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Introduction

Understanding fire behavior is important because

It can enhance the safety of the public and the firefighters

It can help protect property and economic activity

It can help protect natural resources and the environment

It can help manage emission for population health and climate change
Aggravating factors are Climate Change that leads to

more extreme fire behavior and urban sprawl /
population growth that leads to more WUI fires

ati Fire, Attica, Greece, 2018
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Fire behavior phenomena include

Ignition

Fire spread

Flaming

Smoldering

Extinction

Generation and transport of particles (firebrands)

Fire and plume dynamics and their interaction with the atmosphere
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What tools are available?
Risk indices
Canada / US / Europe

Not doing a very good job for extreme climatic events

Fire Spread

Empirical and Semi-empirical models: landscape scale (FBP, MK5, Behave, Farsite)

CFD models: landscape scale (FIRETEC, WRF-Fire) and WUI scale (FDS)
Not doing a very good job at quantifying

Fire Safety

Empirical knowledge / analytical approaches

Standards/codes (NFPA, ICC, ASTM)

Best-practice FireWise (USA), FireSmart (Canada), FireSafe (California)
Not very strong scientific bases
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Some very strong needs to be able to achieve any quantification

Better understand fire fundamentals

Combustion

Coupling fire / vegetation (solid / gas interaction, layers interaction...)
Better understand the fire dynamics

General fire behavior

Fire / ambient interaction (wind, topography, atmosphere, vegetation)
Extreme phenomena

Capture the changing environment
All year round fire seasons
Change in vegetation cover
Expansion of areas at risk of wildfires

Vulnerabilities of the Wildland-Urban Interface (WUI)
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General Description )

Fire Spread is governed by the
Physical laws
Available Fuel |

L combustion
Available oxygen

-

Energy

Heat transfer (mainly convection and radiation)
Environmental data
Vegetation properties (species, fuel moisture content...)

Atmospheric data (wind field, air temperature, air humidity...)

Topography (slope, canyons, ridges...)
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(INRA Avignon, France)




General Description -Firespread ()¢

A particle is submitted to Radiation
Radiation
Convection

Its temperature increases and it looses I

water < ,
Convection



General Description - Fire spread

After drying

The particle temperature still
increases

The dry particle releases pyrolysis
gases

Radiation

I

Convection
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 Pyrolysis gases  +

Oxygen

Flame
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General Description -Fire spread (7,
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To understand and describe the fire spread
understand and describe:

Thermal transfer (radiation and convection)
Mass transfer (dehydration and pyrolysis)

Combustion (flaming and smoldering)

Radiation,
convection
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General Description — Fire Dynamics

Fire Front Shape

Left Flank

/

Fire front

\

Fire finger

BURNED AREA

Fire finger

Rear

Head

Spotting

[/
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General Description - Fire Dynamics

Fire Front Shape

° No (or weak) wind, flat ground, homogeneous vegetation

Weak wind, heterogeneous vegetation, complex
topography

Homogeneous vegetation, low and constant wind,
complex topography

Homogeneous vegetation, high and constant wind,
complex topography

15



General Description - Fire Dynamics

Fire Front Shape

Changing wind or slope

High wind, grass (fire spreading quickly)

High wind, spotting, change in fire regime

16
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Fuel

To characterize fire behavior, it is necessary to describe

The type of fuel
Fuel flammability.
Physical, chemical and geometrical properties.

Particle classes (leaves, branches, trunk...). The thinnest
ones are more involved in fire spread.

The fuel layout
Fuel distribution inside the fuel layer.

Spatial distribution of vegetation (horizontal and vertical).
17



General Description -Parameters ()¢

Fuel

Particles are classified by size
1-h: 0—% in. (0.635 cm)
10-h: % = 1 in. (2.54 cm)
100-h: 1 -3 in. (7.62 cm)
1000-h: 3-8 in. (20.32 cm)

Pinus Halepensis Pinus Pinaster

The finest particles (1-h) are more involved in
fire spread than the others

18



General Description — Parameters

Fuel

(University of Corsica, France)

Z Couches de la scéne
= M arbustive_Hte
ESPECES
[ arbustus unedo
[7] Olea eurapea
[ Quercusilex
I Quercus suber
= M arbustive_Basse
ESPECES
[ Cistus monspeliens
. Crataequs monogyna
[ cytisus
[ ]Dophne eridium
[ Erica arbarea
[ Myrtus communia
[ Pistacia lentiscus
E M Herbacée

O

Particle properties: Fuel moisture content, surface-to
volume ratio, heat capacity...
Fuel layer properties: layout, bulk density, radiation
attenuation, permeability...

19
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General Description — Parameters Nizi):

Fuel

Fire ladder!

