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1 Introduction 
The European Commission has a strong interest on the development of the Eurocodes 
to achieve a further harmonisation of design rules in Europe and the revision process 
of all Eurocodes has started 2015. The second generation of the Eurocodes is expected 
to be published starting from 2025. The main objectives of the revision are the im-
provement of the Ease-of-Use of the Eurocodes for practical users, the reduction of 
National Determined Parameters and the further harmonisation and inclusion of state-
of-the-art. After an intensive discussion within CEN/TC 250 it was defined that the Eu-
rocodes are addressed to competent civil, structural and geotechnical engineers, typi-
cally qualified professionals able to work independently in relevant fields [1]. 

This paper provides an overview to the CEN Enquiry draft of the European design 
standard EN 1995-1-2 entitled Eurocode 5: Design of timber structures — Part 1-2: 
Structural fire design [2]. The revision work of the Eurocode 5, fire part (EN 1995-1-2 
[3]) was performed by a Project Team (PT), which consisted of Andrea Frangi (chair, 
ETH), Alar Just (TalTech), Norman Werther (TU Munich), Jouni Hakkarainen (Eurofins), 
Joachim Schmid (ETH), and additional members from 2021 – Harald Krenn (KLH), Re-
naud Blondeau (Stora Enso) and Gordian Stapf (Henkel). 

Basis for the drafting work are extensive documents, reports and publications with the 
update state-of-the-art with regard to the structural fire behaviour and fire design of 



 

timber structures, e.g. the European Technical Guideline “Fire safety in timber build-
ings” [4] or the reports prepared in the frame of the concluded COST Action FP1404 
[5-7]. The PT started its work in June 2018 and reported regularly to the Working Group 
WG4 of CEN/TC250/SC5, which is responsible for the revision of EN 1995-1-2. During 
the last years, the PT prepared three drafts, which were reviewed by the WG4 and 
commented by the national standardisation bodies. The first draft (May 2019, 75 
pages) received 265 comments, the second draft (Mai 2020, 134 pages) 624 comments 
and the third draft (November 2020, 138 pages) 364 comments. The final draft of EN 
1995-1-2 was submitted at the end of August 2021 and received 396 comments. The 
CEN Enquiry of the document will start in September 2023, the publication will be at 
the end of 2025. 

2 Structure of prEN 1995-1-2 
The structure of prEN 1995-1-2 follows the harmonised logic of all fire parts of the 
second generation of Eurocodes. The structure and also the first four chapters for all 
fire parts of the Eurocodes are written by TC250 "Horizontal Group Fire". This has re-
sulted in a harmonised structure, which increases the ease-of-use. Table 1 provides an 
overview of the structure of prEN 1995-1-2 [2] and a comparison with the current EN 
1995-1-2 [3]. The principle of a three-stage possibility of verification levels with differ-
ent levels of complexity and accuracy, which is already known from other Eurocodes, 
is now also fully established for timber construction. Thus, in the future there are 

• tabulated design data (Chapter 6), 

• simplified design methods (Chapter 7) and 

• advanced design methods (Chapter 8) 

In addition to the principles for simplified design models already known in the current 
EN 1995-1-2 and the basics for numerical simulation models, Chapter 6 in prEN 1995-
1-2 lists for the first time fire-tested construction and predefined characteristic values 
(such as the protection time (tprot) of panels or the effective height of the cross-section 
for cross-laminated timber with typical lay-ups defined by the industry). In this way, 
the user is given a very simple and efficient way for the verification of the fire re-
sistance. Despite the increased scope of regulations and the expansion of the scope of 
application, the structure adapted in this way should enable a simple application. 
  



