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Friction behaviour of inflatable structure system to protect rapidly flooding

damages in subsea tunnel
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ABSTRACT: This paper is focused on the determination of friction parameter which is a predominant factor in the design
of inflatable structure system. This inflatable structure system is very valuably used to protect passively and rapidly the
possibilities of tunnel damages by flooding threats and unusual leakage to be occurred during and after underground
infrastructure construction. In particular, this system should be necessary in subsea tunnel. This study presents the
experimental results obtained from the relative friction characteristics tests of the fabric materials that constitute the
inflatable structure. In order to evaluate the relative friction behaviour of the inflatable structure system, friction tests and
scaled model tunnel friction tests are carried out. The friction tests are carried out to determine the friction coefficient for
different surface conditions between tunnel and inflatable structure. These friction coefficients are then evaluated and
compared with the result obtained from the model tunnel friction tests. Interaction behaviours between tunnel and system
are also reviewed and described in this study. The results clearly show that the friction coefficients derived from scaled model
slippage tests are about 12% lower than values obtained from the friction tests. In addition, this study will be necessary to
verify the real friction behaviour with prototype tests before applying in practice.

Keywords: Inflatable structure system, Subsea tunnel, Friction test, Scaled model Slippage test
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Fig. 1. Plan view of the rapid protection system used for testing
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Table 1. Test cases

= ek Specimen Normal | Contact N
0. of
Case force area .
Sliding | Fixed ) (em?) | SPecimens
3.2 J4 39 1 137.2 25 5
Concrete
2 2744 25 5
o] AL HAFEAC} A EE BHO 2= X} 31w 137.2 25 5
on
°l°ﬂ W2 obEASE 5] §19 Fig 49k 2ol 4 | | nyon | 274 | 25 | s
== 0] A|He ARkt 5 | Friction | fabric | 1372 25 5
. 6 tape 2744 25 5
Fig SellA] el vlek 2o] @l sishe e T 5
E; .
B9 FRI AN PATRAE VR BBl — ) T e T 5
(-cell) BT A2 BPFRANY 0HAFL
ST 7 s AES FER A BF w2 HUF olEAZ o, oju) 5 em x 5
1 2]9] vzt glo]iz AlHI} ofEA] HRIE AlHS 7)) TAE AE A8 2=x8e 13729}

A A% ©d Huse] 2euc)

S 399 ARE 245

WALZA7}
oz o] AL U
slal Asstach
ole} o] Ejdululae] uhzbgs-o] Aol elet
wF el ve AaS usha ot gk
42579 A|H2 175 em x 10 em 7|2 2]0]A]
U= A% o3l Sliding plateS 3 cm/min®] Y

(a) Concrete  (b) Nylon  (c) Friction tape (d) Epoxy

Fig. 4. Test materials of specimen

Fig. 5. 2-Cell inflater
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Fig. 8. Friction tape-Nylon friction test [N=137.2, 274.4 N]

3.3.4 Epoxy coating-Nylon
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Table 2. Summary of testing results

N | . Peak Individual | Average
) ormal |horiznontal force friction friction
sposbug | i fficient | coefficient
[N] |Average | Std. coe
[N] | Dev. (1] (1]
137.2 117.89 | 0.05 0.86
Concrete 0.83
2744 | 216.09 | 0.25 0.79
137.2 83.10 | 0.06 0.61
Nylon 0.58
274.4 151.12 | 0.08 0.55
Friction 137.2 132.69 | 0.07 0.97 094
tape 274.4 | 249.80 | 0.08 0.91
137.2 4322 | 0.08 0.32
Epoxy 0.31
274.4 82.22 0.1 0.3
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Table 3. Shows the investigation result dring model tunnel
friction test

Items Values Remarks

Model Tunnel Dia. 30 cm

Effective tunnel section area 671.4 cm’

Effective tunnel section perimeter | 28 cm

Ratio of contact surface 50 % from Fig. 14
Derived friction coefficient, ' 0.73

Material friction coefficient, p 0.83 from Table 2
Friction influence coefficient, « 0.88
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