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ABSTRACT 

Wind-driven firebrand showers are a major cause of structural ignition in Wildland-Urban Interface (WUI) 

fires.  Past firebrand investigations have not been able to quantify the vulnerabilities of structures to 

ignition from firebrand showers, as it is difficult to develop a measurement method to replicate wind-driven 

firebrand attack on structures that occur in actual WUI fires.  To address this problem, research has been 

undertaken in an intricate area involving the quantification of structure vulnerabilities to wind-driven 

firebrand showers. This type of firebrand research has never been possible prior to the development of the 

NIST Firebrand Generator, also referred to as the NIST Dragon.  Due the complexity of the WUI fire 

problem, great strides must be made to recruit the next generation of researchers to fire safety science from 

diverse backgrounds.  This paper closes with a discussion of ongoing workshop activities intended to 

achieve this, as well as some challenges for future WUI fire research. 
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WILDLAND URBAN INTERFACE (WUI) FIRES: AN EMERGING AREA IN FIRE SAFETY 

SCIENCE 

Wildfires that spread into communities, referred to as Wildland-Urban Interface (WUI) fires, have 

destroyed communities throughout the world.  The 2007 Southern California Fire forced 300,000 people to 

evacuate, destroyed over one thousand structures, and resulted in $1B paid by insurers [1].  In Europe, the 

2007 fires in Greece destroyed several hundred structures, and resulted in the deaths of more than 70 

people.  In Australia, the 2009 fires in Victoria caused the death of 173 people and destroyed more than one 

thousand structures [2]. 

 

WUI fires continue to burn in the USA, and are rapidly getting worse, with attendant increased economic 

costs [3].  Some recent examples include in the Bastrop Complex Fire in Texas in 2011, the Waldo Canyon 

Fire in Colorado in 2012, and fires in Arizona, Colorado, and California in 2013.  Tragically, 19 firefighters 

lost their lives in 2013 battling WUI fires in Yarnell, Arizona.  This was the largest single loss of life for 

firefighters since the September 11, 2001 terrorist attacks on the World Trade Center in New York.   

 

The WUI fire problem can be viewed as a structure ignition problem [4].  Surprisingly, little effort has been 

spent on understanding the processes of structure ignition in these fires.  Scientifically-based building codes 

and standards are needed to guide construction of new structures in areas prone to WUI fires in order to 

reduce the risk of structural ignition.  Scientifically-based retrofitting strategies are required for homes 

already located in areas prone to such fires.  

 

Historically, fire safety science research has spent a great deal of effort to understand fire dynamics within 

buildings.  Research into WUI fires, and how to potentially mitigate the loss of structures in such fires, is 

far behind other areas of fire safety science research.  This is due to the fact that fire spread in the WUI is 

incredibly complex, involving the interaction of topography, weather, vegetation, and structures [5]. 

 

When vegetation and structures burn in WUI fires, pieces of burning material, known as firebrands, are 

generated, become lofted, and are carried by the wind. This results in showers of wind-driven firebrands. 

Post-fire studies indicate that firebrand showers are a significant factor in the spread of WUI fires [6-10]. 

Interestingly, post-fire damage studies have suggested for some time that firebrands are a significant cause 
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of structure ignition in WUI fires, yet for decades, firebrand studies have focused on understanding spotting 

distance [11-19; there are many more transport studies not referenced in the interest of space].  As 

discussed in this paper, firebrand generation data from vegetation, structures, and actual WUI fires is sparse 

[20-29], and most of these generation studies were actually conducted by NIST.  The same may be said 

regarding firebrand ignition studies [30-36].   

 

Firebrand investigations have not been able to quantify the vulnerabilities of structures to ignition from 

firebrand showers, as it is difficult to develop a measurement method to replicate wind-driven firebrand 

bombardment on structures that occur in actual WUI fire events.  To address this problem, research has 

been undertaken in an intricate area involving the quantification of structure vulnerabilities to wind driven-

firebrand showers. This type of firebrand research has never been possible prior to the development of the 

Firebrand Generator (Dragon). 

