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Sammanfattning 

Denna rapport behandlar produkten Korslimmat massivträ (CLT) och dess 
egenskaper gällande brandmotstånd och bärighet. Huvudsyftet med rapporten 
är att kontrollera hur väl en beräkningsmodell för CLT och dess bärförmåga 
fungerar i praktiska reella test under påverkan av brand. För att ta reda på detta 
har en serie med test genomförts där CLT-balkar har utsatts både för 
brandexponering och olika lastpålägg. Två olika serier, med olika dimensioner, 
av CLT har testats. Fyra olika premisser har använts och varierats under 
testerna: Balkarna har utsatts för två olika typer av last, den brandexponerade 
sidan i tryck eller i drag och balkarna har varit utrustade med brandskydd eller 
inte. Testerna har noga dokumenterats och resultaten har sammanställts och 
utvärderats för att kunna jämföras med den teoretiska beräkningsmodell som 
tagits fram av SP Trätek.  

Utvärdering och analys av testerna har gjorts genom att studera balkarna 
angående framförallt inbränning, inbränningshastighet och tröghetsmoment (I). 
Resultaten av provningarna var oftast i linje med det förväntade resultatet, 
alltså den teoretiska beräkningsmodellen. Mindre avvikelser uppstod dock. 
Dessa avvikelser har med största sannolikhet uppstått på grund av externa 
problem med antingen provningsutrustningen eller genomförandet av proverna, 
balkarna uppvisar även individuella variationer som kan ha påverkat 
slutresultatet. 

Under påverkan av brand uppvisar CLT-balkarna samma egenskaper som andra 
laminerade produkter i avseende på inbränningshastighet. Delamination uppstår 
och ger upphov till en snabbare inbränningshastighet, i jämförelse med en 
homogen balk. Även brandexponerade CLT-balkar skyddade med gipsskivor 
har ett beteende som stämmer överrens med hur limträ påverkas under 
brandexponering och med lastpålägg. 

Resultaten av dessa tester kommer att användas i den nya versionen av den 
Europeiska standarden Eurocode 5 och i den tredje upplagan av fackboken 
Brandsäkra trähus.  

Analysen av korslimmat massivträ visade en något mindre inbrännings-
hastighet än förväntat. CLT-balkarnas förmåga att bibehålla sin bärförmåga 
under brandpåverkan visade sig vara korrekt i förhållande till den teoretisk 
beräknade modellen. 

Nyckelord 

Korslimmat massivträ Bärighet Brandmotstånd 

Böj-tester SP Trätek  
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Abstract 

This report deals with the fire resistance of cross-laminated timber (CLT). The 
main purpose is to verify a new model on CLT and its ability to sustain its 
bearing capacity when exposed to fire. To establish this, a series of bending-
tests has been conducted in combination with fire exposure of the CLT. Two 
different series, with different dimensions, of beams were tested (series 1 and 
series 2). Four basic set-ups: CLT in tension or compression, either equipped 
with fire protective covering or not. Results from the tests has been gathered 
and evaluated to verify the theoretical model of the fire resistance. Evaluation 
was made through analysis of the residual cross-sections of the beams 
regarding charring depth and rate and moment of inertia (I). 

Results of the tests verify to a large extent the Design model. External 
problems and variations in the beams themselves caused some deviations. 
Analysis confirmed the CLT as being more similar to other laminated products 
such as Laminated Veneer Lumber (LVL) then homogenous solid beams. Both 
CLT and LVL experience delamination when exposed to fire resulting in an 
increased charring rate. The difference in rate when using Gypsum plaster as a 
protective barrier against the fire exposure is also equal to LVL.  

The results of the report will be used in the new version of the European 
Standard, Euro Code 5 and in the third edition of Fire Safe Timber Buildings. 
Charring rates proved to be less than expected but the CLTs ability to withstand 
fire while keeping its bearing capacity proved to be accurate in comparison to 
the calculated model. 

Keywords 

Cross-laminated timber.  

CLT 

Bearing capacity.  

Fire resistance. 

Bending tests. 
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1 Introduction 

There is a common conception about wooden framed houses saying they are 
more susceptible to fire than any other kind of framed construction such as 
steel or concrete. This conception is highly incorrect. Wooden framed 
constructions can be just as resistant to fire as any other kind of building 
material [1]. 

Since 1994 and the abolition of the national Swedish restricting law regarding 
wooden houses higher than two storeys the market of wooden products has 
expanded. Today cross laminated timber is being used in wooden framed 
houses up to eight storeys, due to its high loading capacity and cost 
effectiveness [1]. 

This report has been conducted at SP Trätek/Wood Technology. It is a part of 
their investigation about cross-laminated timber to gather information which is 
to be used in the European Standard, Euro Code. The focus of the report is to 
verify calculations about CLT (Cross-Laminated Timber) and its load bearing 
abilities in conjunction with fire resistance. This has been done through 
practical tests of CLTs using the model furnace, photo 1. It is also the final 
thesis of the author and the completion of a three-year education in Civil 
Engineering (Byggnadsutformning med arkitektur) at the School of engineering 
at Jönköping University. 

Photo 1 - A CLT mounted in to the model furnace during test 



Introduction 

2 

1.1 Index of abbreviations 

CLT – Cross-laminated Timber 

CO2 – Carbon dioxide 

CS – Cross-section 

Csw – Compression side warm 

KLH – Kreuz Lagen Holz 

LVL – Laminated Veneer Timber 

LPG – Liquefied Petroleum Gas 

MUF – Melamine-urea-formaldehyde 

PUR – Polyurethane 

Rh – Relative humidity 

Tc – Thermo couplings 

Tf – Failure time 

Tsw – Tension side warm 
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1.2 Purpose and aim 

1.2.1 Purpose of the report 

The purpose of this report is to verify the Design model introduced by 
J. Schmid and J. König at SP Trätek/Wood technology. The model deals with 
CLT regarding its bearing capacity during fire. The extracted information about 
the CLT will be used when compiling a European guidebook dealing with 
wooden houses and resistance to fire. Also the information will be used in the 
new edition of the Nordic handbook: “Fire Safe Timber Buildings”. It may also 
be implemented into coming European standards. The Design model has been 
developed due to the limitations of the present “EN 1995-1-2” which does not 
allow for CLTs being exposed to fire to be calculated. 

The report is a part of an international project being funded by Vinnova and the 
WoodWisdom-network. More information about these companies can be found 
on their respective websites: www.vinnova.se and www.woodwisdom.net 

The emphasis of the report will be on the bearing capacity of cross laminated 
timber when exposed to fire. Through a series of practical tests and analyses 
the calculations will be confirmed and determined to establish if the results are 
validated. The report will analyse the tests regarding charring and charring rate, 
and it will deal with moment of inertia (I). The report should also work as a 
thorough documentation of the tests carried out and how the beams were 
equipped, an important part to be able to continue the research and establish 
faults in method or implementation. 

Two different products has been tested, the first series (series 1) consist of 
CLT-beams measuring 150 mm x 150 mm (height x width) and the second 
series (series 2), dimensions 95 mm x 150 mm. Do the products behave as they 
are expected to? Does this correspond to the expected results? If not, why? 
What kind of external influences can have interfered with the results? 

1.2.2 Aim of the report  

The aim is to verify the calculations by tests to confirm the expected behaviour 
and fire resistance of the CLTs. This will be done through bending test and 
analysis. The Design model and its theoretical calculations will be compared to 
the actual results. The beams will be analysed regarding charring and charring 
rate. 
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1.3 Limitations 

The report will deal with the bearing capacity (R) of CLT when exposed to a 
one-dimensional standard fire (see figure 6). It will not address issues 
concerning integrity (E) or insulation (I) of a building. All three parameters (R, 
I and E) are fundamental issues when dealing with fire resistance of a whole 
building [1].  

The emphasis will be on the CLT’s bearing capacity during fire and in some 
aspects the difference in protection when applying a protective barrier against 
the fire. Protection will be in the form of Gypsum plaster boards. It is only how 
the CLT’s bearing capacity and behaviour is different when protected by 
Gypsum plaster that is of interest for the report. The report does not deal with 
different kinds of Gypsum plaster boards, how they should be fastened, what 
kind of screws should be used etc in a building to achieve the best results. 

With all kinds of laminated timber there is always some sort of bonding agent 
keeping the different layers together. The report will not deal with this in detail 
and there will not be any kind of test regarding different types of bonding 
materials. However results may indicate faults in the CLTs caused or affected 
by the bonding agent. This will then be stated but no further investigation will 
be conducted.  

The report will only briefly explain how the Design model was produced but it 
will graphically compare the Design model to the actual results. 

Furthermore the density and moisture content is of importance for the 
behaviour of the CLTs. Unfortunately the time constraints of this project did 
not allow for this data to be put in to the report. Both aspects will be analysed 
further on which will enhance the authentication of the tests and the whole 
project. 

The CLTs being used in this report are delivered by two different companies 
and the two series are of different dimensions. In an actual building the CLT-
beams would not be used one by one. They would be connected forming a 
building system allowing the beams to work together. This report and the 
Design model do not aim to address how the CLTs would work in a whole 
building. The structural system of a building may very well be changed during 
an event of fire e.g. bracing of a member may fail in the fire situation [2]. This 
report does ad another important criterion when designing a building, how long 
different dimensions can withstand and keep their characteristics when exposed 
to fire. 

The two companies delivering the beams are not mentioned by name in the 
report due to confidentiality. The two series are instead referred to as series 1 
and series 2. 
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1.4 Disposition 

First of all the report will give a theoretical background of CLT. It will give a 
short description of how much and what kind of information that exists today 
about this product. Furthermore the report will describe the product in more 
detail and its characteristic behaviour needed to be able to conduct the analysis 
of its behaviour.  

This report will carefully describe the tests being conducted to both types of 
CLTs, i.e. how they were tested, and how they were equipped. The following 
will state what kind of loads (tension or compression) the beams were 
subjected to and how long they could withstand before eventually reaching 
collapse. At collapse the CLT looses all of its bearing capacity resulting in 
failure. There will then follow an analysis of the CLTs regarding charring rate, 
moment of inertia and failure mode, i.e. what type of failure the beam suffered. 
All information and data will be compiled. The results derived from these test 
will be analysed to give a reliable answer to the purpose of the conducted 
experiments, a verification of the calculations regarding the load bearing 
capacity of CLTs when subjected to fire.
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2 Theoretical background 

There is much information to be found about fire and timber constructions. 
Reports, books and other publications can be found in abundance about the 
construction and fire resistance of solid timber and Laminated Veneer Lumber 
(LVL). More and more information about CLT can be found as well. So far 
though the information about CLT are still just in reports, which are very 
specific about what they are investigating, and do not give overall information 
about the product. 

