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ABSTRACT: Engineered wood products e.g. cross-laminated timber (CLT) and glued-laminated timber (glulam) are 
increasingly used as the material of choice for mid-rise to tall construction timber projects. However, the requirements 
to manufacture these timber elements are considerably different among countries and, consequently, do have an 
influence on their fire performance. Requirements for sizes of the boards, allowed knot sizes and structural adhesives, 
among others, are of particular interest. Specifications for multiple jurisdictions are undergoing significant 
development, with recent and proposed changes to guidance documents. The present paper gives an overview of the 
production requirements for CLT and glulam in different countries and discusses how the requirements affect the fire 
performance of these products. Laminated veneer lumber (LVL) is also briefly discussed. It is found that the main 
difference in requirements influencing the fire safety are the various specifications of adhesives, while other factors are 
either not sufficiently quantified or do not vary much between jurisdictions. 
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1 INTRODUCTION 123 
The global interest in engineered bio-based products has 
seen a steady increase over the past two decades. This 
has been manifested by expanded research and 
commercial activities. As most bio-based products are 
combustible, the quantification of their structural 
behaviour in fire has been paramount to the development 
of acceptable levels of safety for the use of bio-based 
products in buildings. Specific research focus has been 
especially on the use of glued-laminated timber (glulam) 
and cross-laminated timber (CLT) for increasingly taller 
office or residential buildings. An example of CLT use 
in construction is shown in Figure 1. Historically the 
permitted height for buildings with exposed mass timber 
has been restricted in most jurisdictions [1]. 
Research on the fire performance of glulam and CLT is a 
global effort and both are generally treated as a singular 
product. However, as they are engineered wood products 
(EWPs), there will be inherent differences between them 
based on their components and their end-use conditions. 
                                                           
1 School of Engineering, University of Edinburgh, UK, 
f.wiesner@ed.ac.uk, 
2 ETH Zürich, Switzerland 
3 FPInnovations, Canada 
4 Timber Development Association (NSW) Limited, Australia 
5 Linnaeus University, Sweden 
6 Southwest Research Institute, USA 
7 Building Research Institute, Japan 
 

Different raw materials, configuration and design 
philosophies are some of the reasons for the 
development of different requirements to produce 
engineered wood products in different parts of the world. 
This means that the comparison of these products is 
somewhat difficult since a given EWP from one country 
is most likely different than that of another country. 
Therefore, this paper aims to summarize the 
requirements for CLT and glulam from different 
countries and explain how the key differences possibly 
influence the fire safety of these products in the built 
environment. The main research focus is on CLT and 
glulam, since they generate significant global interest. A 
short overview over Laminated Veneer Lumber (LVL) is 
given as well. 
 
2 INVESTIGATION 
The relevant standards for the use of laminated timber 
products have been collated and investigated in order to 
identify the basic manufacturing requirements for these 
products. Due to its paramount importance for the 
acceptance of bio-based materials, the focus was on 
parameters that influence the fire performance of timber 
products. The results presented herein stem from an 
international collaborative effort, which was undertaken 
to provide a detailed comparison between regional 
requirements. The investigation is limited to standard 
fire exposure according to ISO 834 [2] or equivalent 
regional standards and to solid EWPs like CLT, glulam 
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and (in part) LVL, while other EWPs like I-joists are not 
included. Manufacturing standards for glulam and CLT 
were reviewed and in the next step evaluated among 
others with respect to different materials, layups and 
dimensions. In the following, the results are briefly 
summarised and discussed. A tabular overview for CLT 
and glulam is given in Table 1 and Table 2 respectively 
across applicable jurisdictions. 
 

 
Figure 1: Typical full-scale CLT element at a building site 
(Photo B Östman) 
 
3 CROSS LAMINATED TIMBER 
Europe, North America (Canada & USA) and Japan 
currently provide some form of guidance for the 
manufacture and design of CLT. For Australia and New 
Zealand CLT is currently not explicitly addressed and 
there are no plans to address this in relevant standards. 
 
