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1. Introduction

Wildland-Urban Interface (WUI) fires have caused
significant destruction to communities throughout the
world. WUI fires continue to burn in the USA; most
recently in Texas in 2011, Colorado, and California in
2012, and Arizona, Colorado, and California in 2013.
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 [1]. Yet, 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. Of particular concern are
landscape mulches located adjacent to buildings.

2. Experimental Description

The full-scale Continuous Feed Firebrand Generator
was developed in order to produce continuous
wind-driven firebrand showers. The detailed description
of this device is available elsewhere [2-3]. This device
was recently used to expose decking assemblies to
continuous wind-driven firebrand showers [2]. This
version of the device is modified from the NIST Dragon
[2-3] and consisted of two parts: the main body and
continuous feeding mechanism. For all tests, Douglas-fir
wood pieces machined to dimensions of 7.9 mm (H) by
79 mm (W) by 127 mm (L) were used to produce
firebrands. Firebrands generated from these sized wood
pieces have been shown to be commensurate to firebrand
sizes measured from full-scale burning trees, as well
firebrand size distributions obtained from actual WUI
fires [2-3].
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A series of experiments were conducted to examine
ignition of mulch beds subjected to continuous,
wind-driven firebrand showers.  Shredded hardwood
mulch, fitted in beds 1.2 m by 1.2 m with a thickness of
51 mm, was attached to a non-combustible re-entrant
corner assembly. The mulch/re-entrant corner assembly
was then exposed to continuous, wind-driven firebrand
bombardment generated by the NIST full-scale
Continuous Feed Firebrand Generator installed in the
Fire Research Wind Tunnel Facility (FRWTF) at the
Building Research Institute (BRI) in Japan. The time to
reach sustained flaming ignition (FI) of shredded
hardwood mulch beds exposed to continuous
wind-driven firebrand showers was determined as
function of mulch bed moisture content, and applied
wind speed. These experiments have determined
ignition behavior of mulch beds installed in realistic
building configurations under wind-driven firebrand
showers.

Fig. 1 Image of Experiments

WQMD C Dried |
oL O 9to 25 % MC .
Eo + 711083 % MC
o O
g c120 i
w
|'IUJ
..60,3)100- 0 -
= @]
§‘9 80
L O -
=3 n
o5
-
F geof ,
CC 1 L 1

55 6 65 7 75 8 85
Applied Wind Speed [m/s]

Fig. 2 The Number (Left) / Mass (Right) of Firebrands Required for Sustained FI versus Applied Wind Speed



3. Results and Discussions

Figure 1 displays a typical experiment to expose the
mulch beds to continuous wind-driven firebrand showers.
For fixed wind tunnel speed (set to either 6 m/s or 8 m/s),
and fixed firebrand number/mass flux generated from the
Continuous Feed Dragon, three experiments were
conducted at three different MC levels. These included:
(1) oven dried, (2) 9 % to 25 %, and (3) 25 % to 83 %.
Oven dried conditions were intended to represent a
worst-case scenario. Mulch bed MC up to 25 % were
intended as intermediate fuel moisture levels, and were
also conducted to be able to compare results to available
literature studies. For the higher MC levels, these were
intended to represent very wet mulch and determine if
continuous firebrand showers could still produce ignition
events under such ‘wet’ conditions.

For the mulch beds, smoldering ignition (SI) was first
observed, and Sl was observed to transition to flaming
ignition (FI). The presence of Sl was indicted by
intense smoke generation and glowing combustion in the
mulch bed. If FI was observed, the time for sustained
FI to be reached was determined. The time was defined
as the time for sustained FI was observed within the
mulch bed less the time the first firebrand landed on the
mulch bed surface. Under a wind speed of 6 m/s, FI was
observed in all the conditions except for MCs above
74 %.
The relationship between the total numbers of firebrands
required to reach sustained FI as a function of applied
wind speed, and mulch bed MC, is shown in Fig. 2.
Figure 2 displays the influence of the total firebrand
mass need to reach sustained FIl. In Fig. 2, the
number/mass of firebrands required to reach sustained FI
were counted/calculated based on the firebrands that
arrived on the surface of the mulch bed. Figure 2
indicate that fewer firebrands, and therefore less mass,
were required to reach sustained FI as the wind speed
was increased, for the dried and 9 % to 25 % MC cases.
The present work clearly shows the influence of an
applied wind field on the ability of continuously applied
firebrands to produce ignition in mulch beds. Images of
the detailed ignition phenomena are displayed in Fig. 3,
and demonstrate that it was the ability of glowing
firebrands to accumulate as the key to producing ignition.
In recent experiments using decks exposed to continuous
wind-driven  firebrand showers using the same
experimental apparatus in this work, accumulation of
firebrands was the key factor to producing ignition as
well. Due to the nature of the mulch beds, all of the
firebrands deposited did not accumulate into one large
area, as was observed for decking tests exposed to
continuous firebrand showers [3]. For these mulch bed
experiments, as the generator continually supplied
firebrands to the mulch beds, more and more firebrands
are deposited, leading to an increased likelihood that
firebrands will eventually accumulate in a specific

Fig. 3 Image of the ignition by a few firebrands
under the condition of 8 m/s wind speed

location and produce ignition. As can be seen, it only
required a few of these small firebrands to eventually
produce ignition at given location. The number of
accumulated firebrand necessary to produce ignition
increased as the mulch bed MC increased.

4, Summary

A series of experiments were conducted to
examine ignition of mulch beds to continuous,
wind-driven firebrand showers under varying applied
wind speed, and moisture content. In this study,
continuous application of small wind-driven firebrands,
with sizes similar to those observed in actual WUI fires
in California and Texas, resulted in FI of mulch beds
held at MC up to 83 % under wind speeds of 8 m/s.
The accumulation of firebrands is a key factor to produce
ignition.
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