To understand the basics about wooden houses and its fire protection the 
Nordic handbook “Fire safe timber buildings” was studied [1]. This book 
contains and reproduces in a very understandable way the history about 
wooden houses in Sweden and the other Nordic countries. Among other things 
it states different ways to protect a wooden house from fire, distinction between 
framed wooden houses and buildings that only uses wood as a panel element 
for the facade without it being the load bearing element. It presents well known 
facts which have been and still are standard for Sweden and a big part of the 
rest of Europe. However it does not address issues concerning CLT. It will deal 
with this in future publications. Still “Fire Safe Timber Buildings” has proved 
to be a very reliable source of information when it comes down to the basic 
undisputable facts about the characteristics of timber framed houses. 

 

2.1 General about fire and timber 

2.1.1 The European Standards - Eurocode 

The idea of the Eurocodes is to bring all the nations of the European Union 
together under one and same legislation. The work towards this goal began as 
early as 1975 [3]. The Codes are made to ensure safe structural design of 
buildings and other constructions throughout the EU by giving standards about 
the dimensions of load bearing elements in the building. There are 10 
categories in Eurocode, the one of most practical relevance to this report is “EN 
1995-1-2: Design of timber structures”. This category also contains information 
about how timber reacts when exposed to fire. So far each country has been 
allowed to keep their own version of the Eurocodes, i.e. Individual countries 
have been allowed to set some parameters of the code by themselves through 
their government. This is called Nationally Determined Parameters (NDP) [4]. 
The NDPs though are being used as a transition to give countries time to adapt 
the proper code and from 2010 the use of all conflicting national standards will 
be withdrawn and will no longer be an option [3].  
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2.1.2 Limitations of Eurocode  

The investigation of this report is needed to complement the present Eurocodes. 
There are pieces of information missing in the code when dealing with wood 
and more research in this area is needed. There is no information about CLT 
and its behaviour, neither about load bearing parameters or fire resistance. 

2.1.3 Fire model 

A natural fire spreads through a structure in three different phases. Starting 
with the initial phase, when the fire ignites and develops. How fast it increases 
is dependant on what kind of material and fabrics are being used in the 
building. Usually the initial phase has a short time span and the fire grows 
rapidly, the fire then reaches flashover which occurs at approximately 600°C. 
All combustible materials in the building are now a part of the fire. The 
temperature increases until it reaches a full developed fire and temperatures 
around 800°C – 1200°C. This is a very critical phase for the structure regarding 
its bearing capacity. Immediately after the fully developed fire the temperature 
begins to decay [1]. The general development of a fire in a building can be seen 
in figure 1. 

Initial phase

Furnishing
and finish 
material

Framed construction

Temperature

Flashover

Decay

Time

 

Figure 1 – General development of a building fire [1]. 
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When designing a building the different parts of a building are calculated one 
by one independent of each other. Cross-laminated timber though is calculated 
and dimensioned through trials [1]. The European Standard “EN 1995-1-2” 
gives three different alternatives for verification of the structural stability of a 
building [5]: 

1. Member analysis 

The different parts are regarded on the basis of its individual characteristics and 
properties. 

2. Analysis of different parts of the structure 

Reactions at supports, internal forces and moments at boundaries are taken into 
account. 

3. Global structural analysis 

Focusing on failure modes, material properties and stiffness, thermal 
expansions and deformations 
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2.2 Previous investigations 

SP Trätek/Wood Technology has made a lot of research regarding timber 
framed constructions and how timber is affected when exposed to fire. Since 
1994, and the change in Swedish laws there has been big changes. The 
environmental issue of using timber in construction is one major factor for its 
development. At the Mid University in Östersund, Sweden research has been 
conducted about the carbon dioxide emissions caused by construction. The 
investigation has compared a concrete framed building to a wooden framed 
one. Results show the wooden framed as highly beneficial regarding 
environmental impact and CO2-emissions [6] 

The information and tests gathered at SP Trätek/Wood Technology is being put 
into reports and can be traced back through the years. For this project mainly 
three important reports was used [7], [8], [9]. Among the very recent 
publications [10], [11] were studied. These reports do not explicit address the 
same questions as this report is trying to answer but they investigate contiguous 
questions at issue and therefore much can be learned and understood through 
these reports. All reports used and any other kind of publications can be found 
on the web: http://www.sp.se/sv/publications/Sidor/Publikationer.aspx 

For years now both solid wood and laminated wood has been used in timber 
framed constructions. Solid wood due to its historically convenient access in 
Sweden and its reliability to support a structure even in the event of fire. 
Laminated wood because it is ideal to use in big span construction due to its 
strength in relation to its own weight [12]. Cross laminated timber is of course 
a further development of laminated timber. It is using the same basic features: 
Different layers of wood combined to improve the overall performance of the 
entire beam by reducing the effect of naturally occurring twigs or mechanically 
produced finger joints. Both twigs and finger joints will reduce the bearing 
capacity of the object. 

CLT is becoming a popular product to use in wooden houses, both as load 
bearing frame, as wall, roof or floor sections. Currently CLT is being used in 
several buildings around Europe, see appendix 5 for examples. KLH (Kreuz 
Lagen Holz) is one of the companies currently promoting the CLT.  In 2008 
they were nominated for the Swedish Wood price for their riding stables 
located in Flyinge, Lund [13]. In Sweden KLH is working with Timber 
Building Systems and are responsible for a number of bridges, halls and houses 
[14]. Other companies as Stora Enso [15] and Martinsons [16] are also using it 
the product. The major benefits with CLT are its minimum of swelling and 
shrinking and its static and physical properties. It is also very easy to use as a 
prefabricated element. Whole sections of walls and/or floors can be produced 
and delivered on site and instantly assembled [17] 
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2.3 The product: Cross-Laminated Timber  

CLT can be made up of three, five, seven, nine or even more layers or 
laminations [18]]. There is really no limit to number of layers. Restrictions lay 
in purpose of use and how to practically handle the elements regarding 
production and transportation. It is possible to produce a beam consistent of 
e.g., twelve layers but it might not be the most effective or economical way of 
doing it. What differs cross laminated timber from the traditional homogenous 
timber or LVL is how the layers are bonded together. In CLT the even layers 
are perpendicular to the odd ones, the outer odd numbered layers making out 
the surface of the beam (figure 2). Of the beams used in these tests the different 
layers are bonded together using different kinds of adhesives. Series 1 uses 
polyurethane (PUR) adhesives. Series 2 uses melamine-urea-formaldehyde 
(MUF) adhesives. Both have been approved to be used in structural 
constructions in accordance with “EN 301” [19] and both show similar 
performance regarding shear strength. Over time the PUR adhesive has proven 
to keep it shear strength better than MUF [20]. This kind of adhesive has an 
elastic behavior [21] which allows the bonding agent to deform together with 
the beam. Furthermore the CLT-beam is also using Emulsion-polymer-
isocyanate (EPI) adhesives, not in between the different layers but lengthways 
along the beam. The CLT is not made up of five homogenous boards glued 
together, often its two or three different layers which are bonded together 
lengthways. Photo 2 helps to explain how the EPI is used and the effect of this 
inferior bonding agent. 

Figure 2 – The layers of CLT are defined 
numerically with the lowest number closest 
to the fire [24]. 
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2.4 Important characteristics of timber 

Two parameters essential to timber are its moisture content and its temperature. 
They both affect the stiffness of the timber. Moisture content affects the 
elasticity. Both high and low moisture contents affect the elasticity of the 
timber. Temperature in conjunction with moisture content will also have a great 
effect on its properties [22]. Elevated temperatures of timber will affect its 
density and dimensions. Wood with a moisture content of 8% - 20% will 
initially expand when exposed to elevated temperature due to moisture 
expansion, but the temperature also causes the moisture to evaporate resulting 
in a decrease of the original dimensions of the wood [23].  

A model exists for calculating reduced strength and stiffness due to elevated 
temperatures [5], see next page. The fire burns its way through the wood 
reducing its load bearing properties, visible by a char-line. But the fire also 
affects a zone below the char-line, i.e. where the wood has not yet been burned. 
Elevated temperatures give rise to loss in strength and stiffness properties, 
stiffness being modulus of elasticity and shear modulus [24]. 

This means that a timber-beam which has been affected by elevated 
temperatures will have reduced strength and stiffness properties compared to a 
beam which has not been affected by temperature. Given that the two beams 
have the same dimensions. This situation occurs when a beam is being 
protected by Gypsum plaster. The Gypsum plaster protects the beam from the 
direct fire, but it does not protect it from elevated temperatures. 

 

Photo 2 – Three different layers can be seen connected to 
each other lengthways and the behaviour when exposed to 
fire resulting in big gaps in between these layers.  
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The following formulas describe how to calculate the loss in strength and 
stiffness due to elevated temperatures according to “EN 1995-1-2”. 

• To determine dimensional value of strength: 

fiM,

k
fifimod,fid, γ

f
kkf =  

Where:  

fd,fi is the strength property in the fire situation, e.g. bending 
strength. 

kmod is the modification factor for fire expressing the reduction of 
strength in the fire, See figure next page. 

kfi = 1,1 for LVL. 

fk is characteristic strength property, which accounts for loss of 
strength properties due to elevated temperatures. 

γM, fi is the partial safety factor for timber in fire, recommended 
value = 1 

• Corresponding to the expression above the dimensional 
value of stiffness is determined through: 

fiM,

0,5
fimod,fid, γ

S
kS =  

Where: 

Sd,fi is the stiffness properties 

S0,5 is characteristic stiffness property, which accounts for loss of 
stiffness properties due to elevated temperatures. 

 

 

  

[5] 

[5] 
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Timber is a combustible material, which basically means it will start to burn 
when exposed to elevated temperatures. At 100°C the water evaporates from 
the timber causing the dimensions to shrink [5]. The evaporation at 100°C can 
clearly be seen in figure 5. Even if the 
temperature surrounding the timber is 
higher then 100°C the timber itself will 
remain at 100°C until all water has 
evaporated. If exposed to ISO standard 
fire this will take approximately 
20 minutes.  