 

Due the complexity of the WUI problem, great strides must be made to recruit the ‗next generation‘ of 

researchers to fire safety science from diverse backgrounds.  This paper provides a discussion of ongoing 

activities intended to achieve this, as the WUI problem continues to increase, the future of fire safety 

science research is more important than ever. A series of difficult challenges for future WUI research are 

outlined as well. 

 

DEVELOPMENT OF NEW EXPERIMENTAL TECHNOLOGY: NIST FIREBRAND 

GENERATOR (AKA NIST DRAGON) 

The NIST Firebrand Generator (NIST Dragon) has been constructed to generate controlled, repeatable 

firebrand showers commensurate to those measured from burning conifers, and a real WUI fire (see Fig. 1). 

The purpose of the NIST Dragon is to simulate wind-driven firebrand showers observed in long-range 

spotting.  As a result, glowing firebrands were the initial emphasis. Yet, due to careful design of the NIST 

Dragon, it is also possible to generate showers of flaming firebrands.  Since wind is an important 

component of WUI fire spread, NIST established collaboration with the Building Research Institute (BRI) 

in Japan. BRI‘s Fire Research Wind Tunnel Facility (FRWTF), constructed in the late 1990s, is one of the 

first wind tunnel facilities in the world designed specifically with fire experiments in mind.  The FRWTF 

provides wind speeds up to 10 m/s, with a cross-section 4.0 m (high) by 5.0 m (wide), and test section 

length of 15.0 m. 

 

A very important characteristic of the NIST Dragon is that the firebrand size and mass produced using the 

device can be tailored to those measured from full-scale tree burns [26-27], and actual WUI fires [20], 

which are in stark contrast with the size of firebrands referenced in existing test standards and wildfire 

protection building construction recommendations. In collaboration with the California Department of 

Forestry and Fire Protection (CALFIRE), NIST quantified firebrand distributions from a real WUI fire 

(2007 Angora Fire) for the first time [20].  Specifically, digital image analyses of burn patterns from 

materials exposed to the Angora Fire were conducted to determine firebrand size distributions.  The 

firebrand size distributions reported were compared to firebrand size distributions from experimental 

firebrand generation using the NIST Dragon, as well as historical firebrand field studies [23-24].  The most 

salient result reported in [20] was the documentation of the consistently small size of firebrands (<0.5 cm
2
) 

and the close correlation of these results with the sizes of experimentally generated firebrands from the 

NIST Dragon.  The Texas Forest Service has used this methodology to collect firebrand size distributions 

from the recent Texas Bastrop Complex fires in 2011, as well, and reported similar findings to the 2007 

Angora fire; significant numbers of very small firebrands were produced [21]. More of this type of 

information is clearly needed from actual WUI fires, and is described below as an important challenge for 

future WUI fire research. 

 

Experimental investigations have been conducted using the NIST Dragon installed in BRI‘s FRWTF to 

expose roofing assemblies, building vents, siding treatments, walls fitted with eaves, and glazing 

assemblies to wind-driven firebrand showers [38-42]. In addition, the dangers of firebrand accumulation in 

front of structures have been quantified for the first time.  The interested reader is referred to [43-44], as 

two recent reviews have been completed, and describe the highlights of this research conducted over the 
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past several years. Some key findings from these recent reviews are provided here, as well as new results 

not yet published in the archival literature.  For completeness, a typical experiment is shown in Fig. 2. 

