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Abstract 
Four furnace tests have been performed using two different parametric fire curves and the 

results are compared with computer simulations and Eurocode calculations. What 

differentiates the parametric fire curve from other fire curves is in particular the cooling 

phase, something that has proven to be hard to model for timber structures.  

 

A literature study and computer simulations were followed by experimental work performed 

at SP Wood Building Technology in Stockholm. The computer simulations were performed 

using the computer code TASEF. The predictions from TASEF were compared with 

measurements from the fire tests to evaluate how well the program can predict temperature 

distribution using a parametric fire curve. 

 

The four fire tests were executed at SP Wood Building Technology, glued laminated timber 

beams were used in all tests. When preparing the test specimens thermocouples were installed 

to measure temperature distribution, the thermocouples were installed in drilled holes. A 

deviation study regarding these drill-holes was performed as a part of the preparations. The 

temperature distributions measured during the tests were compared with the temperature 

distribution predicted by TASEF.  

 

Charring rate and charring depth were obtained from the fire tests, from the TASEF 

simulations but also by using equations given in the Eurocode. Since TASEF simulates 

temperature distribution and not charring depth, the 300 °C isotherm was assumed to 

represent the charring depth. The results from all three methods were compared and 

evaluated. 

 

The agreement between experiments and TASEF predictions regarding temperature 

distribution and charring depth were in general very good. Parametric fire curves with 

opening factors of 0.02 m1/2 and 0.04 m1/2 were used in four fire tests. TASEF performed 

more accurate predictions regarding the temperature distribution for the small opening factor 

but looking at the charring depth the predictions were better for the bigger opening factor. It 

is recommended to perform further studies and find out the reason for this behaviour. 

 

Comparing the charring depths measured at the tests with values calculated using Eurocode 5 

there were some differences in charring depths. Charring depths for the horizontal direction 

of the beams were much alike, but when comparing the charring depths for the vertical 

direction there is a significant difference. The equations regarding charring depth for wood 

exposed to parametric fire curves in Eurocode 5 underestimate the charring depth. It is 

recommended to evaluate these equations further.  

 

For one of the timber beams delamination occurred, this has previously been assumed not to 

occur to glued laminated beams. More studies should be performed regarding delamination of 

glued laminated beams exposed to fire. 
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Sammanfattning 
Fyra brandtester i en brandprovningsugn har genomförts med två olika parametriska 

brandkurvor och resultatet har jämförts med datorsimuleringar och Eurocode-beräkningar. 

Det som särskiljer parametriska brandkurvor från andra brandkurvor är nedkylningsfasen, 

något som har visat sig svårt att modellera för träkonstruktioner. 

 

Litteraturstudier och datorsimuleringar följdes av experimentellt arbete som utfördes vid SP 

Träbyggande och Boende i Stockholm. Datorsimuleringarna har utförts med datorkoden 

TASEF. Simuleringsresultat från TASEF jämfördes med mätningar från brandtesterna för att 

utvärdera hur bra TASEF kan förutse temperaturdistributionen då en parametrisk brandkurva 

används. 

 

De fyra brandtesterna förbereddes och utfördes på SP Träbyggande och Boende, limträbalkar 

användes i samtliga tester. När testbalkarna förbereddes inför brandtesterna installerades 

termoelement för att mäta temperaturdistributionen. Termoelementen installerades i borrhål. 

Som en del av förberedelserna gjordes en avvikelsestudie för dessa borrhål. 

Temperaturdistributionen som uppmättes under testerna jämfördes med 

temperaturdistributionen från TASEF-simuleringar. 

 

Från brandtester, TASEF-simuleringar och från ekvationer i Eurocode erhölls 

förkolningshastighet och förkolningsdjup. Eftersom TASEF simulerar temperaturer och inte 

förkolningsdjup användes 300 °C isotermen som då antogs representera förkolningsdjupet. 

Resultatet från alla tre metoder jämfördes och utvärderades. 

 

Generellt stämde temperaturdistributionen och förkolningsdjupen från TASEF-

simuleringarna väldigt bra överens med de experimentella resultaten. Under testerna 

användes parametriska brandkurvor med öppningsfaktorer av 0.02 m1/2 och 0.04 m1/2. TASEF 

simulerade mer noggranna resultat gällande temperaturdistributionen för kurvan med den 

lägre öppningsfaktorn medan simuleringar för kurvan med den högre öppningsfaktorn gav 

bättre resultat för förkolningsdjupet. Det rekommenderas att göra fler studier för att ta reda på 

anledningen till detta beteende. 

 

Genom att jämföra förkolningsdjup som uppmättes efter brandtesterna med beräknade värden 

från Eurocode förekom vissa skillnader. Förkolningsdjup för bredden av balkarna var 

likartade, medan förkolningsdjupet för höjden av balkarna hade en signifikant skillnad. 

Ekvationerna i Eurocode underskattade förkolningsdjupet, det rekommenderas därför att 

utvärdera dessa ekvationer ytterligare. 

 

För en av limträbalkarna inträffade delaminering, detta har tidigare antagits vara osannolikt 

för limträbalkar. Fler studier borde utföras angående delaminering av limträbalkar 

exponerade för parametriska brandkurvor. 
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1 Introduction 
Timber has historically been one of the most popular building materials. There are many 

reasons to choose wood, one is its high stiffness and strength-to weight ratio. Another 

advantage is the environmental benefits. Wood is renewable and can ensure a sustainable 

future. The disadvantage with wood is its combustibility and this is the reason not to use 

timber as a building material in various building regulations and standards. When wood is 

burning, a charring layer will emerge. The char layer does not have any strength or stiffness 

but below the pyrolysis zone there is unaffected wood that has the same strength and stiffness 

properties as before the timber beam was exposed to fire (SP Technical Research Institute of 

Sweden, 2010).  

1.1 Background 
The knowledge regarding timber structures in fire is mostly based on the standard ISO fire 

curve. Very few experiments have been performed for fires following for example parametric 

fire curves according to Eurocode, EN 1991-1-2. Parametric fires are an approximation of 

natural fires and are in many cases more realistic than the ISO fire curve, not least due to the 

specified decay phase. Parametric fires have for a long time been used for fire design of 

materials such as concrete and steel. For wooden materials, it is more complicated, the 

existing models can be difficult to use for temperature calculations in the cooling phase (SP 

Technical Research Institute of Sweden, 2010).  

 

Charring rates for parametric fire curves are included in Annex A of Eurocode 5 part 1.2. 

However, as the validity of these charring rates is questioned, the use of Annex A is not 

allowed in many countries. Therefore, it is needed to evaluate the charring rates given in 

Annex A. (SP Technical Research Institute of Sweden, 2010). 

 

Delamination is a phenomenon that can occur when lamella products, such as glued 

laminated beams is exposed to fire, this means that the adhesives will lose its effect. The 

consequence of delamination is that the timber may get a faster charring rate because the 

protecting char layer will fall off. Then virgin wood will be exposed to fire. Before the virgin 

wood will establish a char layer, the charring depth will increase (Bartlett, Kuba, Hadden, 

Butterworth, & Bisby, 2016) (Klippel, Schmid, & Frangi, 2016).  

 

The thermal behaviour of wood is complicated when it comes to modelling. The evaporation 

and migration of the moisture and the char formation will affect the temperature development 

in a timber beam exposed to fire. There are several different computer codes that can predict 

temperatures in a cross section of a timber beam that is exposed to fire. Those computer 

codes are generally based on the finite element method, one code that is based on this method 

is TASEF. TASEF can be used to calculate temperatures in two dimensions and for axis 

symmetrical cases (Wickström, Heat Transfer In Fire Technology, 2015). 

 

1.2 Purpose 
The purpose of this thesis is to evaluate the results obtained using parametric fire curves in 

experiments. Charring depth and charring rate for timber beams exposed to parametric fires 

can be calculated using equations from the Eurocode 5, however these equations are 

questioned and the thesis aim to evaluate their reliability. The purpose is also to investigate 

the possibility to predict the outcome of a fire test with a parametric fire curve using a 

computer simulation program. The thesis will also investigate the possibility of delamination 

in glued laminated timber beams when exposed to a parametric fire.  
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1.2.1 Questions to be answered 
This thesis aims to answer the following questions: 

 Is it reliable to use the finite element temperature calculation code TASEF when 

modeling the temperature distribution in a timber beam exposed to a parametric fire?  

 Can charring rate and charring depth be predicted for a fire test with parametric fire 

curve using TASEF?  

 Are the equations regarding charring rate and charring depth for parametric fires 

given in Eurocode 5 reliable? 

 Will delamination appear for glued laminated timber beams exposed to parametric 

fire? 

1.3 Boundaries 
TASEF is chosen to perform the computer simulations for the given tests, results obtained 

during the tests will only be compared with simulations from TASEF and calculations made 

by hand. The thesis is limited to softwood materials and all the timber members are glued 

laminated beams. Temperature calculations and various aspects of charring rates are 

considered while structural behaviour is left out. When investigating the effect of 

delamination, some effects of adhesives are addressed in this thesis, material properties of 

adhesives are not addressed. The study is limited to heat transfer in directions perpendicular 

to the timber grain. The thesis will only investigate timber beams exposed to fire on three 

sides.   
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2 Theory 
This section displays the theory that was needed to complete and evaluate the results of this 

thesis. The theory is divided into three subheadings, combustion of timber, design fire and 

TASEF.  

 

2.1 Combustion of timber 
Heat transfer can occur in three ways, as conduction through solids as well as radiation and 

convection through gases. For materials, such as wood and charcoal the heat transfer will 

occur as conduction, radiation and convection. When timber is exposed to fire there will be a 

charring on the surface and below this zone there is a pyrolysis zone, these two zones does 

not have any strength or stiffness properties. Under the char layer and the pyrolysis layer 

there will be virgin wood that will have the same strength and stiffness as before the fire. 

Between the char layer and the virgin wood, the temperature is approximately 300 °C, and 

therefore the char layer can be assumed to be located at the isotherm 300°C line. When wood 

is exposed to fire, there will be fissures in the char layer, which can be seen in Figure 1. 

Fissures in the wood will increase the heat transfer into the timber due to radiation and 

convection (König J. , 2005).  

 

 
Figure 1. When wood is exposed to fire there will be fissures in the surface which increase the heat transfer by convection 

and radiation. 

The thermal behavior of wood is complicated due to moisture evaporation and migration, this 

will influence the temperature development (Wickström, Heat Transfer In Fire Technology, 

2015). 
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According to Eurocode 5 conductivity, density ratio and specific heat of timber are 

recommended to be as shown in Figure 2, Figure 3 and Figure 4. In this case the density ratio 

is defined as the actual density, depending on the temperature, divided by a reference density. 

The reference density is in this case defined as the density for dried softwood. These 

recommendations apply for standard fires only and non-standard fire has no restrictions in 

Eurocode 5. (European Commitee For Standardization, 2004).   

 
Figure 2. Conductivity for timber depending on temperature (European Commitee For Standardization, 2004). 

 

 
Figure 3. Density ratio for timber depending on temperature (European Commitee For Standardization, 2004). 
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Figure 4.Specific heat for timber depending on temperature (European Commitee For Standardization, 2004). 

2.1.1 Charring of timber products 
Charring should be considered in the design of timber modelling. The charring depth of 

timber beams can be calculated by using charring rates that are given in Eurocode 5. The 

charring rate can be calculated by one-dimensional charring or by two-dimensional charring 

for the standard fire curve. One-dimensional charring rate is based on physical properties 

from different species of wood or by density. The two-dimensional charring takes cross-

sectional dimensions into account (SP Technical Research Institute of Sweden, 2010). 

 

2.2 Design Fire 
According to Eurocode there are two different types of time-temperature curves, nominal and 

natural. The nominal temperature-time curves are designed without any cooling phase and are 

adapted by a specific period of time. One of the nominal temperature-time curves is the ISO-

834 curve, also known as the “standard temperature-time curve” (European Commitee For 

Standardization, 2002). 

 

Natural time-temperature curves are designed with a heating phase and a cooling phase. One 

natural time-temperature curve is the parametric fire curve. The parametric curve is based on 

specific physical parameters such as the fire load and the ventilation conditions (European 

Commitee For Standardization, 2002).  

 

2.2.1 Standard temperature-time curve  
In the standard temperature-time curve the gas temperature, Tg, is given by the function of 

time  

 

𝑇𝑔 = 20 + 345 𝑙𝑜𝑔10 (8𝑡 + 1) (1) 

 

where 𝑇𝑔 is the gas temperature in C° and 𝑡 is the time in minutes.  
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2.2.1.1 Charring depth for standard fire exposure 
The charring depth, 𝑑𝑐ℎ𝑎𝑟,𝑛, for two-dimensional charring of timber when exposed to 

standard fire is given by 

 

𝑑𝑐ℎ𝑎𝑟,𝑛 = 𝛽𝑛 ∗ 𝑡 (2) 

 
where 𝑑𝑐ℎ𝑎𝑟,𝑛 is the notional design charring depth in mm and 𝛽𝑛 is the notional design 

charring depth in mm/min. The notional design charring depth is determined in Eurocode 5. 

 

2.2.2 Parametric curve 
The parametric temperature-time curve is divided into two parts, a heating phase and a 

cooling phase. For the parametric temperature-time curve the gas temperature, Tg, is given by 

the function of time: 

 

𝑇𝑔 = 20 + 1325 ( 1 − 0,324𝑒−0,2𝑡∗
− 0,204𝑒−1,7𝑡∗

− 0,472𝑒−19𝑡∗
) (3) 

 

where 𝑇𝑔 is the gas temperature in C° and 𝑡∗ is the modified time in hours. 

The modified time, t*, is the product of time in hours multiplied with the gamma factor, Γ, 

and it is defined as 

 

𝑡∗ = Γ ∗ 𝑡 (4) 

The gamma factor, Γ, is defined by 

 

Γ =

[
 
 
 
 
 
 𝐴0√ℎ0

𝐴𝑡𝑜𝑡
⁄

√𝑘𝜌𝑐

0,04
1160

]
 
 
 
 
 
 
2

= 841 ∗ 106
𝑂2

𝑘𝜌𝑐
 

 

(5) 

where 𝑂 is the opening factor in m1/2 and the 𝑘𝜌𝑐 is the thermal inertia of the boundary of 

enclosure. The total area of the openings, 𝐴0 and the total area of the enclosure, 𝐴𝑡𝑜𝑡, is in 

m2. The average height of the window openings, ℎ0, is in meter. When the gamma factor 

equals one, Γ = 1, the time-temperature curve will follow the standard time-temperature 

curve in the heating phase (European Commitee For Standardization, 2002).  

 

The time of the heating phase is defined as the time of fire duration, 𝑡𝑑, and this is also when 

the gas temperature reach its maximum value, 𝑇𝑔,𝑚𝑎𝑥,which is given by 

 

𝑡𝑑 = 0,2 ∗ 10−3 ∗
𝑞𝑡,𝑑

𝑂
 

(6) 

 

where 𝑞𝑡,𝑑 is the fire load density related to the total surface area of the enclosure and it is 

calculated by 

 

𝑞𝑡,𝑑 = 𝑞𝑓,𝑑 ∗
𝐴𝑓

𝐴𝑡
 

(7) 
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where the fire load density, 𝑞𝑓,𝑑 is in MJ/m2 and the 𝐴𝑓 is the area of the floor surface.  

