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Anotace 

KEMPNÁ, Kamila. Působení horkých uhlíků na dřevěné konstrukce při lesních 

požárech: 

diplomová práce. Ostrava: VŠB-TUO, 2015, 42 s. 

 

Tato diplomová práce se zabývá výzkumem uhlíků vznikajících při lesních 

požárech a jejich sběrem při požáru různé intenzity. Z hlediska různých typů uhlíků 

shrnuje údaje získané z reálných požárů jehličnatých lesů v USA. Předkládá potřebné 

informace k určení důležitých vlastností uhlíků. Soustřeďuje se na implementací těchto 

výstupních informací pro zjišťování možného vznícení dřevěných staveb vlivem 

akumulování uhlíků v kritických částech konstrukcí. Různé konfigurace a uhlíky jsou 

poté zkoušeny v laboratoři. 

Práce navrhuje a využívá nové metodologie pro řešení jak sběru uhlíků v lese, tak 

k vyšetřování tepelných změn uhlíků a dřevěných panelů v laboratorních podmínkách. 

Klíčová slova: lesní požár, dřevěné konstrukce, uhlíky, přenos tepla.  

 

Abstract 

KEMPNA, Kamila. Investigation of Wooden Structures Ignition by Firebrand 

Accumulation: Master Thesis. Ostrava: VŠB-TUO, 2015, 42 p. 

Key words: forest fires, Wildland Urban Interface, firebrands, wooden 

constructions, heat transfer. 

The thesis is focused on firebrands generated in forest fires and their collection in 

order to different fire intensity. According to different types of firebrands evaluates data 

gained from prescribed burnings in Pine Barrens, USA. The thesis offers needed data for 

estimating important firebrand characteristics. It is focused on an implementation of the 

data for investigation of wooden structural ignition by firebrand accumulation along 

critical parts of building construction. Different configurations and types of firebrands 

involving real bark slices are tested in the laboratory conditions. 

New methodologies are designed and tested for firebrand collection as well as for 

heat properties investigation of the collected firebrands and wooden panels in the 

laboratory.  
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1 Introduction 

As urbanism rapidly increase in the USA and houses are built closer to forests, 

wildland-urban interface (WUI) place where joint interaction between nature and humans 

has not only benefits but even kills and destroys. Wildland fires are a ubiquitous problem 

negatively affecting thousands of people’s lives and destroying property and communities.  

Forest fires can spread incredibly quickly and dangerously. Heat transfer is supported 

by a generation of pieces of fuel such as needles, branches and bark fragments. One of the 

spreading mechanisms is due to small hot particles – firebrands. Firebrands can present two 

types of potential danger, depending on their initiative energy in a form of accumulated heat 

and physical properties. Some of them are drifted by the wind for a several kilometres and 

can cause another fire far away. 

This thesis is focused on the second type, short-distanced and small ones. These 

firebrands create streams in a plume and fall in tens to hundreds meters. When particles are 

landing, ostensibly they most often support spreading the fire by spotting. However, when 

they are accumulated, they are even able to ignite combustible material. Parts of building 

structures, such as roofs and decking, most foremost play the main role from the ignition 

point of view.  

Fire fighters often do not see hidden danger when protecting houses against impeding 

fire.  In the recent past, they destroyed wooden construction of houses to prevent the fire 

from spreading further, and by this they were losing their time. Burning firebrands can be 

carried by the wind and then collected in the house’s weakest places such as wedges and 

corners. It has been found that these small hot particles are even able to accumulate and 

ignite a house hours after a forest fire is gone. 

For better understanding of firebrand behaviour in each of their stages, field 

information for this thesis is used from prescribed burnings within research conducted during 

the last three years in New Jersey. Data are used mainly from the years 2013 and 2014, when 

the most useful data for understanding gathered. 

According to the structures vulnerability to ignition from a firebrand attack, a new 

methodology is created. As a structure model, the most common wooden timbers in America 

are set into different configurations and exposed by specially preheated firebrands. The 

quantity of the particles as well as their possible types and dimensions got from the field 
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experiments by collecting particles are driving parameters implemented into the laboratory 

conditions. The type of ignition was inspirited by the time and intensity of an exposure of a 

tree to prescribed fire within this project. Since heat transfer from the firebrands is studied 

and confronted to the heat resistance of structures parts, experiments are split into different 

categories. In some of the tests non-combustible material with more or less the identical heat 

properties is used for characterizing firebrands. 

To conclude, it is necessary to simplify experimental conditions which have an impact 

on ignition of building structures close to real forest fires. The thesis is especially focused 

on methodology to find the most common firebrand in certain conditions of a fire: its type 

and properties as well as impact on combustible constructions. Firebrands for this report 

were collected and preheated by methodology based on information from the field collection 

of real firebrands. Conditions and material properties correspond with building structures. 

As the issue is complex, the goal of this master thesis is to get a better understanding 

of the problem and try to find methodology to solve the issue. 
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2 Wildland Urban Interface & Firebrands 

Wildland Urban Interface (WUI) fire is ubiquitous problem affecting all the continents. 

In the recent past significant suburbanisation can be seen in the USA as well as in the Europe. 

However living near forests is not always seen as a problem until something really happen. 

Forest fires are generally very dangerous and claim tens of thousands of lives each year and 

cause incalculable damage.  

2.1 Literature review 

Literature review of firebrand experiments in the past 

Woycheesee J.P., Pagni P.J., Combustion Models for Wooden Brands. International 

Conference on Fire Research and Engineering. MA, 53-71 PP, 1991. 

A dimensionless propagation distances and velocities of wooden, disk-shaped brands 

were obtained. In future research, studying particles velocity and obtaining velocity from the 

real experiment as in this thesis could be interesting. 

 

Manzello SL, S. Suzuki TG, Hayash Y.,  (2008) Enabling the study of structure vulnerabi 

lities to ignition from wind driven firebrand showers.A summary of experimental results. 

43: 226–233. 

The NIST Firebrand Generator is used in this paper in order to characterise firebrand 

aerial characteristics. Manzello also studied heat potential of firebrand to ignite a structure 

by using Firebrand Generator to the wedge configuration.  

 

WUI – fire possibilities to ignite buildings by firebrand attack 

Manzello S, Maranghides A, Mell EM (2007) Firebrand generation from burning 

vegetation; International Journal of Wildland Fire, 16(4) 458–462)  

A collection of embers is nicely described in this paper. They collected embers 

released by single burning trees in pans filled with water and placed in specific location 

around the tree, analysing the number and characteristics of the embers released. Manzello 

also used the same methodology to analyse embers production by a Pinus koraiensis tree. 

Firebrand creating and transport is very well known from the previous research. What is 

necessary to know is how embers can ignite houses. 
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UNITED STATES DEPARTMENT OF AGRICULTURE, FS, UADS. Wildfire, 

Wildland, and People: Understanding and Preparing for Wildfire in the Wildland-Urban 

Interface. 2013, 38 s. General Technical Report  

Useful report about life in WUI. For example definition of interface WUI, intermix 

WUI and how to protect them in general. Number of people living in WUI and links to 

statistics. 