At around 150°C - 200°C, a process 
called pyrolysis begins [25]. Pyrolysis 
is a chemical decomposition of the 
timber causing it to release organic 
combustible gases. The timber ignites 
and a char-layer is formed. This char-
layer actually insulates the beam from 
the fire. It is the reason to why timber 
has such good resistance to fire and 
ability to keep its bearing capacities. 
The fire now consumes the 
combustible gases earlier formed. 
When the temperature increases, so 
does the rate of the charred-layer 

Figure 3 – Differences for zero-strength layers due to different material reduction due to 
temperature increase according to “EN 1995-1-2” [5]. 
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(charring rate), the pyrolysis still continues inside the timber below the charred 
layer [25]. Charring rate is essential to establish the fire resistance of timber, 
due to the fact that charred wood has no load-bearing abilities [26].  

  

 

 

2.4.1 Expectation in behaviour 

2.4.1.1 Charring rate 

How fast timber will burn is called charring rate (b0). Accordingly to “EN 
1995-1-2” the charring rate for a solid beam normally increases linearly from 
0 mm/min to 0,65 mm/min. This only applies when the timber is being exposed 
to ISO standard fire, which is the standardized temperature increase also being 
used at classifications (figure 6) and one-dimensional exposure. One-
dimensional exposure means the fire will only affect one side of the timber, the 
other sides being protected by insulation or such. The rate of charring is 
equivalent to dchar = b0t where b0 is 0,65 mm/min and t is time [1]. 

Figure 5 – The relationship between variation of specific heat, i.e. energy needed to 
increase the temperature of a material, and temperature according to “EN1995-1-2” [5]. 
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2.4.1.2 Delamination 

The charring rate is dependent on number and thickness of layers [10]. 
Delamination only occurs in multi-layered timber and earlier tests have proved 
it to cause a faster charring rate. A homogenous beam will have a slower 
charring-rate due to the insulating layer formed by charring. When CLT burns 
the insulating charred layer will fall off after each layer is completely charred. 
This will expose the following layer to an increased direct temperature 
exposure causing a faster charring rate [11]. Delamination and its effect on the 
charring rate are very similar to the behaviour of the charring rate when 
protected by Gypsum plaster boards, se next section. 
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2.4.1.3 Gypsum plaster 

Gypsum is a frequently used material in the construction industry, in the form 
of sheeting or boards. It has very good abilities to withstand fire, and when 
applied to a construction it will protect the underlying load bearing members 
from penetration of heat for a substantial time. Gypsum is a mixture of water 
and plaster of paris or cement, and additives. Depending on the exact 
proportions of the mixture it has somewhat different properties [26]. There are 
several producers and variations of Gypsum plaster boards with different 
abilities to withstand fire. 

When protected by an incombustible material such as Gypsum plaster boards 
the charring rate behaves differently from an unprotected member. The 
difference can be seen in figure 7. Noteworthy is though even the beam is 

Figure 6 – Standard fire and tolerances according to “EN 1363-1”. 
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protected behind the plaster boards, this only protects it from 
radiative heat transfer and do not protect the beam from elevation of the 
temperature [1].  

 

 

 

 

 

 

 

 

 

 

 

 

2.4.1.4 Zero-strength layer 

As previously explained, timber 
forms a char-layer when exposed to 
fire. Just below this char-layer the 
wood looses its capacity to act as a 
load bearing element not because of 
the charring but because of the 
elevated temperatures [11]. When 
dealing with homogenous 
unprotected members exposed to 
fire a zero-strength layer is expected 
7 mm below the charring [5]. 
Preliminary recent results show the 
zero-strength layer of glue-
laminated timber is dependent on 
composition of layers and state of 
stress [11]. 

Figure 7 – Relative charring depth of unprotected and protected 
members according to “EN 1995-1-2” [5] 
 1) Relationship for initially unprotected members 
 2) Relationship for initially protected members   
 a) After protection has fallen off 
 b) After 25 mm charring rate reduces 
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2.5 Design model 

To be able to make the design model underlying the simulation of the 
behaviour of the CLTs, information about the material properties had to be 
accumulated. As mentioned earlier the report will not in detail explain the 
underlying model used for validation. To graphically see the results of the 
Design model see appendix 1. The line represents the Design model and the 
expected results which are derived from accumulation of data and mathematic 
formulas about the mechanical resistance of wood. Several different aspects of 
the behaviour and properties of wood were used to make the simulation: 

Fire exposure and time plays a significant role together with charring depths 
and the reduction of bending resistance and bending stiffness. These parameters 
are needed to be able to calculate the zero-strength layer needed to determine 
the CLTs mechanical resistance. Also the effect of fire protective members, i.e. 
Gypsum plaster boards has been taken into account in the model [24]. 

Furthermore the model takes into account the different effect of compression 
strength (fc, given in N/mm2) and tension strength (ft, N/mm2). It is more or 
less impossible to determine the tension strength of wood and therefore this 
was replaced by bending strength (fb, N/mm2). All of this has been made by SP 
Trätek/Wood Technology. Since the analysis of density is not completed at the 
time of writing this report, these calculations can not be completed.  

The real value of compressive strength would be derived from:  

• 9114,0
12,0cf −= ρ  

Where r0,12 is the dry density in kg/m3. 

 

Replacing dry density with the density of wood with a moisture content of 
12 %, we would get: 

• 91,0f c
−= ρ  

 

The results from the analysis of density would then be compared to the results 
of the Design model and the calculated compression strength. It will further 
authenticate the results of this report and is needed for a complete validation of 
the Design model. 

[2] 

[2] 
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3 Implementation 

3.1 Choice of method 

For verification of the Design model the former test furnace at 
SP Trätek/Wood Technology was replaced by a new cubic furnace. The 
furnace is fired by LPG (Liquefied Petroleum Gas) and capable of following a 
standard fire curve. The equipment was adjusted to the laboratory where it is 
located and represents a model furnace with loading device for bending tests 
under elevated temperature conditions. This furnace was used to conduct the 
verification tests in this project (photo 1 & figure 9). Earlier experiences of fire 
tests in the old furnace has been the base for deciding how to set-up and run the 
new cubic furnace [7]. 

Prior to the fire tests, reference bending tests were conducted. The applied load 
used for the fire resistance tests of CLT is based on previous cold test, i.e. tests 
conducted to determine the CLTs bending strength and stiffness without fire 
exposure. These cold tests are in turn is based on the standardized method of 
“EN 789” [27] which state the procedure of measuring bending strength and 
stiffness of CLTs requiring a 4-point bending tests of specimens measuring 
300 mm in width and a span of 300 mm + 32 * t, t being the thickness of the 
CLT.  

Hence the used test equipment available would only allow specimens with a 
width of 150 mm, the measurement had to be reduced and naturally the 
measurement of the span was reduced similarly [28]. Through the cold tests of 

Photo 3 – Example of bending test in cold environment, 
using the 4-point set up. 
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reference series A conducted the mean maximum flexural load was derived as 
approximately 51,991 kN, see appendix 3. Given the set up being the same for 
the fire resistance test of this report this value was used to determine maximum 
moment. The span of the bending moment being 2700 mm along the four 
points of the cold tests resulting in a moment of 23,396 kNm 

• (51,991 / 2) * 0,9 = 23,396 kNm  
(The maximum flexural load is divided by two due to the 4-point setup, the 
load being applied at 2 places and multiplied by 0,9 m. 0.9m being equal to 
2700 mm / 4, see also photo 3).  

The result of 23,396 kNm is the maximum moment of the fire resistance tests, 
which then was tried in an interval of 20 % - 40 % in the fire tests. 

The same set-up was made for series 2, which are made up of CLT-beams with 
smaller dimensions, giving the maximum flexural load of 23,294 kN, see 
appendix 3. Using the same principle as above the moment was derived 
through:  

• (23,294 / 2) * 0,9 = 10,482 kNm  

The result of 10,482 kNm being the maximum moment of the fire tests of 
series 2, which was tested in an interval of 20 % - 40 %.  

Not unlike the cold tests which had to be adjusted due to restrictions of the 
testing machine’s measurements the fire resistance test has also been adjusted 
in accordance to the given conditions. The width of the room where the furnace 
is located would not allow for longer specimens. To avoid being forced to use 
machines to handle the CLTs the beams could not be any longer, the length 
being 3800 mm and weight approximately 65 kg. Due to these restrictions the 
fire exposed area was 1000 mm and the total span 3300 mm as can be seen in 
figure 9. Most importantly the cold test and the fire tests are based on the same 
conditions of a bending movement of 900 mm from where the beam is fixed to 
the force bending it either up or down. 
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3.2 Description of test set-up and equipment 

To be able to test the CLTs to verify the calculated module of its fire resistance 
a series of test were conducted. 30 tests with various different settings were 
conducted in total, although time restrictions only allowed for 27 tests to be 
analysed in this report. To expose the beams to ISO standard fire in a controlled 
environment the model furnace at SP Trätek/Wood Technology was used. By 
using hydraulic pressure the appropriate amount of load could be produced to 
apply bending-forces to the CLT in either compression- or tension mode. All 
CLTs were subjected to different, but constant, amounts of pressure during the 
entire test. The range of load was in general between 20 % - 40 % of the CLT-
beams actual bearing capacity. This range of load being applied was chosen 
because these levels are most relevant in real practice [11]. The range of 20 % - 
40 % also works as safety values used when designing and constructing, i.e. 
values given in a certain standard to certify absolutely safe constructions. To 
gain even more information some test has been made with an even higher 
percental amount of total bearing capacity.  

The fire exposed part of the beam was 1000 mm and the torque rating from the 
bending point to the applied pressure was 900 mm. To measure the deformation 
the beams were also equipped with a measuring device on top of the beam 
connected to a computer. The furnace is equipped with a plate thermometer 
located at the centre inside the furnace and there is a glass covered view hole 
into the furnace for observation (figure 9).  

 

To keep track of the CLTs all beams were assigned a letter and a number on 
arrival at SP Trätek/Wood Technology. To ensure safe storage of the beams 
they were kept in a climate room of 20°C/RH 60 %.  

• Beams in series 1 will be referred to as SFXX 

• Beams in series 2 will be referred to as MFXX 

(XX being respective beam’s number) 

Note that all figures (except figure 11) show the beam from series 1. When 
using the CLT from series 2 the setup is almost identical. The only difference is 
the dimensions of the beam, and consequently the dimensions of any protection 
mounted on its sides.  
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Figure 9 – Furnace set up 
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3.2.1 CLT-beams 

The two series of CLT-beams differ from each other in dimensions and 
composition of layers, see figure 10 and figure 11.  