For the cooling phase the modified time of fire duration, 𝑡𝑑
∗ ,  needs to be calculated and it is 

given by 

 

𝑡𝑑
∗ = Γ ∗ 𝑡∗ (8) 

 

For the cooling phase, the temperature-time curve is given by the following equations that 

depend on the modified time of fire duration, 𝑡𝑑
∗ . 

 

𝑇𝑔 = 𝑇𝑚𝑎𝑥 − 625(𝑡∗ − 𝑡𝑑
∗)             for 𝑡𝑑

∗ ≤ 0,5 (9) 

𝑇𝑔 = 𝑇𝑚𝑎𝑥 − 250(3 − 𝑡𝑑
∗)(𝑡∗ − 𝑡𝑑

∗)            for 0,5 <  𝑡𝑑
∗ < 2,0 (10) 

𝑇𝑔 = 𝑇𝑚𝑎𝑥 − 250(𝑡∗ − 𝑡𝑑
∗)            for 𝑡𝑑

∗  ≥ 2 (11) 

 

2.2.2.1 Charring depth for parametric fire exposure 
The charring depth, 𝑑𝑐ℎ𝑎𝑟,𝑝𝑎𝑟, for timber exposed to a parametric fire curve is given by 

following equations:  

 

𝑑𝑐ℎ𝑎𝑟,𝑝𝑎𝑟 = 𝛽𝑝𝑎𝑟𝑡    for 𝑡 ≤ 𝑡0 (12) 

𝑑𝑐ℎ𝑎𝑟,𝑝𝑎𝑟 = 𝛽𝑝𝑎𝑟 (1,5𝑡0 −
𝑡2

4𝑡0
−

𝑡0

4
) for 𝑡0 ≤ 𝑡 ≤ 3𝑡0 (13) 

𝑑𝑐ℎ𝑎𝑟,𝑝𝑎𝑟 = 2𝛽𝑝𝑎𝑟𝑡0  for 3𝑡0 ≤ 𝑡 ≤ 5𝑡0 (14) 

 

where t is the time of the fire lapse in minutes and t0 is the time in the heating phase in 

minutes and 𝛽𝑝𝑎𝑟 is given as follows: 

 

𝛽𝑝𝑎𝑟 = 1,5 ∗ 𝛽𝑛 ∗
0,2∗√Γ−0,04

0,16∗√Γ−0,08
     

(15) 

 

In Figure 5 the charring rate for a parametric fire curve is shown. For the heating phase the 

charring rate is constant and in the cooling phase this charring rate is halved. The time period 

with a constant charring rate, t0, is the same as td used in the calculations. 

 

 
Figure 5. Charring rate in a parametric fire according to Eurocode 5 (European Commitee For Standardization, 2004). 
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2.3 TASEF 
TASEF is a computer program based on the finite element method and it is used to calculate 

temperatures in structures exposed to fires. The program can be used in two-dimensional 

cases and cylindric symmetrical cases. Heat flux to boundaries consist of convection and 

radiation from a specified fire (Wickström & Sterner, TASEF - TEMPERATURE 

ANALYSIS OF STRUCTURES EXPOSED TO FIRE - USER'S MANUAL, 1990).  

The heat flux to boundaries is calculated by using the following equation: 

 

�̇�′′ = 𝜀 ∗ 𝜎 ∗ (𝑇𝑓
4 − 𝑇𝑠

4) + 𝛽 ∗ (𝑇𝑓 − 𝑇𝑠)
𝛾 (16) 

 

were ε is the exposed surface emissivity, σ the Stefan-Boltzmann’s constant, Tf is the fire 

temperature in K, Ts is the surface temperature in K, 𝛽 is the is the convective heat transfer 

coefficient in W/(m2*K) and 𝛾 is the convective heat transfer power.  

 

The fires used in the simulations are adaptable and can be specified for each scenario by 

defining a time-temperature relationship. Thermal properties are set for each material, the 

program take the variation depending on temperature in account. TASEF also take the latent 

heat of vaporization in account during the calculations. The thermal conductivity for the 

materials used in each simulation are set at different temperatures, for the temperatures in 

between the given values the thermal conductivity is assumed to vary linearly. The heat 

capacity for each material is indirectly determined by the specific volumetric enthalpy 

(Wickström & Sterner, TASEF - TEMPERATURE ANALYSIS OF STRUCTURES 

EXPOSED TO FIRE - USER'S MANUAL, 1990).The specific volumetric enthalpy is 

calculated as following:  

 

𝑒 =  ∫ 𝑐 ∗ 𝜌

𝑇

𝑇0

 𝑑𝑇 + ∑𝑙𝑖 

(17) 

 

where 𝑇0 is a reference temperature (usually 0 °C), c is the specific heat capacity in J/(kg*K), 

ρ is the density in kg/m3 and 𝑙𝑖 is the latent heat at various temperature levels in J/m3. The 

latent heat varies for different temperatures due to evaporation of water and chemical 

reactions in the material. For temperatures where evaporation as well as chemical reactions 

has occurred the latent heat for each reaction needs to be summarised (Wickström & Sterner, 

TASEF - TEMPERATURE ANALYSIS OF STRUCTURES EXPOSED TO FIRE - USER'S 

MANUAL, 1990). 

  



 

9 

 

3 Methodology 
The methodology of this thesis has been divided into three parts. The initial phase contained a 

literature study and thereafter computer simulations in TASEF were performed. The last step 

included experimental work and fire tests performed in Stockholm in collaboration with SP 

Wood Building Technology. 

 

When the results for both the experimental work and the TASEF simulations were complete 

there was a comparison to see if the results corresponded to each other. With the results in 

hand there was an evaluation to see if the tests and the simulations corresponded to 

Eurocodes.  

 

3.1 Literature studies  
The literature study that has been performed contained previous theses and studies of timber 

structures exposed to fire. User instructions for TASEF were read, this to gain the knowledge 

of how to perform simulations. This study worked as a basis for understanding the theory of 

wood exposed to fire, TASEF and Eurocode.  

 

3.2 Computer simulations 
A recreation of each experimental test was set up in TASEF to evaluate the temperature 

distribution and charring behavior. Since the timber members were exposed to the fire on 

three sides symmetry about the y-axis was used to simplify the input. All the input data for 

each simulation was adapted to correspond with the actual experiments. All boundaries of the 

set-up were modeled with boundary conditions that took heat transfer by radiation and 

convection in account. The geometry used for the simulations differ from the beams actual 

geometry, only half of the experimental geometry was modeled in TASEF since the 

symmetry about the y-axis was utilized. More details about the computer simulations 

performed in TASEF can be read in section 4 TASEF Simulations.  

 

3.3 Work in Stockholm 
The experimental work and following tests were performed in collaboration with SP Wood 

Building Technology in Stockholm where timber beams were used in the tests. Before fire 

testing timber specimens with a parametric fire there were some preparations that were 

needed to be performed. Four fire tests were performed where charring, delamination and 

temperature distribution were taken in account. For more detailed information regarding the 

fire tests, read section 5 Experimental Work.   
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4 TASEF Simulations 
Four fire tests were performed in Stockholm but since only two different fire curves were 

used it was sufficient to perform two computer simulations in TASEF, one for each fire 

curve. The simulations were viewed as plane problems and the unit for time was set to hours. 

TASEF contain five menu items. In Figure 6 the main form is shown and the five menu items 

are highlighted. The input for each menu item is given in the subheadings. The input files can 

be seen in Appendix A – TASEF Simulations.  

 

 
Figure 6. Main form of TASEF, the five menu items needed for preparing a simulation are highlighted. 

4.1 Material thermal properties 
The materials used in the fire tests as well as in the simulations are timber and mineral wool. 

Both materials are pre-defined by TASEF and there was no need to modify any values. The 

pre-defined values for timber have been taken from Eurocode 5. For mineral wool, the 

conductivity is constant. This may not correspond with reality but the mineral wool is not the 

main material and it was assumed that it would not significantly affect the temperature 

distribution in the timber beam. When the materials had been added to the current problem 

the input was completed for this menu item. 

 

4.2    Fire curves 
To create a parametric fire curve in TASEF there are two options. A time-temperature 

relationship can be input step by step or the program can calculate the fire curve itself using a 

gamma factor and time until maximum temperature. For these simulations, the latter option 

has been used and all values have been controlled so that they correspond with the actual fire 
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curves. This input has been done separately for each fire curve, this can be seen for each fire 

curve in Figure 7 & Figure 8.  

 

 
Figure 7. Input for the parametric fire curve with an opening factor of 0.04 m1/ 
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Figure 8. Input for the parametric fire curve with an opening factor of 0.02 m1/2.. 

4.3 Geometry & boundary conditions 
The geometry of the timber beams with the insulation on top was built as a cross section, 

since y-axis symmetry was assumed only half of the actual test set-up was modelled. Areas 

were defined as timber or mineral wool, the area where no material existed was modelled as a 

‘cutout’. Gridlines were added to reduce the size of each element and therefore improve the 

result given by the simulation. Intersections of gridlines in TASEF were placed on the same 

locations as the thermocouples were placed in the fire tests, in the intersection between two 

gridlines a node is created and nodes are displayed in the output data. When the geometry had 

been built boundary conditions were added, the three sides exposed to fire were set to be 

affected by the parametric fire curve while the top of the insulation was set to be affected by 

an ambient temperature. When adding the boundary conditions, values for β, ε and γ were set. 

The geometry, placement of the gridlines and boundaries can be seen in Figure 9. 
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Figure 9. The geometry of the cross section with gridlines and boundaries. 

4.4 Time control 
The runtime for the simulations was set depending on the end time of the calculated 

parametric fire curves. The simulations include the entire fire duration. Times for when the 

program would give output data were input and the remaining values were kept as default. 

The input of data can be seen in Figure 10. 
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Figure 10. Input of data for time control. 

 

4.5 Physical constants 
The menu item for the physical constants was kept as default since all physical constants 

already were adapted to the units used for the input values. The physical constants used can 

be seen in Figure 11.  

 

 
Figure 11. The physical constants used for the simulations. 
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4.6 Performing the simulations 
When the five menu items had been adopted to correspond with the fire tests the simulations 

were performed. The output of temperature distribution at different times can be viewed in 

several different ways. The program generates text files displaying the temperatures for each 

node at different time steps, there is also an option to plot the time-temperature curve for each 

node or to view the temperature distribution as temperature contours.   
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5 Experimental Work 
This section deals with the preparatory work that was needed to perform fire tests. First the 

preparations are described, and then the test stand for the fire tests is presented. It is also 

explained how the results were obtained. 

 

5.1 Preparations 

5.1.1 Deviation study 
To measure the temperatures inside the timber beams thermocouples were inserted. 

Thermocouples are a kind of temperature sensors and are commonly used during fire tests to 

measure the temperatures. The thermocouples were of type K which means that they 

consisted of chromel and alumel nickel alloys. The diameter of the two leads were 0.5 mm. 

 

The locations of the thermocouples can be seen in Figure 14. The placement was designed so 

that the increase of temperatures in specific areas of interest would be registered. These areas 

were assumed to be located close to the surfaces exposed to fire. The placement was 

developed together with the staff at SP.  

 

When inserting thermocouples in the test specimens, a hole for each thermocouple was 

needed to be drilled. A deviation between the starting point and the ending point of the drill-

holes were assumed because of the thin and relatively long drill-holes. For the fire tests, holes 

with a depth between 50-250 mm needed to be drilled. The deviation is presented as a normal 

distribution for 50 mm and 75 mm holes, for the remaining holes the deviation is expressed 

by trigonometric equations which can be seen in section 6.1. 

 

5.1.1.1 Drill-holes 
50 mm deep drill-holes needed to be drilled at certain positions from the top of the beams. To 

obtain a normal distribution, 40 holes were drilled in timber beams. All holes were pre-drilled 

with a shorter and thinner drill to minimize the final deviation. The set-up for the drilling can 

be seen in Figure 12. 
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Figure 12. Set-up when drilling for the deviation study. 

When the 40 holes had been drilled, the beams were sawed between the holes and a sander 

was used to make the drill-holes visible. The distance between the top of the hole and the 

edge was compared with the distance between the bottom of the hole and the edge. How the 

measurements were obtained can be seen in Figure 13.         
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Figure 13. Measuring the deviation for a drill-hole. 

For the first test, thermocouples that were used to measure the temperatures at the bottom of 

the beam were inserted from the side of the beam. A drill with the length of 75 mm was used 

and a deviation was calculated following the same steps as for the 50 mm drill-holes. Due to 

lack of results this method was not used for the following fire tests.  

 

To avoid the outcome that occurred for the first test a new method for installing the 

thermocouples was developed. Instead of drilling from the side of the beam the holes were 

drilled from the top. This method was assumed to give sufficient results. The placement of 

the thermocouples for test 2-4 can be seen in Figure 14, the placement can be seen as a cross 

section from three angles. From above (plan view), from one long side (elevation) and from 

one short side (section). In the view from above the drill-holes are displayed as dots, in the 

other angles from the side the holes can be seen as lines of different lengths. The placements 

of the thermocouples are always at the bottom of the drill-holes.    
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Figure 14. Placement of thermocouples for test 2-4. The measurements are displayed in mm. 

 

The depth of the new drill-holes varied from 205 mm to 250 mm. For test 1 an error occurred 

and no results were given, to avoid this the thermocouples were repositioned. A deviation 

study for the new placement would be to prefer. The time in Stockholm was limited and no 

deviation study was performed. However, the deviation has been expressed by trigonometry 

to show that the deviation for these holes are limited, these calculations can be seen in section 

6.1 Drilling deviation.   

 

5.1.2 Extension beams 
To be able to place the beams on the furnace, they were extended on each side. The extension 

beams and the main beam were joined by an arbitrary number of screws. Between the 

extension beams and the main beam ceramic wool was placed and a strip of aluminum was 

used to cover any gaps to prevent heat transfer by convection. The extension beams with the 

attached aluminum tape can be seen in Figure 15.  

 

 
Figure 15. The extensions beams joined with the main beam. 

5.1.3 Installation of thermocouples  
Initially the beam was measured and the placements for the thermocouples were marked. To 

avoid deviation while drilling and to get sufficient results thermocouples were relocated if 

they initially were placed on, or close to, a knot. The repositioned thermocouples were 

assumed to give the same results as prior to the relocation since they were moved along the 

timber beam and the distance to the surface was kept constant. Then the holes were drilled 

using the exact same method that was used during the deviation study. The set-up for drilling 

these holes and an example of relocation can be seen in Figure 16. 

 



 

20 

 

 
Figure 16. Set-up for the drilling of beams that were used in the test. The picture to the right shows an example of a 

relocation of the drill-hole. 

When all the marked holes on the beam had been drilled, the thermocouples were made. The 

cable was cut in pieces of five meters and a total of 30 thermocouples were made. The cable 

was peeled at both ends and in one of the ends the wire was connected to a plug. On the other 

end the two metal wires inside the cable were plaited and welded together. All the 

thermocouples were tested and approved before they got installed into the beams. Both ends 

of a finished thermocouple can be seen in Figure 17. 

 

 
Figure 17. Both ends of a finished thermocouple. 

