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ABSTRACT

This study conducted a discharging experiment of high-expansion foams at a real-scale experimental underground utility
tunnel and proposed an effective fire response plan. The study analyzed the discharge and foaming characteristics of
high-expansion foam in the event of an underground utility tunnel fire. When high-expansion foams were injected at one
point, foam agents started to break out four minutes after reaching reduction time. Meanwhile, when high-expansion foams
were injected at three points, the experimental tunnel was filled entirely after seven minutes using 650 L of extinguishing
agent. Moreover, in the cellar nozzle experiment, discharging from a nozzle injected horizontally to a manhole was more

effective than that from a nozzle vertically injected to push smoke and heat.
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Figure 1. Simulated underground tunnel test facility.
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Figure 2. Experimental setup for (a) one-way discharge of high
expansion foam, (b) three-way discharge of high
expansion foam and (c) cellar nozzle discharge of high
pressure water.
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Figure 3. Direct photos of experimental facility pictured by (a) a
general view camera and (b) a wide angle camera.
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Figure 4. Time series form accumulation photos of the one-way discharge experiment.
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Table 1. A Volume Calculation Chart According to the Results of One-way Discharge Experiment. Unit Accumulation Volume in Each
Zone is Identical to 0.72 m*’’EA Which Can be Calculated by 0.2 m (Height) x 1.8 m (Depth) x 2 m (Width)

Time Accumulation Height at Each Zone [E.A.] Sum
[min] 1 213 4 5 6 7 8 9 10 | 11 12 |13 |14 |15 |16 | 17 | 18 19~25
1 41 413 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13
2 5171 6 4 3 2 0 0 0 0 0 0 0 0 0 0 0 0 27
3 71 8|7 6 5 4 3 2 1 0 0 0 0 0 0 0 0 0 43
4 9110| 9 8 7 6 5 4 3 2 0 0 0 0 0 0 0 0 63
5 81 9| 8 7 7 6 5 5 4 3 2 1 0 0 0 0 0 0 65
6 8| 8| 8 7 6 5 4 4 4 3 2 2 1 0 0 0 0 0 62
7 8| 8| 8 7 6 5 5 4 4 3 3 2 2 1 0 0 0 0 Jero 66
8 71717 7 7 7 6 5 4 3 3 3 2 2 1 0 0 0 71
9 717\ 7 7 7 6 6 5 5 4 4 3 3 2 2 1 0 0 76
10 6| 6| 6 6 6 6 6 6 5 5 4 4 4 3 2 1 0 0 76
11 516 6 6 6 6 6 6 5 5 4 4 4 4 3 2 1 0 79
12 515] 6 6 6 6 6 6 5 4 4 4 4 4 4 2 1 0 78
13 5155 6 6 6 6 5 5 5 4 4 4 4 4 3 1 80
14 41515 5 5 5 5 5 5 5 5 5 4 4 3 3 1 76
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Figure 6. (a) Schematic of injection location and arrival time and
(b) the measurement results of arrival time of high
expansion form in the one-way discharge experiment.
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T . . Table 2. A Volume Calculation Chart According to the Results of
[rm:ss] A wide angle view Three-way Discharge Experiment. Unit Accumulation
Volume in Each Zone is Identical to 0.72 m*EA Which
Can be Calculated by 0.2 m (Height) x 1.8 m (Depth)
x 2 m (Width)
1:00 70 Time [mm:ss]
€ 11.00 [2:00 |3:00 |[4:00 [5:00 |6:00 |[7:00 |7:40
1| 3 3 6 8 7 9 10 10
2|3 3 5 8 7 9 10 10
3|2 3 4 7 7 9 10 10
2:00 4 | 1 2 4 6 7 9 10 10
510 2 4 6 7 8 10 10
6| 0 1 3 5 7 8 10 10
710 0 3 5 7 8 10 10
8|0 2 4 5 7 8 9 9
3:00 9 (0 3 5 6 8 8 8 8
10| 2 4 6 7 8 8 8 8
1| 3 5 7 8 8 8 8 8
12| 4 6 8 9 9 9 8 8
13| 4 5 7 8 9 10 8 8
4:00 14| 3 4 6 7 9 10 10 9
. 15| 1 3 5 7 9 10 10 10
16| 0 2 5 7 10 10 10 10
17| 0 2 5 7 10 10 10 10
18| 0 2 5 7 10 10 10 10
19| 0 3 5 7 10 10 10 10
5:00
20| O 4 5 8 10 10 10 10
21| 1 5 5 8 10 10 10 10
22| 2 5 6 9 10 10 10 10
23| 3 6 7 9 10 10 10 10
24| 3 6 8 10 10 10 10 10
6:00 53 |6 |8 [10 [10 [10 [10 |10
Sun| 38 87 136 | 184 (216 (231 |239 |238
7:00 180 166 i 1/7 —0—Three-Way Discharge
— 160 —0-0One-Way Discharge
E 140
% 120
;5 100 Three times faster accumulation
o until reduction time of 4 min.
g 8
= 58
7:40 E o I R P DA Py
S 40
<
20
0
01 2345678 9101112131415
Figure 7. Time series form accumulation photos of the three-way Time [min]

discharge experiment.

Figure 8. Time series volume of accumulated form in one-way
and three-way discharge experiments.
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Figure 10. Examples of fire suppression tactics in underground tunnels.
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Figure 11. Schematic of smoke flow by (a) vertical and (b)
horizontal injection of cellar nozzle.
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