3.1 DIMENSIONS 
The overall thickness for CLT is specified as 500 mm in 
Europe [3] (see Figure 2) and Japan [4] and 508 mm (20 
inch) in North America [5]. Since the structural fire 
resistance of CLT without encapsulation is determined 
from the sacrificial char layer, a final thickness 
essentially defines an upper bound for the possible fire 
resistance duration. Additionally, the typical lamella 
thickness can sometimes be significantly different. For 
example, in North America a typical CLT layup is 
composed of lamellas with a thickness of 35 mm, 
European CLT usually has a lamella thickness between 
20 and 30 mm and in Japan the typical thickness of 
lamina (lamella) is 30 mm. Since the lamella thickness 
influences the charring behaviour of these products 
(when face-bonded with heat delaminating adhesives), 
this difference is of importance when evaluating the 
structural fire resistance.  
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Figure 2: Cross-laminated deck or wall plate with spacing 
between lamellae of the transversal layers [6] 

 
 
The thickness of lamellae and their arrangement can 
influence the structural fire performance for CLT 
exposed to fire from one side (as would be typical in 
most design situations). If a high proportion of fibres 
parallel to the main stress direction is located close to the 
fire exposure, then the overall load resistance of CLT is 
compromised at a faster rate [7]. 
 
3.2 LAMINATION SET-UP 
In Europe, the gap width between CLT boards should be 
limited to 6 mm or less. It is assumed that a gap width of 
maximum 2 mm does not change the charring behaviour, 
whilst those between 2 and 6 mm result in an increased 
charring rate [8]. An increased gap width may allow hot 
gases and flames to penetrate between boards and locally 
accelerate the heating and charring of timber behind the 
gap, potentially causing higher charring rates. No gap 
tolerance is specified for the production requirement in 
North America [5].  
 
3.3 DENSITY 
In Europe and Japan, the required density of the boards 
is not prescribed explicitly [3], while for the North 
American market, the boards of CLT shall have a mean 
specific density of at least 350 kg/m3 [5]. Although in 
Europe the minimum mean specific density for strength 
grading of timber boards is also 350 kg/m3, thereby 
implicitly limiting timber used above this value.  
 
3.4 ADHESIVES 
EN 16351 [3] identifies the following adhesives for use 
in CLT manufacture: (1) phenolic and aminoplastic 
adhesives (MF, MUF, PRF, UF), (2) one-component 
polyurethane (1C PUR) and (3) emulsion polymer 
isocyanate (EPI) adhesives. In Europe, no specific 
regulation is made for the performance in fire, although 
the maximum test temperature for adhesive properties is 
set at 90 °C in EN 301, EN 15425 and EN 16254 to 
allow for elevated temperature conditions. A new test 
method is being developed for Europe to assess the 
adhesive performance for CLT exposed to fire [9], which 
will rely on the mass loss of the CLT member due to the 
progression of the charring process. 
  



 
Table 1: Overview of most relevant CLT requirements 
  

 Europe USA & Canada Japan 

General 
information 

If not stated otherwise the guidance is taken from EN 
16351 (2015) [3]. This standard can only be used as 

technical reference. A valid version is expected in 2019. 

If not stated otherwise the guidance is taken from 
ANSI/APA PRG 320 (2018) [10] 

If not stated otherwise the guidance is taken 
from JAS, Notification No. 3079 of  the 

Ministry of Agriculture, Forestry and Fisheries 
(MAFF, 2018) [4] 

Timber layers 
requirements 

Each layer should uniformly conform to one strength 
class and be between 6 and 45 mm thick (exception for 

three ply CLT applies, where the inner layer can be up to 
60 mm thick). The overall thickness of the CLT is 

limited to 500 mm. Minimum 3 plies 

Minimum specific gravity of 0.35. 
Lamination thickness to be between 16 and 51 mm. 