Series 1 having the dimensions 150 mm x 150 mm, five layers (figure 10). The 
different laminations are bond together using formaldehyde-free adhesive [29], 
PUR for series 1 and MUF for series 2. 
(See 2.3 The Product: Cross-Laminated Timber, for more info about the 
adhesives) 

 

 

 

 

The other CLT-beam, series 2, measuring dimensions of 95 mm x 150 mm, 
five layers. (figure 11) 
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Figure 10 – Dimensions of different layers in CLT-beam, series 1. 

Figure 11 – Dimensions and different layers in CLT-beam, series 2. 
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3.2.2 Basic protection 

All CLTs were equipped with wooden boards and Gypsum plaster boards on its 
side to prevent charring and heating from the side. Both protective members 
had approximately the same dimensions as the CLT (Figure 12). A fireproof 
board, type F according to “EN 520” [30], was chosen to minimize the effect of 
fire spreading around the beam and keeping the exposure one-dimensional. 
 
Both the wooden protective boards and the Gypsum plaster boards were 
fastened with 1 mm displacement (Figure 13). This is to ensure the protection 
not interfering with the CLT’s bearing capacity during the bending tests. 
Without these gaps the protection would actually support the CLT, increasing 
its bearing capacity, when it starts to bend. To make the protection as effective 
as possible they were also displaced in relationship to each other. The CLTs 
had adhesive tape put on the top side covering the Gypsum plaster boards, 
protective wood and a minor part of the CLT. The purpose of the tape was to 
make the whole construction of the CLT and its protection as tight as possible. 
One test was made without the tape protection and a negative pressure of the 
furnace of -10 Pa, which resulted in additional charring in between the gaps of 
the Gypsum plaster boards, see photo 6.  

 

Table 1 – Nails and screws being used to equip the CLT-beams 

Nails and screws used to fix protection
Nails: 4 pc

Side mounted protective wooden battens: 40 mm x 1,7 mm
Side mounted gypsum plaster boards: 30 mm x 1,4 mm 

Screws: 2 pc 2 pc
Bottom mounted gypsum plaster boards: 75 mm x 4,5 mm 57 mm x 3,9 mm

Photo 4 – The screws and nails being used: decking screw to the 
far left, gypsum screws next to it and then the two different nails. 
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Figure 12 – CLT equipped with Gypsum plaster board, protective wooden 
boards and adhesive tape 
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Photo 5 – The notch in the Gypsum plaster board making it possible to fit it 
tightly to the underlying protective wooden board. 

3.2.3 Problems with side-mounted wooden protective boards and 
Gypsum plaster boards.  

The wooden boards were planed to exact 20 mm and cut up from boards into 
pieces of 150 mm x 150 mm for series 1, and 95 mm x 150 mm for series 2. 
Unfortunately the boards, as with all wooden material, were not totally plane 
resulting in the cut pieces also being a bit curved. To ensure a one-dimensional 
charring of the beam it was important to make the side-mounted protection as 
tight as possible. The wooden boards being slightly bent proved to be a 
problem when the Gypsum plaster boards should be fastened on top of them. It 
prevented the Gypsum plaster board to attach tightly enough on both the upper 
and lower side leaving the protection with gaps on at least one side. This was 
solved by cutting the Gypsum plaster into halves. When the wooden boards had 
been attached a knife was used to make a notch in the middle of the Gypsum 
plaster boards making it more flexible. This made it possible to attach it tightly 
on top of the wooden boards, leaving the protection tight and gap-free. Gaps 
can be no more than 2 mm since wider gaps would affect the charring rate. 
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The best method to ensure a tight protection was not obvious initially. At first 
breaking the Gypsum plaster into the required pieces by hand was tried. The 
idea of doing so was that an irregular space 
between the gypsum might help to keep the 
protection tight as well as flexible during tests. 
This proved to be time consuming. The most 
efficient way to do it was using a buzz-saw 
and cutting up the big boards of Gypsum 
plaster into neat pieces. The outmost sides of 
the board were also cut away since they are 
produced with a countersink edge on the 
longest side (figure 12). 

3.2.4 Used Cladding 

One fourth of the tests series were conducted by applying the beams with 
compressive force, i.e. the fire exposed side was under compression. The 
following four tests were made with additional protection on the CLTs, see 
table 1 in 4.1 Compilation of tests for more details of all the test and different 
set-ups. Compressive load was still being applied to the CLTs but now the 
beams were equipped with type F Gypsum plaster boards protecting the bottom 
of the CLTs. These additional protective Gypsum plaster boards were put in 
place to protect the CLT from a direct exposure to the fire. This made it 
possible to observe and analyse how the CLT is affected by elevated 
temperatures but without direct fire exposure. 
 
The additional Gypsum plaster boards on the bottom side were fastened with 
both gypsum- and combinations of decking screws (figure 13 and photo 4). In a 
real situation the Gypsum plaster boards will, and are expected to fall down 
after a certain time in the event of a fire. For this report this fact is irrelevant 
and the important issue was to keep the Gypsum plaster boards fastened during 
the test time. The boards can fall down due to the fire burning away the wood 
which the gypsum screw is connected to, which is why both gypsum and 
decking screws were used to secure the gypsum boards to the CLTs. 

Figure 12 – Gypsum plaster 
board with countersink edge 
[31]. 
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To be able to document the heat subjected to the CLTs during the tests the 
CLTs were equipped with thermo couplings on its bottom side, positioned in 
between the beam and the Gypsum plaster boards. To be able to follow and 
analyse the temperature inside the beam some CLTs were also equipped with 
additional embedded thermo couplings. These thermo couplings were drilled in 
to the second layer of the beam (figure 14). Some of the specimens were 
equipped with thermocouples drilled into the first layers, if it was a comparable 
short test time. In series 1 the embedded thermo couplings were used in SF08 at 
50 mm height and in SF04 at 25 mm height. SF06 also had embedded thermo 
couplings, but no gypsum protection on the bottom side. In series 2, all CLTs 
were equipped with thermo couplings at 25 mm and 10 mm depth respectively.  

Figure 13 – CLT basic protection and additional Gypsum plaster boards on the 
bottom side 
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3.2.4.1 Problems using thermo couplings 

Some thermo couplings, both the ones embedded inside the beam and the ones 
located on the beams bottom side showed a somewhat unreliable behavior. The 
temperature values of the TCs compared to the furnace plate thermometer are a 
bit low. Even worse and more indescribable the TCs also have a tendency to 
drop from e.g. 500 °C to 100 °C during a matter of seconds only to a few 
minutes later once again show 500 °C.  

When embedding the TCs inside the beam initially a handheld drill was used. 
This did not satisfy the level of exactness required and a mounted drill was 
used instead. The holes were first drilled with a 1,5 mm thick and 5 mm long 
drill and the depth of 50 mm was achieved by using an equally thick but 15 mm 
long elastic drill. Even though a mounted drill was used there could still remain 
deviances of up to +/- 1,0 mm. The elastic drill was used due to its length, 
inelastic drills have a tendency to break frequently. 

In Photo 5 the deviances of the TCs is exemplified. The original height of a 
CLT in series 2 was 95 mm, hence the measure of the folding rule would be 
exactly 70 mm for the TC to be absolutely correct positioned. Though it should 
be added when measuring the CLTs they also showed deviances from their 
correct height of 95 mm of about +/- 1 mm. 

Figure 14 – bottom view shows thermo-couplings in between the gypsum and beam. 
Side view shows the embedded thermo-couplings at different heights.  
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3.2.5 Preparation of furnace 

The furnace was prepared in several ways before every test. Important was to 
make sure the fire tests would be as accurate as possible and no fire or smoke 
would escape the furnace. The CLTs were put in place on top of the furnace 
and all gaps were sealed using rock- or glass fibre insulation. 

Below the CLT a dual layer of glass-fibre insulation were put in place, 
measuring 210 mm x 240 mm, see figure 9. The CLT actually resting on the 
glass-fibre and therefore compressing it, making it seal tightly. On the sides of 
the CLT rock-fibre insulation was used. A regular 900 mm x 1200 mm sheet 
was cut along it longest side resulting in two identical pieces. These two were 
inserted next to the CLT. The lid of the furnace was closed as much as possible 
firmly keeping the insulation in place and the whole construction tight. If 
curvature downwards was expected during test the rock-fibre was allowed to 
extend up to 30 mm below the CLT, i.e. 30 mm closer to the fire. This was 
made to achieve the one-dimensional fire exposure so crucial for these tests. 
Any small gaps or openings still remaining were also sealed using small pieces 
of glass-fibre insulation making the set up as tight as possible. 

To make sure the furnace and equipment were working properly a test-beam 
(P1) was burned, not part of the actual test-series. This confirmed the furnace 
working as it was supposed to, even thought there were some problems of 
getting the gas fuelled burners to start as well as controlling the pressure of the 
furnace. Optimal is to keep the furnace on a slightly negative pressure to avoid 
Before commencing tests a checklist was used, making sure ventilation and 
other crucial parts of the tests were in place and working properly. 

Photo 6 – Example of deviance of TC in series 2.  
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3.2.5.1 Problems during tests 

The major problem with the tests was not the furnace itself, but the load being 
applied to the beam and the function of the hydraulics. The hydraulics and the 
load being produced showed a tendency to loose some of its force during tests. 
Even though the load was applied and the oil of the hydraulics had time to heat 
it self the load still dropped somewhat as soon as the furnace was started. The 
problem with the application of load was disturbing and needed to be 
addressed. To try to improve the function of the hydraulics and behaviour of 
the applied load an additional test was conducted. In between test SF05 and 
SF08 a test-beam (P2) was testes. Initially efforts were made to keep the 
pressure on level manually but this proved ineffective. Instead the problem was 
resolved by adding two percent to the original load and allowing the pressure to 
sink. 

One other aspect which has proved to be most difficult is the bending 
movement of the beam. This movement is controlled by help of hydraulics 
connected to a load measuring device and fastened to the CLT through steel 
fittings (figure 9). The first tests were made by compression of the beam with 
good results. Problems occurred when the furnace was prepared to produce 
tension loads instead. The fittings started to deflect at the junction between the 
actual fitting and the load measuring device and consequently producing a 
force not perpendicular to the CLT. This was resolved by a thoroughly 
adjustment of the fittings and the measuring device by removing as many weak 
points as possible susceptible to deflection. 

3.2.6 Observations during tests 

During tests observations were done. The pressure was recorded, temperature 
measured, the applied load was controlled and deflection recorded. Cracking 
time was also written down and observations on the fire exposed side were 
done. The latter is very important if the specimens were equipped with Gypsum 
plaster protection to observe any deviations, e.g. prior failure of Gypsum 
plaster boards. 

