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Summary 

To obtain experimental values for ignition of moist wood experiments were conducted 

where moist medium density fiberboards with varying moisture contents were ignited using 

a cone calorimeter. The cone calorimeter used a spark as means of ignition. Theoretically 

ignition times were predicted using the finite element code TASEF.These values were then 

compared with the experimental ones. The ignition was simplified to be a purely thermal 

problem where the boards will ignite when they reached a certain temperature. The initial 

assumption was that the surface ignition temperature was 350 ⁰C for all incident radiation 

and moisture contents The results indicated, however, that this was not a viable assumption. 

Instead it was found that an ignition temperature of 200 ⁰C at a depth of 1mm may be an 

alternative to use when predicting the ignition time. 

Sammanfattning 

För att få experimentialla värden på antändningstider för fuktigt trä antändes träfiberplattor 

med variernade fukthalt med en concalorimeter, concalorimetern var av den typ som 

använder gnista för antändning. Den teoretiska antändningstiden  simulerades med det 

finita element programmet TASEF, dessa värden var sendan jämförda med de 

experimentiella. Antändningsmekanismen som antogs var en förenklad variant där den 

endast är ett termisk problem där fiberplattorna antänder när de har nått en viss 

temepratur. Det initiella antagandet var att träplattorna antänder när yttemperaturen når 

350 ⁰C, detta gällde för alla nivåer av infallande strålning samt fukthalter, efter analys av 

resultaten visade det sig att detta antagande inte var korrekt. Istället framkom det att en 

antändningstemperatur på 200 ⁰C vid djupet 1mm kan vara ett alternativ att anända för att 

förutse antändningstemperaturen. 
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Nomenclature 

Symbols 

Latin 

c Specific heat capacity [J/kgK] or [Ws/KgK] 

h Heat transfer coefficient  [W/m2K] 

k Conductivity [W/mk] 

T Temperature [⁰C] or [K] 

q Heat [J] or [Ws] 

Greek 

β Convection factor 

γ Convection power 

ε Emissivity 

ρ Density [Kg/m3] 

σ Stefan-Boltzmann constant (5.67∙10-8 [W/m2K]) 

Superscripts 

‘’ Per unit area 

̇  Per unit time 

Subscripts 

AST Adiabatic Surface Temperature 

c Convection 

g Gas 

inc Incident radiation 

r Radiation 

s Surface 
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Introduction 

1.1. Background and problem 

Ignition is a very complex problem since it involves parameters spanning from the chemistry 

of the material and fluid mechanics to heat transfer problems, this complexity makes it 

necessary to make simplifications and approximations since a model including all the 

parameters will contain to many variables to be viable when solving engineering problems. 

This raises the question about what approximations are possible to do without sacrificing 

too much of its accuracy. 

1.2. Research topic and purpose 

The purpose of this project is to investigate the ignition of moist wood trough actual 

experiments and theoretical prediction using the computational program TASEF 

(Temperature Analysis of Structures Exposed to Fire). The material used in the experiment 

was MDF (Medium density fiberboard) with a moisture content varying between oven dried 

and roughly 21 weight percent.  
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2. Theory 

2.1. Ignition type 

There are two types of ignition, piloted- and auto ignition. When using auto-ignition the 

sample is heated without an external pilot such as a flame, spark or hot wire present. A 

sample will Auto ignite when it has released sufficient pyrolysis products to reach the LFL 

(lower flammability limit) and a high enough temperature to ignite these. In contrast, piloted 

ignition uses an external source of energy. The sample is still required to release enough 

pyrolysis products to reach the LFL but less energy is required to ignite the gases. This means 

a flame shouldn’t be used as a pilot since it would contribute to the heating trough both 

convection and radiation (this would make it impossible to measure how much radiation and 

convection the sample is subjected to). Besides using a flame as a pilot there’s the choice of 

either a hot wire or an electrical spark, these ignites the combustible gases in two different 

ways. When using an electrical spark as a pilot the electrical discharge will produce plasma 

and this will result in a free radical initiation which will ignite the gases (Drysdale, 2005). The 

hot wire will instead ignite the gases via its elevated temperature. The cone calorimeter 

used during the experiments relies on an electrical spark for ignition. 