 

Table 1 Comparison of the content and structure between prEN 1995-1-2 and EN 1995-1-2 

EN 1995-1-2:2004 prEN 1995-1-2:2023 

1 General 1 Scope 

 - 2 Normative references 

 - 3 Terms, definitions and symbols 

2 Basis of design 4 Basis of design 

3 Material properties 5 Material properties 

4 Design procedures for mechanical re-
sistance 6 Tabulated design data 

5 Design procedures for wall and floor as-
semblies 7 Simplified design methods 

 - 8 Advanced design methods 

6 Connections 9 Connections 

7 Detailing 10 Detailing 

Annex A: Parametric fire exposure Annex A: Design of timber structures exposed 
to physically based design fires 

Annex B: Advanced calculation methods Annex B: Assessment of the bond line integrity 
in fire 

Annex C: Load-bearing floor joists and wall studs 
in assemblies whose cavities are completely filled 
with insulation 

Annex C: Determination of the basic charring 
rate 

Annex D: Charring of members in wall and floor 
assemblies with void cavities 

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

Annex E: Analysis of the separating function of 
wall and floor assemblies 

Annex E: Assessment of external flaming 

Annex F: Guidance for users of this Eurocode Part Annex F: Assessment of the failure time of fire 
protection systems 

- Annex G: Implementation rules for the Separat-
ing Function Method 

- Annex I: Design model for timber frame assem-
blies with I-shaped linear timber members 

- Annex M: Material and product properties for 
the design with EN 1995-1-2 

- Annex T: Determination of temperature in tim-
ber members 

 

 



 

3 Improvements of prEN 1995-1-2 
3.1 European Charring Model 

Charring has extensively been dealt with and the current model (in the future renamed 
as the European Charring Model) has been generalised considering the different 
phases of protection and the different modification factors for charring in a more sys-
tematic way. Furthermore, the charring model clearly distinguishes two cases (bond 
line integrity maintained or not maintained during the fire exposure), see Figure 1. Sup-
plementary guidance for the assessment of the bond line integrity in fire is given in 
Annex B. 

 

 
Key: 

dchar,n - notional charring depth 
t - time 
tch - start time of charring 
tf,pr - failure time of the fire protection system 
ta - consolidation time 

101 Encapsulated phase (Phase 0) 

111 Normal charring phase (Phase 1) 

121 Protected charring phase (Phase 2) 

131 Post-protected charring phase (Phase 3) 

141 Consolidated charring phase (Phase 4) 

Figure 1: Phases for timber members according to the European charring model 

Time limits between phases for initially protected timber members are defined by the 
start time of charring tch, the failure time (or fall-off time) of the fire protection system 
tf,pr and the consolidation time ta. For structures with bond line integrity not main-
tained, the fall-off time of charred layers tf,i is considered.  

The start time of charring tch will be designed according to the Separating Function 
Method. The fall-off time tf,pr is one of the most important parameters influencing the 
fire resistance of initially protected timber structures, especially concerning timber 



 

members with small cross-section. In the new Eurocode, the failure times (defined as 
fall-off times) of different panels, including gypsum plasterboard Type A and F and gyp-
sum fibreboards, are given with simplified equations based on a large data base of fire 
tests [8, 9], see Table 2. Moreover, for the fire design it is possible to use failure times 
based on full-scale fire tests performed according to EN 13381-7 [10]. 
Table 2 Failure time tf of panels initially exposed to fire 

Panels 

Vertical Horizontal 

𝒕𝒕𝒇𝒇  
[min] 

𝒉𝒉𝒑𝒑  
[mm] 

𝒕𝒕𝒇𝒇  
[min] 

𝒉𝒉𝒑𝒑  
[mm] 