1 Litter 2 Shrub 3 Tree
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Wind
Main effect: Tilting flames towards unburned fuel

Increasing heat transfer

Speeding up drying and pyrolysis

Supplying oxygen (fresh air)

H/l"(\

General Description -parameters (7
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General Description -parameters (7

Slope

Main effect: Tilting flames like wind (until flame attachment)
Increasing heat transfer
Speeding up drying and pyrolysis
Supplying oxygen (through fresh air)

Tilted f

27




General Description - Fire Dynamics

Slope and Wind
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General Description - Plume
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Plume as an Indicator of Fire Dynamics

Grey smoke: Grey smoke:
medium medium
intensity intensity
Vertical: no Tilted:

wind

medium wind

Dark smoke: high intensity (fully Black smoke with red eddies: very high  White smoke: low high intensity
developed) intensity (all oxygen consumed) (moist vegetation or extinction) 30
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Peat fires

Fire spread and fire severity

. . ‘ — ‘ Time [h]
Emissions
100 Cco 100 co
S0 CcO2
80 80
60 60
S 40 T 40
[} [}
> >
20 20
0 (1
0 200 400 600 20 30 40 50 60 70 80

Moisture content (%) Heat flux (KW/m?) 35
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Types of Fire Behavior )

Crown fires

Stages of Crown Fire

Passive Active Independent
(torching) (dependent) (very rare)

- =
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hFiSher Fire: by A
_dk 007 s -
A

Three different types (by increasing intensity)
Passive (fire spreads only through surface fire)
Active (fire spreads in both layers but is supported by surface fire)

Independent (fire spreads independently through canopy — needs optimal
fuel density) 37
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1 meter-Parallel S=W 1 meter-Angled 10 degree

Fig.2. General view of combustion table DE4 during the preparation and the performance of test L3030PP-63.
(a) Reference image before the test. The Pitot tubes can be seen on the left side of the table. (b) At ignition: time
t=0s;(c)t=2s;(d)t=18s.
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Extreme fire behavior

Lateral Fire Growth P -

Sharp acceleration of fire laterally ‘ ,ﬂ"
behind a ridge

Much larger fire front spreading after
ridge than initial fire front reaching

t h e r I d g e Coimbra with the model of the two-dimensional hill. The length of the working section is 8 m and its width is 6 m.
Maximum flow velocity is § ms™".

Fig.2. General view of the combustion wind tunnel of the Forest Fire Research Laboratory of the University of

Fig. 1. (a) Schematic representation of the fire; (b) details of the fire spread analysis. 41




Mann Gulch Fire: A
Race That Couldn’t
Be Won

Richard C. Rothermel

Thirtymile Fire Investigation Report

United States
Department
of Agriculture
Forest
Service

(3]






Types of Fire Behavior )

Spot fires

Different steps

Generation

(Dragon, NIST, USA)

Trajectory

1 2V
i'&l)'ag = ECDpairAproj _\;R| —_

Vel

Combustion

dm wprdD?

?=4 dr

Ignition of vegetation

Ember factors
affect lofting
height
(©' Ember size
& affects burnout
time

Tree factors | S
affect lofting
"intensity"

Factors Affecting Spotting

(FARSITE Technical guide, USDA)

KCAL/KCBS KCAL/KCBS
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Case Study )

Field Experiment - Measurements

Aerial imagery: Series of
georeferenced stills taken
using RIT’s Wildfire
Airborne Sensor Program
(WASP)

Towers: Overstory (8 thermocouples and
1 3D Sonic Anemometer) and understory
(5 thermocouples, 1 vertical flow sensor,
1 vertical dual-band radiometer)

Fire behavior packages: 4 thermocouples, 6 ’1;
thin-skin calorimeters (total heat flux), 3D \
flow velocity
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Case-Study

Field Experiment - Fire Spread

[l Overstory
Understory
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1.2 and 1.3 burned




Case Study

Field Experiment - Fuel Consumption

Bark consumption estimated by measuring
trunk circumference regression

Radius variation before and after the fire
2013 - 52 Measurements

Radius variation before and after the fire
2014 - 49 Measurements

0-032 032-2 2-4 4-6 6-8 8-10 10-12 12-14
Radius variation du to fire (mm)

0-032 032-2 2-4 4-6 6-8 8-10 10-12 12-14
Radius variation du to fire (mm)

Most Radius variations between
0.32 and 6 mm

Same thickness as bark pieces
collected in pans




Legend

Overstory Towers
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Firebrands
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Understory

Fire Behavior Packages

Cameras
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Wildand fires are extremely complex phenomena involving many different
mechanisms

We still know little about the fundamentals of these mechanisms and how
to quantify strongly coupled phenomena

Extreme fires are a growing problem that correspond to very specific
regimes of fire behavior

Engineering solutions can and should be designed for specific issues
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(d) Time t4 = 600 s

Data assimilation

Safety distances

Eruptions - Blowups
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