 

BOSSERT, Lisa. Fire Protection Study: Pine Knoll Townhome Fire. Charlotte, NC, 

2007. 

For better understanding the problematic of WUI fires it is useful to study some cases 

studies.  In the case of Pine Knoll Townhome Fire it is talked about rethinking Californian 

codes for roof fire testing. It is stated that standardized roofs against a fire are not efficiently 

protective against e.g. firebrands attack. By the example of this fire a strong need was shown. 

 

MARANGHIDES, A. Framework for Addressing the National Wildland Urban 

Interface Fire Problem: Determining Fire and Ember Exposure Zones using a WUI Hazard 

Scale, 2012 [cit. 4.1.2015].  

One of the NIST reports about WUI - forest fire and its possibilities to ignite buildings 

by firebrand attack. Current WUI Building Codes are discussed here. An aspect of partly 

damaged buildings is undertaken here as well. Embers exposure scale. Part of this thesis can 

be comparable with these E-zones and qualified afterwards in order to predict embers 

showers and their impact to structures. 

M. El Houssami, E. Mueller, A. Filkov, J.C Thomas, N. Skowronski, M. Gallagher, 

K. Clark, R. Kremens, A. Simeoni (2015) Experimental Procedures Characterising 

Firebrand Generation in Wildland Fires. 10.1007/s10694-015-0492-z. 

A paper recently accepted in Fire Technology related to this thesis. Mohamad 

Houssami describes firebrand collection and results from the experiment in 2013 prescribed 

fire. Methodology for firebrands are improved by cooperation with this thesis. 
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COHEN, Jack D. Canadian Journal of Forest Research. 2004, vol. 34, issue 8. DOI: 

10.1139/x04-049. 

For further work on this topic, impact of firebrands to wooden structures can be 

enhanced by the data about radiant heat flux and its impact on the structures. 

 

2.2 Types of fire spread 

As anywhere else, there are three components needed to start a fire in forests often 

known as a fire behaviour triangle. Fuel, oxygen and heat are here affected by weather, 

topography and fuels. Forest ecosystem determine fuel type and quantity. Type and density 

of individual trees are important in terms of spreading fire. Different forests have, depending 

on the regional climate and usage different composition and structures. Types of fires vary 

with type of vegetation. Each forest type has its own ecosystem in which a fire can spread 

in different ways. 

Types of forest fires:  

Depending on type of forest different types of forest fires can be observed different 

types of fires can be found in forests such as ground fire, surface fire, shrub and crown fires 

or even spot fires. The information from Pine Barrens fires should be helpful in order to 

sizes, types and density of firebrands. 

Ground fire 

A brush fire spreads along lower layer of fuel, while trees are unnefected.  Spreading 

of a ground fire depends on humidity in soil and thus also on a period of the year and on 

weather during last days as well (Figure 1). 
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Figure 1. Humidity as estimation fire factor dependence on time and weather. [14] 

Peat fire 

 Peat fires relate to ground fires. A mild peat fire can start at depths of 25 cm and a 

massive fire would occur at depth of over 50 cm. These two types also differ in velocity. 

Exception in heat transfer can be found here. Since other types of fires take conduction in 

account only for 5 % of the heat transfer, peat fires where conduction is the predominant 

heat transfer. However, the solid particle conduction explains the different behaviour of 

fuels as a function of their depth. 

Crown fire 

“Crown fires” are spread by wind moving quickly across the tops of trees. They are 

dangerous because they burn extremely hot, travel rapidly, and can change direction very 

quickly. 

 

2.3 Impact of forest fire in WUI 

Every WUI fire includes the combination of dry vegetation, combustible construction, 

and high winds. When a fire is close to human properties, it is always a dangerous situation. 

Problematic reach each continent all around the world. Forest fire statistic through years and 

decades can be found here [13]. 

  



7 

 

2.4 Average Californian roof 

Roof is the most vulnerable part of home because of its large horizontal surface and 

ability to capture wind-blown firebrands. The information from Pine Barrens fires should be 

helpful in order to sizes, types and density of firebrands. 

Considering an average roof size can lead to several findings. Building regulations 

divide roof slopes into different categories. In the USA, a roof slope is defined as a triangle 

with vertical and horizontal units. According to the CBCode, wood shingles shall be installed 

on slopes of three units vertical in twelve units horizontal (3:12) or greater. Wood shakes 

shall be installed on slopes 4:12 or greater. 

 

Figure 2. Estimated area for fallen firebrands between two roofs. Area is red coloured. 

The main most common pitch is 3:12 and 4:12, which give the angles 152° and 143°. 

Taking in consideration an average Californian bungalow sized 180 m2 (45’ x 46’), and an 

average attached garage 26’, potential area for catching falling firebrands can be estimated. 

The area as a rectangular between both ridges is calculated for different angle configurations 

in Appendix A1 Figure 1. 

Table 1. Average Californian house and attached garage in order to estimate firebrand 

accessible area according to different pitch. 

House Garage Wedge Access area 

Type w1 

[m] 

l1 

[m] 

α1 

[°] 

Type w2 

[m] 

l2 

[m] 

α2 

[°] 

x 

[m] 

y 

[m] 

β 

[°] 

k 

[m2] 

7:12 14.0 13.7 120 7:12 7.3 7.9 120 14.0 7.3 120 69.8 

4:12 14.0 13.7 143 4:12 7.3 7.9 143 72.5 37.8 143 153.7 

3:12 14.0 13.7 152 3:12 7.3 7.9 152 43.8 22.9 161.6 356.7 

 



8 

 

3 Characteristics of wood on fire  

The general features of wood pyrolysis mechanisms usually have been discussed in 

terms of the behaviour of wood's components, since few interactions or new products found 

only with wood have been observed. Scheme in A2 Figure 1 shows the pyrolysis process. 

Since decomposition of wood is for this thesis a key factor, this chapter describes main 

mechanisms happening in different temperature stages. 

Under 100 °C 

From 100 °C wood starts to lose its strength depending on its type, chemical 

composition, humidity, thermal stress and time of exposure to a fire. 

Between 100 °C ÷ 200 °C 

Dehydration and first weight loss is observed when reaching temperature of 100 °C. 

Chemical bonds in the wood are breaking. Water vapour and other non-combustible gases 

like carbon dioxide, formic acid and acetic acid are being released. With a prolonged 

exposure to these temperatures the wood can be oxidized with lack of oxygen and create a 

char layer. 

Range of 300 °C ÷ 450 °C 

For heat transfer through wooden panel and for its combustion, time when temperature 

of pyrolysis occur is important. By thermogravimetry temperature of approximately 200 °C 

is important. At that point, intensive pyrolysis of some types of wood components takes 

place and a high volume of volatiles is released in the form of carbon monoxide and tar. 