G
yp
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m

 p
la

st
er
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Type F, 
one layer 

𝑡𝑡𝑓𝑓 = 4,6 ⋅ ℎ𝑝𝑝 − 25 9 ≤ ℎ𝑝𝑝 ≤ 18 𝑡𝑡𝑓𝑓 = 1,3 ⋅ ℎ𝑝𝑝 + 9 9 ≤ ℎ𝑝𝑝 ≤ 18 

Type F, 
two layers 
or 
Type Fa + A 

𝑡𝑡𝑓𝑓 = 4,4 ⋅ ℎ𝑝𝑝 − 50 25 ≤ ℎ𝑝𝑝 ≤ 36 𝑡𝑡𝑓𝑓 = 1,5 ⋅ ℎ𝑝𝑝 + 15 25 ≤ ℎ𝑝𝑝 ≤ 36 

Type A, one 
layer 

𝑡𝑡𝑓𝑓 = 2,1 ⋅ ℎ𝑝𝑝 − 6 9 ≤ ℎ𝑝𝑝 ≤ 18 𝑡𝑡𝑓𝑓 = 2,1 ⋅ ℎ𝑝𝑝 − 9 9 ≤ ℎ𝑝𝑝 ≤ 18 

Type A,  
two layers 

𝑡𝑡𝑓𝑓 = 1,8 ⋅ ℎ𝑝𝑝 − 4 25 ≤ ℎ𝑝𝑝 ≤ 36 𝑡𝑡𝑓𝑓 = 1,7 ⋅ ℎ𝑝𝑝 − 13 25 ≤ ℎ𝑝𝑝 ≤ 36 

Gypsum fibreboards, 
one layer 

𝑡𝑡𝑓𝑓 = 3,8 ⋅ ℎ𝑝𝑝 − 21 9 ≤ ℎ𝑝𝑝 ≤ 18 𝑡𝑡𝑓𝑓 = 1,3 ⋅ ℎ𝑝𝑝 + 7 9 ≤ ℎ𝑝𝑝 ≤ 18 

Gypsum fibreboards, 
two layers 

𝑡𝑡𝑓𝑓 = 3,7 ⋅ ℎ𝑝𝑝 − 42 25 ≤ ℎ𝑝𝑝 ≤ 36 𝑡𝑡𝑓𝑓 = 1,3 ⋅ ℎ𝑝𝑝 + 14 25 ≤ ℎ𝑝𝑝 ≤ 36 

where 
ℎ𝑝𝑝 is the thickness of the single panel or the total thickness of multiple panels, in mm. 
a Type F directly exposed to fire. 

 

The temperature increase behind gypsum plasterboards backed by insulation occurs 
faster and the fall-off of the board occurs earlier. Hence, the fall-off from a timber sur-
face like CLT may be delayed due to decreased heat transfer and distance between 
fasteners. Thus, when the fire protection system is applied to plane timber members, 
for timber frame assemblies with void cavities and for linear timber members (e.g. 
beams and columns), the values according to Table 2 are conservative and may be 
increased. 

The protective properties of clay and lime plaster have been investigated experimen-
tally and numerically. The fall-off of time of clay plaster depends on the fixation as well 
as the adhesion between clay and the fastening system. Fixation of clay plaster onto 



 

CLT can be excellent and, therefore, clay plaster offers good protection to the timber 
structure [11]. 

Notional design charring rates in different phases and for different types of members 
will be calculated using applicable modification factors: 

 𝛽𝛽𝑛𝑛 = �𝑘𝑘𝑖𝑖 ⋅ 𝛽𝛽0 (1) 

where 

𝛽𝛽𝑛𝑛 is the notional design charring rate within one charring phase, in mm/min 

𝛽𝛽0 is the basic design charring rate, in mm/min 

ik∏  is the product of applicable modification factors for charring 

 

3.2 Effective Cross-Section Method 

As simplified design method only the current Reduced Cross-section Method (in the 
future renamed as Effective Cross-section Method) is given. The current Reduced 
Properties Method was deleted. The Effective Cross-section Method was revised ex-
tensively and its use extended to all common structural timber members, including 
cross-laminated timber panel (CLT), timber frame assemblies and timber-concrete-
composite elements (TCC) [12-16]. 

According to the effective cross-section method, the initial cross-section of a timber 
member is decreased by a notional charring depth and by a zero-strength layer depth 
from the respective sides (see Figure 2). The strength (and stiffness) properties of the 
effective cross-section will not be decreased for the fire situation. The heating effect is 
taken into account by a zero-strength layer depth, which has extensively been studied 
and revised [17-19]. For cross-laminated timber, the calculation of the effective cross-
section takes into account the load-bearing and non-load bearing layers. 

