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Abstract

Currently, road tunnels and railroad tunnels are building smoke control systems to
emit toxic gases and smoke from fires. Among the various smoke control systems, the
transverse smoke control system has the disadvantage that air supply or exhaust is
performed on only half of the cross-section, rather than air supply or exhaust on the
entire cross-section of the tunnel as air is supplied or exhausted by partitioning the
wind path. Therefore, this study analyzed the effect of exhaustion through numerical
analysis and scaled model tests on the zoning smoke control system, which improved
the limitations of the transverse smoke control system. As a result of the scaled model
test, the transverse ventilation system exhibited a 25.6% smoke control rate based on
the state where no smoke was controled, and zoning smoke control system showed a
smoke control rate of 40.8%. In addition, as a result of numerical analysis, it was found
that transverse ventilation system did not control fire smoke spreading from the tunnel
and continued to spread. On the other hand, zoning smoke control system was found
to be smoke controled within a certain section due to the air curtain effect and the flue
gas effect.

Keywords: Tunnel exhaust system, Transverse smoke control system, Zoning smoke
control system, Scaled model tests
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Fig. 1. Outline of zoning smoke control system
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Fig. 3. Results of calculation at exhaust flow and duct area

Table 1. Calculating basis of scaled model tests

Category Equation

Length

420m x (1/30)= 14 m

Flow-rate (exhaust)

123.2 m*/s x (1/30) = 0.025 m’*/s

Flow-rate (supply)

98.6 m*/s x (1/30) = 0.020 m*/s

Heat release rate

20 MW x (1/30)°% = 4,057 W

Smoke production rate

80 m’/s x (1/30) =0.016 m*/s

Similarity rule: Froude model and Thomas theory (Thomas, 1968; 2000)
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Table 2. Specifications of scaled model tests

Category Real scale Model scale Note
Ratio reduction 1:1 1:30
Length 500 m 15m
Exhaust 123.2m’/s 0.025 m*s (1,500 LPM) Supply flow-rate =
Flow-rate 3 3 * oo
Supply 98.6 m’/s 0.020 m’/s (1,200 LPM) Exhaust flow-rate * 80%
HRR 20 MW 4,057 W
SPR 80 m*/s 0.016 m*/s (974 LPM)
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Table 3. Case of scaled model test

Damper state (O: Open, X: Close) )
Category @ Smoke production
©) @) ® ® ® @ rate
(fire)

Exhaust X X X X X X X
Case 1

Supply X X X X X X X

Exhaust X (0] X o X (0] X 3
Case 2 0.016 m’/s

Supply X X X X X X X

Exhaust o (0] (0] o (0] (0] o
Case 3

Supply o (0] (0] o (0] (0] o

Table 40li= 2t HAlRlof| w2 A3HE HER T Case 19] -9 T2 S A7]7 o] E]2] oF7]
2ol 241 Fho =t S A7 7 ghitE] o] A FE7be]l SR 7|7} Huti] = 2 0 2 LrEldTE Case 2] 739 H
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Table 4. Results of scaled model test

Cat Damper state (O: Open, X: Close) Exhanst .
atego austion rate
B @ @ ® @ ® ® @

Exhaust X X X X X X X

Case 1 -
Supply X X X X X X X
Exhaust X O X (0] X o X

Case 2 25.6%
Supply X X X X X X X
Exhaust 0] O 0} 0] O 0} 0]

Case 3 40.8%
Supply 0] 0O 0} 0] O 0} 0]

Category Case 1 Case 2 Case 3
Damper @
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Table 4. Results of scaled model test (continued)

Category Case 1 Case 2 Case 3

Damper @

Damper @

Damper @
(fire point)

Damper ®

Damper ®

Damper @D
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Table 5. Boundary condition in simulation

Category Input data Note
Exhaust 1232 m%s
Flow rate 3 Supply flow rate = Exhaust flow rate * 80%
Supply 98.6 m’/s
HRR 20 MW
SPR 80 m’/s

Table 6. Results of simulation

CO distribution
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