Hemicellulose undergoes pyrolysis at temperatures in a range of 200 °C to 300 °C and lignin 

between 225 °C to 450 °C. Cellulose does not take part in the pyrolysis at these temperatures, 

but its decomposition can be accelerated by the presence of water, acids and oxygen. Acids 

are formed mostly during the pyrolysis of hemicellulose and the presence of water is a result 

of lignin dehydration. Overall, the pyrolysis reactions are endothermic and the heat is 

provided by combustion of the volatiles. 

Range of 300 °C ÷ 450 °C – High-Temperature Pyrolysis 

Fast cellulose depolymerisation and release of significant volatiles occur in this 

temperature range, mainly between 300 °C and 350 °C. Combustion of volatiles helps to 

raise the temperature even more. Between 370 °C and 400 °C the carbon bonds in lignin are 
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breaking. Therefore exothermic reactions take their place and thus temperature increases 

even more. When temperature profile through the wood panel increases, wood 

characteristics rapidly change due to chemical composition. 

Over 450 °C 

Over 450 °C the release of volatiles from each wood component ends and only 

charcoal remains, Charcoal further oxidises and forms carbon dioxide and water. This 

process continues until only ashes remain. Wood combustion process under external heat 

flux is shown in Figure 4 and Figure 3.  

 

 

Solid form of wood under external heat flux can be divided into three layers. The 

upper, middle and bottom layers are char layer, pyrolysis layer and virgin wood, 

respectively. Zone of cracked charcoal that has no relevant strength or stiffness properties, 

and the pyrolysis layer, the zone where thermal degradation of wood and char formation are 

actually occurring. This transition is usually considered to be located at the 300 °C isotherm, 

named the char-line [10]. When external heat flux affects the woods’ surface, parts of heat 

are reflected to the air by radiation. This radiation heat is dependent on surface emissivity of 

woods, and surface and ambient temperatures [7]. Part of heat goes straight into wood slab 

which can be expressed by thermal conductivity.  

 

Figure 4. Fire processes of wood under 

external heat flux.[9] 

 

Figure 3. Measured pyrolysis front 

location after 220 s for 70kWm-2. [9] 
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Figure 5. Pyrolisis [10] 

There also exists convective heat between wood’s surface and surrounding air. In 

pyrolysis layer, water evaporation, pyrolysis reactions and production of gas volatiles occur. 

During water evaporation process, bound water first changes into free water after absorbing 

heat. The water vapour is then produced by vaporization of free water. Vapour and gas 

volatiles exhaust through pores. 

 

4 Firebrands 

Firebrands can be described as small pieces lofted from the trees when fire front is 

passing by. These hot firebrands are drifting by plume and are usually generated depending 

on fire intensity. Mainly three types of firebrands are generated – slices of bark, pine needles 

and branches. They are often divided into two categories: firebrands showers created in the 

vicinity of a fire front, and long distanced firebrands which cause spotting. 

The first ones, described in this thesis, are small hot particles from vegetation around, 

flying tens of metres from a fire line. They originate from trees, such as bark layer, branches, 

and from shrub layer. The showers are relatively intense streams of hot firebrands supported 

by the heat from a fire. Due to radiation from flames, firebrands are still heating and they 

are not cooling down. Conversely, firebrands are still flaming or smouldering. That is why 

the fallen firebrands are really dangerous and why they are able to spread a fire or even ignite 

a house. 
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4.1 Firebrand transition and impact 

Firebrand impact depends on many factors according to actual stage of its life. There 

are three types of circumstances which meet in an ambience. Those are surrounding 

environment, the recipient fuel and the firebrand itself. A fire creates its own weather and 

relative humidity is often reduced during a great fire by strong effect of coming fire line. 

An important factor for firebrands is amount of energy that they still have. Depending 

on time of their preparation – it means how much they are affected by high temperatures and 

flames and on cooling time, the level of their consumption is different. Firebrand size affects 

burnout time. Tree factors affect lofting intensity as Figure 6 shows. 

 

 

Figure 6. Spotting from torching trees. [5] 

 

While firebrand production and transport have been studied a lot in recent decades, 

research in firebrand landing and accumulating is still in preliminary stadium. The need to 

research firebrand landing and their vulnerability comes from recent fires when buildings 

were on fire far away from actual fire and its flames and radiation. This issue is quite difficult 

to study in laboratory conditions. It is necessary to induce real fire conditions and real 

firebrands. This is the way we are able to investigate it.   
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5 Firebrands collection in the field 

Research has been done to study the effectiveness of fuel treatment during the last 

three years in New Jersey Pinelands National Reserve. It is a unique and promising project 

being done in partnership with University of Edinburgh, USDA Forest Service, Tomsk State 

University and more. As part of a long-term goal to improve understanding of wildland fire 

behaviour, the firebrand study has been done as well. For this reason, three prescribed burns 

were done in the area in years 2013-2015. More about this research will be published soon 

by organisations stated above. Fire behaviour packages (FBP) were installed to the site of 

fire and firebrand collection plots were put near the packages to connect information about 

fire behaviour and firebrands characteristics. 

Different types of fire were observed during these prescribed burnings. From the FBP, 

researchers have got for example temperature profiles, heat fluxes and wind information. 

Moreover, visual and infrared cameras were used near the firebrand plots. Aerial service 

took the information and satellite images were taken to create the best background for forest 

fire study. 

5.1 Sites description 

The study conducted through three years stated above has been done in the Pinelands 

National Reserve (PNR) in southern USA. The reserve occupies 22% of New Jersey’s land 

area and with its 1.1 million acres of dense forests it is the largest landscape on the North 

East coastal plain. The first and third year the studies were done on the same parcel, for the 

second fire another parcel was chosen near to the first one. The forest vegetation is 

significantly influenced by its climate and geographical position. Due to a layer of sand on 

the ground, only some types of vegetation can grow here. Understory vegetation consisted 

of scrub oaks, huckleberry (Gaylussacia spp.) and blueberry (Vaccinium spp.). Among trees, 

Pitch pine (Pinus rigida Mill.) dominated to scattered oaks (Quercus spp.). 

5.2 Fire characterization 2014 

Fire intensity 

According to firebrand information, it is important to know the intensity of the fire. 

The intensity from upwind the firebrand plots is shown Appendix Table 5. These are only 

surface fire intensities, and do not include any consumption (or lack) of canopy fuels. The 
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values of mass consumption and rate of spread (ROS) are calculated in the same way as in 

previous paper from year 2013 in [2]. The values of fire intensity, as well as the error 

percentages on fire intensity, have been rounded to the nearest 100 kW/m2. Location 

numbers here refer to the understory towers, not to ember plots – so for example, location 3 

is just ahead of ember plot 1 as is shown on Figure 7. Coloured lines across Figure 7 show a 

fire line on different time, also described in [2]. 

As for the analysis, there is a big transition in behaviour after the first half of the block 

or so, but this material is beyond the ember packages, so not really of interest to firebrands. 

The intensities upwind of the ember packages are comparable to 2013, maybe a little higher 

in places. 

 

Wind data 2014  

Wind data were measured in each plot in a direction against a fire line. Pressure probes 

were located in a height of 1.5 m. From the data, wind velocity and directions are gotten. 