The finished thermocouples were put inside the drill-holes and the thermocouples had been 

marked at the correct depth to confirm that the tip of the thermocouple had gone all the way 

inside the drill-hole. When the thermocouples were in position they were stapled into the top 

of the beam so they would not move. Due to lack of results for test 1 all the thermocouples 

for test 2-4 were inserted from the top of the beam. For test 1 the thermocouple wires were 

mounted on the side of the beam according to EN 1363-1:2012 which made them exposed 

directly to fire. Since some of the thermocouples were inserted in another way in test 2-4, 
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their wires needed to go from the top of the beam and between the insulation and lightweight 

concrete. Figure 18 shows the difference in how the thermocouples were protected in test 1 

and in test 2-4 (European Committee For Standardization, 2012).  

 

 
Figure 18. The photo on the top shows how the thermocouples were inserted in the beam for test 1, the second picture shows 

how the beam looked like in test 2-4. 

5.1.4 Insulating the top of the beam 
For test 1 the top of the beam was insulated with one piece of hard stone wool and blocks of 

lightweight concrete were placed on the insulation. In between the lightweight concrete 

blocks there were insulation of hard stone wool, this set-up can be seen in Figure 19. 
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Figure 19. Thermocouples being placed along the insulation above the beam is shown to the left. To the right a finished 

beam is displayed. 

For test 2-4 the insulation on the top of the beam were separated in three pieces to allow the 

thermocouples to go through. This was the only difference between test 1 and tests 2-4 

regarding the insulating. The beam attached with insulation and lightweight concrete blocks 

can be seen in the figure above. That photo does also show how the beam is insulated from 

fire exposure on the top with both stone wool and lightweight concrete blocks. 

 

Lightweight concrete blocks were attached on the beams, the weight of each block is showed 

in Table 1. 
Table 1. Weight of the lightweight concrete blocks, they can be seen in Figure 19. 

Weight of lightweight 

blocks (g) 

6553 

6433 

7208 

6703 

6942 

5.2 Test stand 
All beams were prepared and tested at the facilities of SP Wood Building Technology, in 

Stockholm, facilities the 7-25th of November, 2016. The furnace used had the inner 

dimensions of 1000 x 1000 x 1000 mm and had four propane burners which controlled the 

temperature inside the furnace. An exploded view of the furnace can be seen in Figure 20. 
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Figure 20. Exploded view of the furnace used in the tests. 

The temperature and pressure in the furnace is manually operated from a touchscreen 

interface. The temperature in the furnace is measured with two plate thermometers and the 

design is showed in Figure 21. 

 

 
Figure 21. A plate thermometer which measures the temperature in the furnace. (SP Technical Research Institute of Sweden, 

2016) 

Each beam was exposed to a design fire in terms of a parametric fire curve. Two parametric 

fire curves that based on different psychical fire compartment property assumptions were 
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applied in the tests. The beams were exposed to a fire on three sides, the top of the beam was 

insulated with stone wool and lightweight concrete blocks and therefore not exposed to fire. 

 

The beams were placed over the furnace in the same way in all tests. They were placed in the 

middle of the furnace between two furnace covers, as can be seen in Figure 22. The insulation 

in the covers needed to be replaced after the first test new insulation consisting of five layers 

of soft stone wool and one layer of ceramic wool.   

 

 
Figure 22. The furnace covers, the one above is the back cover and the on down below was the front cover. 

When the back cover was in place, the beams were lifted onto the furnace. Figure 23 shows 

the test stand when the beams were lifted on top of the furnace before the front furnace cover 

was placed over the furnace, this test stand was similar in every test. 

 

 
Figure 23. The setup of the beam before the front furnace cover was placed on the furnace. 

When the front furnace cover was placed, the test stand looked as shown in Figure 24. Before 

the test all leakages had to be sealed with insulation. 
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Figure 24. The test stand. 

Figure 25 shows how leaks were sealed with insulation, observe that the furnace cover is 

clamped tight onto the furnace. In the photo below, smoke can be seen coming out from the 

furnace which indicates a leak in the insulation. 

 

 
Figure 25. One of two sides of the furnace where the leaks are sealed with insulation. 

Before the tests started, the furnace had to be cleaned out of fragments from previous tests. 

The bricks in the middle of the furnace that can be seen in Figure 26 prevent decay material 

from the combustion to fall into the ventilation duct of the furnace. 
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Figure 26. A photo of the furnace from inside after it has been cleaned from previous tests. 

When the tests started a supervisor manually controlled that the temperature followed the 

actual parametric fire curve by using the touch screen interface. From the same interface the 

pressure in the furnace was also controlled. For test 3 and 4 a camera was installed to record 

the whole fire lapse by taking a picture every 5th second. The setup for the camera can be 

seen in Figure 27, the camera itself is highlighted. The camera was cooled by a fan during the 

whole duration and a heat resistant piece of glass was placed between the camera and the 

furnace to protect the camera from overheating. 

 

 
Figure 27. The setup for the camera that filmed the fire lapse through an observation hole in the furnace. 
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The thermocouples were connected with two computers. During the tests, it was important to 

check so that all the thermocouples worked and showed temperatures that could be assumed 

to be correct. 

 

When the heating phase was over according to current parametric fire curve the cooling phase 

began. To be able to follow the temperatures in the cooling phase, cold air was pumped into 

the furnace. It was not possible to follow the whole cooling phase using cold air so therefore 

the front furnace cover was taken off when the temperatures were not going to decrease any 

further. All thermocouple wires were cut off before lifting the beam of the furnace. The 

beams were lifted and extinguished as fast as possible to stop the combustion. These two 

steps are showed in Figure 28. 

 

 
Figure 28. The timber beam when it is taken off the furnace and gets extinguished. 

When the timber beams were extinguished the insulation over the beams and all blocks were 

lifted off and the beams were placed on two concrete blocks where the beam cooled off until 

the next day when the charring depth was decided. In Figure 29 the final cooling of the beams 

can be seen where all the thermocouples have been cut off. 

 

 
Figure 29. The beam after test is lifted outdoor and is left for cooling for the night. 

5.3 Obtained results 
After the experiment, all the results were obtained. The temperatures measured by the 

thermocouples were presented in an excel document just like the diagram of measured 

temperatures in the furnace during the test. To obtain the results regarding charring rate and 

charring depth the tested beam was cleansed of all removable char using a steel brush. The 
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results were measured with a ruler. Figure 30 displays the method used to remove the char 

and how the results for charring rate and charring depth were obtained. 

 
Figure 30. The right picture shows how char was removed from the tested beam. To the left a sample from the tested beam is 

measured. 

 

Every beam was cut and sectioned and every piece was documented by a photo with a ruler. 

A documented cut with a ruler can be seen in Figure 31. These pictures were used in a 

program called Bluebeam where every picture was measured after calibration with the ruler.  
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Figure 31. A cut in beam D with a ruler. 

The charring for timber beams are in this thesis divided for charring depth for the horizontal 

direction (from the sides) and charring depth for the vertical direction (from the bottom). The 

charring depths from the tests were generated by taking the mean value for three 

measurement points on the width and reduce it with the original width for the beam and then 

divide it by two. To calculate the charring depth for height, the original height was reduced 

with the height of the beam after fire exposure. Charring depths according to Eurocode were 

calculated through equations given in section 2.2.2.1.  
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6 Results & analyses 
This section displays all results obtained for this thesis. An analysis for the results is also 

performed in this section.  

 

6.1 Drilling deviation 
The results from the measurements performed for drill-holes with a depth of 50 mm can be 

found in Appendix B – Deviation study 50 mm. A histogram and a normal distribution curve 

for the measurements of 50 mm drill-holes can be seen in Figure 32. A normal distribution is 

considered reasonable as good correlation between the distribution of the drilling deviation 

and the normal distribution is shown in Figure 32. Assuming a normal distribution, the drill-

hole deviation would with 97.6% certainty end up within two standard deviations from the 

mean value.  The results from measurements performed for 75 mm drill-holes and a 

histogram that shows the normal distribution can be found in Appendix C – Deviation study 

75 mm. The main reason for not showing the histogram for drill-holes with a depth of 75 mm 

in this section is the lack of results of temperature measurements at 75 mm depth. This is also 

the reason why the 75 mm drill-holes only were used in one test. 

 

 

Figure 33 illustrate deviations of the drilled holes and deviations from the intended distance 

between the exposed surface and the tip of the drill. The distance between the tip of the 

thermocouples and the nearest exposed surface is the main parameter with regards to 

temperature measurements. Therefore, for the assessment of the reliability of the temperature 

measurements, geometrical deviations a1 and b2 in Figure 33 should be assessed. 

 

 

Figure 32. Histogram and normal distribution for the 50 mm drill-holes. 
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Figure 33. Illustration the deviation and the intended distance between the exposed surface. 

 

The deviations of the drill-holes that were 250 mm deep is calculated through trigonometric 

equations. The mean value for 50 mm deep drilled holes was 0.096 mm and the standard 

deviation was 0,979 mm. Through equation (18) the angle for one standard deviation with the 

50 mm drill is calculated as follows: 

 

∝= sin−1
𝑎1

𝑐1
 

 

(18) 

where a1 is the deviation in mm and c1 is the total length of the drill in mm. Below equation 

(18) with values inserted can be seen. 

 

∝= sin−1 2.054

50
=0.041°  

 

For two standard deviations and with 97.6% certainty the highest value of the angle is 0.041° 

for 50 mm drill-holes. It is assumed that the highest value of the angle for 50 mm drill-holes 

is the same as for the long drills with the depth of 250 mm. Equation (19) shows how the 

deviation, a2, is calculated: 
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𝑎2 = sin ∝ ∗ 𝑐2 (19) 

where ∝ is the angle in ° and c2 is the total length of the drill in mm. Below, equation (18) 

with values inserted can be seen.  

 

𝑎2 = sin(0,041) ∗ 250=10.3 mm  

After these calculations, when using two standard deviations, it can with 97.6% certainty be 

said that the maximum deviation for 250 mm deep drill-holes is 10.3 mm. The effective 

deviation for the temperature measuring is however the distance between the tip of the 

thermocouple and the nearest exposed surface. This can be calculated by equation (20). 

 

𝑏2 = 𝑐2(1 − cos 𝛼) (20) 

 

where b2 is the distance between the tip of the thermocouple and the nearest exposed surface 

in mm. Down below equation (20) with values are inserted can be seen. 

 

𝑏2 = 250(1 − cos 0,041) = 0,20 𝑚𝑚 
 

This shows that the distance from the tip of the drill-hole to the exposed surface differs with 

maximum 0,21 mm within a certainty of 97,6 % from a drill-hole with no deviation.   

 

6.2 Parametric fire 
The parametric fires used in the fire tests had the properties that can be seen in Table 2, it is 

also illustrated which curve that was used for each test.  

 
Table 2. Parameters defining the parametric fire curves. 

 Test 

number 

Fire load density 

[MJ/m2] 

Opening factor 

[m1/2] 
√𝑻𝒉𝒆𝒓𝒎𝒂𝒍 𝒊𝒏𝒆𝒓𝒕𝒊𝒂 

√𝒌𝝆𝒄 

[J/(m2*s1/2*K)] 

1,2,4 675 0.04 600 

3 275 0.02 600 

 

As seen in equation 6 the fire load density in a parametric fire curve only affects the fire 

duration. The fire load density is defined by the amount of combustible material in a 

compartment and was chosen so, that the full fire duration did not exceed two hours whilst 

having a realistic fire load that corresponded to apartments. The opening factor does, 

however, influence both the fire duration and the gamma factor according to equation 5. If 

the opening factor gets a small value, which corresponds to small ventilation openings, the 

fire duration will increase. If the opening factor gets a higher value, corresponding to bigger 

ventilation openings, the fire duration will decrease. The duration of the fire depends on the 

amount of oxygen that is entering the compartment for the combustion of the fuels, which 

correlates with the opening factor. One parameter that the opening factor also influences is 

the maximum temperature, a higher value for opening factor will generate a higher maximum 

temperature and a smaller value for opening factor will generate a lower maximum 

temperature. The opening factors were therefore chosen regarding two severe fire cases 

where especially the curve with the opening factor equal 0.04 m1/2 had both a long duration 

and a high maximum temperature.  
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The gamma factor influences modified time of fire duration and modified time which makes 

the opening factor to an important property for parametric fire curves. The fire load related to 

the total surface area of the enclosure, qt,d, has been calculated by the characteristic 

compartment dimensions of 4.5x3.5x2.5 m. Thermal inertia has been chosen by estimating 

the surrounding enclosure materials in the compartment. The chosen value of 600 

J/(m2*s1/2*K) has been estimated for a building containing both wood and concrete. The fire 

load related to the total surface area, qt,d, is calculated with equation (7) and can be seen with 

values inserted for the curve with the opening factor of 0.04 m1/2.  

𝑞𝑡,𝑑 = 675 ∗
4.5 ∗ 3.5

2 ∗ (4.5 ∗ 3.5) + 2 ∗ (4.5 ∗ 2.5) + 2 ∗ (3.5 ∗ 2.5)
= 149 𝑀𝐽/𝑚2 

 

For the curve with the opening factor of 0.02 m1/2 the total surface area, qt,d, is calculated 

below. 

𝑞𝑡,𝑑 = 275 ∗
4.5 ∗ 3.5

2 ∗ (4.5 ∗ 3.5) + 2 ∗ (4.5 ∗ 2.5) + 2 ∗ (3.5 ∗ 2.5)
= 61 𝑀𝐽/𝑚2 

 

The time of the heating phase is defined as the time of fire duration, 𝑡𝑑, it is calculated with 

equation (6) and can be seen with values for the curve with the opening factor of 0.04 m1/2 

below.  

𝑡𝑑 = 0,2 ∗ 10−3 ∗
149

0.04
= 0.7 ℎ 

 

For the curve with the opening factor of 0.02 m1/2 the time of duration, td, is calculated by 

using equation (6) which can be seen below. 

𝑡𝑑 = 0,2 ∗ 10−3 ∗
61

0.02
= 0.6 ℎ 

The gamma factor, Γ, for the curve with the opening factor of 0.04 m1/2 is calculated with 

equation (5) and can be seen below with values inserted. 

Γ = 841 ∗ 106
0.042

6002
= 3.7 

For the curve with the opening factor of 0.02 m1/2 the gamma factor, Γ, is calculated by using 

equation (5) which can be seen below. 

Γ = 841 ∗ 106
0.022

6002
= 0.9 

 

The parametric fire curves were calculated using equations in section 2.2.2 Parametric curve. 

In Table 3 the most important properties of the two calculated parametric curves is shown 
Table 3. Characteristic values for the two parametric curves used. 

Opening 

factor 

[m1/2] 

Fire load 

[MJ/m2] 

Fire load 

related to 

the total 

surface area, 

𝑞𝑡,𝑑 

 [MJ/m2]  

Maximum 

temperature 

 [°C] 

Gamma 

factor, Γ 

 

 

Fire 

duration 

(heating 

phase) 

[h] 

0.04 675 149 1096 3.7 0.7 

0.02 275 61 858 0.9 0.6 

 

The two parametric fire curves that were used in the tests are displayed in a time-temperature 

diagram in Figure 35.  
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Figure 34. An overview of the two parametric fire curves that were used in the tests. 