Fahrni [36-37] conducted an extensive reliability-based code calibration for initially un-
protected timber members in fire. From this study, it is concluded that a partial factor 
should be introduced on the charring rate, which is by far the most important param-
eter for the fire design of timber members. However, to keep the same format as the 
current standard, the partial (modification) factor kfi for a strength or stiffness property 
for the fire situation can be used leading to the same result as the introduction of an 
additional, new partial factor on the charring rate. Further, Fahrni showed that the 
current description of the load-bearing resistance is not conservative particularly for 
short fire resistances (e.g. 30min) in comparison to advanced thermal and mechanical 
simulations of timber members subjected to bending which were validated with fire 
resistance tests. The increase of the zero-strength layer depth from 7 to 10mm allows 
a good calibration of the code for bending timber members in standard fire. As 



 

simplification, a constant value for the zero-strength layer over the time (for fire re-
sistances up to R120) represents an adequate accuracy. For timber members subjected 
to compression (including buckling) a value of 14mm for the zero-strength layer depth 
seems to be enough accurate considering material properties and support conditions. 
As simplification, it is recommended to use the value of 14mm for the zero-strength 
layer depth as default value for linear timber members. However, for linear timber 
members (beams and columns) subjected predominantly to tension or bending the 
value of zero-strength layer depth may be assumed as 10mm. 

The current informative Annexes C (timber frame assemblies with filled cavities) and D 
(timber frame assemblies with void cavities) have extensively been improved and 
moved to the main part of prEN 1995-1-2. Further, the revised content is normative. 
The design model for timber frame assemblies with filled cavities is based on the Ef-
fective Cross-section Method and allows considering the performance of different 
types of insulation (mineral wool, cellulose, wood fibre, etc.). The performance of the 
insulation can be evaluated with small-scale fire tests and assessed in 3 different pro-
tection level according to the new Annex D. 

 

  

a) Linear member exposed from 4 sides b) Member of a timber frame assembly exposed 
from 1 side 

Key 
1 fire exposed side(s) or fire exposed perime-

ter 
2 border-line of the residual cross-section 
3 border-line of the effective cross-section 

 

𝒅𝒅𝒆𝒆𝒇𝒇 - effective charring depth 

𝒅𝒅𝒄𝒄𝒉𝒉𝒄𝒄𝒄𝒄,𝒏𝒏 - notional charring depth 

𝒅𝒅𝟎𝟎 - zero-strength layer depth 

𝒃𝒃𝒆𝒆𝒇𝒇 - width of the effective cross-section 

𝒉𝒉𝒆𝒆𝒇𝒇 - depth of the effective cross-section 
Figure 2 Examples of the effective cross-sections 

 



 

3.3 Separating Function Method 

The current informative Annex E (Component additive method) for the verification of 
the separating function has extensively been improved and moved to the main part of 
the EN 1995-1-2. The revised content is normative and the design method for separat-
ing function has been extended to 120 minutes fire resistance [20-23]. 

The heat path through the timber members or other materials as panels and insula-
tions maybe calculated by taking the contribution of each layer into account starting 
from the fire exposed side (see Figure 3). Total insulation time of an assembly is the 
sum of contributions of all layers. Generic values for protection times are given for 
wood-based products, gypsum boards, clay and lime plasters, mineral wool and cellu-
lose based insulation materials and as well as cement-based screed. The method is 
open to include new materials or products using the procedure in the new Annex G. 

  
 Key:   
 1 Fire exposed side  
 2 Unexposed side  
 3 Panels as protective layers  
 4 Panel as insulating layer (last layer n)  
 5 Timber member as protective layer  
 6 Cavity (insulation or void) as protective layer  

Figure 3: Definition of layers for the Separating Function Method 

The coefficients of the design method (basic values, correction time as well as position 
coefficients) were calculated by extensive finite element thermal simulations based on 
physical models for the heat transfer through separating multiple layered construction. 
The material properties used for the finite element thermal simulations were cali-
brated and validated by fire tests performed on unloaded specimens at Empa (Swiss 
Laboratories for Materials Testing and Research) in Dübendorf using ISO fire exposure. 
The design method was verified with full scale fire tests showing that the improved 
model is able to predict the fire resistance of timber assembly safely. All details with 
regard to the development and validation of the design method can be found in [38]. 
The developed design method significantly improves the current design method 



 

according to EN 1995-1-2 and permits the verification of the separating function of a 
large number of common timber assemblies.  