 

The 2007 California Building Code of Regulations, Title 24, Part 2, Chapter 7A recommended that a metal 

mesh of 6 mm be placed behind building vents to prevent firebrand entry into structures [43-44]. The mesh 

size was not based on any scientific testing since no test methods were available at that time.  The 

penetration of firebrands into building vents was studied for the first time using the NIST Dragon at BRI‘s 

FRWTF. These results showed that firebrands were not quenched by the presence of the mesh but would 

continue to burn on the mesh until they were small enough to be transported through the mesh opening. For 

the 6 mm mesh, a majority of the firebrands simply flew through the mesh, resulting in more rapid ignition 

of flammable materials behind the mesh than that observed for the smaller mesh sizes of 3 mm and 1.5 mm.   

During the 2010 triennial code change cycle in California, no standard test methods were available to 

evaluate and compare firebrand-resistant vent technologies. NIST worked with CALFIRE as part of a task 

force in order to reduce mesh size used to cover building vent openings to lessen the potential hazard of 

firebrand entry into structures. Requirements for reduced mesh sizes were formally adopted into the 2010 

California Code of Regulations, Title 24, Part 2, Chapter 7A, and were effective January 2011 [43-44]. 

 

While standard test methods are in place to test ignition of roofing decks to firebrands by placing a burning 

wood crib on top of a section of a roof assembly under an air flow, the dynamic process of multiple 

firebrands landing under ceramic tiles/gaps as a function of time is not taken into account [39].  Post-fire 

studies have identified a building ignition mechanism where small firebrands penetrate under non-

combustible tile roof coverings [20]. Experiments conducted using the NIST Dragon have provided 

experimental confirmation of this ignition mechanism for ceramic tile roofing [39]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Schematic of the NIST Firebrand Generator (NIST Dragon). 
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Recently, concrete tile roofing assemblies (flat and profiled tile) as well as terracotta tile roofing assemblies 

(flat and profiled tile) commonly used in the USA, Australia, and elsewhere were exposed to wind-driven 

firebrand showers [42].   The purpose of these scoping experiments was to determine if firebrands were 

able to penetrate the tile assemblies and melt the underlying sarking material.  No decking was included in 

the roof support structure as these experiments were intended to replicate Australian construction details. 

The results, however, are relevant to US construction since the same concrete (flat and profiled) and 

terracotta (flat and profiled) tiles are used in both countries.  Underlayment or sarking, in the form of a 

layer of aluminium foil laminate bonded with a fire retardant adhesive to a polymer fabric, was placed 

under the tile battens.  The results showed that firebrands penetrated the tile gaps and subsequently melted 

the sarking material for both types of concrete tile roofing assemblies (flat and profiled tile) and the 

profiled tile terracotta roofing assembly when exposed to wind-driven firebrand showers.  The flat tile 

terracotta roofing assembly performed best probably due to its interlocking design.  For these tiles, the 

firebrands were observed to become trapped within the interlocking sections of the tiles and as a result, the 

firebrands were not transported past the tiles towards the sarking material.  Based on the findings of these 

experiments, a potential cost-effective mitigation strategy might be to use a continuous underlayment of 

firebrand-resistant sarking [42]. 

 

 
 

Figure 2 A typical experiment involving the NIST Dragon at BRI‘s FRWTF.  In this image, a wall 

assembly (244 cm by 244 cm) fitted with open eave (61 cm overhang) is exposed to wind-drive firebrand 

showers at 9 m/s.  

The NIST Dragon technology has now been duplicated by other research laboratories. Specifically, the 

Insurance Institute for Business and Home Safety (IBHS) has used the NIST Dragon concept to generate 

firebrand showers in their full-scale wind tunnel facility [45].  Most recently, Underwriters Laboratories 

(UL) has also constructed the NIST Dragon and is using it their research laboratory.  

 

CONTINUOUS WIND-DRIVEN FIREBRAND SHOWERS  

 

Bench scale test methods efficiently evaluate firebrand resistant building elements, and may serve as the 

basis for new standard testing methodologies. To this end, the NIST Dragon‘s LAIR (Lofting and Ignition 

Research) facility simulates wind driven firebrand showers at bench-scale [40]. This facility consists of a 

bench scale Firebrand Generator (known as the NIST Baby Dragon) coupled to a bench-scale wind tunnel. 