3.2.7 Documentation of beam post-furnace 

The CLTs were documented after the fire test by photography. All photographs 
have a point of reference, usually a folding ruler. Since charring depth and 
charring rate are crucial data for the project the CLTs were cut into five pieces 
along the 1000 mm long area which have been exposed to fire. Usually the 
cross-sections were made at approximately 200 mm, 350 mm, 500 mm, 
650 mm and 800 mm. Before the cross sections were photographed and 
transferred into a computer they were cleaned from all charring using a 
polishing machine. 
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3.3 Description of analysis of CLT-beams post 

furnace 

3.3.1 Recording of the residual cross section model  

The Design model uses simulation data to predict the charring depth and 
charring rate. To compare results of simulations and tests residual cross 
sections were recorded. This is important since the developed model is used to 
describe the rate of charring and load bearing capacity. Analysis was done by 
inverting the colours of the photograph to get a good clean image. With the 
folding ruler as a reference the maximum and minimum charring depth was 
determined, see photo 7. The most outer edges of the beam was ignored 
because this is not a part of the one-dimensional charring [1], it is an effect 
caused by faults in keeping the sides of the beam totally insulated from the fire. 

3.3.2 Residual cross sections analysis 

To be able to determine moment of inertia (I) and the remaining area after the 
tests the Computer Aided Design software AutoCAD was used. Using Polyline 
the outer regions of the inverted photographs of the residual cross section was 
turned in to a fairly rectangular shape. Important to keep in mind, only the 
actual load bearing part of the cross section is of interest and therefore the 
shape did not include any remaining charring. When using an inverted 
photography, these sections are represented by having white colour and the 
load bearing part is light blue or blue. The AutoCAD-shape of the cross section 
was turned into a region. By using the command “massprop”, data concerning 
the area and moment of inertia could be extracted automatically. This data will 

not be stated in this report 
but will be used by SP 
Trätek/Wood Technology 
in further analysis of the 
behaviour of CLTs. In 
appendix 4, schematic 
figures of the cross 
sections can be found.

Photo 7 – Example of determination of charring depth 
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4 Results 

4.1 Compilation of tests 

A compilation of all test conducted on the CLTs can be seen below stating how the 
CLT-beams were equipped and amount of load applied to them. The table also states 
time of failure and in what order the actual test were conducted. For more information 
see appendix 2 where photos of type of failure of each beam can be found. 

 

 

 

Table 2 – Compilation of Series 1 

Test 
number

Beam 
number

Type of 
load

Gypsum 
protection

Amount of 
total bearing 
capacity

Time of 
failure (min)

1 SF01 csw no 39% 48,8
2 SF10 csw no 20% 90,2
3 SF11 csw no 34% 68,3
4 SF02 csw no 26% 82,1
5 SF15 csw yes 39% 80,3
6 SF09 csw yes 33% 104,6
7 SF12 csw yes 27% 120,0
8 SF03 csw yes 36% 83,0
9 SF13 tsw no 39% 51,5

10 SF05 tsw no 32% 65,0
11 SF08 tsw no 28% 60,0
12 SF16 tsw no 20% 100,0
13 SF04 tsw yes 40% 60,0
14 SF14 tsw yes 33% 114,0
15 SF07 tsw yes 36% 90,0
16 SF06 tsw no 27% 91,0

Test 
number

Beam 
number

Type of 
load

Gypsum 
protection

Amount of 
total bearing 
capacity

Time of 
failure (min)

17 MF05 tsw no 37% 49,0
18 MF02 tsw no 48% 14,0
19 MF07 tsw no 37% 54,0
20 MF01 tsw no 35% 50,0
21 MF06 tsw yes 35% 94,0
22 MF10 tsw yes 26% 106,0
23 MF03 tsw yes 26% 91,0
24 MF04 tsw yes 50% 26,0
25 MF08 tsw yes 50% 30,0
26 MF11 csw no 31% 39,0
27 MF14 csw no 38% 37,0

Table 3 – Compilation of Series 2 
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4.2 Residual cross-sections 

Even though the testing actually started in csw-mode the following compilation and 
analysis starts by stating tsw. More tests were conducted in tsw-mode and 
consequently more conclusions can be made. 

4.2.1 Series 1, tsw 

Schematic figures of the residual cross sections of the CLTs can be found in 
appendix 4, below is a compilation of analysis of residual cross-sections:  

 

Table 4 – Series 1, tsw, unprotected 

CLT - unprotected / tension side warm

200 mm 350 mm 500 mm 650 mm 800 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

SF05 38,93 65,0 0,60
Min (mm) 36,25 36,75 36,00 35,25 35,75
Max (mm) 42,50 41,00 40,25 40,50 45,00
mean (mm) 39,38 38,88 38,13 37,88 40,38
SF 06 60,88 91,0 0,67
Min (mm) 55,25 64,50 62,25 55,25 55,00
Max (mm) 63,00 71,25 65,00 58,25 59,00
mean (mm) 59,13 67,88 63,63 56,75 57,00
SF 08 36,15 60,0 0,60
Min (mm) 41,50 36,50 27,00 29,75 35,00
Max (mm) 43,25 38,75 35,25 36,25 38,25
mean (mm) 42,38 37,63 31,13 33,00 36,63
SF 13 31,08 51,5 0,60
Min (mm) 27,75 27,50 27,50 28,50 36,75
Max (mm) 34,00 30,25 30,50 34,50 33,50
mean (mm) 30,88 28,88 29,00 31,50 35,13
SF 16 63,35 100,0 0,63
Min (mm) 57,00 52,50 53,25 65,75 72,75
Max (mm) 60,00 55,25 68,00 68,50 80,50
mean (mm) 58,50 53,88 60,63 67,13 76,63
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4.2.2 Series 1, csw 

 

Table 5 – Series 1, tsw, protected 

CLT - protected / tension side warm

200 mm 350 mm 500 mm 650 mm 800 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

SF04 20,33 60,0 0,34
Min (mm) 17,00 15,50 16,75 15,50 17,50
Max (mm) 22,50 21,00 26,75 21,75 29,00
mean (mm) 19,75 18,25 21,75 18,63 23,25
SF 07 28,18 90,0 0,31
Min (mm) 26,00 25,00 25,50 25,25 23,00
Max (mm) 31,00 29,75 32,75 29,75 33,75
mean (mm) 28,50 27,38 29,13 27,50 28,38
SF 14 37,90 114,0 0,33
Min (mm) 35,25 33,75 32,25 36,00 36,50
Max (mm) 44,00 38,00 41,75 41,00 48,50
mean (mm) 39,63 35,88 33,00 38,50 42,50

CLT - unprotected / compression side warm

200 mm 350 mm 500 mm 650 mm 800 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

SF01 31,40 48,8 0,64

Min (mm) 29,00 26,75 27,75 26,50 30,25
Max (mm) 34,75 35,00 37,00 34,00 33,00
mean (mm) 31,88 30,88 32,38 30,25 31,63
SF02 53,73 82,1 0,65
Min (mm) 51,75 48,50 50,50 51,00 56,25
Max (mm) 53,75 54,75 61,25 52,50 57,00
mean (mm) 52,75 51,63 55,88 51,75 56,63
SF10 62,40 90,2 0,69
Min (mm) 61,25 61,50 60,75 61,50 57,25
Max (mm) 64,25 66,75 67,25 63,25 60,25
mean (mm) 62,75 64,13 64,00 62,38 58,75
SF11 46,38 68,3 0,68
Min (mm) 46,50 41,00 49,00 44,25 42,50
Max (mm) 48,50 44,50 55,25 45,50 46,75
mean (mm) 47,50 42,75 52,13 44,88 44,63

Table 6 – Series 1, csw, unprotected 
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4.2.3 Analysis of charring rate, series 1 

4.2.3.1 Unprotected, tsw 

The results show a charring rate of the unprotected CLT-beams in between 
0,60 mm/min and 0,67 mm/min of the CLTs in tsw. The expected charring rate of an 
unprotected homogenous beam is given to 0,65 mm/min by “EN 1995-1-2” for a one-
dimensional charring [1]. For a laminated member though a higher rate of charring 
was expected since partly separation of the first layer was observed for some samples 
directly after terminating the test. 

The CLTs with fire exposure on the tension side all show charring rates below the 
expected rate, except for SF06. To some extent this can be explained by the layers 
which the CLT are composed of. The first layer, i.e. the layer closest to the fire is 
42 mm. Given charring rate of 0,60 mm/min it would require the fire approximately 
70 minutes to burn through the first layer. Up until 70 minutes the CLT would behave 
like a homogenous beam. SF05, SF08 and SF13 all reached failure before 70 minutes 
and consequently show charring rates below 0,65 mm/min. SF06 reached failure after 
91 minutes and show a charring rate of 0,67 mm/min 

Still it’s puzzling why SF16 would not demonstrate a higher charring rate than 
0,63 mm/min. It reached 100 minutes before collapsing and separation may lead to a 
charring rate higher than 0,65 mm/min. When analysing the charring depth the results 
clearly shows a much more uneven charring depth between the different cross-

CLT - protected / compression side warm

200 mm 350 mm 500 mm 650 mm 800 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

SF03 20,13 83,0 0,24
Min (mm) 18,50 20,25 18,75 17,25 18,50
Max (mm) 22,50 22,75 21,50 18,75 22,50
mean (mm) 20,50 21,50 20,13 18,00 20,50
SF09 31,73 104,6 0,30
Min (mm) 31,25 29,50 30,00 30,25 29,25
Max (mm) 34,00 34,50 33,50 33,00 32,00
mean (mm) 32,63 32,00 31,75 31,63 30,63
SF12 41,38 120,0 0,34
Min (mm) 39,50 51,25 40,75 31,00 35,25
Max (mm) 40,25 53,00 41,25 41,00 40,50
mean (mm) 39,88 52,13 41,00 36,00 37,88
SF15 20,78 80,3 0,26
Min (mm) 20,00 19,00 19,75 19,00 19,00
Max (mm) 22,00 22,75 23,00 21,25 22,00
mean (mm) 21,00 20,88 21,38 20,13 20,50

Table 7 – Series 1, csw, protected 
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sections then normal. The difference is as much as 22,75 mm between CS of 350 mm 
and CS 800 mm, which might indicate some other phenomenon occurred during the 
test. 

4.2.3.2 Protected, tsw 

The tests show a small deviance between the charring rates. Claddings were in place 
during the test period of all conducted tests. When protected by Gypsum plaster 
boards the different CLTs charring is very similar. The rate of charring is in between 
0,31 mm/min – 0,34 mm/min. 