3.4 Connections 

The calculation method for connections was extended and enhanced. Improved rules 
for the fire design of connections up to 120 minutes fire resistance are given based on 
extensive experimental and numerical analysis. The rules given in prEN 1995-1-2 are 
applied to laterally loaded symmetrical connections (timber-to-timber and steel-to-
timber connections) with nails, screws, dowels or bolts, designed for normal tempera-
ture in accordance with prEN 1995-1-1 (see Figure 4). Laterally loaded connections in-
clude typical tensile connections and shear connections (e.g. beam-column connec-
tions). Furthermore, tabulated design data is included allowing a simple fire design of 
connections [24-28] (see Table 3 and Figure 5). 

  
a) Timber-to-timber connection b) Steel-to-timber connection 

Figure 4: Examples of connections 

 
Table 3 Geometric requirements for steel-to-timber connections with dowelsa and two slotted-in steel 
plates 

 



 

 
Figure 5: Example of geometric requirements for steel-to-timber connections with dowels and two 
slotted-in steel plates (example for 3x5 dowels) 

3.5 Detailing 

The rules for detailing were extended and enhanced. In addition to rules for panels 
and insulation (dimensions, spacings, fixation, etc.), rules for joints in and between 
elements and to other adjacent components as well as rules for penetrations and 
openings are given. E.g. Table 4 gives the maximum spacings between fasteners. 
Table 4 Perimeter spacing between fasteners for the fire exposed layer of wood-based panels, wood 
panelling, gypsum plasterboards and gypsum fibreboardsa 

Staples Nails Screws 

Wall Ceiling Wall Ceiling Wall Ceiling 

Maximum spacing of fasteners for wood-based panels and wood panelling 

150 150 150 150 250 250 

Maximum spacing of fasteners for gypsum plasterboards 

80 80 120 120 250 170 

Maximum spacing of fasteners for gypsum fibreboards 

200 150 200 150 250 200 
a Internal spacing may be increased to twice the values given in the table, but not more than 300 mm. 



 

3.6 Annex A: Design for physically based fires 

Physically based fires are of more general nature than standardised time-temperature 
fire exposure developed as comparative measure, typically used for the fire resistance 
testing and classification of components, respectively. When (structural) timber sur-
faces are fire exposed in a compartment fire, they contribute to the fire dynamics. 
Consequently, structural timber elements may influence the growth, the duration, the 
maximum temperature and the cooling phase including the likelihood of burnout (un-
derstood as auto-extinguishment). Thus, depending on the amount of exposed struc-
tural timber, the heat release of the structure should be considered. 

For the design of timber structures exposed to physically based design fires, improved 
rules and design methods have been developed and are given in Annex A [29, 30]. De-
sign methods for any temperature-time curve including the parametric fires are given. 
According to prEN 1995-1-2 Annex A, timber structures can be analysed for burnout 
considering the contribution of the structural fire load to the total fire load. This cre-
ates new possibilities for design of fire resistance of large and tall timber buildings for 
a large range of design fire scenarios. 

 

3.7 Annex B: Assessment of the bond line integrity in fire 

To evaluate the performance characteristic of the bonding in case of fire, two test 
methods were introduced in Annex B. Consequently, examination is possible of the 
surface bonding of timber layers and the finger-jointing in the flanges of web beams 
[31]. 