While the NIST Dragon‘s LAIR facility and the full-scale NIST Dragon coupled to BRI‘s FRWTF 

(described above) have been used to expose building elements to firebrand showers, the duration of 

exposure using the existing apparatus is limited. To develop test methods needed to evaluate different 

building materials resistance to firebrand showers requires the capability to generate firebrand showers of 
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varying duration. To determine if it was feasible to develop a continuous feed Firebrand Generator, it was 

decided to first improve the bench-scale device (Baby Dragon). Accordingly, the NIST bench scale 

continuous feed Firebrand Generator (the NIST continuous feed Baby Dragon) was developed. The unique 

features of the NIST continuous feed Baby Dragon, over the present NIST Baby Dragon, are the ability to 

produce a constant firebrand shower in order to expose building materials to continual firebrand 

bombardment. The performance of this device has been characterized, and this was presented at the last 

IAFSS symposium [46]. The Dragon‘s LAIR facility has now been upgraded to include the NIST 

continuous feed Baby Dragon (see Fig. 3). The interested reader is referred elsewhere for a very detailed 

description of the new and improved Dragon‘s LAIR facility [47].  The NIST continuous feed Baby 

Dragon has been cloned by the University of Coimbra – Institute for Interdisciplinary Research, Europe‘s 

largest institute focused on WUI fires, as well as the National Research Institute of Fire and Disaster 

(NRIFD) in Japan, a part of the Japanese government. 

 

 
Figure 3 Schematic of NIST Dragon‘s LAIR (Lofting and Ignition Research) Facility. 
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Efforts were undertaken to scale this device up and construct a full-scale continuous feed Firebrand 

Generator for use in BRI‘s FRWTF.  The capability of this new experimental device to generate continuous 

wind-driven firebrand showers, and direct them towards decking assemblies, is presented in these IAFSS 

proceedings [48].  As a result, only a brief description of this apparatus is provided below, and the 

interested reader is referred elsewhere [44, 48]. 

 

 
 

 
Figure 4 Detailed schematic of the feeding system for the full-scale continuous feed firebrand Firebrand 

Generator (top); side view of the main body (or Dragon) and the location where the feeding system 

provided wood pieces into the device is shown. 
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This version of the device is modified from the NIST Dragon [38-42], and consisted of two parts: the main 

body and continuous feeding component (see Fig. 4). The feeding part was connected to the main body and 

was equipped with two gates to prevent fire spread (described in more detail below).  A major challenge 

when constructing this device was designing a completely contained feeding system shielded from the wind 

tunnel flow.   The feeding system consisted of a pneumatic cylinder coupled to a cylindrical container 

where wood pieces were stored. The pneumatic cylinder was contained inside a metal sleeve. Inside the 

metal sleeve, the sliding rod of the pneumatic cylinder was connected to a plate that allowed the volume of 

wood contained within the sleeve to be varied. This volume was set precisely to allow a specific mass of 

firebrands to fall into this volume. When the air pressure was applied, the sliding rod of the pneumatic 

cylinder moved forward, forcing the wood pieces that have fallen by gravity within the volume of the metal 

sleeve to the first gate, where they are then dropped into second gate that leads to the Dragon where they 

are ignited (see Fig. 4).  The mass flux of generated firebrands may be adjusted by varying the feeding rate 

of wood pieces into the device; all experiments so far have utilized a wood feeding rate of 800 g/min, 

which resulted in a mass flux of firebrands of 17.1 g/m
2
s. 

 

As in prior experiments using the NIST Dragon, the new experimental device was installed inside BRI‘s 

FRWTF.  So far, experimental investigations have been conducted to determine the vulnerabilities of 

decking assemblies, mulch beds of various moisture contents, and fencing assemblies to continuous wind-

driven firebrand showers.  Since the decking assembly results are presented in these IAFSS proceedings, as 

well as the specific justification to study decks in the first place, these results are not presented here [48].  