Figure 35. An overview of the two parametric fire curves that were used in the tests. 

In the figure above it can be seen that the curve corresponding to an opening factor of 0.04 

m1/2 is more severe than the one corresponding to 0.02 m1/2 due to a higher opening factor 

and a higher fire load density. The latter increases the fire duration. In Table 4 dimensions of 

each specimen and each test time is showed. The test time is also the same as the fire lapse in 

each test. 

 
Table 4. An overview of all specimen used in tests and their time of exposure of fire. 

Test Opening 

Factor [m1/2] 

Specimen 

 

Width before 

fire exposure 

[mm] 

Height before 

fire exposure 

[mm] 

 Time exposed 

to fire 

[min] 

1 0.04  A 156 255 75 

2 0.04  C 157 253 90 

3 0.02  B 156 255 90 

4 0.04  D 156 255 90 

 

Since the temperatures measured during the tests were frequently updated and displayed on 

the computers it was easy to notice an error for the temperatures given during test 1. All 

measurements during test 1 were much alike and the placement in the timber did not seem to 

have any effect. Because of this obvious error with the temperatures the test was ended after 

75 minutes, 15 minutes earlier than the other tests.    
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6.3 Thermocouple schedule 
The thermocouples were divided into three TC-series with ten thermocouples in each series 

depending on their placement in the beam. In Figure 36 the three series of thermocouples are 

shown in groups of colour and with numbers.  

 
Figure 36. An overview of how the thermocouples are placed in test 2-4. The beam is seen from above. 

The thermocouples that are belonging to each thermocouples series, TC-series, are displayed 

in Table 5.  

 
Table 5. The thermocouple series are divided into three TC-series. 

TC-Series  TC number Colour in Figure 36 

1 1-10 Red 

2 11-20 Green 

3 21-30 Blue 

 

For TC-series 1 and 2 the distances from each thermocouple to the edge of the specimen are 

shown in Table 6. Thermocouples 1-20 are measuring the temperatures assumed to mainly 

depend on the fire exposure from the side of the beam.  

 
Table 6. Placement of the thermocouples for TC-series 1 and 2. 

Thermocouple TC1 

TC1

1 

TC2 

TC1

2 

TC3 

TC1

3 

TC4 

TC1

4 

TC5 

TC1

5 

TC6 

TC1

6 

TC7 

TC1

7 

TC8 

TC1

8 

TC9 

TC1

9 

TC1

0 

TC2

0 

Distance from 

the side of the 

beam (mm) 

5 10 15 20 25 30 35 40 45 50  

 

For TC-series 3 the distances from each thermocouple to the edge of the specimen are shown 

in Table 7. Thermocouples 21-30 are measuring the temperatures assumed to mainly depend 

on the fire exposure from underneath the beam.  

 
Table 7. Placement of the thermocouples for specimen A for thermocouple 21-30. 

Thermocoupl

e 

TC2

1 

TC2

2 

TC2

3 

TC2

4 

TC2

5 

TC2

6 

TC2

7 

TC2

8 

TC2

9 

TC3

0 

Distance 

from the 

bottom of the 

beam (mm) 

5 10 15 20 25 30 35 40 45 50  
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According to SS-EN 1363-1:2012 thermocouple wires should be taken out of the beam along 

the isotherms if possible (European Committee For Standardization, 2012).  

 

Since the thermocouple wires are made of metallic materials they are very efficient 

conductors and can spread the heat in the timber beam during a fire test. Therefore, the wires 

should be installed along the isotherms since the temperatures along the isotherms are the 

same. The isotherms change directions inside the timber. Therefore, the final placement of 

the thermocouple is crucial. The desired way to install a thermocouple at the bottom of a 

beam can be seen in Figure 37. The figure also displays the undesired way to perform the 

installation. 

 
Figure 37. Description of how to, and not to, install thermocouples at the bottom of a beam in a desired way. 

The installation of TC-series 3 for test 1 was performed from the side according to EN 1363-

1:2012 and the thermocouple wires were taken out along the isotherms. As a result of the 

measurement failure in test 1 it was decided to install TC-series 3 from the top for tests 2-4. 

The thermocouples were not installed according to the desired method, instead they were 

installed as displayed in Figure 37 as “undesired installation”. Since the thermocouple wires 

were directed perpendicular to the isotherms it is expected that they in some way helped 

conducting the heat in the timber.      
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6.4 TASEF simulations 
The results from the TASEF simulations can be seen below. The temperatures for each node 

that represent a thermocouple are presented in a diagram. The thermal distributions at five 

different times are displayed by the temperature contours.    

 

6.4.1 Parametric fire curve with opening factor 0.04 m1/2 
The simulated temperatures for the parametric fire curve with an opening factor of 0,04 m1/2 

can be seen in Figure 38 and Figure 39. Since the TC-series 1 and 2 got the same values in 

the TASEF simulation they are presented in the same diagram.  

 
Figure 38. Simulated temperatures for TC-series 1 and TC-series 2. 

 
Figure 39. Simulated temperatures for TC-series 3. 

The simulated temperatures for both TC-series 1, 2 and 3 in the heating phase depend on the 

distance to the surface. The deeper the node is placed the lower temperature it gets. The 
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temperatures continue to follow this pattern in the beginning of the cooling phase as well, but 

at some point, an opposite pattern appears. This phenomenon is clearly visible for TC-series 3 

since it occurs early in the simulation. For TC-series 1 and 2 it is less visible, but the initial 

step in which the temperature of the outer material drops and becomes the lowest 

temperature, can be seen just in the end of the simulation.  

 

Since a parametric fire curve includes a cooling phase, the temperatures in the fire will, at 

some point, become lower than the temperatures inside the timber beam. It is assumed that 

these lower temperatures from the fire start to cool the nodes closest to the surface. The 

predicted temperatures by TASEF that corresponds to TC-series 1-3 in the fire tests, gets a 

temperature higher than 300 °C. This means that the predicted charring depth by TASEF is 

more than 50 mm. 

 

Temperatures predicted by TASEF that gets above 300 °C along with temperatures predicted 

in places where charring is assumed to have occurred can be seen as artificial. Since the 

timber have transformed to charcoal the temperatures predicted by TASEF becomes of no 

interest.      

 

In Figure 40 the temperature contours can be seen at four different time steps.  
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Figure 40. Temperature contours for the timber members after 0.25, 0.5, 0.75, and 1 hour. 

 

The temperature contour for the time when the parametric fire curve had its maximum 

temperature can be seen in Figure 41. 
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Figure 41. Temperature couture for the timber beam at the time when the fire curve has the maximum temperature. 

When investigating the temperature contours displayed in Figure 40 and Figure 41 it is clear 

how the temperatures inside the timber beam increases over time. The 300-degree isotherm 

representing the charring depth gets further in towards the centre of the beam as time goes by. 

 

Since the temperatures for all nodes exceed 300 °C the nodes deeper than 50 mm into the 

timber beam were examined to find the charring depth. The maximum temperature for nodes 

55 mm and 60 mm from the surface exposed to fire can be seen in Table 8. This shows that 

the charring depth for the curve with the opening factor of 0.04 m1/2 are between 55 mm and 

60 mm as the char line is represented by the 300-degree isotherm.  

  



 

41 

 

Table 8. Predicted maximum node temperatures for nodes deeper than 50 mm (TC-series 1 & 2).   

TASEF 

(0.04) 

 

Depth of node 

(Horizontal 

direction) 

(mm) 

Maximum node 

temperature (°C) 

 55 308 

 60 224 

 

The maximum temperature for nodes 55, 60, 65 and 70 mm from the surface exposed to fire 

can be seen in Table 9. This shows that the predicted charring depth for the curve with the 

opening factor of 0.04 m1/2 and a heating phase duration of 0.7 h are between 65 and 70 mm 

as the char line is represented by the 300-degree isotherm.  

 
Table 9. Predicted maximum node temperatures for nodes deeper than 50 mm (TC series 3). 

TASEF 

(0.04) 

 

Depth of node  

(Height) 

(mm) 

Maximum node 

temperature (°C) 

 55 701 

 60 412 

 65 300 

 70 236 

 

6.4.2 Parametric fire curve with opening factor 0,02 m1/2  
The simulated temperatures for the parametric fire curve with an opening factor of 0,02 m1/2 

can be seen Figure 42 and Figure 43. Since TC-series 1 and TC-series 2 got the same values 

in the TASEF simulation they are presented in the same diagram.  

 
Figure 42. Simulated temperatures for TC-series 1 and TC-series 2. 
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Figure 43. Simulated temperatures for TC-series 3. 

The simulated temperatures for both TC-series 1, TC-series 2 and TC-series 3 seem to be 

realistic in the heating phase were the temperatures for the nodes clearly depend on the 

distance to the surface. The deeper the node is placed the lower temperature it gets. The 

temperatures continue to follow this pattern for almost the whole cooling phase, just at the 

end of the simulation it is possible to see a temperature drop for the uttermost nodes. This 

indicates that the temperature pattern most likely would change further on. For TC-series 1 

and TC-series 2 thermocouple 5 / 15 is the deepest to have a maximum temperature above 

300 °C. This means that the charring depth predicted by TASEF is somewhere between 25 

mm and 30 mm deep into the beam. For TC-series 3 TASEF predict a charring depth between 

20 mm and 25 mm since thermocouple 24 is the deepest to have a maximum temperature 

above 300 °C. 

 

In Figure 44 the temperature contours can be seen at four different time steps.  
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Figure 44. Temperature contours for the timber members after 0.25, 0.5, 0.75, and 1 hour. 

The temperature contour for the time when the parametric fire curve had its maximum 

temperature can be seen in Figure 45. 
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Figure 45. Temperature couture for the timber beam at the time when the fire curve has the maximum temperature. 

When investigating the temperature contours displayed in Figure 44 and Figure 45 it is clear 

how the temperatures inside the timber beam increases over time. The 300°C isotherm 

representing the charring depth gets further in towards the centre of the beam as time goes by.  

 

6.5 Test 1 

The temperatures measured in test 1 is displayed below.  

 

6.5.1 Furnace Temperature 

In Figure 46 the temperatures measured during test 1 are displayed as a blue solid line. The 

specified parametric fire curve for test 1 is shown as a dashed red line. The temperature in the 

furnace followed the parametric fire curve very well. After approximately 75 minutes the test 

was ended since the thermocouples broke and no temperature measurements could be 

obtained. 
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Figure 46. Furnace temperature vs time. The calculated (red line) as well as the measured (blue line) temperatures are 

displayed. 

6.5.2 Temperature distribution 

The temperature distribution for test 1 will not be shown due to fail in measurements.  

 

6.5.3 Charring 

Beam A was sectioned into five parts with 170 mm between every cut starting from the 

centre of the beam, the sectioning is illustrated in Figure 47.  

 
Figure 47. Section cuts of beam A. 
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Cut A-1-1 

Table 10 shows detailed data from cross section cut A-1-1. Figure 48 illustrates the 

dimensions of the original beam and of the residual cross section. 

 

 
Figure 48. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

 
Table 10. Beam A, cut A-1-1. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 195 mm 

bafter,mean 58 mm 

Time exposed to 

fire 

75 min 

Charring depth 

(Eurocode 5) 

36 mm 

Charring depth 

(test) 

dchar,h= 60 mm  

dchar,b= 49 mm 

 

 

 

 

 

 

 

  

 
Figure 1. Beam A, cut A-1-1. Vertical and 

horizontal directions are displayed, the red 

rectangle corresponds to original dimensions. 
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Cut A-1-2 

Table 11 shows detailed data from cross section cut A-1-2. Figure 49 illustrates the 

dimensions of the original beam and of the residual cross section. 

 
Figure 49. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 11. Beam A, Cut A-1-2. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 196 mm 

bafter,mean 55 mm 

Time exposed to 

fire 

75 min 

Charring depth 

(Eurocode 5) 

36 mm 

Charring depth 

(test) 

dchar,h= 59 mm 

dchar,b= 50 mm 

 

 

  

 
Figure 1. Beam A, cut A-1-2. Vertical and horizontal 

directions are displayed, the red rectangle 

corresponds to original dimensions. 
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Cut A-1-3 

Table 12 shows detailed data from cross section cut A-1-3. Figure 50 illustrates the 

dimensions of the original beam and of the residual cross section.   

 
Figure 50. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 12.Beam A, Cut A-1-3. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 203 mm 

bafter,mean 57 mm 

Time exposed to 

fire 

75 min 

Charring depth 

(Eurocode 5) 

36 mm 

Charring depth 

(test) 

dchar,h= 52 mm 

dchar,b= 50 mm 

 

 

 

  

 
Figure 1.Beam A, cut A-1-3. Vertical and horizontal 

directions are displayed, the red rectangle 

corresponds to original dimensions. 



 

49 

 

Cut A-1-5 

Table 13 shows detailed data from cross section cut A-1-5. Figure 51 illustrates the 

dimensions of the original beam and of the residual cross section.   

 
Figure 51. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 13. Beam A, Cut A-1-5. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 199 mm 

bafter,mean 55 mm 

Time exposed to fire 75 min 

Charring depth 

(Eurocode 5) 

36 mm 

Charring depth (test) dchar,h= 56 mm 

dchar,b= 51 mm 

 

 

 

 

  

 

Figure 1. Beam A, cut A-1-5. Vertical and 

horizontal directions are displayed, the red 

rectangle corresponds to original dimensions. 
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Cut A-1-6 

Table 14 shows detailed data from cross section cut A-1-5. Figure 52 illustrates the 

dimensions of the original beam and of the residual cross section.   

 
Figure 52. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 14. Beam A, Cut A-1-6. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 199 mm 

bafter,mean 57 mm 

Time exposed to fire 75 min 

Charring depth 

(Eurocode 5) 

36 mm 

Charring depth (test) dchar,h= 57 mm 

dchar,b=49 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1. Beam A, cut A-1-6. Vertical and horizontal 

directions are displayed, the red rectangle corresponds 

to original dimensions. 
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Table 15 shows the charring depths for each cut and the mean charring depths for the whole 

beam.  
Table 15. Charring depths for each cut and the mean charring depth for the beam. 

TEST 1 Beam A Charring depth for vertical 

direction (mm) 

Charring depth for 

horizontal direction (mm) 

Eurocode 

(mm) 

Cut A-1-1  60 49  

Cut A-1-2 59 50  

Cut A-1-3 52 50  

Cut A-1-5 56 51  

Cut A-1-6 57 49  

Mean value  57 50 36 

 

The charring depths for Beam A were equally distributed along the beam and all the values 

differ from the calculated charring depth according to Eurocode 5. When the calculated 

charring depth is compared to the real charring depths it differs approximately 13-20 mm 

depending if vertical or horizontal direction is compared. The reason why the charring depths 

for the vertical direction are larger than the charring depths for the horizontal direction is 

assumed to depend on the fact that the vertical direction is exposed for two-dimensional 

charring.   
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6.6 Test 2 

The temperatures measured in test 2 is displayed below.  

 

6.6.1 Furnace Temperature 

In Figure 53 the temperatures measured during test 2 are displayed as a blue solid line. The 

calculated parametric fire curve for test 2 is shown as a dashed red line. The temperature in 

the furnace followed the calculated parametric fire curve well and the test temperature is 

assumed to be valid. After approximately 90 minutes the temperature inside the furnace could 

no longer follow the parametric fire curve. Then the front furnace cover was lifted off and the 

test stopped.  