For surface bonding, it is known that the falling off of charring layers leads to an in-
creased charring rate, cf. figure 2. This phenomenon can be investigated experimen-
tally by measuring the temperature rise between the layers. However, experience with 
temperature measurements has shown that the evaluation of the surface bonding via 
temperature is only feasible with correctly installed temperature sensors (highly con-
ductive thermocouples in low conductive substrate), whereby the correct installation 
of the thermocouple is often difficult [32]. In addition, misinterpretations have fre-
quently occurred in the past when evaluating temperature measurements. For this 
reason, the mass loss of the timber specimens as a result of the fire exposure was con-
sidered as a simple and alternative way to describe the behaviour of the surface bond-
ing in case of fire [33]. This method was further investigated and tested in the research 
project GLIF (Glue Line Integrity in Fire). Due to the observed large scatter of the results 
in the different fire labs, it was decided to choose the measured charring rate as a 
criterion. 

Further, it is proposed to test the test specimen with a reference specimen made of 
glulam with vertically oriented lamellae. Thus, a direct comparison is possible and the 
influence of the furnace is reduced. The assessment of the bond line integrity in fire is 



 

performed using the mean charring rate of the test specimen 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑠𝑠𝑝𝑝𝑚𝑚𝑠𝑠𝑖𝑖𝑚𝑚𝑚𝑚𝑛𝑛 and the 
reference specimen 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑟𝑟𝑚𝑚𝑓𝑓𝑚𝑚𝑟𝑟𝑚𝑚𝑛𝑛𝑠𝑠𝑚𝑚  in accordance with Table 5. 

Table 5 Assessment of the bond line integrity in fire based on the mean charring rate of the test spec-
imen 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑠𝑠𝑝𝑝𝑚𝑚𝑠𝑠𝑖𝑖𝑚𝑚𝑚𝑚𝑛𝑛 and the reference specimen 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑟𝑟𝑚𝑚𝑓𝑓𝑚𝑚𝑟𝑟𝑚𝑚𝑛𝑛𝑠𝑠𝑚𝑚 

Bond line integrity maintained 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑠𝑠𝑝𝑝𝑚𝑚𝑠𝑠𝑖𝑖𝑚𝑚𝑚𝑚𝑛𝑛 ≤ 1,05 ⋅ 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑟𝑟𝑚𝑚𝑓𝑓𝑚𝑚𝑟𝑟𝑚𝑚𝑛𝑛𝑠𝑠𝑚𝑚 

Bond line integrity not maintained 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑠𝑠𝑝𝑝𝑚𝑚𝑠𝑠𝑖𝑖𝑚𝑚𝑚𝑚𝑛𝑛 > 1,05 ⋅ 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛,𝑟𝑟𝑚𝑚𝑓𝑓𝑚𝑚𝑟𝑟𝑚𝑚𝑛𝑛𝑠𝑠𝑚𝑚 

On the other hand, for the assessment of finger-joints in the flanges of web beams in 
case of fire, a test method was introduced in Annex B with small test specimens that 
are exposed to constant high temperature. The test method was developed as part of 
the FIRENWOOD research project and calibrated with fire tests. Based on the test re-
sults, the finger joints are divided into three performance classes, which are taken into 
account in the design for the fire case [34, 35]. 

 

4 Conclusion and outlook 
Even if the completion of the work on prEN 1995-1-2 with the years 2025 still seems 
far away and the associated national annexes and additional supporting documents 
will probably not be available until 2027, the essential changes are already known. It is 
obvious that the second generation of EN 1995-1-2 closes the gaps of the current 
EN 1995-1-2 and, above all, enables new areas of application and will, thus, enable a 
safe and economical design of timber structures in case of fire. 

It is also clear that the scope of the standard has been growing due to the necessary 
consideration of new products, the demand for more accurate design and the increase 
of available design approaches. Despite this, a central focus is on maintaining and even 
increasing the ease-of use through restructuring, homogenisation and simplified meth-
ods. Nevertheless, similar to the change over to the first generation of EN 1995-1-2, 
an additional learning and training process will be necessary, which should start before 
the final publication. 

 

  



 

5 References 
[1] Kleinhenz M., Winter S., Dietsch P. (2016), Eurocode 5 – A halftime summary of 

the revision process, Proceedings of 14th World Conference on Timber Engi-
neering (WCTE), August 22-25, 2016, Vienna, Austria. 

