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A Study on the Behaviour of Smoke Spread Caused
by Vehicle Fire in a Road Tunnel

Yong-Kyun Yoon*, Eun-Hye Ju

Abstract This paper aims to evaluate the effects that presence, installation number and capacity of ventilation vent
and presence of multiple fire sources have on the behaviour of smoke temperature induced by vehicle fire in road
tunnel. Six types of scenarios were assumed and FDS was ran to simulate them. As the number of ventilation
vents increases, the smoke temperature are calculated to be reduced, but it is shown that effects exerted by two
ventilation vents are almost similar to ones by three ventilation vents. Capacity of ventilation vent has a greater
impact on the reduction of smoke temperature than installation number of ventilation vents. Smoke temperatures
computed for all scenarios except for scenario No. 1 (without ventilation vent) and scenario No. 6 (with multiple
fire sources) above fire source are analyzed to be under 400°C and it means that the radiation of smoke layer
above fire source doesn't induce the ignition of materials around fire source.
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Fig. 1. Fire time-temperature curves (After Lonnermark, 2005)
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Table 1. Fire data for typical vehicles (After NFPA, 2011)
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Vehicles Peak fire heat release rate (MW) Time to peak HRR (Min.)
Passenger car 5-10 0-30
Multiple passenger cars (2-4 vehicles) 10-20 13-55
Bus 20-30 7-10
Heavy goods truck 70-200 10-18
Tanker 200-300 -

Table 2. Design value for fire load and quantity of emitted smoke (After MLTM, 2009)

Vehicles Passenger car Bus Truck Tank lorry
HRR (MW) <5 20 30 100
Smoke flow rate (m3/s) 20 60~80 80 200

Table 3. Design values for fire load of some tunnels constructed in Korea (After OO E & C, 2010)

Name of tunnel Length Percentage of heavy goods Percentage of special trucks Applied HRR

(km) vehicles (HGV) (%) (Including petrol tanker) (%) MW)

Bachuryeong 5 29.69 0 20~50
Jinhae 6.1 16.01 2.44 50
Inje 10.9 25.18 1.94 50
Geumseong 4.5 29.95 3.48 20
Yangnam 7.5 30.53 0.72 20
GK immersed tunnel 3.6 22.81 5.98 100
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Fig. 3. Variations of smoke temperature with time
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Type Distance of fire source Wind speed Volpm.e flow rate 3of Distance of ventilation vent
from tunnel entrance (m) (m/s) ventilation vent (m’/s) from tunnel entrance (m)

No. 1 300 2 - -

No. 2 300 2 180 300

No. 3 300 2 220 300

No. 4 300 2 180 300, 400

No. 5 300 2 180 300, 400, 500

No. 6 300, 310 2 180 300
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