Thickness shall not vary within any 
layer/lamination. 

Lamination thickness to be between 12 and 50 
mm. Thickness of each lamina shall be equal 

in principle; 
3-9 plies 

Strength class 
and 

determination 
of mechanical 

properties 

Characteristic values for some mechanical properties are 
given without testing being required. E.g. the density can 

be calculated as 10% above the density of the lowest 
graded timber layer in the CLT. In addition, EN 384 [11] 

should be used to determine mechanical properties. 

Minimum grade for major strength direction should 
be visual grade No 2, and visual grade No. 3 for 

transverse layers. 
All softwood species referenced in Chapter 10 of 
NDS [12] (USA) and those stipulated in Clause 8 

of CSA 086 [13] (CAN) are allowed. 

All CLT timber is graded individually, either 
by machine, visual or proof grading. 

Glue line/ 
Adhesive tests 

Specific standards for each adhesive type to be used. The 
two most common ones are Melamine Urea 

Formaldehyde (MUF) and polyurethane (PUR). 
Standardised testing procedures for adhesives are 

outlined. Maximum testing temperature is 90 °C [14, 
15]. EPIs are also allowed. 

Both edge bonded and non-edge bonded timber layers 
are possible. 

A small-scale flame test shall be conducted on CLT 
specimens made of 20-mm thick laminations. The 
test is successful if the total delamination length is 

3 mm or less, when determined from digital 
imagery analysis. Moreover, adhesives shall not 

cause delamination of a CLT specimen followed by 
fire re-growth and secondary flashover during the 

cooling phase of the 4-hour room fire test described 
in Annex B of ANSI/APA PRG 320. 

Specific standards apply for each adhesive type 
depending on exposure conditions. API, RF 

PRF and MF adhesives are applicable. 
Standardised testing procedures for adhesives 

are given as: immersion delamination test, 
boiling delamination test, vacuum/pressure 

delamination test, block shear test. 
Maximum temperature in tests is 103 °C. 

Fire Design of 
CLT 

No official design model for CLT explicitly. Fire Safety 
in Timber Buildings Handbook [8] advises on standard 
fire design.  Reduced cross-section method with various 
zero strength layers (ZSL) [16]. A new fire design model 

is under development and will be implemented in the 
new version of EN 1995-1-2, expected for 2022. 

NDS for Wood Construction [12] and CSA 086 
[13] give specific guidance on calculation 

procedures to determine the fire resistance, bot 
utilising a reduced cross section method. 

Notification No.203 [17]   and No.255 [18] of 
the Ministry of Land, Infrastructure, Transport 
and Tourism (MLIT) give a tabular overview 

of required sacrificial thickness in fire 

 



 
Table 2: Overview of most relevant glulam requirements 
 

 Europe USA & Canada Australia & New Zealand Japan 

General information 
If not stated otherwise the 
guidance is taken from EN 

14080 (2013) [19] . 

If not stated otherwise the guidance is taken from 
ANSI A190.1 (for US) [20] or CSA O122 and CSA 

O177 (for Canada) [21, 22] 

The main performance 
requirements are specified in 
AS/NZS 1328.1  (1998) [23] 
and AS/NZS 1328.2  (1998) 

[24] 

If not stated otherwise the 
guidance is taken from JAS, 
MAFF Notification No.1587 

(2012) [25] 

Timber layers 
requirements 

Proportion of allowed 
layer thickness and 

strengths depends on 
targeted strength class. 
One species to be used 

throughout the member. 

Lamination thickness shall not exceed 51 mm for 
each layer in the US [20] and 50 mm for Canada 

[21]. 