 

2.2. Definition of ignition 

To measure the ignition time it is essential to define what ignition is. Two different words are 

usually used when defining ignition, flash point and fire point. Both of these are only 

relevant when there’s a source of ignition, i.e. it’s not relevant when igniting a material via 

auto-ignition. The flash point is the lowest temperature a volatile material vaporizes at a rate 

fast enough to ignite, however, the flame may be extinguished when the source of ignition is 

removed. The fire point is the lowest temperature at which the flame will continuously burn 

after the source of ignition is removed. Those two definitions are commonly used when 

dealing with combustible liquids but this report focus on MDF boards which is a combustible 

solid made from wood and Drysdale has adapted these definitions. When dealing with solids 

the flash point is defined as being the minimum condition for which pyrolysis products 

reaches the LFL close to the surface, the fire point would be a near-stoichiometric mixture at 

the surface (Drysdale, 2005). In other words, the flash point is when the gases between the 

sample and the pilot ignite; the fire point is when a diffusion flame is also attached to the 

sample surface. 
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2.3. Time to ignition 

 One important notion when considering time to ignition is the distance between the pilot 

and sample, with increased distance the time to ignition will increase, this is mainly because 

more pyrolysis gases will be needed to achieve the LFL at the pilot (the pyrolysis gases will 

become diluted with air, a larger volume of air will require a larger volume pyrolysis product. 

In other words, a larger amount of the sample will be required to chemically decompose and 

evaporate; this requires the sample to be subjected to more energy). If the apparatus being 

used isn’t a closed system the experiments will be susceptible to airflows in the room (two 

examples are slits and people moving in the room), the air will cool the sample trough 

convection but the main impact it has is that the pyrolysis products will become diluted (van 

Blijderveen et al, 2012). This will result in a prolonged ignition time and efforts should be 

taken to minimize the air flow in proximity to the apparatus. 

Not only external factors have an impact on the ignition time, the material properties of the 

sample will also matter, such as moisture content, grain direction, wood type and thermal 

inertia (kρc). Grain direction will influence the thermal conductivity in the selected sample 

since the heat transfer is greater along the grain than across it (Vytenis and Welker, 1975). 

The effect this will have on ignition time is that if the sample has grains perpendicular to the 

surface it’ll ignite faster than a sample with the grains facing the same way as the surface 

since the heat transfer will be lower and heat will build up faster. There are numerous 

different wood types, for simplicity they will be reduced to softwood and hardwood. Wood 

consists mainly of cellulose, hemicellulose and lignin. These components have varying 

ignition temperatures with hemicellulose being the one to ignite at the lowest temperature 

and lignin having the highest ignition temperature. Softwood and hardwood is composed of 

varying amounts of lignin and hemicellulose, softwood contains more lignin and less 

hemicellulose than hardwood which explains why hardwood ignites faster than softwood 

(Buchanan, 1952). Thermal inertia is dependent on three different material parameters, 

conductivity (k,  
 

  
), density (ρ, 

  

  ) and specific heat capacity (c, 
 

   
). The conductivity 

shows how fast heat flows through the material which means that insulating materials will 

have a low value on conductivity. A material with low density will have a low value on 

conductivity (Wickström, 2013). The specific heat capacity describes how much energy is 

needed to heat one kilogram of a material one degree Kelvin, this value depends on the 

materials chemical composition. When those three parameters are multiplied with each 

other we get a value for the thermal inertia, this value will determine if the temperature rise 

be focused on a small relatively confined area and/or volume of the sample or will the heat 

be spread out over a larger area and/or volume. 
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2.4. Why ignition has mostly been reduced to a thermal problem 

The essential part of ignition is at what rate the sample will decompose and release pyrolysis 

gases. This is however a rather complex process involving heat transfer, moisture 

evaporation, heat of pyrolysis, decomposition kinetics, increased pressure in the solid, 

changes in the material properties and effects of anisotropy (Park, Atreya, & Baum, 2009). 