[2] EN 1995-1-2 (Eurocode 5): Design of timber structures — Part 1-2: Structural 
fire design, CEN Enquiry, 2023. 

[3] EN 1995-1-2 (Eurocode 5) (2010): Design of timber structures, Part 1-2: General 
– Structural fire design, CEN, Brussel. 

[4] Östman B. et al.: Fire safety in timber buildings Technical Guideline for Europe. 
SP Technical research Institute of Sweden, Wood Technology. SP Report 
2010:19. Stockholm, Sweden. 

[5] Just A., Schmid J. (eds): Improved fire design models for Timber Frame Assem-
blies – Guidance document, COST Action FP1404, Zürich, Switzerland, 2018. 

[6] Klippel M, Just A (eds): Guidance on Fire design of CLT including best practice, 
COST Action FP1404, Zürich, Switzerland, 2018. 

[7] Brandon D., Kagiya K., Hakkarainen T.: Performance based design for mass tim-
ber structures in fire – a design example, COST Action FP1404, Zürich, Switzer-
land, 2018. 

[8] Just A, Schmid J and König J (2010), Gypsum Plasterboards Used as Fire Protec-
tion - Analysis of a database,” SP Report: 2010:29, Stockholm, Sweden. 

[9] Just A., Kraudok K., Schmid J., Östman B. (2015), Protection by gypsum plaster-
boards - state of the art, Proceedings of the 1st European Workshop Fire Safety 
of Green Buildings, October 6-7, 2015, Berlin. 

[10] EN 13381-7:2019, Test methods for determining the contribution to the fire re-
sistance of structural members - Part 7: Applied protection to timber members, 
CEN, Brüssel. 

[11] Liblik J., Just A. (2017), Design parameters for timber members protected by clay 
plaster at elevated temperatures. Proceedings of the INTER Meeting 50, Kyoto, 
Japan. Karlsruhe: Forschungszentrum Karlsruhe, 375-389, 2017. 

[12] Klippel M., Schmid J., Frangi A. (2016), Fire Design of CLT, Proceedings of the 
Joint Conference of COST Actions FP1402 and FP1404, March 10-11, 2016, 
Stockholm, Sweden. 

[13] Klippel M., Schmid J. (2017), Design of cross-laminated timber in fire, Structural 
Engineering International, 27 (2), 224−230. 

[14] Just A., Tiso M. (2016), Improved fire design model for timber frame assemblies, 
Proceedings of INTER Meeting, August 16-19, 2016, TU Graz, Graz, Austria. 



 

[15] Tiso M., Just A. (2017), Fire protection provided by insulation materials – new 
design approach for timber frame assemblies, Structural Engineering Interna-
tional, 27 (2), 231−237. 

[16] Frangi A., Knobloch M., Fontana M. (2010), Fire design of timber-concrete com-
posite slabs with screwed connection, Journal of Structural Engineering (ASCE) 
2010; 136: 219–228. 

[17] Klippel M., Schmid J., Frangi A. (2012), The Reduced Cross-section Method for 
timber members subjected to compression, tension and bending in fire, Pro-
ceedings of CIB-W18 Meeting, August 27-30, 2012, Växjö, Sweden. 

[18] Schmid J., König J., Just A. (2012), The reduced cross-section method for the de-
sign of timber structures exposed to fire-background, limitations and new devel-
opments, Structural Engineering International 2012; 22: 514−522. 

[19] Schmid J., Klippel M., Just A., Frangi A. (2014), Review and analysis of fire re-
sistance tests of timber members in bending, tension and compression with re-
spect to the Reduced Cross-Section Method, Fire Safety Journal 2014; 68: 
81−99. 

[20] Frangi A., Schleifer V., Fontana M. (2010), Design model for the verification of 
the separating function of light timber frame assemblies, Engineering Structures 
2010; 32: 1184–1195. 

[21] Mäger K. N., Jus, A., Frangi A. and Brandon D. (2017), Protection by Fire Rated 
Claddings in the Component Additive Method. Proceedings of CIB-W18 Meeting 
Kyoto, Karlsruhe Institute of Technology, pp. 439-451. 