Standard widths and lamination 
thicknesses given. Specific 

thicknesses to be calculated for 
curved members 

Lamination thicknesses shall 
not exceed 50 mm. Up to 

60mm can be used if validated 
calculation simulations are 

employed 

Strength class and 
determination of 

mechanical properties 

Tabular values may be 
used if recommendations 
on layer requirements are 

followed. Otherwise 
mechanical properties may 

be determined using EN 
408 [26] 

All laminations to be graded individually, either by 
machine, visual or proof grading. 

Strength class requirements 
differentiation between inner 
and outer zones (outer 15% of 

overall thickness). 

All laminations to be graded 
individually, either by 

machine, visual or proof 
grading [25]. 

Glue line/ Adhesive 
tests 

Same standards as for CLT 
apply to adhesives in 

glulam [14, 15] Maximum 
testing temperature is 

90 °C. 

Performance requirements are outlined in  
ANSI/AITC 405 [27] and CSA O177 [22], which 

refer to ASTM D7247 [28] methodology and target 
temperature at the bond line of 220 °C. A small-

scale flame test shall also be conducted on 
specimens made of 20-mm thick laminations. The 
test is successful if the total delamination length is 

3 mm or less, when determined from digital 
imagery analysis. Alternatively, a full-scale fire 

resistance test can also be conducted for evaluating 
the charring rate. 

Maximum temperature to assess 
delamination is 75 °C. 

Same standards as for CLT 
apply to adhesives in glulam 

(see Table 1) 
Maximum temperature in tests 

is 103 °C. 

Fire Design of glulam 
Reduced cross-section 

method with ZSL of 7 mm 
[29]. 

Reduced cross-section method with ZSL of 7 mm 
for CAN [13]   and 20% increased charring rate for 

US [12] 

Reduced cross-section method 
with ZSL of 7.5 mm (AS 1720.4 

[30] ) 

Refer to Notification No. 203 
[17]   and No. 255 [18] of 
MLIT (same as for CLT) 



 

For the North American market (Canada and US) the bi-
national standard for Performance-Rated Cross-
laminated Timber ANSI/APA PRG 320 [5] makes 
explicit reference to heat performance requirements of 
adhesives in attempt to avoid heat delamination 
characteristics, which may result in an increased rate of 
charring and contribution to fire growth. This standard 
has been updated in 2018 to include two mandatory test 
methods intended to evaluate CLT adhesives used for 
face-bonding: 
 

1. Small-scale flame test to be conducted in 
accordance with Annex A.2 of CSA O177 
glulam manufacturing standard [22] using CLT 
specimens, and 

2.  Full-scale compartment test, as detailed in 
Annex B of ANSI/APA PRG 320. The 
evaluation involves a 4-hour room fire exposure 
of an unprotected and loaded 2.44 × 4.88 m 
CLT ceiling panel.  The thermal environment in 
the room simulates a studio apartment fire.  An 
adhesive passes the test if the CLT does not 
delaminate during the cooling phase of the fire, 
and fire re-growth and secondary flashover are 
not observed.  

 
For Japan, JAS (Japan Agricultural Standard) [4] 
incorporates specific requirements for types of adhesives 
to be used depending on the exposed conditions (similar 
to service class of Eurocode) A to C. Currently, water 
based polymer isocyanate resin adhesives (API/EPI), 
resorcinol resin (RF), resorcinol-phenol resin (PRF) and 
melamine resin (MF) or those having equal to or higher 
performance than the above-mentioned are 
recommended. 
 
3.5 FIRE DESIGN OF CLT 
The majority of structural fire design for timber relies on 
a reduced cross-section method (RCSM). In this 
methodology, a finite amount of heat affected timber is 
assumed to have lost all strength and stiffness and the 
remaining timber section is then assumed to be at 
ambient temperatures. The removed section consists of 
the char depth and heated timber below the char-wood 
interface. A majority of methods (EU, CAN, AUS/NZ) 
lump strength losses of heated timber into a so called 
zero strength layer (ZSL). An overview and comparison 
of multiple verification methods to determine the 
structural fire resistance of timber elements was 
published in [31].  There is currently no design method 
for CLT available in the Eurocode, neither for normal 
temperature design nor for the design in case of fire, 
however, the Fire Safety in Timber Handbook [8] gives 
recommendations for the design of CLT in fire and 
ongoing research projects currently develop fire design 
models (fire resistance criteria) for initially protected and 
unprotected CLT elements [16]. The new EN 1995-1-2 
will contain a fire design model for CLT and most 
probably give tabulated data for specific CLT 
assemblies.  
 