 

 
Figure 53. Furnace temperature vs time. The calculated (red line) as well as the measured (blue line) temperatures are 

displayed. 

6.6.2 Temperature distribution 

The temperatures measured during test 2 are displayed in Figure 54, Figure 55 and Figure 56. 

The thermocouples have been divided into three TC-series, each TC-series of thermocouples 

are presented in separate figures.  
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Figure 54. Temperatures measured during test 2 for TC 1 – TC 10. 

 
Figure 55. Temperatures measured during test 2 for TC 11 – TC 20 
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Figure 56. Temperatures measured during test 2 for TC 21 – TC 30 

TC-series 1 and 2 followed each other well with the exception for the temperature for TC 10 

and TC 20 where TC 10 measured about 60°C higher temperatures after almost 90 minutes. 

One important happening is that all thermocouples in thermocouple series 1 and 2 got 

temperatures over 300°C which is where the isotherm charring line occur. The charring line 

can therefore be expected to be found in more than 50 mm in from the side. When the 

thermocouples are exposed directly to fire, they will be affected by convection and radiation 

which can explain the temperature fluctuations in the diagrams. For TC-series 3, TC 24 and 

TC 26 is getting abnormal measurements and this depend on that they were broken during the 

test. For TC-series 3 TC 23 got a drop in temperature after 20 minutes, this is an error that 

could not be explained. Thermocouples for TC-series 3 also got high temperatures which can 

be deduced by delamination of the beam.  

 

6.6.3 Charring 

Beam C was sectioned into five parts with 170 mm between every cut starting from the centre 

of the beam, the sectioning is illustrated in Figure 57.  

 
Figure 57. Section cuts of beam C. 
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Cut C-1-1  

Table 16 shows detailed data from cross section cut C-1-1. Figure 58 illustrates the 

dimensions of the original beam and of the residual cross section. 

 
Figure 58. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 16. Beam C, cut C-1-1. 

Original dimensions 

h 253 mm 

b 157 mm 

Dimensions after fire 

hafter 161 mm 

bafter,mean 50 mm 

Time exposed to 

fire 

90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth 

(test) 

dchar,h= 92 mm 

dchar,b= 54 mm 

 

  

 

Figure 1. Beam C, cut C-1-1. Vertical and horizontal directions 

are displayed, the red rectangle corresponds to original 

dimensions 
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Cut C-1-2 

Table 17 shows detailed data from cross section cut C-1-2. Figure 59 illustrates the 

dimensions of the original beam and of the residual cross section.   

 
Figure 59. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 17. Beam C, cut C-1-2. 

Original dimensions 

h 253 mm 

b 157 mm 

Dimensions after fire 

hafter 141 mm 

bafter,mean 39 mm 

Time exposed to 

fire 

90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth 

(test) 

dchar,h= 113 mm 

dchar,b= 59 mm 

 

 

 

 

 

 

 

  

 

Figure 1. Beam C, cut C-1-2. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut C-1-3 

Table 18 shows detailed data from beam C in a cut of the centre. Figure 60 illustrates the 

dimensions of the original beam and of the residual cross section.   

 
Figure 60. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 18. Beam C, cut C-1-3. 

Original dimensions 

h 253 mm 

b 157 mm 

Dimensions after fire 

hafter 165 mm 

bafter,mean 43 mm 

Time exposed to 

fire 

90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth 

(test) 

dchar,h= 88 mm 

dchar,b= 57 mm 
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Cut C-1-4 

Table 19 shows detailed data from cross section cut C-1-4. Figure 61 illustrates the 

dimensions of the original beam and of the residual cross section. 

 
Figure 61. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 19. Beam C, cut C-1-4. 

Original dimensions 

h 253 mm 

b 157 mm 

Dimensions after fire 

hafter 143 mm 

bafter,mean 42 mm 

Time exposed to 

fire 

90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth 

(test) 

dchar,h= 110 mm 

dchar,b= 57 mm 

  



 

59 

 

Cut C-1-8 

Table 20 shows detailed data from cross section cut C-1-8. Figure 62 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 62. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 20. Beam C, cut C-1-8. 

Original dimensions 

h 253 mm 

b 157 mm 

Dimensions after fire 

hafter 143 mm 

bafter,mean 43 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth (test) dchar,h= 110 mm  

dchar,b= 57 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Beam C, cut C-1-8. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Table 21 shows the charring depths for each cut and the mean charring depths for the whole 

beam. 
Table 21. Charring depths for each cut and the mean charring depth for the beam. 

TEST 2 Beam C Charring depth for vertical 

direction (mm) 

Charring depth for 

horizontal direction (mm) 

Eurocode 

(mm) 

Cut C-1-1  92 54  

Cut C-1-2 113 59  

Cut C-1-3 88 57  

Cut C-1-4 110 57  

Cut A-1-8 110 57  

Mean value 103 57 41 

 

The charring depth for beam C was astonishing large and did not represent the calculated 

value for the charring depth for the vertical nor the horizontal direction. This result can be 

explained by delamination. Pictures showing this delamination can be seen in Figure 63. 

When delamination happens, the charring rate will increase because of the protecting layer of 

char will fall off and unaffected wood will be exposed to fire. The most charred place on the 

beam was cut C-1-2 where the charring on the vertical direction was 112.5 mm deep and for 

the horizontal direction it was 59 mm. The reason why the charring depths for the vertical 

direction are larger than the charring depths for the horizontal direction is assumed to depend 

on the fact that the vertical direction is exposed to two-dimensional charring.   

 

 
Figure 63. Pictures from test 2 displaying the delamination. The picture on the top was taken after the test while the two at 

the bottom were taken during the test. 
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6.7 Test 3 

The temperatures measured in test 3 is displayed below.  

6.7.1 Furnace Temperature 

In Figure 64 the temperatures measured during test 3 are displayed as a blue solid line. The 

calculated parametric fire curve for test 3 is shown as a dashed red line. The temperature in 

the furnace followed the calculated parametric fire curve very well and the test temperature is 

assumed to be valid. There are some deviations in the furnace temperature compared to the 

calculated parametric fire curve but they are assumed to be valid. After approximately 90 

minutes the temperature inside the furnace could no longer follow the parametric fire curve. 

Then the front furnace cover was lifted off and the test stopped.  

 
Figure 64. Furnace temperature vs time. The calculated (red line) as well as the measured (blue line) temperatures are 

displayed. 

6.7.2 Temperature distribution 

The temperatures measured during test 3 are displayed in Figure 65, Figure 66 and Figure 67. 

The thermocouples have been divided into three TC-series, each TC-series of thermocouples 

are presented in separate figures. 

 
Figure 65. Temperatures measured during test 3 for TC 1 – TC 10. 
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Figure 66. Temperatures measured during test 3 for TC 11 – TC 20. 

 
Figure 67. Temperatures measured during test 3 for TC 21 – TC 30. 

In test 3 with beam B the thermocouple series 1 and 2 followed each other well which were 

expected since they are placed at the same distance and are exposed to the same amount of 

heat. However, there is a small difference in temperature in TC 7 and the TC 17. The 

temperature that TC 17 is measuring is beneath the 300°C isotherm line and the temperature 

for TC 7 is over 300°C. This means that the charring is more deep where the thermocouple 

series 1 were placed. TC 24 and TC 26 got strange results because they were broken during 

the testing. The char layer from beneath is approximately at TC 28 because the temperature is 

slightly under the 300°C isotherm. 

6.7.3 Charring 

Beam B was sectioned into five parts with 170 mm between every cut starting from the centre 

of the beam, the sectioning is illustrated in Figure 68. 
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Figure 68. Section cuts of beam B. 

 

 

Cut B-1-1 

Table 22 shows detailed data from cross section cut B-1-1. Figure 69 the dimensions of the 

original beam and of the residual cross section.  

 
Figure 69. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 22. Beam B, cut B-1-1. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 208 mm 

bafter,mean 80 mm 

Time exposed to 

fire 

90 min 

Charring depth 

(Eurocode 5) 

39 mm 

Charring depth 

(test) 

dchar,h= 47 mm 

dchar,b= 38 mm 

 

 

 

Figure 1. Beam B, cut B-1-1. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut B-1-2 

Table 23 shows detailed data from cross section cut B-1-2. Figure 70 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 70. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 23. Beam B, cut B-1-2. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 205 mm 

bafter,mean 83 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

39 mm 

Charring depth (test) dchar,h= 50 mm 

dchar,b= 37 mm 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Beam B, cut B-1-2. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut B-1-3 

Table 24 shows detailed data from cross section cut B-1-3. Figure 71 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 71. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 24. Beam B, cut B-1-3. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 193 mm 

bafter,mean 71 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

39 mm 

Charring depth (test) dchar,h= 62 mm 

dchar,b= 43 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Beam B, cut B-1-3. Vertical and horizontal directions 

are displayed, the red rectangle corresponds to original 

dimensions. 
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Cut B-1-4 

Table 25 shows detailed data from cross section cut B-1-4. Figure 72 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 72. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 25. Beam B, cut B-1-4. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 200 mm 

bafter,mean 82 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

39 mm 

Charring depth (test) dchar,h= 55 mm 

dchar,b= 37 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Beam B, cut B-1-4. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut B-1-5 

Table 26 shows detailed data from cross section cut B-1-5. Figure 73 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 73. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 26. Beam B, cut B-1-5. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 212 mm 

bafter,mean 77 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

39 mm 

Charring depth (test) dchar,h= 43 mm 

dchar,b= 40 mm 

 

 

Table 27 shows the charring depths for each cut and the mean charring depths for the whole 

beam. 
Table 27. Charring depths for each cut and the mean charring depth for the beam. 

TEST 3 Beam B Charring depth for vertical 

direction (mm) 

Charring depth for 

horizontal direction (mm) 

Eurocode 

(mm) 

Cut B-1-1  47 38  

Cut B-1-2 50 37  

Cut B-1-3 62 43  

Cut B-1-4 55 37  

Cut B-1-5 43 40  

Mean value 52 39 39 

 

 

Figure 1. Beam B, cut B-1-5. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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The charring depth for beam B was equally distributed over the whole beam. When 

comparing the charring depth for the test with the calculated charring depth, the difference 

was approximately 0.04-13 mm. The difference between the calculated charring depth and 

the measured charring depth was larger for the vertical direction and the reason for this is that 

the vertical direction was exposed by two-dimensional charring. For the sides, the charring 

depth differs by about 0.4 mm which was smaller than for the vertical direction and this may 

depend on the fact that the sides were exposed to fire on one side.    
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6.8 Test 4 

The temperatures measured in test 4 is displayed below.  

 

6.8.1 Furnace Temperature 

In Figure 74 the temperatures measured during test 4 are displayed as a blue solid line. The 

calculated parametric fire curve for test 4 is shown as a dashed red line. The temperature in 

the furnace followed the calculated parametric fire curve very well and the test temperature is 

assumed to be valid. After approximately 90 minutes the temperature inside the furnace could 

no longer follow the parametric fire curve. Then the front furnace cover was lifted off and the 

test stopped. 

 
Figure 74. Furnace temperature vs time. The calculated (red line) as well as the measured (blue line) temperatures are 

displayed. 

 

6.8.2 Temperature distribution 

The temperatures measured during test 4 are displayed in Figure 75, Figure 76 and Figure 77. 

The thermocouples have been divided into three TC-series, each series of thermocouples are 

presented in separate figures.  
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Figure 75. Temperatures measured during test 4 for TC 1 – TC 10. 

 
Figure 76. Temperatures measured during test 4 for TC 11 – TC 20. 

 
Figure 77. Temperatures measured during test 4 for TC 21 – TC 30. 

The temperature distribution for beam D in test 4 was as expected since there is a clear 

correlation between the temperatures and the placement of thermocouples. There is a drop of 

temperature after approximately 45 minutes and this will not be explained any further in the 
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thesis. The temperature for TC 20 exceeds 300°C within 70 minutes, for TC 10 it takes about 

75 minutes before it exceeds temperatures above 300°C. This means that the charring is more 

extensive where the TC-series 2 is placed. For thermocouples in TC-series 3 all 

thermocouples reach 300°C isotherm and therefore the charring depth can be assumed to be 

beyond TC 30.  

 

6.8.3 Charring 

Beam D was sectioned into five parts with 170 mm between every cut starting from the 

centre of the beam, the sectioning is illustrated in Figure 78. 

 
Figure 78. Section cuts of beam D. 
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Cut D-1-1 

Table 28 shows detailed data from cross section cut D-1-1. Figure 79 illustrates the 

dimensions of the original beam and of the residual cross section. 

 
Figure 79. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 28. Beam D, cut D-1-1. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 187 mm 

bafter,mean 46 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth (test) dchar,h= 68 mm 

dchar,b= 55 mm 

  

 

Figure 1. Beam D, cut D-1-1. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut D-1-2 

Table 29 shows detailed data from cross section cut D-1-2. Figure 80 illustrates the 

dimensions of the original beam and of the residual cross section. 

 
Figure 80. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 29. Beam D, cut D-1-2. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 176 mm 

bafter,mean 39 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth (test) dchar,h= 80 mm 

dchar,b= 59 mm 

  

 

Figure 1. Beam D, cut D-1-2. Vertical and horizontal 

directions are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut D-1-3 

Table 30 shows detailed data from cross section cut D-1-3. Figure 81 illustrates the 

dimensions of the original beam and of the residual cross section. 

 
Figure 81. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 30. Beam D, cut D-1-3. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 184 mm 

bafter,mean 43 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth (test) dchar,h= 71 mm 

dchar,b= 57 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Beam D, cut D-1-3. Vertical and horizontal 

direction are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut D-1-4 

Table 31 shows detailed data from cross section cut D-1-4. Figure 82 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 82. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 31. Beam D, cut D-1-4. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 174 mm 

bafter,mean 39 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth (test) dchar,h= 81 mm 

dchar,b= 59 mm 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Beam D, cut D-1-4. Vertical and horizontal 

direction are displayed, the red rectangle corresponds to 

original dimensions. 
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Cut D-1-5 

Table 32 shows detailed data from cross section cut D-1-5. Figure 83 illustrates the 

dimensions of the original beam and of the residual cross section.  

 
Figure 83. Vertical and horizontal directions are displayed, the red rectangle corresponds to original dimensions. 

Table 32. Beam D, cut D-1-5. 

Original dimensions 

h 255 mm 

b 156 mm 

Dimensions after fire 

hafter 184 mm 

bafter,mean 42 mm 

Time exposed to fire 90 min 

Charring depth 

(Eurocode 5) 

41 mm 

Charring depth (test) dchar,h= 72 mm 

dchar,b= 57 mm 

 

Table 33 shows the charring depths for each cut and the mean charring depths for the whole 

beam. 
Table 33. Charring depths for each cut and the mean charring depth for the beam. 