Figure 8 shows both wind data from the plot 2. Grey dots represent the instantaneous 

(unsmoothed) values recorded at 50 Hz. The black lines are from a Loess type smoothing 

algorithm which uses a 20 second (1000 point) span. The directions show which way the 

Figure 7. 2014 intensity during the fire (on the left). Satellite image 

and instruments along the site (on the right). (Credit: Eric Mueller) 
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wind is blowing toward.  The degrees are compass degrees, when 0/360 is North and it 

increases clockwise to 90 (East), 180 (South) and 270 (West). In case of plot 2, reference 

thermocouple did not work so another one from secondary tower 1 m close to this one had 

to be use instead. Curves were then shifted in time to correspond with pressure probe 

location. However, the same behaving is seen through all the plots and this figure can be 

taken as a correct one. 

 

 

Figure 8. Wind data from the plot 2. (Credit: Eric Mueller) 

In Figure 8 the low ambient winds fluctuating a lot in direction can be seen before the 

fire arrives (1). Then, there are the winds closer to the fire, which orient towards the north 

(2). The wind waves for a time of three minutes before the fire line is probably because of 

feeding the front fire line by fresh air from South to North (3). Finally the peak with the fire 

and the alignment of winds blows back towards the departing fire front (4). 

 

Figure 9. Average firebrands velocity. (Credit: Alexander Filkov) 

(1)     (2)     (3)           (4)          (5) 
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As the most intense fire occurred in plot 2, plot 3 was located near firebrand collection. 

That is why data are correlated. The trends are same as in other plots, only time and fire 

intensity are swished further. Red line illustrates a number of hot particles fallen to the 

collection plot and their velocity is plotted separately in Figure 9. Then also number in time 

could be estimated. Non-surprisingly, firebrands are landing in velocity depending on wind 

magnitude. Figure 10 shows number of particles in order to wind velocity.  

 

 

Figure 10. Wind data from the plot 3. (Credit: Eric Mueller, Alexander Filkov) 

This information is useful for assuming a number of distributed firebrands according 

to wind velocity. Afterwards data are correlated with information from FLIR infrared camera 

which was placed nearby and plotted to Figure 11. 

 

Figure 11. Wind data and firebrands velocity (red values) from the plot 3. (Credit: Eric 

Mueller, Alexander Filkov) 
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5.3 Firebrands collection 2013 – 2014 

During the prescribed fires in years 2013 and 2014, a system similar like Manzello did 

[1] for collecting hot firebrands was used for the first time in a large scale. The goal was to 

determine characteristics of firebrand showers by collecting and measuring individual 

particles. In order to the goal of this thesis, moreover an estimation of a potential dangerous 

impact of hot particles landing on the ground by determining their types and characteristics. 

5.3.1 Firebrands collection methodology 

Three plots were put in different locations. Each plot created by twenty aluminium 

pans filled with water had to catch and extinguish each particle immediately when landing. 

Pans were covered with 25.4 µm thin plastic foil to let the firebrands enter and sink in the 

water. All the set ups in pre- and post- fire stages are shown in Figure 12. Full area for 

catching firebrands covered with foil for one plot was 1.4 m2, measured between outer edges. 

After the fire was gone, foil was carefully removed and firebrands were separately collected 

pan by pan on a fine mesh put into the pans before. 

 

Figure 12. Aluminium pans (E2) filled with water and covered with plastic foil after the 

fire 2014 (on the left), before the fire (up right) and a detail of a pan with firebrands (down 

right). (Credit: Eric Mueller) 
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The idea was to catch only particles hot enough to go through the foil and stay in the 

water. However, due to fire intensity the wind was too strong and the foil was too weak to 

avoid any firebrand movements in the pans. 

To conclude, not all potentially hot firebrands were caught and probably a lot of dust 

was collected in holes created by bigger particles instead. On the other hand, only area of 

1 – 2 m around the plots was cleared and firebrands did not have enough time to cool 

themselves down before landing in the pans. Generally, information such as amount and type 

of collected firebrands is sufficient enough for the analysis in this thesis and as input data 

for forest fires models using firebrand spreading. 

 

 

Figure 13. Configuration for firebrand collection surrounded by fire. 

5.3.2 Results (types, size, mass) 

Types 

Firebrand types usually vary according to type of forest on fire. During mentioned 

experiments in Pine Barrens, only pieces of bark, branches, pine needles and pine cones were 

found. Through all the experiments, most visible were small and 1-2 mm thin pieces of bark. 

Few pine needles and branches were found. Lower number of needles is probably due to 

high intensity of fire and needles consumption. Only small number of branches fallen down 
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to the pans could be due to their density and ability to stay on the trees. Numbers through 

both years are in .  

Table 2. Quantity of different firebrands in years 2013 and 2014. 

Quantity 2013 2014 

Bark 433 1159 

Branch 25 440 

Needle 5 36 

Surface area 

For surface measurements, three types of dimensions were taken from a sample of 

individual firebrands from the years 2013 and 2014.  Particle dimensions such as length, 

width and thickness were taken by electronic caliper (±10-5m). In the year 2013, only 

particles greater than 5 mg were measured. Shapes such as cylindrical for branches and 

needles and cuboid for bark were assumed for calculating surface area. 

As for bark pieces in the year 2014, most of the firebrands were sized in a category 

between 100 and 150 mm2, which corresponds with one layer piece of bark, broken and 

drifted away from a tree. 

New methodology of surface measurements 

In the fire in 2014, the same technology was used only for 131 of 1361 particles. Most 

of them were measured by digital technology. By using a camera and software created for 

this purposes, photos were taken on a scale, so mass and area calculated afterwards were 

connected to each single particle. This method was used for one of the plots in the fire 2014 

and accuracy was very precise (Figure 14). Digital conversion for used camera  

is 4.84 x 10-5 m2 per one pixel. 
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Figure 14. Firebrand software for a surface area. 

Thickness 

For the 2014 fire, thickness measurement was taken from each single branch which 

was captured. Thickness of the bark pieces was constantly in a range of 1 – 2 mm. This 

number for bark correspond with measurements taken by calliper, more at Figure 15 

 

Figure 15. Bark thickness according to its area. Comparing all bark firebrands from 2014 

fire the same distribution is observed. Laboratory experiments confirmed the trend (blue 

curve) 
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Density  

Density of each particles was calculated from their surface area, thickness and mass. 

The density is interesting from the point of a level of consumption.  In order to accuracy, in 

only particles which were measured manually are involved in Figure 16. Taking in account 

also particles measured by digital technology would need to estimate thickness from Figure 

15 since it has not been measured. 

 

Figure 16. Bark density from the field test in 2014. 

 

5.4 Consumption level 

From the information taken from the field and analysed afterwards, a thickness was 

estimated as stated before. Only partly burned particles were premeasured and analysed. 

These data could be useful for a model of which firebrands were burned completely and 

which were not.   

 

Table 3. Bark mass in 2014 fire for different categories depending on their size.  

