5th International Seminar on Fire ﬁ Explosion Hazards
A% 23-27 April 2007

INVESTIGATION OF
A FATAL FIRE IN A

Norman Alvares, Kirk Staggs
Fire Science Applications, USA

Guillermo Rein
University of Edinburgh, UK

Introduction

= Investigation of a real accidental fire
m Probable cause and origin

® Evidence, witness accounts, engineering and science

u Investigations are rarely available

m Accidents and failures lead to greater understanding and

improved engineering



Fire time-line

(after 6 min of driving)

the driver hears a E‘pop” and sees a white plume at

the back

immediately stops

Van full of smoke; then fire

Runs around back and removes child

Rapid fire Spread (head liner dripping)

Fire Scene




Specific Damage: 15 min of fire

Ofticial Fire Investigation
® What was the cause of the fire?

" Fire Investigators proposed:

underbody fuel—spray ignited while in motion and

caused ignition in the interior

& feasibility of this scenario?

W a priori modeling and experiments



Hypothetical scenarios

W The external [lame heats of floor material to:
" Piloted ignition (about 400 °C)
1 Auto-ignition (significant > 400 °C)

&l

Modeling Goals

» Estimate time scales
¥ time to ignition of interior Covering

¥ time to fire detection by occupants

* Troitzsch-Plastic Flammability Handbook; 1983



Heat Transter Model

*Physical Model: The Van’s floor 1s partially heated by a
flame on the bottom.

*Mathematical Model: transient heat transfer by radial
conduction in thin slab heated from both sides




Heat Transter Model

*Flame temperature 900 “C and emissivity 0.9

* Flame radius is 10 cm

* Convective heat transfer in:

side the van 7 W/mK

* Convective heat transfer outside (60 km/h) 55 W/mK

. Weighted layers properties

*Layers thickness=2.5cm
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Carpet 55 0.027 1210
Polyacrilic 1110 0.13 2010
Carbon Steel 7854 f(T) f(T)
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Smoke concentration

Transport of Smoke after [gnition

Severe Irritation level=580 mg/m3

» Smoke detected
30 s after 1ignition

[¥5]
=

Temperature [C]

Time [s]

Time [s]

Testing procedures
Exact Replica of the van
Wind blower to simulate driving conditions

Flame directed to under-floor area
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Test Set—up and Sensor [.ocation

16" down
31" dawn

Rake boom
A7 awin

Tap el rug
Under Fug
Urdar yan

Rake TCs
Belcrw Rk Tos

Balows rug
LH sl

Beiow nig
FH sda

Below ng
farvard of rake

" Temperature on interior floor, vertical
and Ceiling

" Video records

Acetealdehyde and Acrolene

LTest Set-up