Including all of those in a model would require a massive amount of input data which may or 

may not be available. Regardless of its availability the calculations would result in long 

simulations, therefore the ignition of wood in this paper is treated only as a thermal 

problem. 
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3. Method 
 

3 Experiment 

 

3.1.1 Preparing the MDF boards 

Three different batches with MDF boards were given 283 hours to reach their final moisture 

content before conducting the actual experiments with the cone calorimeter. The MDF 

board used was bought from Bygma (Ångsågen) in Luleå. The producer of the board is 

Norbord. The boards were numbered, weighted and their dimensions measured (length, 

height and thickness), before being placed in their respective container/room. They had a 

length and height of roughly 100 mm, the thickness of the boards was 12.3 mm. The batch 

with the lowest moisture content is the one that was placed inside an oven with a 

temperature of 110 Celsius, the boards in this batch is used as a reference point to when the 

MDF boards are completely dry (moisture content close to zero). Another batch was places 

inside a room with a relative humidity (RH) of 55-60%. A number of MDF pieces were stored 

in the laboratory at normal indoor humidity and room temperature.  A final batch was 

placed inside a sealed box along with water (the boards was not in direct contact with the 

water at any time) to achieve the highest moisture content possible.  

The drying oven and moisture room was provided by Luleå University of Technology (LTU) 

(Complab), the moisture room had a RH varying between 55-60%. The box solution used was 

a plastic storage box sealed with tape, not completely airtight but sufficient to fulfill its 

purpose. Three days into the preparations a small computer fan was installed in the box to 

provide improved airflow and moisture distribution, this type of fan can be found in Figure 1.  

 

Figure 1 A fan of this type was installed into the box to provide improved airflow and moisture distribution. 
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3.1.1 Experimental description 

 

The calibration procedure of the cone calorimeter can be found in Appendix A. The sample 

holder used was a metal container (open on the top) with insulation in the bottom. A regular 

stopwatch was used to measure the time to ignition. As the sample was placed inside the 

apparatus the stopwatch was started and the cone was opened simultaneously. Afterwards 

the sample was observed until it ignited, upon ignition the time was noted, the sample was 

removed from the cone calorimeter and placed outside to cool. Before inserting a new 

sample into the cone calorimeter the sample holder was brought back indoors and heated to 

room temperature. 

 

Figure 2. Cone calorimeter used during the experiment.  
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3.2 TASEF 

 

TASEF is a program that applies finite element method to calculate temperature 

distributions in structures.  A model was created in TASEF with material properties, 

dimensions and boundary conditions. TASEF has been used to provide time-temperature 

curves of the surface temperature for MDF boards with varying input moisture content 

and  ̇   
  . 

 

3.2.1 Material properties 

There are two material properties that are relevant when simulating wood in TASEF, 

temperature-conductivity points (
 

  
) and temperature-specific volumetric enthalpy points 

(
  

  ). Temperature-conductivity points were obtained from Eurocode 5 (EN 1995-1-2).  

 

Figure 3. Thermal conductivity for wood and char layer according to Eurocode 5: part 1-2. Figure 3 can be found as a table 
in appendix B. 

Temperature-specific volumetric enthalpy points are partially based on the materials specific 

heat capacity, in fire engineering a common value in the literature is 2800 
 

   
 (which is the 

value that was used during this thesis) (Quintiere, 1998). An alternative value is from 

Eurocode 5, EN 1995-1-2, figure 4. 
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Figure 4 .Specific heat capacity for wood according to Eurocode 5: part 1-2 

 

In the study reported here the enthalpy values were calculated for dry wood using the 

specific heat capacity and density (  ), this value is integrated with regards to the 

temperature. The value was then augmented in TASEF with the latent heat of water (amount 

depending on moisture content). The default latent heat of water in TASEF is 627778 (
  

  ).  

3.2.2 Thermal exposure 

Six different fire curves from radiation and gas temperatures in table 1 were used to provide 

the boundary conditions. As an example the incident radiation of 25 kW/m2 consists of a 

radiation temperature of 542 ⁰C and a gas temperature of 100 ⁰C. The relation between the 

incident radiation and radiation temperature is shown in equation 1 (Wickström, 2012). The 

gas temperatures were measured with a thermocouple during the calibration process. 

   √
 ̇   
  

 

 

      (1) 

Equation 2 was used to estimate the heat flux (Wickström, 2012). This requires that the 

radiation, gas and surface temperatures are known, other parameters are the emissivity and 

convection heat coefficient. 