Post-fire studies conducted by NIST on the Waldo Canyon Fire in Colorado that occurred in 2012, 

determined that wood fences are believed to be vulnerable to ignition from firebrand showers in WUI fires 

but, again, there has never been any experimental verification of this ignition mechanism.  As a result, a 

series of experiments were conducted to expose Cedar and Redwood fencing assemblies to wind-driven 

firebrand showers.  A discussion of the mulch bed experiments follows below. 

 

As indicated, developing the scientific-basis necessary to support test methods for firebrand resistant 

building elements is a key component required to reduce the WUI fire problem, as it is a structure ignition 

issue.  In the WUI, buildings are often surrounded by vegetation that, when ignited, can produce intense, 

localized firebrand showers, and provide direct flame contact onto building elements, leading to ignition of 

buildings.  The creation of defensible space around structures is a common mitigation strategy, yet in many 

areas the requirement for the creation of defensible space is either not popular due to resistance to modify 

the natural environment and landscaping around structures, or not practical due to limited lot size.  Of 

particular concern are landscape mulches located adjacent to buildings. While there have been some studies 

of mulch ignition in the literature, none of these studies have investigated the ignition of mulch installed in 

realistic building configurations exposed to wind-driven firebrand showers; conditions seen in real WUI 

fires. 

 

Figure 5 displays a typical experiment to expose mulch beds to continuous wind-driven firebrand showers.  

In this image, the wind tunnel speed was 6 m/s and the mulch bed moisture content (MC) was 11 %.  In this 

experiment, the firebrand mass flux directed at the mulch bed/re-entrant corner assembly was fixed.  The 

mulch bed MC was defined as: 

100*
dry

drywet

M

MM
ContentMoisture  (1) 

where Mwet and Mdry represent the mulch mass before and after oven drying, respectively.  For the mulch 

beds, smoldering ignition (SI) was first observed, and SI was observed to transition to flaming ignition (FI).  

The present of SI was indicted by intense smoke generation and glowing combustion in the mulch bed. The 

time for sustained FI to be reached was determined.  The time was defined as the time sustained FI was 

observed within the mulch bed less the time the first firebrand landed on the mulch bed surface.    For fixed 

wind tunnel speed (set to either 6 m/s or 8 m/s), and fixed firebrand mas flux generated from the 

Continuous Feed Dragon, experiments were conducted at three different MC levels.  Oven dried conditions 

were intended to represent a worst-case scenario.  Mulch bed MC up to 25 % represented intermediate fuel 

moisture levels, and were compared to results from available literature studies. Higher MC levels 

represented very wet mulch to determine if continuous firebrand showers could produce ignition under 

such ‗wet‘ conditions.  The rationale behind such tests was based on using water as a wetting agent to 
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potentially mitigate ignition; so called fuel pre-wetting.  While full details of these results are beyond the 

scope of this paper, it is rather clear that continuous-wind driven firebrand showers are capable of rapidly 

igniting mulch beds (see Fig. 5). 

 

FIREBRAND GENERATION FROM BURNING STRUCTURES 

 

It is believed that in WUI fires, the structures themselves may be a large source of firebrands, in addition to 

the vegetation. Yet, due to lack of quantitative information available on production of firebrands from 

structures, it cannot be determined if firebrand production from structures is a significant source of 

firebrands in WUI fires.  Determining firebrand generation from burning structures will also allow the 

Firebrand Generator to generate different firebrand size/mass distributions. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Image of 1.2 m by 1.2 m by 51 mm (depth) shredded hardwood mulch bed at 11 % MC exposed to 

continuous wind-driven firebrand showers.  The re-entrant corner, with dimensions of 1.2 m by 1.2 m by 

2.44 m high, was lined with gypsum board to investigate the ignition of the mulch bed itself; the ability of 

the mulch bed to ignite the wall assembly was not considered. Sustained FI was observed. 