TEST 4 Beam 

D 

Charring depth for vertical 

direction (mm) 

Charring depth for 

horizontal direction 

(mm) 

Eurocode 

(mm) 

Cut D-1-1  68 55  

Cut D-1-2 80 59  

Cut D-1-3 71 57  

Cut D-1-4 81 59  

Cut D-1-5 72 57  

Mean value 74 57 41 

 

Figure 1. Beam D, cut D-1-5. Vertical and horizontal 

direction are displayed, the red rectangle corresponds to 

original dimensions. 
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The charring depth of beam D and test 4 exceeded the calculated charring depth according to 

Eurocode 5. Cut D-1-4 was the most charred part where the charring depth for the vertical 

direction was about 81 mm and for the horizontal direction was about 59 mm. The reason 

why the charring depths for the vertical direction are larger than the charring depths for the 

horizontal direction is assumed to depend on the fact that the vertical direction is exposed by 

two-dimensional charring. 

  



 

78 

 

6.9 Compilation of results 

The results from TASEF and all tests are compiled below. In the diagrams the temperatures 

that are related to each other have the same colour. Temperatures from tests represents a solid 

line and temperatures from TASEF are represent by a dashed line in the same colour.  

Example: Red solid line corresponds to TC 1 measured in fire test which temperature is 

related to the red dashed line that is the correlating temperature of TC 1 predicted by TASEF. 

6.9.1 Test 1 compared to TASEF 

Since no results were obtained during test 1 no comparison can be made. 

 

6.9.2 Test 2 compared to TASEF 

In Figure 84, Figure 85 and Figure 86 temperatures from the thermocouples used in test 2 are 

compared with the temperatures from corresponding nodes in TASEF. It is important to look 

at where the 300-degree isotherm can be found since it is assumed to show the charring 

depth. 

 
 

Figure 84. Beam C; TC-Series 1. 
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Figure 85. Beam C; TC-Series 2. 

 
Figure 86. Beam C; TC-Series 3. 

6.9.3 Test 3 compared to TASEF 

In Figure 87, Figure 88 and Figure 89 temperatures from the thermocouples used in test 3 are 

compared with the temperatures from corresponding nodes in TASEF. It is important to look 

at where the 300-degree isotherm can be found since it is assumed to show the charring 

depth. 
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Figure 87. Beam B; TC-Series 1. 

 
Figure 88. Beam B; TC-Series 2. 
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Figure 89. Beam B; TC-Series 3. 

6.9.4 Test 4 compared to TASEF 

In Figure 90, Figure 91 and Figure 92 temperatures from the thermocouples used in test 4 are 

compared with the temperatures from corresponding nodes in TASEF. It is important to look 

at where the 300-degree isotherm can be found since it is assumed to show the charring 

depth. 

 
Figure 90. Beam D; TC-Series 1. 
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Figure 91. Beam D; TC-Series 2. 

 
Figure 92. Beam D; TC-Series 3. 

 

6.9.5 Charring depths for each test 
In Table 34 charring depths for each test compared to charring depth according to Eurocode 5 

and TASEF predictions can be seen. 

 

The charring depth for the vertical direction of beam C is extraordinary when compared to 

the other tests. There is a difference for charring depth of approximately 28 mm for test 2 and 

test 4 although they were exposed to the same fire curve for the same time. This can be 
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explained by the phenomena delamination, which was observed during test 2. Even though 

the conditions were the same the beam in test 2 had a significantly larger charring depth in 

the vertical direction.  

  

The charring depths according Eurocode underestimate the charring depths in the vertical 

direction in every test. The horizontal charring depth calculated for test 3 differs with 0.4 mm 

from the charring depth measured after the test. However, in this case the calculated charring 

depth for the vertical direction was overestimated with about 13 mm. 

 

According to the charring depths in the horizontal direction, calculations by Eurocode 

generally estimate the charring depth better than for the horizontal direction.  

 

Charring depth predicted by TASEF is very close to the measured charring depths from the 

tests when the curve with the opening factor of 0.04 m1/2 was simulated. However, 

predictions by TASEF for the curve with the opening factor of 0.02 m1/2 does not correlate 

with the measured charring depth of the fire tests. This could be because the charring depth 

only develops during the heating phase in TASEF simulations and stops completely when the 

cooling phase starts. In the real tests the charring continues in the cooling phase too. The 

explanation of why the charring depths was so accurate by TASEF predictions for the curve 

with the opening factor of 0.04 m1/2 is that the charring rate is overestimated for the heating 

phase but this is compensated in the cooling phase. For test 3 the horizontal charring depth 

was bigger than the vertical charring depth according to TASEF predictions. It is hard to 

explain this since two-dimensional charring is assumed to generate a bigger charring depth. It 

could depend on the fire properties since this did not occur for the simulation using an 

opening factor of 0.04 m1/2.  

 
Table 34. Ultimate charring depths for each test compared with the charring depth according to Eurocode. 

Test 

Beam 

Measured 

mean 

charring 

depth 

(vertical) 

[mm] 

Measured 

mean 

charring 

depth 

(horizontal) 

[mm] 

Charring depth 

(Eurocode) 

[mm] 

Charring 

depth 

(TASEF, 

vertical) 

[mm] 

Charring 

depth (TASEF, 

horizontal) 

[mm] 

Test 1 

Beam A 

57 50 36 65 55 

Test 2 

Beam C 

103 57 41 65 55 

Test 3 

Beam B 

52 39 39 

 

20 25 

Test 4 

Beam D 

74 57 41 65 55 

 

Figure 93 and Figure 94 displays an overview for all the different charring depths.  
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6.9.6 Differences between thermocouples at the same depths 

Temperatures for thermocouples placed at the same depths but on different locations are 

displayed in Figure 95-Figure 99. The thermocouple deepest in the beam and the one closest 

to the surface for each TC-series have been chosen so that the highest and lowest 

temperatures for each TC-series can be seen. The measurements for test 1 were incorrect and 

are not displayed. No analysis is performed for test 1 since the temperatures have been 

deemed as unrealistic.   

 

Figure 94. Horizontal charring depths at the end of the tests predicted by TASEF, measured from fire tests, and calculated 

by using Eurocode 5. 

Figure 93. Vertical charring depths at the end of the tests predicted by TASEF, measured from fire tests, and calculated by 

using Eurocode 5. 
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The temperatures obtained during test 2 can be seen in Figure 95, the temperatures for TC 1, 

TC 11 and TC 21 follow each other well during the whole fire laps. Some differences can be 

seen in the initial stage of the fire. TC 1 and TC 11 which are placed at the side of the beam 

have a faster growth in temperature than TC 21 placed at the bottom of the beam. This 

behaviour can be seen for test 3 and test 4 as well and it is assumed that the properties of the 

furnace generates these differences in the initial phase. In theory, these temperatures should 

be the same during the whole fire laps. However, this behaviour can be seen in Figure 98 and 

Figure 99 that displays the results for current thermocouples from the TASEF simulations. 

 

For TC 10, TC 20 and TC 30 it appears to be a wider spread of the temperatures measured 

during test 2. They follow each other well for about 60 minutes but when TC 10 and TC 20 

start to level out in temperature TC 30 continue to increase. The increase in temperature for 

TC 30 has a logical explanation. The charring on the sides of the beam has reduced the 

distances to the sides of the beam and therefore TC 30 are influenced by heat in three 

directions, from the bottom and from the two sides. Therefore, the temperatures continue to 

increase for TC 30 while the temperatures for TC 10 and TC 20 starts to level out since they 

are only influenced by heat in one direction. This phenomenon is clearly visible for test 2 but 

not as obvious for test 3 or test 4 although some tendency can be seen. When inspecting the 

results from the TASEF simulations the increase of temperature for TC 30 can be seen after 

approximately 50 minutes in Figure 98. In Figure 99 this increase does not appear and it is 

assumed that this depend on the smaller opening factor. 

 

 
Figure 95. Plot of thermocouples 1, 10, 11, 20, 21 and 30 for test 2. 

The measurements obtained during test 3 can be seen in Figure 96, temperatures for all 

thermocouples follow each other well through the whole fire laps. Thermocouple 21 has a 

lower temperature in the initial phase as stated above, however this might depend on an 

unexplainable drop in temperature after approximately 8 minutes. The values of the 

temperatures for test 3 cannot be compared with other tests since another fire curve was used 

but the patterns for the temperatures are of interest. 
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Figure 96. Plot of thermocouples 1, 10, 11, 20, 21 and 30 for test 3. 

The measurements for the thermocouples in test 4 are presented in Figure 97, the 

temperatures follow each other fairly during the fire laps but for TC 1, TC 11 and TC 21 

differences can be seen. TC 1 and TC 11 follow each other well. TC 21 breaks the pattern 

which can be explained by the placement in the beam. 

 

 
Figure 97. Plot of thermocouples 1, 10, 11, 20, 21 and 30 for test 4. 
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Figure 98. Temperatures for thermocouples at depths 5 mm and 50 mm, taken from the TASEF simulation O=0,04 m½. 

 
Figure 99. Temperatures for thermocouples at depths 5 mm and 50 mm, taken from the TASEF simulation O=0,02 m½. 

 

6.9.7 Charring depth over time 

To gain perspective about the different charring rates a comparison has been made including 

the test results, the calculated values from Eurocode 5 and the results obtained from the 

TASEF simulations. The graphs below display the charring depths over time where the 

charring depths are represented by the 300-degree isotherms. Figure 100 shows the values for 
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an opening factor of 0,04 m1/2 and Figure 101 for an opening factor of 0.02 m1/2, respectively. 

The depths of the 300-degree isotherm that are taken from the fire tests and the TASEF 

simulations are based on TC-series 1, i.e. thermocouples 1-10. This means that the charring 

rates are corresponding to the charring of the horizontal direction (from the sides). In Figure 

100 and Figure 101 the charring rates are presented as the incline of the lines in mm/min, the 

higher the charring rate is the steeper the line gets. 

 

For the fire curve with an opening factor of 0.04 m1/2 the calculations performed using 

equations from the Eurocode 5 underestimate both charring depth and charring rate for all 

time steps. Although the calculated values are close to the values obtained from the fire tests 

they are an underestimation. Opposed to the TASEF overestimation that would generate a 

higher fire protection for a building, an underestimation could lead to a fire protection unable 

to withstand the fire that it is dimensioned for. In the graph below calculated values are 

displayed as dotted lines.  

 
Figure 100. Charring depth over time for the fire curve with an opening factor of 0.04 m1/2. 

 

For the less severe parametric fire curve with an opening factor of 0,02 m1/2 the values from 

test 3 and the calculated values from the Eurocode 5 correspond very well. The maximum 

charring depth differs with approximately 4 mm and the calculations are deemed acceptable 

even though the time to reach maximum charring depths differs almost 20 minutes. The 

TASEF predictions overestimates the charring depth only slightly for almost the first 40 

minutes. Then no more charring occurs according to the TASEF predictions and therefore the 

maximum charring depth ends at 25 mm, an underestimation of 10 mm when comparing to 

the actual beam in test 3. This result was not expected since earlier predictions tended to be 

overestimations of the temperature distribution in the timber. However, the charring rate 

showed as the incline of the line, has approximately the same charring rate the first 40 

minutes. In the graph below calculated values are displayed as dotted lines. 
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Figure 101. Charring depth over time for the fire curve with an opening factor of 0,02 m1/2. 
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7 Discussion 
In this section a discussion about methodology, results, analysis, TASEF-simulations and 

possible error sources will be presented.  

7.1 Methodology  

Eurocode 5 provides thermal properties of timber for temperature predictions that are 

specifically valid for standard fires, as these properties were obtained from backwards 

calculations of standard fire tests (König & Walleij, 2000). In this study these parameters are 

tested for parametric fires.  

 

One difference between the fire tests and computer modelling was that the timber beams used 

in the tests were glued laminated but in the model the cross section was modelled with solid 

wood. The consequence of this is that delamination and the behaviour of adhesives is left out 

by the simulation. Delamination is not possible to model with the current knowledge.  

 

Only half of the actual test set-up was modelled for the computer simulations because of the 

symmetry. The thermocouple wires were not modelled in the simulations. Finite element 

nodes were positioned where temperatures were measured. It could be more realistic to model 

the thermocouples inserted in the beam where the thermocouples of metal will work as heat 

conductors. However, that would require a 3-dimensional model with locally very small 

elements. That would result in very long calculation times. 

 

The deviation study was made before the testing so the position of thermocouples could be 

established. Data that was collected from this drilling ensured how the deviation was for 

every drill-hole. The results for the deviation study ensured that there was no big deviation 

for the drill-holes and that the temperatures were measured at the right places. There was, 

however, no deviation study for the drill-holes that were 205-250 mm long as the time in 

Stockholm was limited to three weeks. To save time for testing specimens in the furnace, 

trigonometric equations ensured that the depth of these drill-holes were as deep as they 

should. This method may not be as accurate as a drilling study but it can ensure that the long 

drilling-holes will get correct depth to the edge of the beam which is most important for the 

temperature measuring.  

 

When thermal inertia for the surrounding materials of a fire compartment was determined, an 

estimation had to be performed. The estimation is based on a compartment consisting of both 

timber and concrete. The thermal inertia is very important when calculating the fire curves 

and there would be a big impact if the value were to be changed. Since thermal inertia is so 

important for the calculations it should be chosen wisely, the results presented in this thesis 

can only be compared with tests using the same value for thermal inertia. The estimation for 

this thesis aim to represent a realistic apartment in a timber building.     

 

There are various reasons that the thermocouples broke during test 1, one theory is the rapid 

heat development. For the parametric fire curve a high temperature growth in the start was 

needed and therefore, a big amount of gas was pumped into the furnace and when it was 
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ignited the thermocouples could not endure the heat development. For test 1 the parametric 

fire curve was more severe than the standard fire curve. Except the obvious consequence that 

there were no temperature results for test 1 the placement of the exposed thermocouples was 

needed to be changed against the recommendations in EN 1363-1:2012. For the upcoming 

tests, new drill-holes at a depth of 205-250 mm through the top of the beam were needed to 

be made. These long drill-holes could act as conductors in the timber beams.  

 

Since the beams were cooled directly after the fire tests it can be assumed that the charring 

stopped and therefore was the measured charring depth only affected by the time in the 

furnace. However, the time it took to extinguish the beams were different for each beam and 

therefore some beams charred a bit longer than some others. The time for extinguish was not 

taken into account.   

 

Only two parametric fire curves were used in this thesis, this partly depends on the time 

constraint but also of the failure of the thermocouples in test 1. When delamination occurred 

during test 2 the aim was to repeat these results for test 4, therefore the same fire curve was 

reused.  

 

Historically, the standard fire curve has been used when testing wood. This can be misleading 

due to the absence of cooling phase in the standard fire curve. Fire tests explained in this 

thesis shows that the cooling phase is important for charring depth since the charring will 

continue although the heating phase is over.  

 

7.2 TASEF 
TASEF was chosen to perform the simulations of the fire tests partly because of its short 

runtime but also because of its simplicity when modelling. The results from the simulations 

performed are generally very good and correspond to the results from the fire tests with only 

a few deviations. In the cooling phase a problem occurs for the simulations, when the 

temperatures in the fire outside of the beam become lower than the temperatures inside the 

beam they start to cool the beam from the outside in a rapid way. Because of this rapid 

cooling the temperature distribution in the beam simulated by TASEF do not correlate to the 

temperatures measured during the tests. After the heating phase TASEF fails to simulate the 

continuing pyrolysis in the timber beam, this generates lower temperatures and more rapid 

cooling phase.  