In Canada, CSA O86 [13] Engineering Design in Wood 
implemented structural provisions for normal and fire 
resistance design in 2017. In the US, structural 
provisions for normal and fire design were implemented 
in the 2015 edition of the National Design Specification 
for Wood Construction [12]. 
For Australia and New Zealand there is no design 
method for exposed CLT but for Australia the building 
regulations now include a solution for encapsulated mass 
timber (chemically bonded timber with a minimum 
dimension of 75 mm. i.e. CLT and LVL) for residential 
and office buildings up to a top floor height of 25 m. 
In Japan, specific values of required sacrificial thickness 
in fire for 45 and 60 minutes are given depending on the 
adhesives and thickness of a lamella and end-use of CLT 
[17, 18]. 
 
4 GLUED LAMINATED TIMBER 
4.1 DIMENSIONS 
There are generally no limits placed on the size that 
glulam can be produced to. Nevertheless, rules on 
tolerances and curvature apply and CSA O122 [21] gives 
a list of predefined widths for use in Canada. As opposed 
to CLT, this means that in theory there is no upper limit 
to the fire resistance that can be achieved for glulam 
members. While economic considerations may limit the 
size of glulam elements, they can be increased in size 
(and thereby sacrificial char depth) to provide the 
required fire resistance.  
 
4.2 LAMINATION SET-UP 
Differences in the lamination setup mainly concern the 
distribution of knots and other weaknesses as well as the 
distribution of end joints to avoid the formation of 
localised weak spots (e.g. having end joints at the same 
location along the length of the element). For CAN and 
US, bending and tension tests are to be performed on end 
joints. For bending members, end joints located within 
the outer 1/8 of the total depth on the tension side(s) are 
to be spaced at least 1.80 m apart in the same lamination. 
For tension members, end joints are to be spaced at least 
1.80 m apart in the same lamination. Multiple standards 
[19, 21] require the staggered overlap of horizontal 
lamination edges to create a resulting cross-section with 
effective strength and stiffness properties based on a 
predetermined lamination set-up. While this requirement 
is likely included to avoid an ingress of moisture (with 
reference to service classes), this will also provide a 
level of protection against heat affecting the glue lines. 
In general none of the measures described for the 
lamination set-up have been proposed with fire safety in 
mind, yet they may influence the fire resistance in two 
ways: (1) the progression of charring and heating along 
irregularities, with accelerated charring leading to a 
lower fire resistance and (2) the weakening of the 
structural resistance at ambient due to localised weak 
spots will also reduce the fire resistance. 
 



4.3 DENSITY 
In Australia and New Zealand (AUS/NZ) no specific 
density is prescribed for the production of glulam [23]. 
In Europe the minimum characteristic density should be 
290 kg/m3. The US and Canadian standards on 
manufacture requirements do not specify a minimum 
density but this is implicitly limited through the grading 
requirements. 
 