[22] Mäger K. N., Just A. and Frangi A. (2018), Improvements to the Component Ad-
ditive Method. Proceedings of Conference Structure in Fire. Belfast, UK, 6-8 June 
2018, Ulster University, pp. 283-290. 

[23] Rauch, M. (2022), Beurteilung der raumabschließenden Funktion brandbean-
spruchter Holzbauteile mittels einer "Component Additive Method". Doctoral 
thesis. TUM Munich. 

[24] Palma P., Frangi A. (2016), A framework for finite element modelling of timber 
connections in fire, Proceedings of 9th International Conference on Structures in 
Fire, June 8-10, 2016, Princeton University, Princeton, USA. 

[25] Palma P., Frangi A. (2016), Fire design of timber connections – assessment of 
current design rules and improvement proposals, Proceedings of INTER Meet-
ing, August 16-19, 2016, TU Graz, Graz, Austria. 

[26] Audebert, M., Dhima, D., Bouchaïr, A., Frangi, A. (2019), Review of experimental 
data for timber connections with dowel-type fasteners under standard fire ex-
posure, Fire Safety Journal, 107, pp. 217–234. 



 

[27] Audebert M., Dhima D., Bouchaïr A. (2020), Proposal for a new formula to pre-
dict the fire resistance of timber connections, Engineering Structures, 204, 
110041. 

[28] Audebert M., Dhima D., Bouchaïr A., Pinoteau N. (2021), Simplified Design 
Method for Fire Resistance of Timber Connections, Journal of Structural Engi-
neering (United States), 147(12), 04021221. 

[29] Werther, N.: „Einflussgrößen auf das Abbrandverhalten von Holzbauteilen und 
deren Berücksichtigung in empirischen und numerischen Beurteilungsverfah-
ren“, Lehrstuhl für Holzbau und Baukonstruktion, Ingenieurfakultät Bau Geo 
Umwelt, Technische Universität München, 11/2016. 

[30] Schmid J., Frangi A. (2021), Structural Timber In Compartment Fires – The Tim-
ber Charring and Heat Storage Model, Open Eng. 11:435–452. 

[31] Just A., Aicher S., Nurk J L., Henning, M. (2022), Influence of temperature re-
sistance of bond lines on charring of glulam beams. 55th Meeting of the Interna-
tion-al Network on Timber Engineering Research (INTER 2022), Bad Aibling, Ger-
many.  

[32] Fahrni R., Schmid J., Klippel M., Frangi, A. (2018), Correct temperature measure-
ments in fire exposed wood, World Conference on Timber Engineering WCTE, 
Seoul, Republic of Korea. 

[33] Klippel M., Schmid J., Fahrni R., Kleinhenz M., Frangi A. (2019), Vorschlag einer 
Standardprüfmethode für Brettsperrholz im Brandfall, Bautechnik, 96(11): 824–
831. 

[34] Mäger K N., Just A., Sterley M., Olofsson, R. (2021), Influence of adhesives on 
fire resistance of wooden i-joists. 2021. Proceedings of World Conference on 
Timber Engineering 2021 (WCTE 2021). 

[35] Nurk J L., Just A., Sterley M. (2022), Small-scale experimental investigations with 
engineered wood in fire. Proceedings of 3rd Forum Wood Building Baltic. Riga, 
Latvia 2022. 

[36] Fahrni R. (2021), Reliability-based code calibration for timber in fire. Doctoral 
thesis. ETH Zürich, Switzerland. 

[37] Fahrni R., Frangi A. (2021), Reliability improvements of the fire design for the re-
vision of Eurocode 5. 54th Meeting of the Internation-al Network on Timber En-
gineering Research (INTER 2021), Online. 

[38] Schleifer V. (2009), Zum Verhalten von raumabschliessenden mehrschichtigen 
Holzbauteilen im Brandfall, Doctoral thesis. ETH Zürich, Switzerland. 


