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Abstract

This study focused on shielding through inflatable structure in the event of sudden
water inflow into the submerged floating tunnels. Currently, there is a lack of measures
to deal with unexpected water in tunnels in Korea. Although water treatment facilities
such as waterproofing and floodgates in tunnels are installed, there are limitations to
the sudden inflow of large amounts of seawater or underground water. Also, floodgates
cannot respond quickly to sudden damage due to slow blocking time. Accordingly, a
study was conducted on the shielding rate and axial movement distance for inflatable
structure. The results of the reduced model experiment confirmed that the number of
inflatable structure and internal pneumatic pressure influence on the shielding rate. As
the number of inflatable structure increased from one to two, the shielding rate
increased by about 35 up to 40 percent. It was also confirmed that the shielding rate
increased by about 4 percent as the internal pneumatic pressure increased from 0.2 bar
to 0.3 bar. If we verify and further develop the results identified in this study through
areal-size experiment, it will be able to be used as an effective waterproof measure for
sudden water inflow into the undersea tunnels or underwater tunnels.
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Fig. 1. Virtual design considering radius of expansion structure
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Table 1. Load used in numerical analysis

Division Fixed weight Water pressure Pneumatic pressure
. . . Water depth condition of 50 m 3
Weight Auto in-program calculation 400.0~600.0 kKN/m? 500 kN/m
) 7 {8 1 7
/ H
£
(a) Water pressure (b) Pneumatic pressure (c) Constraint condition

Fig. 2. Numerical analysis schematic diagram
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Table 2. Load combination used in numerical analysis

Division Fixed weight Water pressure Pneumatic pressure Note
COMB 1 1.0 1.0 -
Usability review
COMB 2 1.0 1.0 1.0
COMB 3 1.4 1.4 - .
Strength review
COMB 4 1.2 1.2 1.0

QM0 = AFgokal, 5 U2 Fig. 2(b)
[e)

9] T} Fig. 2(c)et 2o
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Table 3. Condition of material
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1vision (MPa) (kN/m?) (MPa) Note
Concrete S =35 25 38,825 E,.=8,500%/f,+4
Rebar £, =400 78.5 200,000 -
Table 4. Sectional specification
Division Width Height Square measure Bending moment
(B, m) (H, m) (A, m?) (1, m*)
Underwater tunnel exterior lining 1.0 1.0 1.0 8.333 x 107
Road tunnel lining 1.0 1.0 1.0 1.042 x 10
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(a) Interpretations section (b) Modeling

Fig. 3. Interpretations section and modeling diagram
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Table 5. COMB 1 usability review

Flexural stress Compressive stress Tensile stress Shear stress
review Shear (MPa) (MPa) (MPa)
Location | Division i force
Moment ?Xlal Ny | Allows 045 £y | Allow: 0.13 % \/f,, | Allow: 0.08 /7
orce
(KN - m) =14.0 MPa =0.77 MPa =0.47 MPa
(kN)
Underwater |  Mumax 817.46 |4,299.94 9.20 OK 0.60 OK
tunnel 928.96 0.93 N.G
. Prax 817.46 |4,299.94 9.20 OK 0.60 OK
exterior
Miax 83.45 717.71 3.44 OK 0.57 oK
Road tunnel 60.75 0.09 O.K
Prax 83.45 717.71 3.44 OK 0.57 OK
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Table 6. COMB 2 usability review

Flexural stress Compressive stress Tensile stress Shear stress
review Shear (MPa) (MPa) (MPa)
Location | Division Axial force )
Moment force (kN) Allow: 0.4 x f .| Allow: 0.13 x /£, | Allow: 0.08 x /£,
(KN - m) =14.0 MPa =0.77 MPa =0.47 MPa
(kN)
Underwater | Mmax | 2,803.00 | 3,089.33 19.91 N.G 13.73 N.G
tunnel 1,731.96 1.73 N.G
. Prax 474.82 | 3,825.42 6.67 OK 0.98 N.G
exterior
Muax | 2,200.64 | 1,167.52 55.15 N.G 50.48 N.G
Road tunnel 1,784.89 3.57 N.G
Prax | 2,200.64 | 1,167.52 55.15 N.G 50.48 N.G
3) A=A HE

WL zA A7) A A (COMB 3, COMB 4)2 18j3t ek AE Ayl the Table 77 Zh

Table 7. Rebar amount review

Required strength Nominal strength
Location Moment | Axial force | Moment | Axial force Main rebar Judgment
(kN -m) (kN) (kN - m) (kN)
Tensile iron bar:
Exterior |\ 15780 | 322006 | 458698 | 355563 | |o2@100mm, H32@200 mm 0K
lining Compressed steel bar:
H32@100 mm
Tensile iron bar:
Road 287247 | 210858 | 307932 | 226042 | H32@30mm, H32@I00 mm 0K
tunnel Compressed steel bar:
H32@50 mm, H32@100 mm
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AIR IN
Water pressure control