4.4 ADHESIVES 
As can be seen in Table 2, the adhesives used in Europe, 
AUS/NZ and Japan are qualified at temperatures far 
lower than what could be expected in a fire. The reason 
is that these qualification and routine test requirements 
for glulam members are concerned with delamination in 
non-fire cases due to wet-dry and hot-cold cycles or a 
delamination thereof. In Canada, CSA O177 [22] 
requires that glulam adhesives, other than PRF, are to be 
evaluated using the Annex A.2 small-scale flame test 
and ASTM D7247 [28] at a target bond line temperature 
of 220°C. As an alternative, a full-scale fire resistance 
test can also be conducted for evaluating the charring 
rate of glulam. The US glulam standard ANSI 405 [27] 
also requires ASTM D7247 at a target bond line 
temperature of 220 °C and has recently implemented a 
mandatory small-scale test, the flame test per Annex A.2 
of CSA O177, to provide consistency between Canada 
and the US.  
In Australia and New Zealand the calculation method to 
determine char is limited to phenol, resorcinol, phenol-
resorcinol or polyphenolic adhesives, which are not heat 
sensitive. In general it should also be noted that a high 
testing temperature in small scale tests (as some 
jurisdictions require) at elevated temperature do not 
necessarily increase the level of safety of the full size 
glued member. 
 
4.5 FIRE DESIGN OF GLULAM 
The recommended calculation procedure to determine 
the standard fire resistance of glulam members is very 
similar for Europe, Australia, New Zealand, the US and 
Canada. For all jurisdictions the structural capacity is to 
be assessed from a reduced cross-section with ambient 
strength and stiffness properties. This reduced cross-
section is defined by the char depth and an additional 
depth to account for heated timber (a zero strength layer 
(ZSL)). For Europe, AUS, NZ and Canada the ZSL has a 
fixed value (7 or 7.5 mm), while for the US the heated 
timber is accounted for by a 20% increase of the char 
depth (which also accounts for accelerated charring due 
to corner rounding).  
In Japan, as for CLT, specific values of a required 
sacrificial thickness are given for 45 and 60 minutes fire 
exposure of glulam members, depending on the 
adhesives and thickness of lamellae and the end-use [17, 
18]. 
The Australian calculation method accounts for different 
timber densities. Australian timber supplies have timber 
densities that range from 350 kg/m3 to 1200 kg/m3 
requiring consideration of more than one standard 

charring rate (as is commonly utilised in Europe and 
North America). 
 
5 LAMINATED VENEER LUMBER 

(LVL) 
LVL is a structural composite lumber (SCL) made of 
wood veneers with wood fibres primarily oriented along 
the length of the member, see Figure 3. It is described 
for Europe in the product standard EN 14374 [32] from 
2004, but with limited content. A new version of the 
product standard is expected in 2019. In Japan, the 
product standard for LVL has been revised in 2013 [17]. 
In North America, LVL is to be evaluated per ASTM 
D5456 [33]. For AUS/NZ an extensive suit of Standards 
(AS/NZs 4357 Structural Laminated Veneer Lumber 
[34]) describe general specification, test methods for 
dimension and shape, structural properties and 
formaldehyde emissions.  
 
5.1 DIMENSIONS AND LAMINATION SET-UP 
The minimum number of veneers for LVL in Europe 
shall be five and the maximum veneer thickness 6 mm. 
In North America, the veneer thickness shall not exceed 
6.5 mm (0.25”). No minimum or maximum total 
thickness is defined. No limits on the veneer thickness or 
thickness of the panel are specified for AUS/NZ [34]. 
 
5.2 DENSITY 
In Europe the density of LVL is not directly specified, 
but the veneers shall comply with EN 408 [26] which 
indicates some minimum levels. Density limits will be 
included for some product properties, like reaction to 
fire, in the next version of EN 14374 [32]. For AUS/NZ 
there is no limit on the density that can be used for LVL. 
 
5.3 ADHESIVES 
No adhesives are prescribed for LVL in the present 
version of EN 14374 [32], just the bonding quality, but 
are planned to be basically the same as for CLT in the 
next version of  EN 14374. In North America, adhesives 
must comply with the requirements of ASTM D2559 
[35] (US) and CSA O112 series [36] (Canada). For 
AUS/NZ the adhesive for use in LVL is limited to 
phenol or resorcinol.   
 
