 00| 72<90
90 C3s 30.0 | 30.0 | 30.0 0.0 0.0 | 16.5 16.5 16.5 81 <90
100 C3s 30.0 | 40.0 | 30.0 0.0 0.0 | 26.5 26.5 26.5 95 > 90
120 C3s 40.0 | 40.0 | 40.0 0.0 | (10.2) | 40.0 50.2 40.0 | 114 >90

100 C5s | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 0.0 00| o0.0| 20.0 20.0 200 | 73<90
120 C5s | 30.0 | 20.0 | 20.0 | 20.0 | 30.0 0.0 0.0 0.0 | (16.6) | 30.0 46.6 30.0| 90=90
140 C5s | 40.0 | 20.0 | 20.0 | 20.0 | 40.0 0.0 0.0 10.2| 20.0| 40.0 70.2 70.2 | 111>90
160 C5s | 40.0 | 20.0 | 40.0 | 20.0 | 40.0 0.0 0.0 30.2| 20.0| 40.0 90.2 90.2 | 129 >90

Table 16: Calculated residual cross-section and integrity of non-faced CLT wall structures
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Fire protection of CLT

ANNEX

A 2.2 Calculated residual cross-section and integrity of CLT wall structures with a single layer of
plasterboard (12.5 mm) on the fire-exposed side of the component

CLT wall elements (with a single layer of plasterboard)

Original cross-section R criterion El
criterion
Calculated notional residual cross-section after | Structu | Calculat
30 minutes’ exposure to fire ral ed
CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]
80 C3s 20,0 | 40,0 | 20,0 8,6 | 40,0 | 20,0 68,6 68,6 89 > 30
90 C3s 30.0 | 30.0 | 30.0 18.6 | 30.0 | 30.0 78.6 78.6 93 > 30
100 C3s 30.0 | 40.0 | 30.0 18.6 | 40.0 | 30.0 88.6 88.6 | 104 > 30
120 C3s 40.0 | 40.0 | 40.0 28.6 | 40.0 | 40.0 108.6 108.6 | 123 > 30

100 C5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 86| 20.0| 20.0 | 20.0 | 20.0 88.6 88.6 84 > 30
120 C5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 | 186 | 20.0 | 20.0 | 20.0 | 30.0 | 108.6 108.6 | 101 > 30
140 C5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 | 28.6 | 20.0 | 20.0 | 20.0 | 40.0| 128.6 128.6 | 121 > 30
160 C5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 286 | 20.0 | 40.0 | 20.0 | 40.0 | 148.6 148.6 | 137 > 30
Calculated notional residual cross-section after | Structu | Calculat

60 minutes’ exposure to fire ral ed

CLT Lamella structure Lamella structure Resid. | resid. | integrity

panel [mm] [mm] cross- | Cross- [min.]

type section | section

[mm] [mm]

80 C3s 20,0 | 40,0 | 20,0 0,0 29,0 20,0 49,0 20,0 89 > 60

90 C3s | 30.0 | 30.0 | 30.0 "o.0| 30.0] 30.0 60.0 60.0 | 93>60
100 C3s | 30.0 | 40.0 | 30.0 0.0 40.0| 30.0 70.0 70.0 | 104 > 60
120 C3s 40.0 | 40.0 | 40.0 10.1 40.0 | 40.0 90.1 90.1 | 123 >60

100 Cb5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 9.00| 20.0| 20.0| 20.0 69.0 60.0 84 > 60
120C5s | 30.0 | 20.0 | 20.0 | 20.0 | 30.0 | V0.0 | 20.0 | 20.0 | 20.0 | 30.0 90.0 90.0 | 101 >60
140 Cbs 40.0 | 20.0 | 20.0 | 20.0 | 40.0 10.1 20.0 | 20.0| 20.0| 40.0 110.1 110.1 | 121 >60
160 Chs 40.0 | 20.0 | 40.0 | 20.0 | 40.0 10.1 20.0 | 40.0| 20.0| 40.0 130.1 130.1 | 137 > 60
Calculated notional residual cross-section after | Structu | Calculat

90 minutes’ exposure to fire ral ed

CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] [mm] cross- | Cross- [min.]

type section | section

[mm] [mm]

80 C3s 20,0 | 40,0 | 20,0 0,0 3,7 | 20,0 23,7 20,0 89 <90
90 C3s 30.0 | 30.0 | 30.0 00| &.5 | 30.0 35.5 30.0 93 > 90
100 C3s 30.0 | 40.0 | 30.0 0.0 | (15.5 | 30.0 45.5 30.0 | 104 >90
120 C3s 40.0 | 40.0 | 40.0 0.0 | 29.2 | 40.0 69.2 40.0 | 123 >90