 

This may depend on the simplicity of the program and perhaps it could have been avoided by 

using a more complex computer code (if available at all). However, since the temperatures in 

the heating phase and the beginning of the cooling phase are trustworthy we think that using 

TASEF when predicting parametric fire curves is a valid choice at least for the heating phase.  

 

By offering pre-defined materials and functions such as calculating a parametric fire curve 

TASEF becomes user friendly and the results have proven to be accurate. What might 

generate an error for simulations in TASEF are the choice of material properties and physical 

constants, but this problem is the same for any computer code.  
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7.3  Charring 
The same fire curve (O=0.04 m1/2) was used in test 1, test 2 and test 4. For test 1 the time of 

exposure was about 75 minutes and for test 2 and test 4 the time of exposure was about 90 

minutes. For the last 15 minutes of fire exposure it only differs about 5 mm in charring depth 

according to Eurocode calculations. When comparing the horizontal charring depth for test 1 

with test 4, the charring depth differs with about 8 mm. There are also big differences in 

charring depth for the vertical direction of the beam when test 1, test 2 and test 4 are 

compared. By comparing the vertical charring for test 1 and test 4, where no delamination 

occurred, it is a difference of about 17 mm. The only difference between test 1 and test 4 

were the time of fire exposure, in test 4 the beam was exposed to fire 15 minutes longer. The 

charring depths calculated from Eurocode 5 do not correspond to the final charring depths 

measured from the fire tests, especially not for test 2 and test 4. The Eurocode calculations 

underestimated the charring depths obtained for test 2 and test 4. 

 

The beam in test 2 had a charring depth for the vertical direction that was significantly bigger 

than other tests due to delamination as shown in Figure 61.The reason why the charring rate 

accelerated when delamination occurred is because virgin wood became exposed to the fire 

when lamellas felled off the beam. One theory why delamination happened is that the 

adhesives lose its effect when exposed to high temperature. What dispute this is the fact that 

delamination did not happen for beam D in test 4 that was exposed to the same parametric 

fire curve. The fact that delamination happened for the beam in test 2 remains in either case 

and this is something that should be considered when designing timber buildings.  

 

In test 3, the charring depth for the horizontal direction corresponded to the calculated values 

according to Eurocode 5. However, the charring for the vertical direction was overestimated 

by the calculated values with approximately 13 mm for test 3. This can generate an 

overestimation for dimensions of the beam when designing a building and should be taken in 

account in the design process. 

 

There is no doubt that charring depth is complicated to calculate, but two separate equations 

that make a difference between one-dimensional charring and two-dimensional charring 

should be considered. This is done for standard fire calculations, by using an increased 

"notional" charring rate if the residual cross sections become too slender. However, for 

parametric fires such an increased charring rate is not given. This could make the calculations 

more accurate and help eliminate the differences that can be seen in this thesis. Considering 

that charring depth is so complicated, it is better to overestimate the charring depth in 

equations when dimensioning buildings. 

 

When investigating the charring depths by using TASEF the 300-degree isotherm should be 

used as the reference line for the char layer. For the temperature contours from TASEF there 

are no dimensions so it is hard to measure the charring depth from them. To find out the 

charring depth it is most reliable to choose some nodes at different depths but in same 
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perpendicular line from the fire exposure in the geometry and plot their time-temperature 

graphs. Then it will be clear at which depth 300-degree isotherm will be. As Figure 84 to 

Figure 92 shows the temperatures predicted by TASEF are generally higher than measured 

temperatures in test 2 and test 4.  

 

When looking at the 300-degree isotherm there are some differences in temperatures for the 

fire tests and for TASEF predictions. For some tests, there is a difference in placement for the 

300-degree isotherm when comparing to TASEF. This difference can depend of the 

temperature distribution or the assumption that the 300-degree isotherm is equal to the 

charring depth. 

 

Temperature predictions by TASEF for the parametric fire curve with an opening factor of 

0.04 m1/2 displays a maximum temperature just before the cooling phase starts. For the fire 

tests, the temperature of the thermocouples that are placed deepest in the beam never 

decreases. This is not the case for TASEF predictions for the curve with the opening factor of 

0.04 m1/2.  

 

For the parametric fire curve with an opening factor of 0.02 m1/2 the temperature predictions 

by TASEF for the deepest placed thermocouple behaved like in the fire test, they were both 

levelling out when the cooling phase begun. However, TASEF underestimated the 

temperatures in the timber and the simulation is therefore predicting a lower charring depth 

than what occurred during the tests for the curve with the opening factor of 0.02 m1/2. 

 

For test 3 the measured charring depth was deeper than the TASEF predictions. The charring 

depth was also deeper than the distance to the 300-degree isotherm. This indicates that the 

charring line sometimes can be found at temperatures lower than 300-degree Celsius. The 

charring line may differ in temperature and therefore some of the calculated values for 

charring might not correspond with values obtained during the fire tests.    

 

7.4 Temperature distribution 
The temperatures obtained during test 2 and 4 are similar when looking at TC-series 1 and 2. 

The obvious difference for the temperatures are the fluctuations seen for test 2, one 

explanation might be the delamination that occurred during test 2. Example of fluctuations, 

when the temperature quickly goes up and down, can be seen in Figure 55. When the charring 

depth has passed a thermocouple, it will be located in the charcoal layer. Fissures and cracks 

inside the charcoal enable airflow to reach the thermocouple which can be seen as 

fluctuations in the graphs. The airflow can also reach the thermocouple if a larger piece of 

timber or charcoal would fall off. One of the supervisors for test 2 said that these kinds of 

fluctuations are common when measuring temperatures in timber and that the exact reason is 

not yet determined. When comparing TC-series 3 for test 2 and test 4 it is clear that the 

temperatures for test 2 in general are higher. This can almost certainly be explained by the 

delamination since the timber at the bottom falls off and the fire gets closer to the 

thermocouples.  
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When looking at Figure 84 to Figure 92 one can see that the measured temperatures for test 2 

and test 4 in general are lower than the TASEF predictions. It is obvious that TASEF with the 

given input data does not predict exactly the corresponding temperatures during the whole 

fire, but since it generates temperatures slightly higher than the measured temperatures it can 

still be useful when designing fire protection for buildings. If the fire protection is designed to 

withstand the temperatures simulated in TASEF it will most definitely withstand the 

temperatures generated by an actual fire. 

 

Looking at test 3 where another opening factor was used and the fire became less severe than 

for the other tests the computer code generates more accurate temperatures for the whole fire 

duration. Although some differences can be seen the temperature predictions follow the 

measured temperatures well. This simulation can be used for fire protection design with great 

accuracy. It would be a good idea to investigate how big the differences would get in the 

simulations performed by TASEF depending on how severe the fires are. 

  

The predictions of temperature distribution in the timber members have a natural correlation 

with the charring rates and charring depths which can be seen in Figure 100 and Figure 101. 

The charring rates are generally close to the TASEF predictions, especially for the fire curve 

with an opening factor of 0.04 m1/2. However, for the fire curve with an opening factor of 

0.02 m1/2 the equations from the Eurocode 5 seem to give more correct values. The TASEF 

simulations tend to give a slight overestimation of the charring rate which also can be seen 

for the TASEF predictions of thermal distribution. As been said before, an overestimation 

might be to prefer to guarantee fire safety in timber structures. 

 

7.5 Further work 

For further work, more beams should be tested with different parametric fire curves with 

other properties than for the once that were tested in this thesis. This may lead to better 

calculation methods for predicting charring depths.  

 

Additional work that can be done is to investigate the possibility to develop two different 

equations for calculating charring depth by Eurocode, one for one-dimensional charring and 

one for two-dimensional charring for parametric fire curves depending on the width of the 

beam. 

 

There can also be further work in evaluating if the 300-degree isotherm is a correct guideline 

for where the charring line can be found. Further testing and modelling should also test if 

TASEF can be used as a tool for predicting charring depth of beams that are tested with 

parametric fire curve.  

 

Since delamination occurred during test 2, it would be interesting to continue investigating 

the effect of adhesives in glued laminated beams when exposed to parametric fires. This 
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could have a big impact on the design of timber buildings, especially since delamination in 

glued laminated beams has been assumed not to occur. 

 

Future work could focus on the behavior of TASEF and the outcome of the predictions 

depending on the properties of the fire curves. There have been some tendencies in this thesis 

that indicates the accuracy of TASEF simulations depending on how severe the fire is. 

8 Conclusion 
TASEF: This thesis demonstrates that the finite element temperature calculation code TASEF 

can be used for predicting temperature in a timber beam exposed to the parametric fire curve 

with the opening factor of 0.02 m1/2 (Γ=0.9). For the fire curve with the opening factor of 0.04 

m1/2 (Γ=3.7), TASEF predicts a higher temperature distribution than measured during tests.  

 

The charring depth can be predicted by TASEF simulations by investigating node 

temperatures to find the 300-degreee isotherm where the char layer will be. The predictions 

from TASEF are not fully correlated to fire tests but for the fire curve with the opening factor 

of 0.04 m1/2 a good estimation was given of the charring depth. For the curve with the 

opening factor of 0.02 m1/2 the charring depth predicted by TASEF underestimated the 

temperatures in the timber beam.  

 

Eurocode 5: The equations regarding charring depth for parametric fire curves according to 

Eurocode 5 are reliable for the horizontal direction of the beams. The charring depths for the 

vertical direction of the beams does not correspond to the values calculated using Eurocode 5, 

the calculated values underestimate the charring depth for beams exposed to parametric fire 

curves and are therefore not deemed reliable. 

 

In this thesis, it is showed that delamination can appear for timber beams that are exposed to 

parametric fire curves.  
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10 Appendices 

10.1 Appendix A – TASEF Simulations 
 

TASEF output file for curve with the opening factor 0.02 m1/2 
 

© Ulf Wickström /  TasefPlus Ltd 

 

 Output from TASEF    2017- 1- 8    15:12 

 

 

 TITLE OF RUN : Test 0.02, mineralwool                                                           

 

 

 GEOMETRY 

 ******** 

 

 MAXIMUM COORDINATES      XMAX =     0.1550   YMAX =     0.3050 

 MAXIMUM ELEMENT LENGTH   XBOX =     0.1550   YBOX =     0.3050 

 

 SUBREGIONS 

 

 NUMBER OF SUBREGIONS   2 

 

 SUBREGION DIAGONAL LIMITS 

 

       XMIN      YMIN      XMAX      YMAX    FICTITIOUS AREA 

     0.0000    0.2550    0.1550    0.3050       False 

     0.0775    0.0000    0.1550    0.2550        True 

 

 

 COORDINATES OF SPECIFIED X - LINES 
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     0.0725    0.0675    0.0625    0.0575    0.0525    0.0475 

     0.0425    0.0375    0.0325    0.0275    0.0050    0.0100 

     0.0150    0.0200    0.0250    0.0900 

 

 

 COORDINATES OF SPECIFIED Y - LINES 

 

     0.0050    0.0100    0.0150    0.0200    0.0250    0.0300 

     0.0350    0.0400    0.0450    0.0500    0.2050    0.2300 

     0.1800    0.1550    0.1300    0.1050    0.0800    0.0550 

     0.2700    0.2900 

 

 

 NUMBER AND COORDINATES OF GENERATED X - LINES:  19 

 

     0.0000    0.0050    0.0100    0.0150    0.0200 

     0.0250    0.0275    0.0325    0.0375    0.0425 

     0.0475    0.0525    0.0575    0.0625    0.0675 

     0.0725    0.0775    0.0900    0.1550 

 

 NUMBER AND COORDINATES OF GENERATED Y - LINES:  23 

 

     0.0000    0.0050    0.0100    0.0150    0.0200 

     0.0250    0.0300    0.0350    0.0400    0.0450 

     0.0500    0.0550    0.0800    0.1050    0.1300 

     0.1550    0.1800    0.2050    0.2300    0.2550 

     0.2700    0.2900    0.3050 
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 NUMBER OF NODES    =  437 

 NUMBER OF ELEMENTS =  396 

 

 

 COUPLED NODES 

 ************* 

 

 NO COUPLED NODES 

 

 

 

 MATERIAL DATA: LINKED TO REGIONS 

 ******************************** 

 

 

 REGION NUMBER  1 

 

 EC5 Timber 12%450         THICKNESS    1.000 

 

  TEMP   CONDUCTIVITY       TEMP     ENTHALPY     ENTH/TEMP 

                               0.         0.0         214.2 

    20.        0.1200         20.      4284.0         214.2 

   200.        0.1500        100.     23860.0         238.6 

   350.        0.0700        120.     59298.0         494.1 

   500.        0.0900        200.     79298.0         396.5 

   800.        0.3500        250.     88714.0         354.9 

  1200.        1.5000        300.     92086.0         307.0 

                             350.     94849.0         271.0 

                             400.     97224.0         243.1 

                            1200.    117749.0          98.1 
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 REGION NUMBER  2 

 

 MineralWool               THICKNESS    1.000 

 

 Conductivity is kept constant after reaching maximum temperature 

 

 *** WARNING ***  IF MORE THAN ONE MATERIAL TEMPERATURE- ENTHALPY 

CURVE MUST PASS ORIGO 

 

  TEMP   CONDUCTIVITY       TEMP     ENTHALPY     ENTH/TEMP 

     0.        0.1000          0.         0.0          63.9 

   100.        0.1000        100.      6388.9          63.9 

   800.        0.1000        800.     51111.1          63.9 

  1200.        0.1000       1200.     76666.7          63.9 

 

 

 

 INITIAL DATA  

 ********** 

 

 INITIAL TEMPERATURE        =        20. 

 AMBIENT TEMPERATURE        =        20. 