5.4 FIRE DESIGN OF LVL 
There is currently no design method for the fire 
resistance of LVL elements available in EN 1995-1-2, 
but guidance will be included in the next version of EN 
14374 [32]. The North American calculation procedures 
for glulam are applicable to LVL (i.e. NDS for US and 
CSA O86 for Canada). For AUS/NZ the design of LVL 
in fire is contained within the general standard for the 
fire resistance determination of timber AS1720.4 [30]. 
The Standard specifies the use of the base density of the 
timber species, not the bulk density of the LVL, to 
determine the charring rate. This is a conservative 
approach and a proposed amendment to the standard will 
allow product manufacturers to derive their own rates of 
charring from standardised fire resistance testing. 



 
Figure 3: Example of LVL element with eight parallel layers. 
 
6 DISCUSSION 
One of the main differences between jurisdictions that 
might have a considerable influence on the fire 
performance of EWPs is the testing methods and the 
conditions of acceptance (e.g. maximum required 
temperature) for the assessment of adhesives. For North 
America, the ASTM D7247 [28] aims at evaluating the 
comparative shear strength of a planar adhesive bond 
line at both normal and elevated temperatures relative to 
the performance of solid wood under the same 
conditions. The target of 220 °C was chosen with the 
objective to evaluate the bond line performance just 
before wood begins to burn and at a temperature level to 
be slightly below the unpiloted ignition temperature. It 
was not intended to assess whether heat delamination 
may occur and/or an increase in charring rate may be 
observed. In Europe, AUS/NZ and Japan the maximum 
temperatures are 90, 75 and 103 °C respectively. These 
temperatures are significantly lower than what could be 
expected in a fire and hint at a different motivation (i.e. 
use at elevated temperatures or seasonally varying 
temperatures). 
In [37] it was shown that those adhesives that are 
certified according to current European standards also 
exhibit sufficient strength in fire, when used in bar-
shaped timber members (glued laminated timber and 
finger-jointed solid timber). The introduction of an 
additional testing method of the adhesives for this 
application might be therefore not be necessary. 
The relevant standards for glued-laminated timber in 
AUS/NZ do not require adhesives to adhere to 
performance requirements in case of fire, but the 
adhesives allowed to be used in manufacture are 
generally not temperature sensitive.  
While there are other differences in the specifications of 
various guidance documents across jurisdictions (e.g. 
lamination thickness), these are either not mandated 
clearly or their influence on the structural fire 
performance is currently not sufficiently quantified to 
allow a direct comparison. Hence, the following 
discussion mostly focuses on adhesive requirements.  
 

6.1 DIFFERENCES BETWEEN SOLID TIMBER 
AND EWPs. 

For solid softwood timber, the assumption of a charring 
rate of 0.65 mm/min has been used for a long time as a 
reliable indicator for the loss of cross-section in timber 
subjected to standard heating curves. This had initially 
been assumed to be valid for CLT as well [38], but has 
been adjusted to account for the possibility of char fall-
off and the potential for accelerated charring at gaps 
between boards [16, 38, 39]. From the analysis presented 
herein it is also clear that there are different EWPs are at 
different levels of development with respect to their 
acceptance and the corresponding guidance within 
various jurisdictions. For example, LVL guidance in 
Europe is at an early stage and will be expanded upon in 
the next few years, while more refined guidance exists 
for LVL in AUS/NZ and Japan. CLT guidance is under 
development globally to address issues with fall off of 
char through improved testing requirements for 
adhesives. These issues have come to light as developers 
have pushed for taller timber buildings which require 
more onerous fire safety specifications. It is likely that 
LVL will see a similar development push of research and 
standards as its popularity for large scale projects 
increases.  
 
