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Abstract

This study focuses on the verification of a rapid protection automation system using an
inflatable structure. The inflatable structure is an automatic rapid protection system
against human and material damage when the subsea tunnel is flooded. Especially, it
is essential for construction and operation of subsea tunnels. In this study, we have
experimentally verified the rapid protection automation system using the inflatable
structure designed for this problem. In order to verify this, a model tunnel with a 40:
1 reduction ratio was constructed, and air pressure of 0.1 bar and 0.15 bar was injected
to divide the tunnel according to the expansion rate at 10 sec and 20 sec. According to
the results of the study, the protection efficiency was better at 0.15 bar than 0.1 bar
when the expansion structure was expanded, and the protection efficiency and influent
control efficiency were different according to the pneumatic injection time of the
inflating structure. As a result of this study, it was found that the higher the internal air
pressure of the inflated structure and the faster the inflation of rate, the more
effectively the inflated structure was inflated. As a result of this study, it is necessary
to further study the wedge type structure which is useful for the storage method of
expansion structure, shape and expansion derivative, inhibition of expansion structure
during protection and control of inflow water.

Keywords: Subsea tunnel, Tunnel protection system, Inflater system, Rapid
protection automation system
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Fig. 1. Schematic of inflatable structure in tunnel (Yoo, 2016)
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(a) Horizontal section along the cylinder  (b) Cross section of the cylinder part (c) Spherical part

Fig. 2. Stresses in inflatable structure (Yoo, 2016)
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Fig. 3. Design of pressure system for inflatable structure (Yoo, 2016)
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Table 1. Experimental conditions

Inflater Air pressure | Expansion speed Sandbox size Tunnel size Scale

0.10 bar 10 sec
0.15 bar 20 sec

Semicircle 200 mm 1500 mm x 300 mm x 1100 mm | Semicircle 200 mm | 40:1

Fig. 4= A4 057‘%-_] HHAE UEH AL 2loH, 2E85E BARE | 915l (1) Water tankS A2|5F31 1L
WALZA | F71E FU5H] Y5H (2) Air pressure control box S A x5t 279 F2-S- XA H T ESH Y
ALZA S H5H | -.*]0}01 (3) Expansion storage S AAA|5}91. 01 4=¢F Ul L8RS ZAJ517] 9I5| (4) Water
pressure gauge 2! (5) Leakage measurement system-= “3X|SIGCE ofA[2to 2 Hlo|EE A& &=317 (6)

Dataloggers A X|5}Tt.

(1) Water tank (2) Air pressure control box (3) Expansion storage
(4) Water pressure gauge (5) Leakage measurement system (6) Datalogger

Fig. 4. Model test system

Fig. 5= o] AL 242 A7k A PVCE Aol olnle L2 A4 4.2 sl Al
shoch

(a) Front (b) Side
Fig. 5. Inflater model
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Case Air pressure (bar) Expansion speed (sec)
1 0.15 10
2 0.15 20
3 0.10 10
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Fig. 6. Before and after model
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Table 3. protection effectiveness according to expansion shape

Classification A B C D
Protection Over 90% About 80% About 60% About 60%
effectiveness

Expansion
shape
Water pressure 0.15 bar 0.15 bar 0.10 bar 0.1 bar
(bar)
Time (sec) 20 sec 10 sec 20 sec 10 sec

Fig. 102 3424 WHE-57]95-2 0.1 bar, 0.15 bar 2 34| 3BAITE10 sec, 20 seco]] T2 =484
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Fig. 10. Water pressure with time
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