 ̇     (  
    

 )   (     )    (2) 

TAST has been used to approximate the maximum surface temperature; this is an efficient 

way to check that the results aren’t unrealistic. To calculate TAST equation 3 was used 

(Wickström, 2012).  

    
    √  

  
  

  
(       

 )
 

    (3) 

 



9 
 

Table 1. Radiation and gas temperatures paired with the correlating incident radiation, adiabatic temperature, 
convection heat coefficient and the emissivity is also included. 

Incident 
radiation 
[kW/m2] 

Radiation 
temperature (Tr) 
[ ] 

Gas temperature 
(Tg) [ ] 

TAST [⁰C] ε [-] hc 
[W/m2K] 

25 542 100 490 0.8 
 

12 

35 613 115 567 0.8 12 
50 696 145 656 0.8 12 
 

3.2.3 Geometry 

A one-dimensional FE-model of a MDF board was created with a thickness of 0.0135 m.  (In 

reality a two-dimensional model with a width of 0.001 m was used in TASEF). Four different 

sets of grid sizes were simulated for 35 kW with moisture content of 11.3 %. Grid number 

four was chosen as grid for all the remaining simulations. The grid is densest at the lowest 

numbers since this side is exposed to radiation; appendix C lists the grid line locations. There 

is an example on a grid in Figure 5.

 

Figure 5. Example of a grid with 9 lines, this grid was used as input for the simulations. For number of grid lines and grid 
placement used as input see appendix C. 

 

In this tab the boundary conditions are also created; here the thermal exposures were 

assigned to their specific node groups. This specifies where the board will be exposed to 

radiation.  This submenu also governs the coefficients related to radiation and convection, 

such as emissivity (ε),convection factor (β) and convection power (γ), table 2 shows the input 

data. The convection was set to a low value so that the radiation heat transfer is negligible 

for the convection thermal exposure curve (convection and radiation has separate thermal 

exposure curves). 

Table 2. Input data for the TASEF boundary conditions menu.  

 ε β γ 

Radiation 0.8 0 1 
Convection ≈0 12 1 
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3.2.4 Time control 

A time increment of 0.001 hours (3.6 seconds) was chosen as an adequate time between 

temperature printout times. 
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4 Sensitivity analysis 

4.1.1 Different grid sizes 

To optimize the grid size, four different sizes, specified in Appendix C was used in the 

simulations at 35 kW/m2 with 11.3% moisture content. The results are shown in figure 6. 

Grid sizes three and four are almost identical, which makes it difficult to separate them in 

the figure. 

 

Figure 6. Temperature development for four different grid sizes with an incident radiation of 35 kW/m
2
 and a MOISTURE 

CONTENT of 11,3%. 

4.1.2 Different material data 

The plot in figure 7 is based on three different simulations, all with an incident radiation of 

35 kW/m2. The EC 622 and EC 450 are based on Eurocode values with different densities, 

622 kg/m3 and 450 kg/m3. The Quintiere simulation is based on specific heat capacity from 

Quintiere, h=12 W/m2K , k from figure 3, weight, moisture content and volume is listed in 

5.1.2. 
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Figure 7. Calculated surface temperature development when using different input material data with an incident 
radiation of 35 kW/m

2
. 

 

To estimate the impact of the conductivity three variations of it were used, Eurocode, k=0.2 

and k=0.1. The results are presented in figure 8. Other input data were; specific heat 

capacity from Quintiere, h=12 W/m2K, weight, moisture content and volume is listed in 

5.1.2. 
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Figure 8. Calculated surface temperature development when using different values for conductivity as input with an 
incident radiation of 35 kW/m

2
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5 Results 
 

5.2 Experiment results 

 

Results from the experiment are volumes, densities, moisture content and ignition times for 

the MDF boards. Each individual board had its own values but average values were used in 

the calculations to make the amount of data manageable. 

5.1.1 Incident radiation  

The results obtained from the experiment are shown in table 3 to 5. The results obtained 

using an incident radiation of 25 kW/m2 is presented in table 3, 35 kW/m2 in table 4 and 50 

kW/m2 in table 5. 