6.2 CONSEQUENCES OF CHAR FALL OFF FOR 

DESIGN PHILOSOPHY 
If left exposed timber will contribute fuel to a 
compartment fire, due to its combustibility. After 
ignition the mass loss rate of timber reaches a peak 
before dropping off due to formation of char, which 
slows down pyrolysis. If the external heat flux to a 
charred timber surface is reduced below a critical range, 
auto-extinction of the timber will occur, effectively 
halting its contribution to the fuel load. This concept has 
been proven in theory at small laboratory scale and large 
scale compartment fire experiments [40-43]. For CLT, 
due to its makeup of several crosswise orientated boards, 
the char of individual boards can fall-off at the glue 
lines, causing virgin timber underneath to become 
exposed. This newly exposed virgin timber can reignite 
thereby contributing more fuel to the fire and 
maintaining it. The fall-off phenomenon of CLT can be  
observed in both standard fire resistance tests and natural 
fire exposure [44] and extensive research is ongoing 
worldwide to understand and solve the problem [45]. It 
is expected that this phenomenon may not be observed 
when using CLT manufactured with adhesives not 
exhibiting heat delamination. Research is ongoing to 
further validate this assumption.  
For glulam members char fall-off in fire has not been a 
major concern and this is reflected in the guidance 
documents outlined in Table 2. This can also be 
considered in context of the consequences. Char fall-off 
in glulam members is unlikely to cause secondary 
flashovers as the limited size of glulam columns and 
beams makes it unlikely that they can provide enough 
heat feedback to maintain a fire in the absence of a 
moveable fuel load. However, an increased charring rate 
of the bottom fire exposed lamella of the glulam member 



might lead to a reduction of the fire resistance if fall-off 
of charring layers occurs. 
For LVL, where heat sensitive adhesives are used, the 
fall-off of char might be even more expressed than for 
CLT and dependant on proper bounding due to the much 
thinner wooden layers. 
In Europe the effect of char fall-off of CLT and LVL 
should be considered for the structural fire design and a 
new fire design model which will likely include these 
considerations is under development and will be 
implemented in the new version of EN 1995-1-2, 
expected for 2022. 
In North America, there are no known issues of glulam 
delaminating in fire conditions when adhesives are 
evaluated following current test methods specified in 
either CSA O122 and O177, or ANSI 405. Therefore, it 
is suggested that the current small-scale test methods 
allows for an effective evaluation of heat delamination 
characteristics of adhesives used for face-bonding 
glulam. However, for CLT, previous editions of 
ANSI/APA PRG 320 had less severe requirements for 
adhesives, which could result in fall off of charred 
lamellae. Since its 2018 edition, new performance test 
methods are mandated to eliminate heat delamination. 
The comparison between small-scale and large-scale fire 
tests suggests that the flame test conducted with CLT 
specimens effectively allows for evaluating adhesives 
and eliminates the fall-off of charred lamellae [46, 47]. 
 
7 CONCLUSION 
The manufacturing requirements of various EWPs have 
been collated and assessed with respect to their influence 
on the fire safety of timber members. The main 
difference between jurisdictions with respect to fire 
safety has been found in the qualification requirements 
for the adhesives used for face-bonding laminations. In 
the US and Canada, adhesives for glulam (and 
previously for CLT) must pass qualification testing at a 
temperature of 220 °C and a small-scale flame test. For 
CLT this has been supplemented in 2018 by the 
requirement to pass a small-scale flame test and a 
comprehensive full-scale compartment test method to 
avoid char fall off (heat delamination) in fire. In Europe, 
Australia, New Zealand and Japan the adhesive 
requirements are developed under the consideration of 
hot-cold and wet-dry cycle induced delamination and 
therefore do not take fires into account explicitly, 
thereby increasing the risk of a prolonged fire within a 
timber compartment (although in Australia and New 
Zealand this is unlikely as structural requirements only 
permit adhesives that are not heat sensitive). It can be 
said that, with respect to adhesive performance in fire, 
North America currently displays the furthest developed 
and most onerous requirements for CLT manufacture.  
Different stages of development of the codified guidance 
are identified and more code development is under way 
globally. 
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