100 C5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 0.0 3.7 | 20.0 | 20.0 43.7 43.7 | 84<90
120 C5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 0.0 0.0 | 15,5 | 20.0 | 30.0 65.5 65.5 | 101 >90
140 C5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 00| 92| 20.0| 20.0 | 40.0 89.2 80.0 | 121 >90
160 C5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 00| 92| 40.0| 20.0| 40.0 | 109.2| 100.0 | 137>90

Table 17: calculated residual cross-section and integrity of CLT wall structures with a single layer of plasterboard (12.5 mm)
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Fire protection of CLT

ANNEX

A 2.3 Calculated residual cross-section and integrity of CLT wall structures with service cavity (50 mm.
rock fibre) and a single layer of plasterboard (12.5 mm) on the fire-exposed side of the component

CLT wall elements (with a service cavity insulated with rock fibre and a single layer of plasterboard)

Original cross-section R criterion El
criterion
Calculated notional residual cross-section after | Structu | Calculat
30 minutes’ exposure to fire ral ed
CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]
80 C3s 20,0 | 40,0 | 20,0 20,0 | 40,0 | 20,0 80,0 80,0 90 > 30
90 C3s 30.0 | 30.0 | 30.0 30.0 | 30.0 | 30.0 90.0 90.0 93 > 30
100 C3s 30.0 | 40.0 | 30.0 30.0 | 40.0 | 30.0 100.0 100.0 | 105> 30
120 C3s 40.0 | 40.0 | 40.0 40.0 | 40.0 | 40.0 120.0 120.0 | 124 > 30

100 C5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 100.0 100.0 85 > 30
120 C5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 | 30.0 | 20.0 | 20.0 | 20.0 | 30.0 | 120.0 120.0 | 101 > 30
140 C5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 | 40.0| 20.0 | 20.0| 20.0 | 40.0| 140.0 140.0 | 122 > 30
160 C5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 160.0 160.0 | 138 > 30
Calculated notional residual cross-section after | Structu | Calculat

60 minutes’ exposure to fire ral ed

CLT Lamella structure Lamella structure Resid. | resid. | integrity

panel [mm] [mm] cross- | Cross- [min.]

type section | section

[mm] [mm]

80 C3s 20,0 | 40,0 | 20,0 0,0 | 20,5 | 20,0 40,5 20,0 90 > 60

90 C3s 30.0 | 30.0 | 30.0 0.0 | 20.5 | 30.0 50.5 30.0 93 > 60
100 C3s 30.0 | 40.0 | 30.0 0.0 | 30.5 | 30.0 60.5 30.0 | 105 >60
120 C3s | 40.0 [ 40.0 | 40.0 0.0 | 40.0 | 40.0 80.0 80.0 | 124 > 60

100C5s | 20.0 | 20.0 [ 20.0 [ 20.0 [ 200| 0.0 "0.0| 20.0| 20.0] 20.0 | 60.0 60.0 | 85>60
120 C5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 0.0 | 105 | 20.0| 20.0| 30.0 80.5 70.0 | 101 >60
140 C5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 | 0.0 | 20.0 | 20.0 | 20.0 | 40.0 | 100.0 100.0 | 122 > 60
160 C5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 0.0 | 20.0 | 40.0 | 20.0 | 40.0| 120.0 120.0 | 138 > 60
Calculated notional residual cross-section after | Structu | Calculat

90 minutes’ exposure to fire ral ed

CLT Lamella structure Lamella structure Resid. | resid. | integrity

panel [mm] [.mm] cross- | Cross- [min.]

type section | section

[mm] [mm]

80 C3s 20,0 | 40,0 | 20,0 0,0 0,0 | 14,7 14,7 14,7 90 =90

90 C3s 30.0 | 30.0 | 30.0 0.0 0.0| 26.5 26.5 26.5 93 > 90
100 C3s 30.0 | 40.0 | 30.0 00| 6.5 | 30.0 36.5 30.0 | 105>90
120 C3s 40.0 | 40.0 | 40.0 0.0 | 20.2) | 40.0 60.2 40.0 | 124 >90

