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Note: For fire in enclosed vehicles, the fire could be ventilation controlled.



1. Design fire

Fire size (HRRmax)

For solid fuels exposed to wind and well ventilated fires:

- Limited effect of ventilation
- Limited effect of tunnel walls
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Well-ventilated 
(General case) 

Note: For fire in enclosed vehicles, the fire could be ventilation controlled.
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Fire Growth rate (FGR)
For solid fuels exposed to wind:
Longitudinal spread dominates.
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Fire growth rate increases linearly with 
ventilation velocity.

Note: For fire in enclosed vehicle, the ventilation 
could have limited effect.

Ventilation parameter
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2. Flame length
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Flame length, Lf

- increase linearly with HRR

- decrease with tunnel width 

- not sensitive to ventilationF
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3. Maximum ceiling gas temperature

Low ventilation (Region I)   
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Below 1350 C, maximum excess gas 
temperature at low ventilation varies as:

 2/3 power of Q

 -5/3 power of Hef

 insensitive to velocity

General case for natural 
and transverse ventilation



High ventilation (Region II)   
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Below 1350 C, maximum excess gas 
temperature:
 proportional to Q
 inversely proportional to velocity, V
 -5/3 power of Hef

 -1/3 power of fire radius, bfo. 

General case for 
Longitudinal ventilation



Example of use

- HGV fire and Hydrocarbon time-
temperature curve (HC)

- Tunnel height: 6 m / Tunnel width:12 m 

- The effective tunnel height from the   
bottom of the fire load up to the ceiling, Hef, 
is 4.8 m. 

- The radius of the fuel, bfo, is 4 m. 

- The longitudinal velocity, V, is assumed to 
be 3 m/s.  

- The ambient temperature is 10 C. 
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4. Ceiling temperature along tunnel

Dimensionless distance: xf /H
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It shows how the 
temperature decreases 
with distance from the 
fire.

SP Tunnel and Underground Safety Centre

0 10 20 30 40 50 60 70 80 90
0.0

0.2

0.4

0.6

0.8

1.0

1.2



c
x




c,
 m

a
x

x
f
 /H

 Model-scale tests
 Runehamar, T1
 Runehamar, T2
 Runehamar, T3
 Runehamar, T4
 Memorial Tests
 Equation (21)

Distance from the fire, x/H
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5. Smoke control
Longitudinal ventilation
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Dimensionless heat release rate
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Point extraction
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Cross-passage and Rescue station
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Conclusion

 Design fire: HRR, FGR

 Flame length: Q, W

 Maximum ceiling temperature: Q, V, Hef, bfo

 Ceiling temperature distribution: x/H

 Smoke control

 Longitudinal ventilation: Vc, Lb

 Point extraction: Critical velocity from both sides

 Cross-passage/Rescue station: Vcc
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