Table 3.  Average values for MDF boards exposed to an incident radiation of 25 kW/m
2
 

Type Volume 
[cm3] 

Weight 
[g] 

Moisture content 
[weight %] 

Moisture content 
[volumetric %] 

Time to 
ignition [s] 

Oven dried 116.0 72.4 0 0  67 
Room 120.1 76.4 5.3 3.2 95 
Moisture room 122.0 78.2 8.6 5.1 96 
Moisture box 136.1 86.2 18.8 10.0 145 
 

Table 4.  Average values for MDF boards exposed to an incident radiation of 35 kW/m
2
 

Type  Volume 
[cm3] 

Weight 
[g] 

Moisture content 
[weight %] 

Moisture content 
[volumetric %] 

Time to 
ignition [s] 

Oven dried 116.4 72.4 0 0 39 
Room 120.5 76.3 5.1 3.1 52 
Moisture room 121.9 78.3 8.8 5.2 49 
Moisture box 138.0 88.2 21.5 11.3 71 

5.2 Surface temperature calculated with TASEF 

5.2.1 Temperature plots 

The temperature plots are shown in figures 9 to 11 are based on specific heat capacity from 

Quintiere, grid number four, h=12 W/m2K and k from figure 3. 
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Figure 9.  Temperature development for an incident radiation of 25 kW/m
2
. 

  

 

Figure 10. Temperature development for an incident radiation of 35 kW/m
2
. 
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Figure 11. Plot containing the temperature development for an incident radiation of 50 kW/m
2
. 

5.2.2 Temperature development inside the material 

The temperature plot shown in figure 12 is based on specific heat capacity from Quintiere, 

grid size number four, h=12 W/m2K and k from figure 3. The figure shows the temperature 

distribution from the surface to a depth of 1 mm, details regarding the material can be found 

in tables 3 to 5 which are the MDF boards prepared in the moisture box. The plot data is 

taken from the time of ignition; 25 kW/m2 at 145 s, 35 kw/m2 at 71 s and 50 kW/m2 at 43 s. 
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Figure 12. Temperature development inside the MDF boards with a moisture content of roughly 11 %. The plot data is 
based on time to ignition; 25 kW/m

2
 at 145 s, 35 kw/m

2
 at 71 s and 50 kW/m

2
 at 43 s.  

5.2.3 Temperature development 1mm from the surface 

The temperature plots in figure 13 to 15 are based on specific heat capacity from Quintiere, 

grid size number four, h=12 W/m2K and k from figure 3. The temperature was obtained at a 

depth of 1 mm from the surface. This was done to investigate if an ignition temperature at a 

depth of 1 mm would be a more favorable approach than measuring it at the surface. 
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Figure 13. Temperature development for an incident radiation of 25 kW/m
2
. 

 

Figure 14. Temperature development for an incident radiation of 35 kW/m
2
. 
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Figure 15. Temperature development for an incident radiation of 50 kW/m
2
. 

 

5.3 Predicted ignition time as a function of moisture content 

To visualize how the predicted ignition temperature increases with the moisture content two 

plots was obtained, figure 16 where the ignition temperature at the surface was assumed to 

be 350 ⁰C and figure 17 where the ignition temperature instead was assumed to be 200 ⁰C at 

a depth of 1mm. The plots are based on specific heat capacity from Quintiere, grid size 

number four, h=12 W/m2K and k from figure 3.  
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Figure 16. Predicted ignition time as a function of moisture content with an assumed surface ignition temperature of 350 
⁰C. 

 

Figure 17. Predicted ignition time as a function of moisture content with an assumed ignition temperature of 200 ⁰C at a 
depth of 1 mm. 
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6 Analysis 

6.2 TASEF versus experiment, corresponding ignition time 

6.1.1  Constant ignition temperature of 350 ⁰C 

 

The TASEF results are compared with the ignition times obtained during the experiments in 

table 6. The ignition times are compared to the time it takes for the TASEF temperature to 

reach 350 ⁰C.  

 

Table 6. Comparison between the ignition times obtained during the experiments to the ones predicted by TASEF based 
on specific heat capacity from Quintiere, grid size number four, h=12 W/m

2
K and k from figure 3. The ignition 

temperature was 350 ⁰C. N/A denotes that a temperature of 350 ⁰C was not reached. 