4.2.3.3 Unprotected, csw 

As with the unprotected CLTs in tsw it would require approximately 70 minutes to 
burn through the first layer. With this in mind, not surprisingly only SF01 
demonstrates a lower charring rate then 0,65 mm/min. SF11 came very close to 70 
minutes before failure and its high charring rate of 0,68 mm/min can probably be 
explained by separation of the layers. 

The highest value of 0,69 mm/min given by SF10 is a bit uncertain due to the 
behaviour of the beam during fire exposure. The residual cross-sections show 
evidence of lamination losses which can have affected the results. It is hard to 
establish the proper charring depth because the first layer has been totally burnt away 
and the second one has been affected by fire but possibly not as high as the results 
indicates. 

4.2.3.4 Protected, csw 

The load being applied in compression pulls down on the end of the beam, resulting 
in the protective Gypsum plaster boards on its bottom side to move towards each 
other and actually tighten the construction. In tension the opposite reaction would 
occur. The load being applied up on the end of the beam, forcing the Gypsum plaster 
boards further away from each other and leaving the beam more exposed to the fire. It 
would be realistic to assume the CLTs being protected in csw having a lower charring 
rate than protected CLTs in tsw. The results also indicates just this, in csw it is only 
SF09 and SF12 which show charring rates equivalent to the ones in tsw, these beams 
also being the ones with the longest time to reach failure. Compare SF07 to SF03, 
which has similar failure time but differ regarding charring rate. 

The result of SF12 is a bit uncertain due to problems when extinguishing the fire. The 
beam was not properly extinguished immediately after the test which left it 
smouldering for a while, with the consequence of the charring depth possibly being 
somewhat deeper then it really was. 
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4.2.4 Series 2, tsw 

 

Table 8 – Series 2, tsw, unprotected 

Table 9 – Series 2, tsw, protected 

CLT - protected / tension side warm

200 mm 350 mm 480 mm 500 mm 520 mm 650 mm 800 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

MF03 31,75 91,0 0,35
Min (mm) 33,00 29,75 30,75 34,00 29,75 30,25
Max (mm) 31,25 31,00 31,00 36,25 31,00 33,00
mean (mm) 32,13 30,38 30,88 35,13 30,38 31,63
MF04 0,68 26,0 0,03
Min (mm) 0,00 0,00 0,00 0,25 0,25
Max (mm) 1,00 1,00 2,50 1,25 0,50
mean (mm) 0,50 0,50 1,25 0,75 0,38
MF06 36,33 94,0 0,39
Min (mm) 34,75 36,00 35,25 34,50 34,50
Max (mm) 38,50 38,50 38,25 35,25 37,75
mean (mm) 36,63 37,25 36,75 34,88 36,13
MF08 2,53 30,0 0,08
Min (mm) 0,75 2,50 2,25 1,00 1,50
Max (mm) 2,75 3,75 4,00 2,75 4,00
mean (mm) 1,75 3,13 3,13 1,88 2,75
MF10 42,55 106,0 0,40
Min (mm) 39,25 40,75 37,50 42,00 43,25
Max (mm) 44,75 44,75 40,50 45,75 47,00
mean (mm) 42,00 42,75 39,00 43,88 45,13

CLT - unprotected / tension side warm

200 mm 350 mm 500 mm 650 mm 800 mm 820 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

MF01 34,52 50,0 0,69
Min (mm) 31,75 29,25 34,00 37,75 35,25 34,00
Max (mm) 35,50 33,75 34,75 35,00 36,75 36,50
mean (mm) 33,63 31,50 34,38 36,38 36,00 35,25
MF02 7,40 14,0 0,53
Min (mm) 6,25 6,00 6,25 5,75 8,75
Max (mm) 7,25 7,75 8,25 8,50 9,25
mean (mm) 6,75 6,88 7,25 7,13 9,00
MF05 32,72 49,0 0,67
Min (mm) 32,00 29,00 31,50 28,73 31,50
Max (mm) 37,25 32,75 34,00 34,25 36,25
mean (mm) 34,63 30,88 32,75 31,49 33,88
MF07 35,10 54,0 0,65
Min (mm) 32,75 31,00 32,25 35,50 35,75
Max (mm) 34,25 34,75 38,50 37,50 38,75
mean (mm) 33,50 32,88 35,38 36,50 37,25
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4.2.5 Series 2, csw 

 

4.2.6 Analysis of charring rate, series 2 

4.2.6.1 Unprotected, tsw 

The unprotected CLTs in tsw show results of charring rate of in between 
0,53 mm/min and 0,83 mm/min.  

An additional residual cross-section of 820 mm is added in to MF01. This was done 
to further examine the charring. The CS of 800 mm shows a higher charring at one 
point. In the CS of 820 mm this higher charring can also be found but mirrored 
compared to CS 800 mm. This was done to establish whether or not there is a 
difference in charring depending on which side of the CLT is being examined. 
Looking at the schematic figures of the CS in appendix 8 might help to understand.  

In the case of MF01 there is not any significant difference to be found. The charring 
rate of 0,69 mm/min corresponds to the theoretical value of 0,65 mm/min, the mean 
charring depth being 34,52 mm/min meaning the fire has burned through the first and 
a big part of the second layer, the higher might be explained by separation of layers. 

MF02 had a very high amount of total bearing capacity (48%) and failed after only 
14 minutes. Charring depth is consequently quite low, only 0,53 mm/min.  

Both MF05 and MF07 show charring rates corresponding to the value given in 
“EN 1995 1-2” of 0,65 mm/min. The charring rate of 0,67 mm/min of MF05 has 
undoubtedly been affected of knots in the CLT, most obvious in CS 650 mm. If it was 
not for this knot the charring rate would have be even higher.  

Table 10 – Series 2, csw, unprotected 

CLT - unprotected / compression side warm

200 mm 350 mm 500 mm 650 mm 800 mm

Total 
mean 
(mm)

Time of 
failure 
(min)

Charring 
rate 
(mm/min)

MF11 26,73 39,0 0,69
Min (mm) 27,75 24,25 28,00 24,50 23,25
Max (mm) 29,00 27,00 30,75 27,50 25,25
mean (mm) 28,38 25,63 29,38 26,00 24,25
MF14 23,90 37,0 0,65
Min (mm) 26,50 19,00 20,00 22,50 23,50
Max (mm) 28,50 24,50 24,25 24,25 26,00
mean (mm) 27,50 21,75 22,13 23,38 24,75
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4.2.6.2 Protected, tsw 

The protected CLTs show results in between 0,03 mm/min and 0,42 mm/min.  

MF03 has, just as MF01, been examined on an additional back-side CS of 520 mm. In 
contrast to MF01 which did not show much difference in charring, this CS shows a 
more substantial deviance from the other CS of this CLT, min: 34,0 mm and max: 
36,3 mm, see also appendix 8.4.6 for figure.  

The same procedure has also been conducted on MF04, CS 480 mm being the back-
side. This CS does not show any significant difference from the other CS. The CS of 
480 mm also replaces CS 350 mm of this CLT.  

Looking at the whole set of protected CLT in tsw, start of charring can be expected at 
approximately 30 minutes, resulting in low charring rates of 0,03 mm/min – 
0,08 mm/min. 

 

4.2.6.3 Unprotected, csw 

The test results confirm the charring rate being in line with the theoretical value 
(0,65 mm/min). One other aspect of the actual implementation of the tests can be seen 
in these two tests. Looking at appendix 8.4.7 an additional figure has been added of 
CS 750 mm. The test of MF11 was conducted without the adhesive tape attached to 
the CLT and the effect is quite substantial, see figure 11. The figure of CS 750 mm 
show a very deep charring around the edges and on the sides, caused by the fire and 
the airflow in the gaps in between the side-mounted Gypsum plaster board which 
occurs when the CLT is not equipped with this adhesive tape, see also photo 8 below. 

Photo 8 – Example of the additional charring on the sides 
when the CLT wasn’t equipped with protective tape and 
separated cross layer after fire test. 
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4.2.7 Actual results / Design model 

The comparison between the actual results and the Design model of 
SP Trätek/Wood Technology can be seen graphically in appendix 1. In the graphs the 
solid line represents the expected results, showing how the CLT gradually looses its 
bearing capabilities with time. The dot-symbols in the graphs represent results of 
CLT-beams of the actual tests and time of failure. The graphs relate time to 
percentage of reference load bearing capacity results. In the future as final result the 
ratio will be changed, from time, into relation of charring to percentage of reference 
load bearing capacity. 

Of series 1, in almost every case the dots are positioned below the line, meaning 
failure was reached earlier than the module had expected them to. Especially when in 
tsw-mode the deviance between expected results and actual results is quite big. 
Looking at e.g. SF04, SF05 or SF08 they were all expected to last almost 30 more 
minutes than what was actually achieved. While in csw-mode the results are much 
more consistent with the expected results. The test can be influenced in many 
different ways and problems have been mentioned earlier in the report. The one most 
crucial for the results would be the problems experienced of keeping the load applied 
constant. There is also really no way of knowing if the whole set-up of the furnace 
was optimal. Based on experience and observation the set-up would seam to be 
satisfying but the unresolved problems with the thermo couplings for instance might 
indicate otherwise.  

Some degree of deviance from the Design model is also expected, since the module is 
based on theoretical values and optimal performance of the CLTs. Wood is a natural 
material with naturally occurring defects such as twigs and man-made once such as 
finger joint. These are variables that will affect the performance of the CLT, but it is 
very hard to establish to what extent. In this report these issues might have affected 
the results. In real practice thought the CLT-beam is not used as a single beam but 
will work together with other CLT-beams in a building system, see 5 Discussions and 
conclusions. Under those circumstances these defects will have a very small impact 
and are negligible. 

Graphical representation of series 2 is currently being produced, initial information 
indicates similar results as series 1.  
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5 Discussion and conclusions 

5.1 Method 

The legitimacy of the method used to test the CLT can be discussed. In a 
perfect situation the implementation and method of “EN 789” would be used. 
The real life situation though presents all kinds of restrictions: time, resources, 
possibilities and probably the most fundamental; economical restrictions. With 
the given circumstances in mind the method must be regarded as fully 
acceptable especially since there hardly is any information about this product 
available. Still the method can be developed and improved. Much information 
and experience has come from this project which will make similar future 
projects easier to implement.  