Bark 

type 

Class  Diameter 

[mm] 

Mass 

[mg] 

Partly 

burned 

A 0-10 62.82 

B 10-15 36.83 

C 15-20 36.66 

D 20-30 39.40 
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Tree instrumented to get trunk regression 

There were randomly instrumented trees during the prescribed fire in 2013 and 2014 

to show how thick layer of bark is being removed during the fire. Measurements of nails put 

to the random trees were taken to see the differences between pre fire and post fire. The 

results show that layers between 6 and 14 mm were removed. Comparing with laboratory 

experiments and firebrand ground collection it makes sense. The lab experiments were done 

afterwards to be able to say how much the bark was consumed. (time stamps: A7 Figure 2) 

5.5  Improvements for firebrand collection 2015  

The collecting system from the years 2013 – 2014 was a simple and functional 

solution. From a critical point of view, the foil have not behaved ideally. Lot of dust was 

collected and non all of hot firebrands fell down into the pans on account of wind conditions 

and foil properties. During the high intense fire in both years, firebrands did not have enough 

time to cool themselves down. However, the most of them were discarded away by wind 

what could be seen from videos taken just in front of the collection plots. The foil worked 

as a trampoline also for glowing particles. 

 

Figure 17. Burning bark 2015. 

5.5.1 Extinguishing gel 

For extinguishing firebrands, an extinguishing gel Prevento Forest was used. Since the 

gel has a cooling, coating and impregnating effect, it is able to catch and cool down fallen 

firebrands. Its main advantage in comparison with water is its ability to fix them in one 

position. Each caught firebrand will stay exactly in the position where it landed and it won’t 

move any more. The firebrands are extinguished almost immediately, as laboratory 

experiments showed. The gel is biodegradable and without fluorosurfactants; therefore it has 
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no impact on firebrands. Tests were conducted to estimate approximate deviation in mass 

measurements for a usage of gel-collection system. The best results were obtained in a 

situation when firebrands were rinsed in water to remove the gel and then dried in an oven.  

 

 

The prescribed fire in 2015 was done on the same parcel as the fire 2013. However, 

fire was so low intense, that only one firebrand was collected in the firebrand plot 2. It 

worked very well, even small particles (1-2 mm) are able to change colour of surrounded 

thermochromics gel. Another improvement to this project was conducted by setting a 

potential wedge on the roofs. It was exactly in angle of 120° and it was assumed certain 

amount as stated in chapter 5.7. Even here under trees no firebrand was observed. 

5.5.2 Thermochromic gel 

Research shows that a visual camera capturing the landing particles on time is a 

sufficient way for getting information about short distances firebrands landing in a specific 

distance from a fire line and in certain time. Distinguishing hot particles from the cold ones 

for a visual video record is an important factor. A possible way is using irreversible 

thermochromics gel which reacts in contact with hot surface of firebrands by changing its 

colour at close range. The main goal of this solution is not to extinguish the firebrand but the 

ability to see the change in colour. All the pan is on Figure 19 and Figure 18. 

For this research, Kromagen Magneta Screen Ink reacting at 60°C was used in a 

mixture with water and gel. Multiple laboratory experiments were conducted to find a 

Figure 19. Pans with extinguishing gel and 

thermochromics gel in 2015 

 

Figure 18. Pans with extinguishing gel and 

thermochromics gel and a new system for collecting 

firebrands ‘120°‘configuration in 2015. 
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mixture with the best possible behaviour. The gel was mixed in a proportion of 15 ml of 

water, 2 g of powder (extinguishing gel) and 10 ml of ink. As Figure 18 shows, each plot 

was created by 12 pans in total. Four pans in the middle (North-South line) were filled with 

this gel in a layer of 4 mm to assure constant covering over the pans.   

 

Figure 20. Thermochromic gel in action. 

5.6 Factors changing with fire intensity 

Assuming that the forest area for the prescribed burning in the year 2014 was full of 

the same vegetation, fire characterisation such as fire intensity and wind, will have an impact 

on collected firebrands. Figure 21 for example illustrates how thickness of bark firebrands 

differs in the main represented area classes through all three plots during the fire in 2014. 

The reason why the thickest particles are in EP2 and not in any other areas through the forest 

can be caused by the following factors: 

 

5 mm 
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Figure 21. Comparison of bark thickness between the field and laboratory experiments. 

 

What are the factors related to fire intensity which affect a firebrand before it lands: 

 Duration of exposure of bark layer on a tree: 

 number of  layers released from a tree (obviously a thicker layer is being 

released in more intense fire), 

 the way how a firebrand is released – if the slices are removed from the origin 

tree slice by slice or in a group of a few slices and split in the air; 

 Time from releasing to the landing (duration of the exposure to flames): 

 different level of consumption of aerial firebrand stage, 

 heat load released when drifting in the wind, 

 Temperature of a firebrand on its way and when landing; 

 Velocity of the firebrands while drifting; 

 Thickness as presented in Figure 21. 
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5.7 Roofing and Firebrands 

Taking in account a discussion from 2.4 about an average American roof and possible 

mass per square meter in year 2014, second plot, the possible quantity of fallen firebrands is 

gotten. Depending on roof angles of a house and garage, the possible/potential gate area for 

falling firebrands from a near forest fire varies even for (the same)/an identically sized 

bungalow. For example, for the angle 120°, the area is equal to 70 m2, for roof angle 143° 

the requested area is more than twice as large. On the other hand, steeper slopes are more 

likely to catch firebrands. 

 

 

 

 

 

 

The firebrand shower that was observed from the plot 2 in 2014 was very intense, 

1 - 2 m from the fire front. However, comparing observation of this mass in a height of 

2 - 5 m above the ground is not probably representative. On the other hand this was a 

prescribed burning, not a real fire. 

Thus, approximately 160 g/26 cm long wedge is obtained for laboratory experiments 

for Chapter 6. Taking in account that this is a mass of preheated, extinguished firebrands it 

would represent about 17 cm height vertically in the wedge and this is definitely able to 

ignite redwood shingles and spread a fire. 

5.8 Comparison of collected firebrands from NJ and firebrands used for 

building construction experiments in the lab 

From the years 2013 and 2014 we can assume a most common particle. Except for a 

few partly burned layer branches and needles, mostly single layer of bark are landing on the 

ground during a forest fire. For this reason, pieces of bark from Pinus Nigra were used for 

the laboratory experiments.  

Possible house slope area for falling firebrands: 70 m2. 

Worst case in a forest 41 g of bark per m2. 

(98 g/m2 of all firebrands) 

For the representative house: 2870 g/m2. 

For the garage length of 8 m: 358 g/m of the wedge length. 

(858 g/m of all firebrands) 
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Moreover, experiments in years 2013 and 2014 show that 6 – 14 mm of bark layer 

from the trees are being removed when the fire line is coming through. Freshly removed 

bark layer of this thickness was then used in the fire laboratory to create similar firebrands 

and to estimate a load of heat.  