Method Oven dried [s] Room [s] Moisture room [s] Moisture box [s] 

25 kW/m2 

Experiment 65 96 95 145 
TASEF 209 208.8 N/A N/A 
35 kW/m2 
Experiment 39 53 49 71 
TASEF 39.6-43.2 46.8-50.4 50.4-54 64.8-68.4 
50 kW/m2 
Experiment 23 26 29 43 
TASEF 14.4-18 18-21.6 18-21.6 25.2-28.8 

 

There are distinct deviations between the Ignition times during the experiments for the 25 

kW/m2 and 50 kW/m2 simulations compared to the results from TASEF. Figure 16 in chapter 

5.3 also shows that it was not possible to predict the ignition time for high moisture contents 

and an incident radiation of 25 kW/m2 if the surface ignition time was assumed to be 350 ⁰C. 

This suggests that an ignition temperature of 350 ⁰C is not a valid assumption for an incident 

radiation of 25 kW/m2 and 50 kW/m2. However, the ignition times obtained during the 35 

kW/m2 experiments are close to those in the 35 kW/m2 TASEF simulations, this indicates 

that an ignition time of 350 ⁰C is a valid assumption. 

6.1.2 Varying ignition temperatures 

The ignition times are compared to the time it takes for the TASEF temperature to reach the 

ignition temperatures in table7. In 6.1.1 there was evident that a global ignition temperature 

of 350 ⁰C were not a valid assumption. Therefore another approach was chosen; varying 

ignition temperatures. Ignition temperature of 300 ⁰C for 25 kW/m2 and 400 ⁰C for 50 

kW/m2 were chosen (the previous 350 ⁰C as ignition temperature for an incident radiation of 

50 kW/m2 was kept). 
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Table 7. Comparison of the ignition times obtained during the experiments to the ones predicted by TASEF assuming 
various ignition temperatures, 300 ⁰C, 350 ⁰C and 400 ⁰C. The calculations are based on specific heat capacity from 
Quintiere,  element grid number four, h=12 W/m

2
K and k from figure 3. 

Method Oven dried [s] Room [s] Moisture room [s] Moisture box [s] 

25 kW/m2 [300 ⁰C] 
Experiment 65 96 95 145 
TASEF 57.6-61.7 79.2-82.8 86.4-90 147.6-151.2 
35 kW/m2 [350 ⁰C] 
Experiment 39 53 49 71 
TASEF 39.6-43.2 46.8-50.4 50.4-54 64.8-68.4 
50 kW/m2 [400 ⁰C] 
Experiment 23 26 29 43 
TASEF 21.6-25.2 25.2-28.8 25.2-28.8 32.4-36 

 

 When comparing the 25kW/m2 values with the assumption that the ignition temperature is 

300 ⁰C there are minor deviations that suggest that the ignition temperature is close but 

slightly higher. The ignition times predicted by TASEF for an incident radiation of 50 kW/m2 

with an ignition temperature of 400 ⁰C are extremely close to the ones obtained during the 

experiments; therefore it seems that an ignition temperature of approximately 400 ⁰C is 

reasonable when the incident radiation is 50 kW/m2. An important observation is that the 

ignition temperature seems to be unaffected by the moisture content. The moisture delays 

the time it’ll take to achieve the ignition temperature but will not alter it. 

6.2 Temperature development inside the material 

Figure 12 in 6.1.2 suggests that instead of using the surface temperature as a tool to predict 

the ignition temperature, the temperature inside the material could be a favorable 

approach. In the figure the temperatures converge at approximately 200 ⁰C for all incident 

radiations 1 mm from the surface.  