The tests conducted lack one aspect which should be regarded. In construction 
the CLTs are used as a system, i.e. several CLTs are bonded together to make a 
whole section of floor- or wall elements. When testing CLTs of 150 mm width 
one knot can affect the whole bearing capacity of the CLT resulting in collapse. 
When bonded together one knot in one CLT would not have this kind of impact 
on the whole section. 

5.2 Implementation 

Since these particular experiments have not been conducted before there was a 
big risk of encountering problems not anticipated. The greatest problems have 
been stated in section 5.1 Results: problems with the thermo couplings, the 
furnace, the hydraulics and so forth. Most important is to not let these problems 
destroy the project, but address them, fix them and maybe make adjustments to 
the original plan of implementation. During the project the preparation and the 
carrying out of the actual test was constantly improved. Once again, given 
unlimited funds and time the optimal set-up would have been to make a set of 
different tests with all the different set-ups of the furnace and the hydraulics 
before actually commencing work with the CLTs. This would have allowed for 
a bigger understanding of the functions of the furnace and the hydraulics even 
at the first test. It would have made it easier to know exactly what to be extra 
thorough with to avoid these problems. 
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5.3 Results 

5.3.1 Charring 

There are many factors involved in the analysis of charring which can influence 
the results. The set-up to accomplice a purely one-dimensional charring during 
tests was the initial problem. Furthermore the human-factor, how to interpret 
the results played a big part. Problems lay in how to determine the actual 
charring depth, getting the measurement of the residual cross-section correct, 
establishing what is the actual char-line and handling of the CLT before and 
after the tests. Results show a somewhat lower charring rate than would be 
expected, but only in the aspect of the CLT behaving more as a LVL than a 
homogenous beam due to the effect of delamination. The results of these test 
indicates the cross-laminated members of the CLT might behave differently 
than the LVL. 

5.3.2 Design model 

The aim of this report was to validate the design model and the results given in 
the report do just that. Even though there are deviances from the expected 
results looking at the whole project and the amount of beams tested, the results 
are close to the expected and give a validation to the model.  

The research of the CLT will continue and data of density will give more 
information about the actual compressive strength of the CLTs tested. 

Regarding external influences which might have affected the results the 
function of the hydraulic pressure applying the compressive or tensile forces 
would have to be regarded as the one most influential. The problem with loss of 
load in conjunction with furnace start up remains unresolved and should be 
addressed properly before future testing is carried through. Problems with the 
thermo couplings should also be regarded as a major problem. This problem 
probably did not affect the results to the same extent as the problem with the 
applied load. It gives an uncertainty during testing and problems when trying to 
analyse the CLTs behaviour. 

5.4 Future prospects 

As this is being written a similar project is being prepared in Italy, at the Tree 
and Timber institute: IVALSA. The institute has the facilities to undertake full-
scale testing, which is needed to further validate the calculated Design model. 
They have already benefited from this Swedish project through taking part of 
drawings and results. One of their greatest challenges will probably be the 
implication when using the CLTs in a proper construction, how will the CLT 
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behave at junctions? What will happen when the beam deflects when connected 
to other parts of the building through perhaps steel? 

One other aspect of the testing that would be valuable to know and should be 
included in further investigations of this product is the effect of the different 
adhesives used. Is there a difference in performance due to the different 
adhesives (PUR and MUF) used by different producers? How does the EPI-
adhesive used to bond the layers lengthways affect the performance and 
charring rate of the CLT? 

 

5.5 Time constraints 

The weakest point of this report and the whole implementation of the project is 
undoubtedly lack of time, resulting in slightly fewer results than initially 
planned for. Since this report is part of a greater project not all parts of it has 
been under the author’s control and consequently these are not found in the 
report, such as determine density of CS and additional information to be put in 
appendices. Nonetheless the result in the report are correct and do validate the 
design model developed by SP Trätek/Wood Technology, which was the most 
important purpose of the project and this final thesis. 



References 

44 

6 References 

[1] Östman, B. et al., Brandsäkra trähus. 2nd edition, Stockholm, 2002. 
ISBN 91-88170-30-6. 

[2] To be published by SP 2010, workingtitel: Fire Safety in Timber 
Buildings. 

[3]  Eurocodes: Building the future, 2005. [Online].  
Available at: http://eurocodes.jrc.ec.europa.eu/showpage.php?id=12  
[acc. 2009-08-12] 

[4]  Eurocodes: Building the future, 2005. [Online].  
Available at: http://eurocodes.jrc.ec.europa.eu/showpage.php?id=32 
[acc. 2009-08-12] 

[5] SS-EN 1995-1-2:2004 Eurocode 5: Design of timber structures –  
Part 1-2: General – Structural fire design. European Standard. European 
Committee for standardization, Brussels, 2004. 

[6] Gustavsson, L. Variability in energy and carbon dioxide balances of 
wood and concrete building materials. Building and Environment, 41(7). 
2006 

[7]  König, J. Norén, J. Bolonius, Olesen, Fritz. Toft, Hansen, Finn. Timber 
framed assemblies exposed to standard and parametric fires. Part 1: Fire 
tests. SP Trätek: Swedish Institute for Wood Technology Research, 
Report I 9702015, Stockholm, Sweden, 1997. 

[8]  König, J. Walleij, L. Timber framed assemblies exposed to standard and 
parametric fires. Part 2: A design model for standard fire exposure. SP 
Trätek: Swedish Institute for Wood Technology Research, 
Report I 0001001, Stockholm, Sweden, 2000.  

[9]  König, J. Rydholm, D., Small-scale fire tests of heavy timber 
components. SP Trätek: Swedish Institute for Wood Technology 
Research, Stockholm, Sweden, 2003 

[10] Frangi, A. Fontana, M. Knobloch, M., Fire behaviour of cross-laminated 
solid timber panels. Institute of structural engineering, ETH, Zurich, 
Switzerland. Trees and Timber institute CNR-IVALSA, Italy, 2008 

[11] König, J. Schmid, J., Bonded timber deck plates in fire. SP Trätek/Wood 
Technology, Sweden. Kppk ziviltechniker gmbh, Vienna, Austria, 2007 



References 

45 

[12] Carling, O. et al., Limträ guide - Svenskt limträ.  
4th edition, Stockholm, 2007. 
 ISBN 91-630-3868-4 

[13] Skogsindustrierna, 2008. [Online]. Available at: 
www.skogsindustrierna.org/litiuminformation/site/page.asp?Page=10& 
IncPage=10721&Destination=227&IncPage2=230&Destination2=226&
IncPage3=10592 
[acc. 2010-01-07] 

[14] Timber Building Systems, August 6 2007. [Online]. Available at: 
http://www.klh.se 
[acc: 2010-01-08] 

[15]  Stora Enso, April 15, 2009. [Online]. Available at: 
http://www.storaenso.com/products/wood-products/products/clt-cross-
laminated-timber/cross-laminated-timber/Pages/cross-laminated-timber-
clt.aspx  
[acc: 2010-01-08] 

[16]   Martinson, January 13, 2010. [Online]. Available at: 
http://www.martinsons.se/default.asp?id=24255 
[acc: 2010-01-05] 

[17]  Stora Enso, April 15, 2009. [Online]. Available at: 
http://www.storaenso.com/products/wood-products/products/clt-cross-
laminated-timber/Pages/cross-laminated-timber-clt.aspx 
[acc: 2010-01-08] 

[18] Massivholz KLH GmbH. Cross-laminated Timber. [Online].  
Available at: 
http://www.klhscandinavia.se/downloads00/klh00.html?L=6 
[acc. 2009-08-14] 

[19] SS-EN 301:2006, SS-EN 302:2004. European Standard. European 
Committee for standardization, Brussels. 

[20] Entrepreneur, [Online]. Available at: 
http://www.entrepreneur.com/tradejournals/article/97740271_2.html 
[Acc. 2009-11-11] 

[21] Larson, O. Högtrycket - Initierande undersökning av nytt limträmaterial. 
Dissertation, Institute of Technology, Linköping University, Sweden, 
2005. 

 [22] Xiong Yu, Z., Su Xin, R., Sabri, O., Vertical Displacements in a 
Medium-rise Timber Building - Limnologen in Växjö, Sweden. 



References 

46 

Dissertation, School of Technology and Design, Växjö University, 
Sweden. 2009. 

[23] Simpson, W., TenWolde, A.., Wood Handbook – Wood as a engineering 
material, Chapter 3 - Physical Properties and Moisture Relations of 
Wood. Madison, WI : USDA Forest Service, Forest Products 
Laboratory, 1999. 

[24] To be published, 2010. SP Trätek/Wood Technology Report. 

[25] Chuo, T C B., Fire Performance of Connections Laminated Veneer 
Lumber. Fire Engineering Research Thesis, Department of civil 
engineering, University of Canterbury, New Zealand. 2007. 

[26]  DiNenno, P J. et al., The SFPE handbook of fire engineering protection. 
3rd Edition, SFPE and NFPA, USA, 2002.  
ISBN: 0877654514  

[27] SS-EN 789 Timber structures - Test methods. European Standard. 
European Committee for standardization, Brussels, 1996. 

[28] Stieger, R., Validity of bending tests on strip-shaped specimens to derive 
bending strength and stiffness properties of cross-laminated solid timber 
(CLT). Empa, Swiss federal laboratories for materials testing and 
research, Duebendorf, Switzerland, august 2009. 

[29]  Stora Enso CLT, 2008 [Online]. 
Available: http://www.clt.info/index.php?id=5&L=2  
[Acc. 2009-08-12] 

[30] SS-EN 520:2004+A1:2009. European Standard. European Committee 
for standardization, Brussels, 2009. 