Water tank

Influent control device

Tunnel model

Expansion structure air injection

Runoff measurement

Pressure r‘egulator/

(a) Panoramic view

(b) Front view (C) Side view (d) Upper View

Fig. 4. Scaled water tank
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Fig. 5. Determination of diameter and thickness of reduced model tunnel

BFAGOIA BFE D] =710 Algto] i, AL SIte] HA Sk 715k7] of ] whEel] A St
ok 2 ekl 0 2 A, WebH 49re] o] wte BRE o] §342 vleE 0.2 2 slel the
o} e 27102 BHE P UL Agstolof giek

| 75‘
AA|ET}20% *OL_EL E‘%%}’fﬂ %
- BPEES ol a2 AlRE A9 24 o3 S

478 Journal of Korean Tunnelling and Underground Space Association



A studly on application of inflatable structure system for rapid blocking of sudden water in submerged floating tunnels

z70] Har ol U2 AL 24 nd 5L 27

280 mmo |} A= oF 15 mme) o2 2 Afzto] wof
oF ShtAF§ 5} 5131 it o2 o] L] 172

S 135t 27 280 mmet F7h= 10 mmE ARRS 5HcE
SHUE ZAH o] =A1 = oF 7.5 mm o] FAIZ ARSI AlfFe FA4R Y B]'E-2 Fig. 67 2o f9<4of w2t
At e o] sl A xA 0] o] 5 AR E &

oko & lolo| 7156l E 1 Fig, 71 Zol ulAE A
“steet,
Fig. 7. Marking of the scale for checking the displacement of inflatable structure
423 FA4RY PFLEA| 2=
WA AR A AFE

8 A 8lo] ettt
%@@ﬂﬂ%aﬂﬂﬂ@ﬂﬂ%@%&ﬂﬂ*%ﬂﬂﬂ% 32 3ol
o)} kol b ol Y

Journal of Korean Tunnelling and Underground Space Association

479



Yeon-Deok Kim - Beoung-Hyeon Hwang - Sang-Hwan Kim

FRA o] L] o4 8 Tefele] ol Aelsict. ol g o] Lo mlk At 7t
031, 0945 AH831900] of2 Bgalo] 72A|0) Zol2 it WPTEA) Hao] 2L 74
mm2 AHE51910 0, B (88 mm)ol 2 o1& Asioick AlZhe WY T2AeL DS Fig. 874 2Tk

L 101,72

44 | 88 L 44 o 11280
N
00|
R 135,94
(a) Lateral cross section (b) Frontal section () Manufactured inflatable structure model

Fig. 8. Inflatable structure manufactuerd
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Table 8. Case classification

Division Number of inflatable structure Coefficient of friction Pneumatic pressure (bar)
Case 1 1 0.31 0.2

Case 2 1 0.31 0.3

Case 3 2 0.31 0.2

Case 4 2 0.31 0.3

Case 5 1 0.94 0.2

Case 6 1 0.94 0.3

Case 7 2 0.94 0.2

Case 8 2 0.94 0.3

4.3.1 A3

Fig. 9(a)2} o] oo EEZE A ©
AAIE B3l 2elststt Ad 5 WAloh= A2 2RIsH ] $151e] Fig. 9(b)et &ol A& 47|15 uh=
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(b) Effluent measurement (©S

Fig. 9. Water tank formation
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Table 9. Inflow and outflow volume

Division Inflow volume (ml) Leakage volume (ml) Shielding rate (%)
Case 1 5,122 2,933 42.74
Case 2 4,628 2,496 46.07
Case 3 4,691 860 81.67
Case 4 5,616 800 85.75
Case 5 4,440 2,799 36.96
Case 6 3,591 1,950 45.70
Case 7 4,581 750 83.63
Case 8 4,491 660 85.30

(!

Table 2 -FUHF L =TS 2RI HH 27] FUASEE 120 ml/s2 2o} 2} Casenfet 40| Dt 1] A]
FUS T 5o A At o 2 gleFo] debxint, WAL A7 T 27H 1= Z7(Case 3, 4, 7, 8)°] 171 Q=
ZZ(Case 1,2, 5, 6) Bt 22 2S5~ Q= F & AH|20] =11 1 5 WAFZA o] 28 39 22 4
[e]
=

2817 Case et B, Zulgo] 7] Ueh i B4 BQIck

Journal of Korean Tunnelling and Underground Space Association 481



Yeon-Deok Kim - Beoung-Hyeon Hwang - Sang-Hwan Kim

433 S ol5A= &4

_:f_]jo]_ O'I 7%3"1— Flg 7_25 ]—O:] glo] o]—(}a\o D:] -T’/]'J‘—:— 0}3]94 Table 10—7'4' {__]'E}'

Table 10. Horizontal movement of inflatable structure

Division Case 1 Case 2 Case 3 Case 4 Case 5

Case 6 Case 7 Case 8

Horizontal movement (mm) 250 160 160 (70) | 130 (0) 0

0 0(0) 0(0)
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