Classes of collected firebrands 

Most common surface area was used the same as in the field experiment, firebrands 

were measured, ignited and then measured again for getting representatively most common 

surface class. So, pieces of bark sized in a range of 1 x 1 cm to 1.5 x 1.5 cm were after their 

thermal exposure sized in a range of 0.5 x 0.5 cm to 1.0 x 1.0 cm, which representatively 

corresponds with a mainly representation bark class sized 1.0 x 1.5 cm in Figure 22. 

 

Figure 22. Bark size classification. 

To conclude, laboratory firebrands of the type of bark were used with thickness and 

surface area in the same range as the most common class collected and measured in the field 

experiments.  
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6 Ignition of Building structures by Firebrand Accumulation - 

Laboratory Experiments 

A problem of igniting building structures due to firebrand accumulation had to be 

studied more. Because this is why a lot of houses are set on fire even an hour or more after 

the fire is gone every year and it is difficult to predict. Ability to characterize dangerous 

conditions which would contribute to building ignition consists in splitting the problem into 

fundamental issues. In the laboratory conditions, two main aspects were studied: firebrand 

behaviour in different configurations and response of the building structure. Laboratory 

testing were conducted  

 

Initially, a key factor of all the research is to find a way how to induce a load of 

firebrands.  Firebrands in a form of charcoal with certain characteristics were used in 

preliminary study for understanding what is happening. On the foundations of analysing 

field collected real firebrands, a representative firebrand was used and a load was created 

from a number of several particles. The way how particles were ignited and prepared before 

locating into the wedge was developed as well. The best way how to prepare ‘real’ firebrands 

was to use certain amount of heptane and create a similar temperature curve in time that 

would present the heat absorbed by particles in the field as can be seen from A3_Figure 27. 

Information from the field tests was used here as well.  

Impact of accumulated firebrands needed to be confronted with potential recipient 

in a form of wooden timber. Many studies had been done about wood behaviour under 

thermal stress conditions. According to firebrand accumulation as an inconstant heat source, 

behaviour of both members is important. It is all about energy from the firebrands which is 

heating material and energy which is being transferred. There should be an appreciable line 

seen between situations on a way how heat donator (heat source/firebrands) interacts with 

heat acceptor (building structure). The heat source is cooling down and heat energy is being 

Figure 23. How to simulate field conditions in the lab. 
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absorbed by wooden samples and thus timbers are heating. If the heat absorbed by wood is 

sufficient it changes wood characteristics and supports thermal pyrolysis which could lead 

either to smouldering or flaming ignition, or both elements are extinguished. 

Instead of wooden panel, non-combustible vermiculite panels were additionally used 

as heat absorbers. Experiments with identical configuration and mass of firebrands were 

conducted and heat coming from the accumulation to potential construction panel was 

observed.  

Then, another set of experiments is being conducted simultaneously with electric 

heater to simulate wood smouldering by conduction. For comparison with heat from 

firebrands both, heater and firebrands were installed on vermiculite board. Thus 

methodology got another point of simulating heat from firebrands by electrical heater. 

6.1 Experimental apertures and methodology 

Focusing on the elementary problem of wedges on wooden roofs, cladding and 

decking, a completely new set-up and methodology was created and the data about 

firebrands were taken from the firebrand analysis mentioned in this thesis to get conditions 

which would occur during a forest fire and could lead to setting a house on fire. Series of 

experiments were conducted according by experimental procedure (A4_Figure 2). 

6.1.1 Adjustable table 

A new experimental set-up was fully designed and built for the wedges study. 

Supporting construction made of aluminium profiles is designed to set any requested 

configuration very easily. It is able to change angle of the wedge between two samples, 

incline plane, create a gap between wooden samples, fix everything in a position, attach 

cameras etc. Samples are held in seats made of non-combustible material covered by 

aluminium and insulating sheets. 

For experiments described in this chapter, the table was set into positions with 

symmetrical geometry to vertical and horizontal lines. 
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6.1.2 Instruments 

Thermocouples of K type in a diameter of 1 mm were used for measuring temperatures 

through the wooden panel in depths of 3, 6 and 9 mm under the panel’s surface. Temperature 

was measured by 7 more K-thermocouples with 0.5 mm thin surface. Three more 

thermocouples were used for temperature profile inside the firebrand load in 5, 10 and 15 

mm above the wedge. For controlling temperatures in a firebrand preparation process, three 

more thermocouples were used. 

Then FLIR A320 was used to certify the temperatures along the ember layer in some 

of the experiments. Visual cameras were used all the time through all the experimental 

procedure. Videos were used as timestamps of what happened during the experiments, for 

estimating the quantity of fallen firebrands on time etc. 

6.1.3 Characterization of the fuel 

Considering the results of the prescribed burnings in the years 2013 and 2014, the 

importance of more studies was shown. The firebrands were studied in laboratory conditions 

afterwards. Different firebrands were taken to simulate dangerous accumulated particles 

which reach high temperatures while landing and are still full of energy and able to continue 

burning or even ignite commonly used materials. 

Figure 24. Experimental table. From the left: construction design, all 

the set up with vent, table with inclined plane. 
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Charcoal 

To get equal heat from the particle accumulation and an experiment’s repeatability, it 

was stated to use approximately 1 cm3 sized particles to replicate a different total mass of 

the firebrands put into the wedge. Charcoal was used in a preliminary study because of its 

identical characteristics. A lot of ash from the charcoal was created in the wedge, which 

created a layer between wood and hot particles very quickly and this process stopped the 

impact on the wood in the wedge. Then, bark pieces as stated above were used. 

 

Bark 

Much more realistic situation was observed when wooden particles were used. Dried 

bark slices from Pinus Negra were then ignited and used as firebrands. Firebrands were 

divided into 4 categories according to their sizes before preparation. Their thickness was 

between 2 – 4 mm.  Particles were measured again after combustion and parameters stated 

above correspond with measurements taken from the field experiments. So, a load of 

representative particles (Chapter 5.3.2) with surface area of 100 – 225 mm2 and 1.4 mm thin 

was taken. 

 

Figure 25. Bark preparation. 
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6.1.4 Reasons for using Heptane 

A better method to generate laboratory firebrands was tried. A gas heater is not good 

enough from safety point of view because of because it re-radiates an amount of firebrands 

to the burner. However, testing with adequate amount of Heptane shows temperature profile 

in the basket from 100 to 700 °C for 3 minutes (Figure 26 and Figure 27). The same results 

were acquired through the experiments with heptane. Firebrands were flaming in a better 

way for igniting particles compared to a temperature profile from the 2014 fire.   

 

6.1.5 Characterization of the building materials 

Wooden panels sized 100 x 260 mm from redwood was used. The wood was brought 

from the USA and tested after complete drying. No vaporisation occurs in this case. As 

introduction into this chapter says, for comparing firebrand heat properties vermiculite board 

was used as well. Table 4 points heat properties of redwood and vermiculite and their 

calculated heat inertia. Since heat inertia is nearly identical, it was assumed that behaviour 

could be the same. Panels were instrumented by thermocouples in depths of 3, 6 and 9 mm. 

Moreover, rabbets for next 7 grounded thermocouples were made and thermocouples were 

Figure 27. Temperature profile from the FBP. 