 

To this end, an experimental database is being generated from firebrand generation from structures. In the 

first phase of this work, an experiment was conducted to collect firebrands from a two story house located 

in Dixon, CA [28]. Debris piles were used to ignite the structure and it took approximately two hours after 

ignition for complete burn down. A large amount of water was poured onto the structure several times to 

control the fire since the house was located in a populated section of downtown Dixon.   Firebrands were 

collected with a series of water pans placed near (4 m) the structure and on the road about 18 m downwind 

of the structure.   

Wind Speed: 6 m/s 
Mulch Depth: 51 mm 

Firebrand Accumulation Onset of sustained flaming ignition 

Mulch MC: 11 % 
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Figure 6 Structure burning (30 min after ignition) for firebrand collection [28]. 

 

Subsequently, firebrand production from real-scale building components under well-controlled laboratory 

conditions was determined using BRI‘s FRWTF [29].  Specifically, wall and re-entrant corner assemblies 

were ignited and during the combustion process, firebrands were collected to determine the size/mass 

distribution generated from such real-scale building components under varying wind speed.  The purpose of 

those experiments was to determine if useful information regarding firebrand generation can be obtained 

from simple components tests.  Components experiments are far simpler than the full-scale structure 

experiments, described above.  It was observed that similar mass distributions of firebrands were observed 

from components to the available full-scale structure tests in the literature [29].  An image of a re-entrant 

corner ignited for firebrand collected, constructed from simplified building materials (wood stud, and 

oriented strand board – OSB; no siding applied), is shown in Figure 7.  While structures in WUI 

communities are made from various materials, the components used for this experiment were simplified, in 

order to demonstrate the feasibility of such testing and attempt to determine rate limiting materials for 

firebrand production.  It is important to perform more experiments which will more closely replicate real 

construction under well-controlled conditions.  As a result, experiments have recently been conducted by 

applying cedar siding to individual building components, and the interested reader may find some 

information about those results elsewhere [49].   

 

RECRUITING THE NEXT GENERATION OF RESERCHERS TO FIRE SAFETY SCIENCE 

 

With growing pressures on research budgets worldwide, the field of fire safety science is in need of 

stronger research ties across the ‗next generation‘ of researchers to share and pool resources to investigate 

important emerging topics of great need to certain countries.  It is clear that WUI fires are an important, 

emerging research topic in fire safety engineering.  Another prominent example of large outdoor fires that 

present risk to the built environment is urban fires, common in Japan. While there are substantial 

phenomenological similarities between urban and WUI fires, research in Japan and in the USA has been 

conducted in each country independently, with little chance of constructive research collaboration. A 

kickoff workshop was held at NIST in June, 2011 to bring these research communities together.  

Contributed papers from this workshop appeared in a special issue of Fire Safety Journal in 2012 [50].  

 

NIST entered into a partnership with the Japan Association for Fire Science and Engineering (JAFSE) to 

hold two more workshops.  The first of these workshops, known as ―Operation Tomodachi – Fire 

Research‖ was held in Tokyo, Japan on July, 2012 [51].  Tomodachi means friendship in Japanese.   The 

objective was to: (1) develop scientific knowledge and translate it to building codes and standards that will 

be of use to both countries to reduce the devastation caused by unwanted fires, (2) provide a forum for next 

generation researchers to present their work in order to develop new research collaborations, (3) and allow 

USA participants a chance to visit excellent large-scale research facilities available in Japan that are of use 

to the research topics of this workshop.  It is desired that this activity will motivate the next generation of 

researchers to explore and develop research collaborations related to emerging areas of fire safety science.  
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It is hopeful that new and exciting activities specific to other countries may come out of this type of event.  

Planning is now underway for the follow-on workshop to be held at NIST in 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Re-entrant corner wall assembly burning under an 8 m/s wind field.  Further details of these 

experiments are provided in [29]. 