100 C5s | 20.0 | 20.0 | 20.0 | 200 [ 20.0| 0.0 00| 0.0 14.7)| 20.0 34.7 20.0| 85<90
120C5s | 30.0 | 20.0 [ 20.0 | 200 30.0| 0.0/ 00| 6.5| 20.0| 30.0 56.5 56.5 | 101 > 90
140 C5s | 40.0 | 20.0 | 20.0 | 20.0 | 40.0 00| 0.0| 20.0| 20.0| 40.0 80.0 80.0 | 122>90
160 C5s | 40.0 | 20.0 | 40.0 | 20.0 | 40.0 00| W0.0| 40.0| 20.0| 40.0| 100.0| 100.0 | 138 > 90

Table 18: calculated residual cross-section and integrity of CLT wall structures with a service cavity (50 mm) and plasterboard (12.5 mm)
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Fire protection of CLT

ANNEX

A 2.4 Calculated residual cross-section and integrity of CLT ceiling structures (non-faced)

CLT ceiling elements (non-faced)

Original cross-section R criterion El
criterion
Calculated notional residual cross-section after | Structu | Calculat
30 minutes’ exposure to fire ral ed
CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]

100 L5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 | (13.5| 20.0 | 20.0 | 20.0 73.5 60.0 73 > 30
120 L5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 35| 20.0| 20.0 | 20.0 | 30.0 93.5 93.5 90 > 30
140 L5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 | 13.5| 20.0 | 20.0| 20.0 | 40.0| 113.5 113.5 | 111 >30
160 L5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 | 13.5| 20.0 | 40.0| 20.0 | 40.0| 133.5 133.5 | 129 > 30
180 L5s 40.0 | 30.0 | 40.0 | 30.0 | 40.0 | 135| 30.0| 40.0| 30.0| 40.0| 153.5 153.5 | 143> 30
200 L5s 40.0 | 40.0 | 40.0 | 40.0 | 40.0 | 135 | 40.0 | 40.0| 40.0| 40.0| 173.5 173.5 | 160 > 30
Calculated notional residual cross-section after | Structu | Calculat

60 minutes’ exposure to fire ral ed
CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] [mm] cross- | Cross- [min.]
type section | section
[mm] [mm]

100 L5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 0.0 0.0 | (14.8) | 20.0 34.8 20.0 73 > 60
120 L5s 30.0 | 20.0 | 20.0 | 20.0 | 30.0 0.0 00| 149 | 20.0| 30.0 64.9 64.9 90 > 60
140 L5s 40.0 | 20.0 | 20.0 | 20.0 | 40.0 0.0 | (14.00| 20.0 | 20.0 | 40.0 94.0 80.0 | 111 >60
160 L5s 40.0 | 20.0 | 40.0 | 20.0 | 40.0 0.0 | (14.00| 40.0 | 20.0 | 40.0 | 114.0 100.0 | 129 > 60
180 L5s 40.0 | 30.0 | 40.0 | 30.0 | 40.0 0.0 | 24.00| 40.0| 30.0 | 40.0 | 134.0 110.0 | 143 > 60
200 L5s 40.0 | 40.0 | 40.0 | 40.0 | 40.0 0.0 | 34.00| 40.0 | 40.0 | 40.0 | 154.0 120.0 | 160 > 60
Calculated notional residual cross-section after | Structu | Calculat

90 minutes’ exposure to fire ral ed
CLT Lamella structure Lamella structure Resid. | resid. | integrity
panel [mm] .mm] cross- | Cross- [min.]
type section | section
[mm] [mm]
100 L5s 20.0 | 20.0 | 20.0 | 20.0 | 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 73 <90

120L5s | 30.0 | 20.0 [ 20.0 [ 20.0 /300 00| 00| 0.0| 00| 257 257 257 | 90290
140L5s | 40.0 | 200 20.0] 200|400 00| 00| 0.0] (158 | 40.0 55.8 40.0 | 111>90
160 L5s | 40.0 | 20.0 | 40.0 | 20.0 | 40.0| 0.0| 0.0] 15.8| 20.0 | 40.0 75.8 75.8 | 129 > 90
180 L5s | 40.0 | 30.0 | 40.0 | 30.0 | 40.0] 0.0| 0.0 30.7| 30.0| 40.0| 100.7| 100.7 | 143> 90
200 L5s | 40.0 | 40.0 | 40.0 | 40.0 | 40.0 00| Wo0.0| 40.0| 400 | 40.0| 120.0| 120.0 | 160 > 90

Table 19: calculated residual cross-section and integrity of non-faced CLT ceiling structure
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