Therefore instead of estimating the time of ignition based on the temperature at the 

surface, an ignition temperature of approximately 200 ⁰C at a depth of 1 mm from the 

surface was used. This was supported by the analysis in 6.1 that suggest that a fixed surface 

ignition temperature is not valid or that a new ignition temperature is needed for every level 

of incident radiation. The results in 5.2.2 suggest that 200 ⁰C as ignition temperature at a 

depth of 1 mm might be a better solution to predict the time to ignition. 
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Table 8. Comparison of the ignition times obtained during the experiments to the ones predicted by TASEF assuming an 
ignition temperature of 200 ⁰C at a depth of 1 mm from the surface. The calculations are based on specific heat capacity 
from Quintiere, element grid number four, h=12 W/m

2
K and k from figure 3. 

Method Oven dried [s] Room [s] Moisture room [s] Moisture box [s] 

25 kW/m2 

Experiment 65 96 95 145 
TASEF 57.6-61.2 68.4-72 72-75.6 136.8-140.4 
35 kW/m2 
Experiment 39 53 49 71 
TASEF 36-39.6 43.2-46.8 50.4-54 64.8-68.4 
50 kW/m2 
Experiment 23 26 29 43 
TASEF 25.2-28.8 28.8-32.4 36-39.6 43.2-46.8 

 

Table 8 indicated that the assumed ignition temperature of 200 ⁰C at a depth of 1 mm is a 

rather good fit except for the room and moisture room at an incident radiation of 25 kW/m2 

and questionable for the moisture room at 50 kW/m2 scenario.  

To visualize table 8 figure 18 to 20 was obtained, they contain the same temperature plots 

as in chapter 5.2.3 but with the experimental ignition times and the ones predicted by TASEF 

highlighted. Where the experimental and TASEF values are so close that they are 

indistinguishable the highlight is shown as a black square with a star inside, otherwise 

experimental values are shown as black circles and TASEF values as a black triangle. 

 

In figure 18 the 10.01 % moisture content series lack highlights due to the plot not reaching 

up to 145 s, the deviation between the predicted and experimental values are of the same 

magnitude as the 0% moisture content series in the same figure (for more exact data see 

table 8). 
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Figure18. Predicted ignition time as a function of moisture content with an assumed ignition temperature of 200 ⁰C at a 
depth of 1 mm with highlights. 

 

 

Figure19. Predicted ignition time as a function of moisture content with an assumed ignition temperature of 200 ⁰C at a 
depth of 1 mm with highlights. 
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Figure 20. Predicted ignition time as a function of moisture content with an assumed ignition temperature of 200 ⁰C at a 
depth of 1 mm with highlights. 

6.3 Material data 

The results in section 5.2.2 show that the input material data has a significant impact on the 

calculated temperature development. Therefore it’s important to make sure that the 

material data is appropriate, otherwise the result would be an incorrect temperature 

development. 

6.4 Grid size and moisture content 

The output data from TASEF suggests that the oscillating pattern that is present in 

simulations increases with moisture content. There is, however, a noticeable difference 

between the results from the different grid sizes; this implies that the moisture becomes a 

problem if the grid size is too large; which is evident in figure 6. This means that if the grid 

size is too large oscillations will appear and they will be amplified by increased moisture 

content. When modeling ignition of moist wood a grid equivalent to #2, #3 and #4 would be 

preferable to #1 to minimize the oscillations. Therefore grid #4 was used and is to be 

recommended since it’s the grid that is densest at the side with thermal exposure and 

minimizes the oscillations 

 In 4.1.1 the results from grid size #3 and #4 are hard to distinguish from each other since 

they are almost identical, the difference between these two grids are that some of the grid 

lines located between 0.00005 and 0.001 meters are not placed at the same location. The 

conclusion that can be drawn from this is that the distribution of grid lines located in this 

span can differ without having a significant impact on the results. 
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6.5 Moisture content accuracy 

There’s some inaccuracy in the measurement of moisture content, for example, it isn’t likely 

that the oven dried MDF boards are completely devoid of moisture. A comparison between 

the values obtained during the experiment and values from (Isaksson, Mårtensson, & 

Thelandersson, 2005) shows that the deviation is rather small. It’s in the regions of ±2% 

moisture content for boards stored in 20 ⁰C and an RF of 55-60% (this concerns only the 

MDF boards stored in the moisture room with controlled RH). It’s likely that the deviation is 

the same throughout the moisture content calculations, though this is not verifiable since no 

other measurement of the RH were made.  
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7 Discussions and recommendations 

Judging from the results from the simulations and the analysis in 6.2 the concept of a 

constant ignition temperature at the surface is questionable; instead it varies with the 

incident radiation. This would create a new ignition temperature for every new scenario and 

therefore it is perhaps not a good tool to use when predicting the ignition time, especially 

not in a complex scenario such as a real fire. 

