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Model testing of leakage effect due to multi-cell inflater of rapid protection

system in subsea tunnel
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ABSTRACT: This paper presents the study of leakage effect due to multi-cell inflater of rapid protection system to protect
the possibilities of tunnel damages by flooding threats and unusual leakage to be occurred during and after subsea tunnel
construction. Particularly, this protect system should be necessary in subsea tunnel. This research concentrates the physical
model tests due to several multi-cell inflater to study protection capacity of leakage between the inflater and tunnel liner.
A 27:1 small scale model are used in the model tests. The leakage rate, water pressure and axial displacement of inflater are
measured during the model tests. According to the results, the minium leakage rate clearly shows in the case of two-cell
inflater compared with in other cases. It is concluded that the results of this research will be very useful to understand the
fundamental information of inflater structure design and development the technology of tunnel protection structures in the
future.
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Table 1. Accident cases of flooding threats in tunnel

29 U, 35 5 o) DHA Yol

oHX*]E]L“J_]— vy 2R E 9 ZAXMo] Z7)skar Q)
Ak Sjel A Ao TR W Aol o)
X Ao TS A7} A1) g AHolck shin,

2009).

4 5 = A " HEHEE 3ol tq’
]_

A olsh B B ) A
1% 5ol that AT njule Aejolma Slo}
b} 9] AFEE QAR ot 9

A Al el lolAl siAEd ] l

OIr ru.% OH

2 o] sl gt Alets-

[e]
T ARl ARl gl 2 fiEE
A
T

ik

Table 1-& &S BASH A= 1979 &
wo] Aojzk A AF Al HAkirt HAkstol
FA] R FAPIRES] STk okt 4] ol
e A} slgom, Fie) Allee SE o
AR 9] A5k FA A| AEEe2 013t Bd A4
a7} ofg] Wl HPgEE AL E 4 Qlti(Lee, 2015).
olg WS Slsl e A1 2850 Bg
S Qlgt Q1A B wjshE A4S} 3 4 9l Inflaer

Construction site Status and problems Remarks
Denmark - Equipment trouble and tunnel damage collapse by
great belt strait | inundation of seawater - Protection cofferdam design and using clay
(Subsea tunnel) |- Delay of construction period
Japan seikan |- Seawater inflow in soft rock by blasting - Construction of waterproof dam, pre-reinforced grout
tunnel - Increase of construction period (4 accidents of large | and cofferdam construction, development of the

(Subsea tunnel) ground water inflow occurs during construction)

bypass tunnel

Taiwan new .
- High water pressure

}(fll\l/}logs:;?g - Grouting materials remove from the fractured and
tunnel) jointed ground

- Drainage hole / drain tunnel construction and grouting

reinforcement

- Tunnel face collapse and seawater inflow

N 1
orway tunne fractured zone

at the

- Drainage hole / drain tunnel construction and grouting

reinforcement

New york
(Subway tunnel)

- The flooding accident caused by storm and flood
- Difficulty of recovery by flashover phenomenon
- Traffic jamming and electric power cut off

- Drainage hole / drain tunnel construction and grouting

reinforcement

Seoul subway

(Line No.2) drainage clogging

- Traffic jamming and metro station closure

- Backflow and flooding caused by heavy rains and

- After the facility closed, repairing of pumps and

cleaning

- Flooding barrier installation and maintenance of sewer
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(1) Water tank, (2) Water pressure gauge, (3) Model tunnel
(4) Inflater, (5) Pressure gauge, (6) Air pressure control box
(7) Leakage measurement system, (8) LVDT

Fig. 3. Model test system of inflater
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Table 2. Types of multi-cell model inflaters
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Leakage measurement .
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(1) Water tank, (2) Water pressure gauge, (3) Model tunnel
(4) Inflater, (5) Pressure gauge, (6) Air pressure control box
(7) Leakage measurement system, (8) LVDT

Fig. 4. Measurement equipment
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Case Model inflater Air pressure

1 1-Cell inflater 0.1 bar
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3 2-Cell inflater 0.1 bar

4 2-Cell inflater 0.15 bar

5 4-Cell inflater 0.1 bar

6 4-Cell inflater 0.15 bar

299

ATt Slgto]| Leakage measurement systemE- 24 X5}
glon] BREY U] Bugse] 49k 24a)] 9
3] Water pressure gaugeS X5t 2 EE U
of InflaterE g3l Pressure gauge?} Air pressure
control boxS ¢A3}o] Z+2+9] Inflatero 0.1 bar,
0.15 bar®] Z719FS AAFA F=Usle] Inflater?]
WRE-s71o] FAE =S 5131al LVDTE Inflaterof]
izskIT 1 % wREldule] s=ajo] ola 17
30 mm 52 B BREd R sk s
58 WHE Atk 58] SEAE Ageh 9414
717] Slalol 4 qke] B ASHoR Bet
T % Inflatere] BuRES AJuselnt Bate] o}
SROIAIbE ek 4k S ¥9] 2215 Infltr

(a) 1-Cell inflater

(b) 2-Cell inflater

(c) 4-Cell inflater

Fig. 5. Types of multi-cell inflaters
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