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ABSTRACT: The present paper concerns a smoke movement in a tunnel fire with a vertical
shaft. The model tunnel measured 13.4m long, 0.4m wide and 0.4m high. The cross section
is 1:20 of a full scale tunnel. Ethanol was used as a fuel. The fire size in model tests
varied from 1.30kW to 13.37 kW, which corresponds to full scale fires of 2.41 to 23.91 MW.
Smoke front velocity and temperatrue were decreased due to the vertical shaft install. Tem-
perature was reduced maximum about 20C at ceiling and about 23C at vertical position. CO
concentration was reduced as the vent width widened. When vent width was more than 15
cm, CO concentration was not reached 100 ppm. Descent degree of the smoke layer was
confirmed through the visualization.

Key words: Tunnel fire(El'23}4]), Smoke movement(€71A %), Natural ventilation(Z< $71),
Vertical shaft($378)
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Fig. 1 Schematic of the model tunnel.
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Fig. 2 Cross-section of the vertical shaft (B-
B').
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Table 1 Fire size of the ethanol pool fire

Hydraulic Fuel ; ;
diameter | quantity Qu Qr
(cm) (g) (kW) (MW)
6 25 1.35 241
6 25 271 485
8 35 2.69 481
10 50 417 7.47
12 65 6.12 1095
14 85 9.00 16.09
16 120 10.83 19.37
18 170 13.37 23.91

* Gasoline pool fire
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Fig. 3 Temperature records under the ceiling.
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Table 2 Velocity of the smoke front

Yent . Distance Velocity of
width Section (m) smoke front
(cm) (m/s)
T1~T2 15 0.31
T2~T3 25 0.27
T3~T4 35 0.25
, T4~T5 45 0.24
Without) 516 55 0.23
T6~T7 6.5 0.22
T7~T8 75 0.20
T8~T9 85 0.18
T9~TI10 95 0.17
T1~T2 15 0.31
T2~T3 2.5 027
T3~T4 35 0.24
T4~T5 45 0.21
10 T5~T6 55 0.19
T6~T7 6.5 0.16
T7~T8 75 0.14
T8~T9 85 0.11
T9~TI10 9.5 0.08
T1~T2 15 0.32
T2~T3 25 0.27
T3~T4 35 0.23
T4~TH 45 0.20
15 T5~T6 55 0.17
T6~T7 6.5 0.13
T7~T8 75 0.10
T8~T9 85 0.07
T9~TI10 9.5 0.04
T1~T2 15 0.31
T2~T3 25 0.25
T3~T4 35 0.21
T4~T5 45 0.16
20 T5~T6 55 0.12
T6~T7 6.5 0.07
T7~T8 75 0.02
T8~TY 85 0.01
T9~TI10 95 -
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Table 3 Reaching time to the tunnel exit of
smoke front (6.12kW fire)

Vent width |Reaching time to the tunnel exit
(cm) (sec)
Without vent 446
10 615
15 85.3
20 -
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Fig. 4 Longitudinal temperature distribution un-
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Fig. 5 Longitudinal temperature comparison un-
der the ceiling with vent size (6.12 kW
fire).
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Fig. 6 Vertical temperature distribution with
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Fig. 7 Vertical temperature comjparison with
vent size (6.12kW fire).
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Fig. 8 Photograph of the tunnel interior (vent
width=20 cm).

Fig. 9 Photograph of the tunnel interior (with-
out vent).
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