 

The journal Fire Technology is also working to bring attention to the WUI fire problem.  A special issue, 

the first devoted to WUI fires in the fire safety science area, has been published [5].  In this issue, papers 

are published from all over the world, and it highlights the need for more WUI research to the fire safety 

science community. 

 

FUTURE DIRECTIONS OF WUI RESEARCH 

 
There remains a great deal of work to do to further quantify structure vulnerabilities to wind-driven 

firebrand showers.  The foundation laid in this paper will inform test method development for a new 

generation of effective WUI building codes and standards, since the best way forward to address the WUI 

problem is hardening of structures [52].  Future work should consider generating data to inform the 

development of a NIST WUI Hazard Scale [53], which will be used to establish a basis for the levels of 

hardening needed for buildings and communities to protect against exposure from WUI fires. Specific 

research needs include: 

 

 fundamental understanding of firebrand ignition mechanisms 

 characterize firebrand size/mass distributions from a wide variety of actual fire scenes  

 evaluate performance of technologies intended to mitigate firebrand ignition of structures  

 measure resistance to ignition of additional building components to firebrand showers 

 firebrand exposure to coupled building components (e.g. deck connected to combustible wall) 

 couple firebrand generator with radiant panels to study combined radiation/firebrand influences 

 consider higher wind speeds as all experiments to date have been conducted up to wind speeds of 

10 m/s, and WUI fires have occurred under wind speeds in excess of 20 m/s. 

 

Many organizations need to contribute to satisfactorily address this challenging problem.  More data is 

needed for firebrand size/mass distributions from various types of vegetation, structures, and actual WUI 

fires.  The experiments conducted by NIST for firebrand generation from burning trees are the only known 

studies [26-27].  As more data becomes available, the Firebrand Generator can produce different firebrand 

distributions representative of various realistic firebrand distributions. As indicated above, the 

methodologies developed by NIST, in collaboration with CALFIRE, to collect firebrand size information 

from actual WUI fires, have been used by the Texas Forest Service. Yet, the Angora fire data set, and the 

Wind Speed: 8 m/s 
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Texas Fire data set, remain the only know detailed data on firebrand size distributions from actual WUI 

fires. 

 

Most of the building components exposed to wind-driven firebrand showers that have been described in 

this paper were based on post-fire studies conducted by NIST and elsewhere. More post-fire data collection 

of actual WUI events is required to understand the dynamics of WUI fire spread, and what types of 

building elements may be vulnerable to wind-driven firebrand showers.  The interested reader is referred 

elsewhere to some past post-fire WUI data collection studies [6-10]. 

 

When WUI fires spread into communities, the combined influence of firebrand showers, and radiative heat 

flux, is believed to contribute to ignition of structures.  Radiative heat flux is generated as vegetation and 

other structures burn in WUI fires within communities.  Plans are underway to construct a new 

experimental apparatus that will afford the investigation of these combined effects, and install it inside a 

full-scale wind tunnel facility.  This new capability directly feeds into the NIST developed WUI Hazard 

Scale [53], since it will be possible to expose any type of building assembly to different levels of combined 

firebrand and radiative flux, thus enabling the ability to design structures to various exposures. 

 

IBHS has used the NIST Dragon concept to generate firebrand showers in their new (opened in 2011) full-

scale wind tunnel facility that is capable of wind speeds higher than 10 m/s [45]. At present, they have no 

capability to conduct continuous firebrand showers since they have implemented an array of firebrand 

generators based on the original NIST Dragon described in this paper.  Full-scale experiments in this 

facility would benefit from continuous firebrand showers, as discussed earlier in this paper. 

 

SUMMARY 

 

In this paper, a summary has been provided on an extended research effort to quantify structure 

vulnerabilities to wind-driven firebrand showers. These results have laid the foundation for this important 

research direction.  The author hopes that a next generation researcher will be inspired to work in WUI fire 

research, and fire safety science in general, after reading this paper.  This field provides immense 

challenge. 
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