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2.7 km (1.7 mi) long

0.8 % grade at Lombard
6.4 m (21 ft) high

9.9 m (32 ft) wide
110,000 L (28,700 gal) of

tripropylene (CyH,g) spills
from ruptured tanker car

Courtesy Baltimore Sun




Courtesy National Transportation Safety Board







Validation of FDS model
based on firetestsdonein
themid 1990sinside a
decommissioned highway
tunnd in West Virginia,
sponsored by the M ass.
Highway Dept and Fed.
Highway Admin.

Experiments perfor med
by Par sons Brincker hoff




Memorial Tunnel:

853 m (2,800 ft) long
7.9 m (26 ft) high
3.2% grade

2 firetestswith natural
ventilation, 20 and 50 MW




Memorial Tunnel, 20 MW fire, 16 min past ignition

Numerical Simulation

Peak Temperaturesnear celling: 320 C (600 F)




Memorial Tunnel, 50 MW fire, 14 min past ignition

Numerical Smulation

Peak Temperaturesnear Ceiling: 800 C (1,500 F)




Simulation of Howard Street Tunnel Fire

«Same basic tunnel geometry, train cars essentially steel boxes
*Various fuel areas and evaporation rates
M aximum sustained heat release rate about 50 MW




Centerline Temperature

Centerline Oxygen Concentration




Results

*Peak wall temperatures 800 °C (1500 °F) under direct
flame impingement; 400 °C (750 °F) over thelength of
afew rail cars.

e Parameter studiesindicate only minor changesin
temperature with changesin various tunnel/fire
properties

*Peak gastemperatures 1000 °C (1800 °F) in flames;
500 °C (900 °F) over thelength of afew rail cars.







How Hot do Fires Get?

L ab Scale
Fire Plumes

800 °C
(1472 °F)




L arge Hydrocar bon Pool Fires at
Sandia National Labs (USA)

« 2001 Sandia study on temperature of a
massive cylindrical object engulfed in a
large outdoor hydrocarbon pooal fire.

» The inner surface temperature peaked
at about 1050 °C (1922 °F)




Compartment Fires, NIST
1000 °C (1832 °F)

WTC Investigation




What About Tunnels?

Ventilation and Insulation most important factors, Fuel less so as long
asitis plentiful

Furnace designers know this— tunnel fires should be viewed as
examples of either well-designed or badly-designed furnaces.

Howard Street Tunnel Fire— 1000 °C (1832 °F)
Bad Ventilation, (Bad) 100 year old Brick Walls

Caldecott Tunnel, California, 1982 (spilled gasoline) — 1050 °C
(1922 °F) based on damage (not simulation).
Good Ventilation, (Bad) Spalling Concrete Walls

Runehamar Tunnel Experiments, Norway — 1350 °C (2462 °F),
Good Ventilation, Good Wall Lining

Various other examples with temperatures in between — Why?