2014. (Credit: Eric Mueller) 
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attached to panel’s surface to ensure their constant contact with the surface. They were cut 

for experiments with angle panels. Distribution of thermocouples and firebrands placement 

is in Appendix 2. 

 

Table 4. Heat properties of used timbers. (Where k-conductivity, ϭ-density, cp-heat 

capacity, α- heat inertia.)  

Heat properties Redwood Vermiculite 

k [W/mK] 0,19 0,19 

ϭ [kg/m3] 450 700 

cp [J/kgK] 1600 995 

α  2,638E-07 2,727E-07 

 

6.2 Four obtaining states due to firebrand accumulation 

According to different configuration and firebrand load and thus also heat transfer, 

several types of wood behaving were observed. As one of the parameters that the 

experiments were looking for was if flaming ignition (FI), smouldering ignition (SI) or no 

ignition (NO) has occurred, these four states were described: 

State 0 - NO at all (firebrands can fall, but no dangerous temperature is measured – 

  several materials tested (a sheet of paper and thermochromics substrate is  

  used)  

State 1 - SI (no flames, only a hole is created and fallen firebrands are able to burn  

  through a sheet of paper placed 15 cm under the wedge) 

State 2 - FI (Flames on the surface as first) 

State 3 - FI (a hole is created, under-deck fire firstly) 

These 4 states are defined by a combination of the following aspects: 

- Hole created under the load of firebrands 

- Firebrands downfall (yes/no) 

- Quantity of fallen firebrands (%) 

- Temperature of the fallen firebrands – their ability to ignite a sheet of paper 

- Flames on the wedge or underneath for at least 5 seconds 

- ‘Eaten’ level – hole size created by hot firebrands in the wedge 

- Charred area 
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Matrix of conditions 

Since parameters which change resulting conditions can vary, matrix of conditions was 

prescribed.  Configuration of the wedge as well as characteristics of firebrands is changing 

parameters. This matrix is then filled with behaviour achieved at varying angle, mass and 

size of firebrands and also wind. Research is still in a progress and so the cube is not yet in 

final version. The main idea is to find imaginary boundary for dangerous conditions under 

which firebrands are able to ignite a structure. 

 

Figure 28. Matrix of conditions under development. 

6.3 Experiments – critical Amount of Firebrands 

American redwood was exposed to a firebrand accumulation in order to get the 

dangerous stages with observing some of characteristic behaviour described above. 

For configuration of 180° several tests were conducted. 

 Observing state ‘0’ 

Another amount of same particles under identical conditions were tested with result of 

no ignition at all for 8 g (40 g initially). Firebrands transferred all their heat to the panels and 

part of it was radiated to the air. For state with no ignition it is possible to calculate pure 

conduction heat flux from firebrands and compare what is observing with vermiculite which 

has constant properties such as heat conductivity. 

Then, experiment with 15 (60 g initially) was conducted to see what exactly is 

happening in the wood. Before pyrolysis takes its place. 

 

3 3 

3 
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Observing State ‘3’  

It was discovered that under descripted conditions firebrands of size in a range of 

10x10 – 15x15 mm are able to ignite the panels in an accumulation of 15 g. This mass of 

firebrands is given by initial amount of particles which was in this case 50 g and time of 

exposure to source of heat. 

 

Differences between flaming ignition and no ignition (exp. 22 and 28) 

In a configuration which creates conditions for efficient heat accumulation but permit 

only some of the air to entrance to the place of fire. When amount heat from firebrands is 

coming across to the panel is high enough and temperatures in the panel meet a pyrolysis 

temperature for a certain time, panels can be ignited. 

 

Comparison of conduction in wood and vermiculite 

Then, vermiculite board was used to repeat both experiments and calculate heat flux 

for the situations. It is assumed, that since for very similar mass of particles two totally 

divergent results were observed, there are the critical parameters in the gap. Since exp. nr. 

24 is a representative experiment for ‘no ignition’ model, exp. nr. 28 is the same but 

vermiculite boards are used instead of wood. It is very clearly seen that a heat flux from the 

surface to 3 mm is getting negative since a wooden panel had absorbed the heat and then it 

is being released as shown in Figure 30. 

 

6.4 Laboratory results 

Temperature of firebrands on the surface is equal to temperature of vermiculite on the 

surface. This is important to have the heat flux coming through. Two temperature profiles 

on a surface and in in depth of each 3 mm under the surface for assuring that same 

temperatures are observed. Distribution of thermocouples can be found in A6 Figure 1 . 

Heat flux coming from the firebrands through the surface to vermiculite board is 

estimated as equal (1),[7] shows. 

(1) 
 ( ) 0

T
k T q t x

x
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Firebrand time of preparation is a controlling parameter as a function of temperature of the 

firebrands shown as a mass loss on Figure 29. In the experiments it is 26 % ± 5% of mass 

consumption. For observing the same level of consumption, different amount of fuel was 

used. There is used firebrands of mass from 10.2 g to 0.9 g 

 

Figure 29. Mass of firebrands during their Heptane exposure. 

6.4.1 Charring rate 

According to Chapter 3, 300°C was used as an important temperature for estimating 

charring rate. Values from experiment for redwood when time of reaching the temperature 

of 300°C in area is reached, difference of distance to time in minutes is the velocity of 

charring (2-4).[8] 
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11 1 3 3

1.00 min
00 :57 : 05 00 :54 : 06 180 3min
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mm
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 (4) 

Char rate of 1mm/min would conclude that wooden panel 18 mm thick would burn 

through in about 18 minutes. In the wedge, there a hole is usually created and first firebrands 

can escape. 18 minutes calculated here are adequate to what is observing from experiments 

– e. g. from concretely this experiment a hole of 1 cm in the wedge occurred in the 20th 

minute and from this time, firebrands are falling and are able to ignite a sheet of paper. In 

addition, in 2 minutes (depending on set up) later flames were observing from underneath. 

As Figure 31 shows, steeper trend of reaching maximum temperature can be seen for 

vermiculite board for all the fluxes, heat flux 1-9 mm should be an average. The most 

intensive penetration is through the surface which remain 0-3 mm. Vermiculite is made from 

compressed stone particle. Even if heat inertia is the same, due to different density, 

conductivity and heat capacity, behavior is different than with using of redwood. Redwood 

is a better insulant material, what the comparing demonstrates. Additionally, vermiculite 

absorb and release the heat more equally. When these facts are known, vermiculite could be 

used as a substitute for some kinds of wood and even though correlation for each type of 

wood is necessary, total heat flux could be estimated Figure 30, Figure 31 respectively. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 30. Heat fluxes for different depths. 
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As discussed above, temperature curves from these two experiments can show the 

same on 

 Figure 33. 

 

 Figure 33. Temperature curves to exp. 24 and 28. 

 

 

Figure 31. Heat fluxes. Vermiculite under same load as redwood above. 
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Observing state ‘3’ 

Additionally, experiments for comparing an impact of different angles between panels 

have been conducted. Only for comparison Figure 34. With no doubts, research have shown 

that greater steep angle is affected much more. From the figure, comparison of reached 

temperatures can be seen for both – redwood and vermiculite. As well as in others 

experiments, here totally same protocol was used. Flames from underneath were observed 

and soon destruction of structure could occur in larger scale. 