The analysis from 6.2 suggest that the temperature a certain distance into the material could 

be used as an alternative. The analysis in 6.3 indicated that an ignition temperature of 200 

⁰C at a depth of 1 mm is a major improvement over 350 ⁰C at the surface, although certain 

deviations are still present between the predicted ignition times and the ones obtained 

during the experiments. 

There is a discrepancy between the values on the specific heat capacity, while the value from 

Quintiere is common throughout the fire engineering literature the Eurocode is also a well-

established source which made it troublesome to choose a value. The value from Quintiere 

was used during this thesis. It’s possible that the values from Eurocode would yield results 

that are close to the ones obtained in this thesis. 

Another interesting subject would be to see how other FEM analysis programs would handle 

moist wood. Would the results be an improvement in accuracy? A comparison of 

computational time would also be of interest. As discussed in section 6.4 the grid size has a 

large impact on the simulations and it was not possible to completely eliminate the 

oscillations during the work with this thesis. The TASEF GUI (Graphical User Interface) is 

limited to 20 grid lines; this limited the grid placement somewhat during the thesis.  
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Appendix 
 

Appendix A - Calibration procedure 

 

Before conducting the actual experiments the cone calorimeter had to be calibrated to 

ensure that the heat output was the intended one. This was done at the start of every day 

and when the output radiation ( ̇   
   ) of the cone calorimeter was changed. The calibration 

procedure is based on the following equation by Ulf Wickström (Wickström, 2012). 

 

 ̇   
        

  
  

 
(       )    (A1) 

To obtain an approximate value for TAST a plate thermometer (PT) was used. A steady state 

condition was achieved to make sure that  ̇   
   did not exceed the intended value. The gas 

temperature was measured with a thin thermocouple located between the PT and the hood 

of the cone calorimeter. A data logger was used to connect the PT and thermocouple to a 

computer, the readings was then viewed in the program EasyView from Intab. The obtained 

data was used as input data in equation A1, adjustments was then made to the cone 

calorimeter input data until the desired  ̇   
   was obtained. 
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Appendix B - Conductivity 

Table B1. Values for conductivity used as input in TASEF. 

Temperature [⁰C] Conductivity [W/mK] 

20 0.12 
200 0.15 
350 0.07 
500 0.09 
800 0.35 
1200 1.5 

Appendix C - Geometry 

 

Table C1. Location of the grid lines for grid size one. 

Grid line 1 2 3 4 5 6 7 8 9 10 

Location 

[m] 

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 

Grid line 11 12 13 

Location 

[m] 

0.01 0.011 0.012 

 

Table C2. Location of the grid lines for grid size two. 

Grid line 1 2 3 4 5 6 7 8 9 10 

Location 

[m] 

0 0.00005 0.0001 0.00015 0.0002 0.00025 0.0003 0.00035 0.0004 0.0005 

Grid line 11 12 13 14 15 16 17 18 19 20 

Location 

[m] 

0.0006 0.0007 0.0008 0.0009 0.001 0.0015 0.0025 0.0035 0.005 0.01 

  

 

Table C3. Location of the grid lines for grid size three. 

Grid line 1 2 3 4 5 6 7 8 9 10 

Location 

[m] 

0 0.000025 0.00005 0.0001 0.00015 0.0002 0.00025 0.0003 0.00035 0.0004 

Grid line 11 12 13 14 15 16 17 18 19 20 

Location 

[m] 

0.0005 0.0006 0.0007 0.0009 0.001 0.0015 0.0025 0.0035 0.005 0.0075 

 



 
 

Table C4. Location of the grid lines for grid size four. 

Grid 

line 

1 2 3 4 5 6 7 8 9 10 

Locati

on [m] 

0 0.000025 0.00005 0.000075 0.0001 0.00015 0.0002 0.00025 0.0003 0.00035 

Grid 

line 

11 12 13 14 15 16 17 18 19 20 

Locati

on [m] 

0.0004 0.0005 0.0006 0.0007 0.001 0.0015 0.0025 0.0035 0.005 0.0075 

 