 STEFAN-BOLTZMANN CONSTANT  = .56700E-07 

 ABSOLUTE TEMPERATURE SHIFT =     273.18 

 

 

 NODE GROUPS 

 *********** 
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  NODE  EMISS-   CONV.   CONV. NODES 

 GROUP   IVITY  FACTOR   POWER NUMBER NODES   -   -   -   -   - 

     1     0.0    25.0     1.0     16     1  24  47  70  93 116 

                                        139 162 185 208 231 254 

                                        277 300 323 346 

     2     0.8    25.0     1.0     16   346 369 370 371 372 373 

                                        374 375 376 377 378 379 

                                        380 381 382 383 

     3     0.8    25.0     1.0      8   383 384 385 386 387 388 

                                        411 434 

     4     0.8     4.0     1.0     16    23  46  69  92 115 138 

                                        161 184 207 230 253 276 

                                        299 322 345 368 

     5     0.8     4.0     1.0      4   368 391 414 437 

 

 

 PRESCRIBED HEAT FLUX BOUNDARY 

 ***************************** 

 

 NODE GROUPS AND TYPES OF BOUNDARIES 

 

 NODE GROUP     ASSOCIATED FIRE BOUNDARY 

      1                    2 

      2                    2 

      3                    2 

      4           AMBIENT BOUNDARY 

      5           AMBIENT BOUNDARY 

 

 

 GENERATED/PRESCRIBED HEAT 
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 ************************* 

 

 NUMBER OF GENERATED/PRESCRIBED HEAT GROUPS =  0 

 

 

 VOIDS 

 ***** 

 

 THIS STRUCTURE HAS NO VOIDS 

 

 

 

 TUBE 

 **** 

 

 THIS STRUCTURE HAS NO TUBE 

 

 

 

 TIME 

 **** 

 

 MAXIMUM TIME                      =     1.850 

 MAXIMUM TIME INCREMENT            =     1.850 

 CRITICAL TIME INCREMENT FACTOR    =     0.010 

 MAXIMUM NUMBER OF TIME INCREMENTS =   1000000 

 

 

 PRINT OUT TIMES 

    0.000   0.100   0.200   0.300   0.400   0.500   0.600   0.700 
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    0.800   0.900   1.000   1.100   1.200   1.300   1.400   1.500 

    1.600   1.700   1.850 

 

 

 SUB-REGIONS AND INTERFACE NODE MAPPING 

  ************************************** 

 

 -1 = INTERFACE NODE 

  0 = FICTITIOUS NODE 

  n = REGION OR SUB-REGION 

 

 NODES (  1 -  23)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 24 -  46)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 47 -  69)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 70 -  92)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 93 - 115)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (116 - 138)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (139 - 161)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (162 - 184)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (185 - 207)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (208 - 230)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 
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 NODES (231 - 253)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (254 - 276)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (277 - 299)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (300 - 322)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (323 - 345)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (346 - 368)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (369 - 391)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (392 - 414) -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  2  2  2  2 

 

 NODES (415 - 437) -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  2  2  2  2 

 

 

 NUMBER OF FIRES:  2 

 

 

 

 FIRE BOUNDARY TEMPERATURE 

 ************************* 

 

 

 FIRE ID  1 

 ---------- 
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 EC1Param0.04                                       

      TIME  TEMPERATURE 

    0.000            20. 

    0.017           486. 

    0.033           648. 

    0.050           716. 

    0.100           802. 

    0.150           857. 

    0.200           899. 

    0.250           933. 

    0.300           961. 

    0.350           985. 

    0.400          1005. 

    0.450          1022. 

    0.500          1038. 

    0.550          1052. 

    0.600          1064. 

    0.650          1076. 

    0.700          1087. 

    0.750          1097. 

    0.850          1003. 

    0.950           910. 

    1.050           816. 

    1.150           723. 

    1.250           629. 

    1.350           536. 

    1.450           442. 

    1.550           349. 

    1.650           256. 

    1.750           162. 
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    1.850            69. 

 

 

 FIRE ID  2 

 ---------- 

 EC1Param0.02                                       

      TIME  TEMPERATURE 

    0.000            20. 

    0.017           188. 

    0.033           315. 

    0.050           412. 

    0.100           587. 

    0.150           670. 

    0.200           716. 

    0.250           746. 

    0.300           768. 

    0.350           786. 

    0.400           802. 

    0.450           817. 

    0.500           831. 

    0.550           844. 

    0.600           857. 

    0.650           833. 

    0.750           776. 

    0.850           719. 

    0.950           662. 

    1.050           605. 

    1.150           548. 

    1.250           492. 

    1.350           435. 



 

107 

 

    1.450           378. 

    1.550           321. 

    1.650           264. 

    1.750           207. 

    1.850           150. 

    1.950            94. 

    2.050            37. 
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TASEF output file for curve with the opening factor 0.04 m1/2  

© Ulf Wickström /  TasefPlus Ltd 

 

 Output from TASEF    2017- 1- 8    15:18 

 

 

 TITLE OF RUN : Test 0.04, mineralwool                                                           

 

 

 GEOMETRY 

 ******** 

 

 MAXIMUM COORDINATES      XMAX =     0.1550   YMAX =     0.3050 

 MAXIMUM ELEMENT LENGTH   XBOX =     0.1550   YBOX =     0.3050 

 

 SUBREGIONS 

 

 NUMBER OF SUBREGIONS   2 

 

 SUBREGION DIAGONAL LIMITS 

 

       XMIN      YMIN      XMAX      YMAX    FICTITIOUS AREA 

     0.0000    0.2550    0.1550    0.3050       False 

     0.0775    0.0000    0.1550    0.2550        True 

 

 

 COORDINATES OF SPECIFIED X - LINES 

 

     0.0725    0.0675    0.0625    0.0575    0.0525    0.0475 
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     0.0425    0.0375    0.0325    0.0275    0.0050    0.0100 

     0.0150    0.0200    0.0250    0.0900 

 

 

 COORDINATES OF SPECIFIED Y - LINES 

 

     0.0050    0.0100    0.0150    0.0200    0.0250    0.0300 

     0.0350    0.0400    0.0450    0.0500    0.2050    0.2300 

     0.1800    0.1550    0.1300    0.1050    0.0800    0.0550 

     0.2700    0.2900 

 

 

 NUMBER AND COORDINATES OF GENERATED X - LINES:  19 

 

     0.0000    0.0050    0.0100    0.0150    0.0200 

     0.0250    0.0275    0.0325    0.0375    0.0425 

     0.0475    0.0525    0.0575    0.0625    0.0675 

     0.0725    0.0775    0.0900    0.1550 

 

 NUMBER AND COORDINATES OF GENERATED Y - LINES:  23 

 

     0.0000    0.0050    0.0100    0.0150    0.0200 

     0.0250    0.0300    0.0350    0.0400    0.0450 

     0.0500    0.0550    0.0800    0.1050    0.1300 

     0.1550    0.1800    0.2050    0.2300    0.2550 

     0.2700    0.2900    0.3050 

 

 

 NUMBER OF NODES    =  437 

 NUMBER OF ELEMENTS =  396 
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 COUPLED NODES 

 ************* 

 

 NO COUPLED NODES 

 

 

 

 MATERIAL DATA: LINKED TO REGIONS 

 ******************************** 

 

 

 REGION NUMBER  1 

 

 EC5 Timber 12%450         THICKNESS    1.000 

 

  TEMP   CONDUCTIVITY       TEMP     ENTHALPY     ENTH/TEMP 

                               0.         0.0         214.2 

    20.        0.1200         20.      4284.0         214.2 

   200.        0.1500        100.     23860.0         238.6 

   350.        0.0700        120.     59298.0         494.1 

   500.        0.0900        200.     79298.0         396.5 

   800.        0.3500        250.     88714.0         354.9 

  1200.        1.5000        300.     92086.0         307.0 

                             350.     94849.0         271.0 

                             400.     97224.0         243.1 

                            1200.    117749.0          98.1 
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 REGION NUMBER  2 

 

 MineralWool               THICKNESS    1.000 

 

 Conductivity is kept constant after reaching maximum temperature 

 

 *** WARNING ***  IF MORE THAN ONE MATERIAL TEMPERATURE- ENTHALPY 

CURVE MUST PASS ORIGO 

 

  TEMP   CONDUCTIVITY       TEMP     ENTHALPY     ENTH/TEMP 

     0.        0.1000          0.         0.0          63.9 

   100.        0.1000        100.      6388.9          63.9 

   800.        0.1000        800.     51111.1          63.9 

  1200.        0.1000       1200.     76666.7          63.9 

 

 

 

 INITIAL DATA  

 ********** 

 

 INITIAL TEMPERATURE        =        20. 

 AMBIENT TEMPERATURE        =        20. 

 STEFAN-BOLTZMANN CONSTANT  = .56700E-07 

 ABSOLUTE TEMPERATURE SHIFT =     273.18 

 

 

 NODE GROUPS 

 *********** 

 

  NODE  EMISS-   CONV.   CONV. NODES 

 GROUP   IVITY  FACTOR   POWER NUMBER NODES   -   -   -   -   - 



 

112 

 

     1     0.0    25.0     1.0     16     1  24  47  70  93 116 

                                        139 162 185 208 231 254 

                                        277 300 323 346 

     2     0.8    25.0     1.0     16   346 369 370 371 372 373 

                                        374 375 376 377 378 379 

                                        380 381 382 383 

     3     0.8    25.0     1.0      8   383 384 385 386 387 388 

                                        411 434 

     4     0.8     4.0     1.0     16    23  46  69  92 115 138 

                                        161 184 207 230 253 276 

                                        299 322 345 368 

     5     0.8     4.0     1.0      4   368 391 414 437 

 

 

 PRESCRIBED HEAT FLUX BOUNDARY 

 ***************************** 

 

 NODE GROUPS AND TYPES OF BOUNDARIES 

 

 NODE GROUP     ASSOCIATED FIRE BOUNDARY 

      1                    1 

      2                    1 

      3                    1 

      4           AMBIENT BOUNDARY 

      5           AMBIENT BOUNDARY 

 

 

 GENERATED/PRESCRIBED HEAT 

 ************************* 
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 NUMBER OF GENERATED/PRESCRIBED HEAT GROUPS =  0 

 

 

 VOIDS 

 ***** 

 

 THIS STRUCTURE HAS NO VOIDS 

 

 

 

 TUBE 

 **** 

 

 THIS STRUCTURE HAS NO TUBE 

 

 

 

 TIME 

 **** 

 

 MAXIMUM TIME                      =     1.850 

 MAXIMUM TIME INCREMENT            =     1.850 

 CRITICAL TIME INCREMENT FACTOR    =     0.010 

 MAXIMUM NUMBER OF TIME INCREMENTS =   1000000 

 

 

 PRINT OUT TIMES 

    0.000   0.100   0.200   0.300   0.400   0.500   0.600   0.700 

    0.800   0.900   1.000   1.100   1.200   1.300   1.400   1.500 

    1.600   1.700   1.800   1.850 
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 SUB-REGIONS AND INTERFACE NODE MAPPING 

  ************************************** 

 

 -1 = INTERFACE NODE 

  0 = FICTITIOUS NODE 

  n = REGION OR SUB-REGION 

 

 NODES (  1 -  23)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 24 -  46)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 47 -  69)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 70 -  92)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES ( 93 - 115)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (116 - 138)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (139 - 161)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (162 - 184)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (185 - 207)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (208 - 230)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (231 - 253)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 
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 NODES (254 - 276)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (277 - 299)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (300 - 322)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (323 - 345)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (346 - 368)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (369 - 391)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  0  2  2  2 

 

 NODES (392 - 414) -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  2  2  2  2 

 

 NODES (415 - 437) -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  2  2  2  2 

 

 

 NUMBER OF FIRES:  1 

 

 

 

 FIRE BOUNDARY TEMPERATURE 

 ************************* 

 

 

 FIRE ID  1 

 ---------- 

 EC1Param0.04                                       

      TIME  TEMPERATURE 
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    0.000            20. 

    0.017           486. 

    0.033           648. 

    0.050           716. 

    0.100           802. 

    0.150           857. 

    0.200           899. 

    0.250           933. 

    0.300           961. 

    0.350           985. 

    0.400          1005. 

    0.450          1022. 

    0.500          1038. 

    0.550          1052. 

    0.600          1064. 

    0.650          1076. 

    0.700          1087. 

    0.750          1097. 

    0.850          1003. 

    0.950           910. 

    1.050           816. 

    1.150           723. 

    1.250           629. 

    1.350           536. 

    1.450           442. 

    1.550           349. 

    1.650           256. 

    1.750           162. 

    1.850            69. 
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10.2 Appendix B – Deviation study 50 mm  
To calculate the deviation, a measurement was taken on the top 

(upper measurement) and at the bottom (lower measurement) for 

each drill-hole. These measurements can be seen in photo to the 

right.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deviation for drill holes 
50 mm   

   

 Upper (mm) Lower (mm) Difference (mm) 

1 19.7 21.36 -1.66 

2 19.59 20.69 -1.1 

3 19.53 18.65 0.88 

4 18.85 19.48 -0.63 

5 19.49 20.42 -0.93 

6 19.2 18.15 1.05 

7 18.98 18.11 0.87 

8 18.35 16.84 1.51 

9 19.34 19.77 -0.43 

10 20.5 19.96 0.54 

11 20.32 20.13 0.19 

12 20.3 19.74 0.56 

13 20.1 20.42 -0.32 

14 19.55 19.65 -0.1 

15 19.75 20.08 -0.33 

16 19.64 20.17 -0.53 

17 19.78 18.57 1.21 

18 19.36 20.75 -1.39 

19 20.23 19.3 0.93 

20 19.94 18.97 0.97 

21 18.96 17.92 1.04 

22 20.29 21.13 -0.84 

23 20.15 19.05 1.1 

24 18.88 18.2 0.68 

25 18.7 19.24 -0.54 

26 19.5 20.7 -1.2 
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27 19.01 18.99 0.02 

28 18.87 18.24 0.63 

29 18.52 18.53 -0.01 

30 20.03 18.86 1.17 

31 20.09 21.16 -1.07 

32 20.05 21.22 -1.17 

33 19.45 20.62 -1.17 

34 19.83 22.04 -2.21 

35 19.6 21.93 -2.33 

36 19.54 20.28 -0.74 

37 19.57 19.2 0.37 

38 19.05 18.65 0.4 

39 19.5 19.96 -0.46 

40 20.53 21.41 -0.88 

41 19.57 19.14 0.43 

42 19.28 17.95 1.33 

43 20.29 20.24 0.05 

Mean value (mm)   -0.095581395 

Standard deviation (mm)   0.990074808 
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10.3 Appendix C – Deviation study 75 mm 
To calculate the deviation, a measurement was taken on the top 

(upper measurement) and at the bottom (lower measurement) for 

each drill-hole. These measurements can be seen in photo to the 

right.  

 

 

 

 

 

 

 

 

 

 

 

  Deviation for drill holes 75 mm  

   

 Upper(mm) Lower (mm) Difference(mm) 

1 19.77 22.24 -2.47 

2 19.46 21.2 -1.74 

3 19.47 18.14 1.33 

4 18.77 20.08 -1.31 

5 19.38 21.15 -1.77 

6 19.18 18.02 1.16 

7 19.13 17.53 1.6 

8 18.23 16.46 1.77 

9 19.43 21.49 -2.06 

10 20.52 20.09 0.43 

11 20.47 20.39 0.08 

12 20.17 19.23 0.94 

13 20.37 20.81 -0.44 

14 19.59 20.31 -0.72 

15 20.02 20.29 -0.27 

16 19.74 20.67 -0.93 

17 19.83 18.11 1.72 

18 19.42 21.67 -2.25 

19 20.2 19.11 1.09 

20 19.62 19.08 0.54 

21 19.04 17.44 1.6 

22 20.19 21.72 -1.53 

23 20.08 18.42 1.66 

24 18.92 18.09 0.83 

25 18.92 19.16 -0.24 

26 19.41 21.01 -1.6 

27 19.07 19.31 -0.24 

28 18.52 18.23 0.29 
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29 18.27 18.38 -0.11 

30 19.85 18.12 1.73 

31 19.9 21.58 -1.68 

32 19.87 21.64 -1.77 

33 19.55 21.21 -1.66 

34 19.79 22.67 -2.88 

35 19.76 22.53 -2.77 

36 19.6 20.58 -0.98 

37 19.2 18.92 0.28 

38 19.19 18.21 0.98 

39 19.41 19.87 -0.46 

40 20.33 21.89 -1.56 

41 19.63 18.11 1.52 

42 18.96 17.53 1.43 

43 20.27 20.35 -0.08 

Mean value (mm)   -0.245116279 

Standard deviation (mm)   1.401529683 

 

 