[31] Knauf Danogips, January 27 2008 [Online]. Available at: 
http://byggsystem.knaufdanogips.se/products/boards/gypsum/fire/brands
kydd.html 
[Acc. 2009-09-28] 

[32] Ny teknik, July 21 2008 [Online]. Available at: 
http://www.nyteknik.se/nyheter/bygg/byggartiklar/article385087.ece 
[Acc. 2009-11-10] 

[33] e-architect, [Online]. Available at: 
www.e-architect.co.uk/london/london_housing.htm 
[Acc. 2009-11-10] 



References 

47 

[34] KLH Reference buildings, [Online] Available at: 
http://www.klh.at/referenzbauten.html?L=3 
[Acc. 2009-11-10] 



 Index 

48 

7 Index 

A 

Abstract .......................................................... ii 
Actual results / Design model....................... 40 
Aim of the report: ........................................... 3 
Analysis of charring rate, series 1................. 35 
Analysis of charring rate, series 2................. 38 
Appendices ................................................... 49 
Appendix 1 – Design model / actual results . 49 
Appendix 2 – Failure mode ..........................53 
Appendix 3 – Bending tests of CLT in cold 

environment ............................................. 59 
Appendix 4 – Residual cross-sections .......... 61 
Appendix 5 – Current projects using CLT ... 72 

B 

Basic protection............................................ 23 

C 

Charring........................................................ 42 
Charring rate................................................. 14 
Choice of method ......................................... 18 
CLT-beams................................................... 22 
Compilation of tests...................................... 32 

D 

Delamination ................................................ 15 
Description of analysis of CLT-beams post 

furnace ..................................................... 31 
Description of test set-up and equipment ..... 20 
Design model.......................................... 17, 42 
Discussion and conclusions .......................... 41 
Disposition...................................................... 5 
Documentation of beam post-furnace........... 30 

E 

Expectation in behaviour .............................. 14 

F 

Fire model....................................................... 7 
Future prospects............................................ 42 

G 

General about fire and timber ......................... 6 
Gypsum plaster............................................. 15 

I 

Implementation....................................... 18, 41 
Important characteristics of timber ............... 11 
Index of abbreviations .................................... 2 
Introduction .................................................... 1 

L 

Limitations...................................................... 4 
Limitations of Eurocode ................................. 7 

M 

Method..........................................................41 

O 

Observations during tests ..............................30 

P 

Preparation of furnace...................................29 
Previous investigations ...................................9 
Problems during tests ..............................30 
Problems using  thermo couplings ................28 
Problems with side-mounted wooden 

protective boards and gypsum plaster 
boards.......................................................25 

Protected, csw ...............................................36 
Protected, tsw..........................................36, 39 
Purpose and aim..............................................3 
Purpose of the report:......................................3 

R 

Recording of the residual cross section model
..................................................................31 

References.....................................................44 
Residual cross sections analysis....................31 
Residual cross-sections .................................33 
Results.....................................................32, 42 

S 

Sammanfattning ............................................... i 
Series 1, csw .................................................34 
Series 1, csw – protected...............................66 
Series 1, csw – unprotected...........................64 
Series 1, protected CLT ................................55 
Series 1, tsw ..................................................33 
Series 1, tsw – protected ...............................63 
Series 1, tsw – unprotected ...........................61 
Series 1, unprotected CLT ............................53 
Series 2, csw, unprotected.............................71 
Series 2, tsw ..................................................37 
Series 2, tsw – protected ...............................69 
Series 2, tsw – unprotected ...........................68 

T 

The European Standards - Eurocode...............6 
The product: Cross-laminated Timber ..........10 
Theoretical background ..................................6 
Time constraints............................................43 

U 

Unprotected, csw.....................................36, 39 
Unprotected, tsw .....................................35, 38 
Used Cladding...............................................26 

Z 

Zero-strength layer........................................16 



Appendix 1 – Design model / actual results 

49 

8 Appendices 

8.1 Appendix 1 – Design model / actual results 

Graph 1 – Comparison between the theoretically calculated module and the 
actual testing results: Series 1, tension side warm, unprotected. 
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Graph 2 – Comparison between the theoretically calculated module and the 
actual testing results: Series 1, tension side warm, protected. 
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Graph 3 – Comparison between the theoretically calculated module and the 
actual testing results: Series 1, compression side warm, unprotected. 
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Graph 4 – Comparison between the theoretically calculated module and the 
actual testing results: Series 1, compression side warm, protected. 
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8.2 Appendix 2 – Failure mode  

States additional information about type of failure mode, including photos. 

The beams of this appendix are sorted by percent of load (highest load first) 
and unprotected/protected. 

8.2.1 Series 1, unprotected 

Group Load Test tf Failure 
mode 

Picture 

tsw 
unprotected 

39% SF13 51,5 Shear 

 
tsw 
unprotected 

32% SF05 65,0 Shear 
Knot 

 
tsw 
unprotected 

28% SF08 60,0 Shear 

 
tsw 
unprotected 

20% SF16 100 Shear 
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Group Load Test tf Failure 
mode 

picture 

csw 
unprotected 

39% SF01 48,8 Knot 
(wood) 
failure  

 
csw 
unprotected 

34% SF11 68,3 Knot 
failure 

 
csw 
unprotected 

26% SF02 82,1 Knot 
(wood) 
failure 

 
csw 
unprotected 

20% SF10 90,2 Wood 
and 
knot 
failure 
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8.2.2 Series 1, protected CLT 

Group Load Test tf Failure 
mode 

picture 

tsw 
protected 

40% SF04 60,0 ? 

 
tsw 
protected 

36% SF07 90,0 Softening 
? 

 
tsw 
protected 

33% SF14 114,0 Softening - 
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Group Load Test tf Failure 
mode 

picture 

csw 
protected 

39% SF15 80,3 Wood 

 
csw 
protected 

36% SF03* 83,0 wood 
failure 
(knot 
initiated) 

 
csw 
protected 

33% SF09 104,6 n.a. 

 
csw 
protected 

27% SF12* 120 softening - 

* Since the fire test corresponding to 27% did not reach crack-failure within 
120 minutes an intermediate load level was tested here. 
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8.2.3 Series 2, unprotected 

Group Load Test tf Failure 
mode 

picture 

tsw 
unprotected 

48% MF02 14,0 Wood 
failure, 
shear. 

 
tsw 
unprotected 

37% MF05 49,0 Wood 
failure 
(knot in 
small 
lamella) 

 
tsw 
unprotected 

37% MF07 54,0 Softening 

 
tsw 
unprotected 

35% MF01 50,0 Wood 
failure, 
local 
charring. 
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8.2.4 Series 2, protected 

Group Load Test tf Failure 
mode 

picture 

tsw 
protected 

50% MF04 26,0 Wood 
failure 
due to 
local 
charring 

 
tsw 
unprotected 

35% MF06 94,0 Softening 

 
tsw 
protected 

26% MF03 91,0 Wood 
failure 

 
Group Load Test tf Failure 

mode 
picture 

csw 
protected 

31% MF11 39,0 Wood 
failure at 
side in 
tension 
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8.3 Appendix 3 – Bending tests of CLT in cold 

environment 

Series 1. Bending tests of CLTs without fire exposure.  

 
Beam nr Maximum 

Flexure 
load (kN)

Time at 
Maximum 

Flexure load 
(sec)

Height 
(mm)

Width 
(mm)

1 SR01 59,994 254,12001 150,70 150,89
2 SR02 53,694 204,60001 150,63 150,96
3 SR03 44,021 169,15001 150,54 149,71
4 SR04 37,208 151,49001 150,63 150,4
5 SR05 56,493 226,42001 150,46 150,76
6 SR06 57,492 202,87001 150,63 150,94
7 SR07 47,681 192,38001 150,44 149,7
8 SR08 59,238 243,27001 150,84 150,92
9 SR09 54,157 215,23001 150,42 150,86

10 SR10 48,168 215,19001 150,67 150,99
11 SR11 58,991 244,50001 150,77 150,93
12 SR12 57,533 224,24001 150,20 150,48
13 SR13 58,037 215,83001 150,55 150,46
14 SR14 47,469 194,76001 150,73 150,87
15 SR15 39,688 181,14001 150,51 150,73

Mean 51,991 209,01268 150,58 150,64
Standard 
Deviation 7,201932 27,492457 0,1565404 0,410512  

Type of failure is not stated due to the many shear failure of this series. Shear 
failures are not really failure of the beams bearing capacity, and the derived 
mean value of maximum flexural load is therefore not absolute. 
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Series 2. Bending tests of CLTs without fire exposure. 

There are two values of maximum flexural load, the one to the far left 
(mean 23,1944) is based on the entire series, including shear failure. The one 
marked with red background is the one being used in this report. Shear failure 
has been removed, statistically this does not interfere with the results since this 
is only one beam and regarding the CLTs bearing capacity this value is more 
correct. 

Furthermore this table shows how hard it is to determine what kind of failure a 
beam has suffered. SP Skellefteå figures almost every beam as suffering both 
wood and shear failure, while SP Trätek/Wood Technology figures the wood 
failure to be the initial failure and the shear failure just a consequence of the 
beam collapsing. 

 

Beam nr Maximum 
Flexure 

load (kN)

Time at 
Maximum 
Flexure 

load (sec)

Width 
(mm)

Height 
(mm)

Failure 
mode (acc. 

SP in 
Skellefteå)

Failure 
mode (acc. 

photo, 
WoodTech) 

Maximum 
Flexure load 

(kN)

1 MR01 22,933 395 149,8 95,2 wood failure wood 22,933

2 MR02 20,634 210 150,1 96,1 wood & 
shear failure

wood 20,634

3 MR03 22,291 234 149,7 95,4 shear failure shear

4 MR04 19,61 172 150,1 95,5 glue & shear 
failure

wood 19,61

5 MR05 26,777 335 150,3 95,4 wood & 
shear failure

wood 26,777

6 MR06 23,435 233 150,4 95,3 wood & 
shear failure

wood 23,435

7 MR07 23,873 210 150,2 95,3 wood & 
shear failure

wood 23,873

8 MR08 23,473 196 150,1 95,1 wood & 
shear failure

wood 23,473

9 MR09 24,301 239 150,1 95,2 wood & 
shear failure

wood 24,301

10 MR10 24,617 248 150,1 95,1 wood & 
shear failure

wood 24,617

Mean 23,1944 247,2 150,09 95,36 23,2948
Standard 
deviation 1,922691 64,06 0,19723 0,27641 7,24184097
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8.4 Appendix 4 – Residual cross-sections 

8.4.1 Series 1, tsw – unprotected 
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8.4.2 Series 1, tsw – protected 
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8.4.3 Series 1, csw – unprotected 

 



Appendix 5 – Current projects using CLT 

65 
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8.4.4 Series 1, csw – protected 
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8.4.5 Series 2, tsw – unprotected 
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8.4.6 Series 2, tsw – protected  
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8.4.7 Series 2, csw, unprotected 
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8.5 Appendix 5 – Current projects using CLT 

Below follows a few examples of current projects using CLT. 

Multistory buildings: 

 

  

   

  

  

  

 

  

  

 

 

Limnologen, Växjö, Sweden [32] 

Murray Grove, London, United 
Kingdom [33] 

Frauengasse, Judenburg, Austria [34] 
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Other buildings: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sajathütte Präfraten, Eastern Tirol, Austria [34] 

The pipe at Attersee, Austria [34] 

Elevator tower, Stockholm, Sweden [27] 

Concept building - One-family house [28] 