  

Figure 34. Vermiculite and redwood in a configuration of 60°. 

Temperature profile on Figure 34 shows the observing stage 3 in conditions of 60° with 

the load of 50 g. Upper curves are for redwood, with temperature on the surface and more 

thermocouples in the insertion of 3,6 and 9 mm under the surface one. There is a time line 

seen on the figure for events like flaming firebrands (firebrands started to flame ignition 

when they were put into the wedge) and were flaming for 48 s. Then can be a point of 

creating hole seen followed by fall down of firebrands and flaming from underneath. This 

was a typical process of how structures are ignited and there were no signs from above. 

Which is exactly the dangerous situation. Only ash is being seen, but flames are already 

’eating’ combustible material under the construction and a fire is spreading rapidly. Fire is 

getting hungry as stated on a poster on Appendix A7_Figure 1. Flaming from above started 

at an hour and 20 minutes which can already be too late to note the problem. 

A different trends in surface temperature are caused by different heat properties of both 

materials. 
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7 House protection 

Each fire community in the United States has a plan how to protect houses against 

forest fires. It is a management strategy in form of a time circle involving a system based on 

lessons learned due accidents. The system is still improving through decades of changing 

building structure and features of urbanism. Additionally, it includes fire dynamics and 

potential danger of heat from radiation, flames and firebrand spotting distances. 

7.1.1 Interface priority 

Residents are asked to maintain their property, often “defensible space around 

buildings” is defined. Interface priority zones divide space around a house to zones 1. 2 and 

3 in a distance of 10 m, next 20 m and 70 m. There should be no fuel in a Priority Zone 1 

around a building. Usually, houses in a distance of 30 m from a forest survive a forest fire 

as shown in an aerial picture just after a fire on Figure 35. 

 

Figure 35. 30 m of maintaining around a house and it can survive a forest fire. [6] 

  

Make a property a safe place for fire fighters to work. 

Sprinklers. 

The sprinkler system can be installed on roofs but it cannot protect a house against a 

fire. The sprinklers try to stop the advance of the ground fire, it is a wet line. Mainly, it will 

cool down fallen firebrands and prevent them from igniting a shingle roof. However, it is 

necessary to design and install them properly, avoid any system’s faults such as its 

movement, burning the hose through, leak of water etc. 
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Extinguishing gel 

Successful research was done on house protection by a company Febbex, when they 

sprayed two wooden houses and exposed them to a fire. Prevento Forest substrate with water 

was sprayed simply on the cabin 5 hours before setting a fire (right in Figure 36) in a thin 

layer. Some of the substrate influenced a part of grass around the cabin as well. A side wall 

of the cabin was affected but it did not catch a fire at all. On the other hand, another cabin 

was sprayed by water 5 minutes before fire in the way that fire fighters or an efficient 

sprinkler system would work. The cabin caught a fire in 5 minutes by flames in the corner 

along a right wall and was completely destroyed in half an hour. 

 

Figure 36. Comparison of using water (on the left) and Prevento Forest (on the right) as a 

protection against a forest fire. Photo credit: Gerd Göbel, Febbex. 

 

To conclude, gel solution as a protection against radiant heat flux from a fire work 

efficiently. However a question of protection against firebrands had to be answered. 

As a part of this thesis, behaviour of the gel in contact with firebrands was also 

tested in laboratory scale. It was shown that firebrands are extinguished in a few seconds 

after their first contact with the gel. It was shown that a proportion of 15 ml of water, 2 g of 

powder (extinguishing gel) is efficient enough for extinguishing particles with thickness of 

2 – 4 mm. 

More protection 

In advance, fire retardation should be used for wooden panels used for decking, 

cladding or roofing. Gutter grids designed to prevent debris, such as leaves and broken tiles, 

blocking the guttering are used also to avoid needles and leaves accumulation and thus avoid 

igniting them by fallen firebrands. 
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7.1.2 Roofing 

Roof is the most vulnerable part of home because of its large horizontal surface and 

ability to capture wind-blown firebrands. Roofs in the USA are often protected by usage of 

a Class A re-rated roof covering, such as composition shingles, metal or tile, when roofing 

or reroofing is required. Additionally by blocking all of spaces between roof decking and 

covering to minimize firebrand intrusion.  And clearing pine needles, leaves and other debris 

from your roof and gutters. Prune tree branches within three meters of any roof.  

704A.1.2 Roof coverings also states :‘Where the roof profile allows a space between 

the roof covering and roof decking, the spaces shall be constructed to prevent the intrusion 

of flames and embers, be firestopped with approved materials or have one layer of 72 pound 

(32.4 kg) mineral-surfaced nonperforated cap sheet complying with ASTM D3909 installed 

over the combustible decking’. 

However, in the case of Pine Knoll Townhome Fire [12] it is talked about rethinking 

about Californian codes for roof fire testing. Destroying fire resistant roofs means that these 

were actually not efficiently protective against e.g. firebrands attack. By the example of this 

fire a strong need for further research was shown. There is still what to do in roofing codes. 
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8 Conclusion 

Main goal of this thesis is to understand a problematic of wooden structures ignition 

by firebrand accumulation. To fulfil the requirements characterize a problem of wooden 

structures vulnerability under firebrands accumulated in structure weakest places – roofs, 

decking etc. According to finding that these small hot particles are able to accumulate and 

ignite a house even hours after a forest fire is gone, all the research is focused on the firebrand 

accumulation. It was necessary to find a representative particle and his potential 

characteristics in order to fire intensity. Additionally, number and mass of these firebrands 

was calculated for possibly accumulation on roofs pitches for most common American 

bungalow. 

Thesis is divided into two parts. In the first one, a research as prescribed fires is done 

to find representative particle. Methodology for ground collection was improved and tested 

in New Jersey. Unfortunately the fire was less intense and no hot particles were collected 

this year. However methodology was then tested in a different way and will be used for next 

fires. Data analysed from the firebrand collections from last two years were used in the 

second part of this thesis. 

Methodology for bench scale testing of wooden panels involving special type of 

preheating firebrands was designed, created and improved. Different types of firebrands 

were tested. However, slice of bark sized 100-225 mm2 as the most representative particles 

in given most representative size classes connected with their other properties were used for 

experiments to find a critical conditions and heat properties. Additionally, observing results 

were discussed and according to them also parameters at research has been looking at.  

It was confirmed by these experiments, that as little as 13 g of smouldering firebrands 

were able to ignite redwood panels in a flat configuration while by using 8 g in totally same 

situation no ignition at all was observed. 

To conclude, this thesis provides tested methodologies for collecting firebrands during 

forest fires and for testing potential vulnerability of building components exposed to these 

hot particles. Additionally, gives results and comparisons of series of experiments conducted 

by connecting all the information from the prescribed burnings and from laboratory 

experiments. 
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