FMBEETREIVRSYL FR27E8A6,7H
AXEEI%s - AAMMEFEI®S

The 25th Ocean Engineering Symposium, August 6-7, 2015
JFOES & JASNAOE

OES25-009

T LX T NSRS T AT B EARIE 2 B 9 D ST

A RBRARZFERF B T FER
g = RBRRZFERF B T FER
T B RBRRZFR S TR FER
WA #hth RBR R e TR TR

A study about the method of reducing damages by tsunami by using Flexible Pipes

Hiroyoshi SUZUKI Graduate School of Engineering, Osaka University
E-mail: suzuki_h@naoe.eng.osaka-u.ac.jp

Naomi KATO Graduate School of Engineering, Osaka University

Kohei TAKEUCHI Graduate School of Engineering, Osaka University

Takuya OKUBAYASHI  Graduate School of Engineering, Osaka University

Abstract
By the Tohoku Earthquake in March, 2011, in the north-east region in Japan, the industrial facilities like
nuclear power plants and petroleum complexes near Pacific Ocean coast were heavily damaged. As the results,
pollutions by radiation leakage and fire disasters by oil leakage as in those areas. As the secondary disasters, a

lot of serious problems have occurred for reconstructions are delaying.

Recently, it is supposed that Nankai Trough Earthquake will happen in near future, and Industrial complexes

placed along Osaka Bay will be damaged by this earthquake and tsunami.

To reduce these damages by tsunami, several new structures are developed like a flap gate breakwater, a

buoyancy-driven vertical piling breakwater, and so on. But these structures have some disadvantages. For

example, they disturb ships traffics, destroy the scenery or environment around them, and so on.

To solve these problems, the structures that reduce tsunami energy by using flexible pipes have been started

to developed at Osaka University now.

In this paper, the outline of the flexible pipe system and the part of the result to investigate the effect of the

flexible pipes are introduced.
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Fig.2 Disasters by oil leakage
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Fig.3 Bank protection by concrete
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Fig.4 Embankment by tetra pods
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Fig.6 Flap gate breakwater

FZTC,RIERFETIL, 7 VX T TR AW R
VX — RIS A2 E R L, 2 O ER g E RS R A
THZL L L,

AR TIE, 2D H 5,7 LI TN TORE K OWERE
A AR K D HER T R L X — IR SR ORI Y 2 =
L—3 g VICHWAERIEETAVOERE BfE T L & L,

AT, Z ZE TIBE LN RO 2N T 5,

27XV TNUNRA TERAVNEZERIRILY—EBEE

OB RO ) — M LR AWEEGEIE L E
ST, RLDPWEMTEDLNTZ A TIROHEEY % R
B L o0 SRIBHE 2 133 TIC R A S AN L TR S|
L2 CHEOAT D EH T 2L — AR L, & Sk
WL D EOEE A AR & LB HEE Sy ch 5,

T oAEL & FEBRER L, LT ORI (Figs.7,8) (273§ &
BYTHD, FHEIFICIIFR2FZM TIER Lo 31 7 & 5
BRE TN AT L BITEERE LTV 7272 ATERHECTHLY
T, VA MEICERE L CH < o B OFA R Z BG4 B
& Y TR B Lidte 2 &2 K- THlfb - 52 &8, el
DEZAINF—ZWRET LI LEEZH-AT2HOTHD, FlAE L
TIHUTOL > boREFoNns,

L2227 U — MIEBBHERECHE 7 v v 7 LW SRR
ITBIEIZ R A TW A T2 DITMIAZ: & O LR BE T 5 2 &
W BB L 2,

2. BN DOBGIER & il U CREE N O 4 2 FAf
BT, L0 a A MRS MA D Z LN TE D b AR
FFE] & 40 T & B,

3. A TDOREERELTHILICE > T OB &
RCHIFIZE S I EEM O & S 2 MIXT 2 A kA 729,
KERIEBHIRENFHFTE D,



In normal In emergency

The Flexible Pipe \

Electromagnetic valve
Base

Compressed air tank In emergency, Flexible Pipes stand

by getting air from the tank.

Fig.7 Conceptual diagram of Flexible pipes

Coastal facilities

/’;j_ Break water

COY Y k\\ (.-—-The Flexible Pipes
\\/ I\ WY

Fig.8 Layout drawing of Flexible pipes
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Fig.9 Fire Hoses which have different diameters

Table.1 Principals of Flexible Pipes

FEOYE [mm] 40 65 100
P [mm] 38.7 63.7 98.7
A [mm] 1.3 1.3 1.3
' i [kg/m] 0.157 | 0282 | 0.393
KREEOBEEkgm] | 1194 | 85.0 50.0
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Fig.10 Relationship between deformation and
bending stiffness
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Fig.11 Relationship between diameter and bending
stiffness of pipes
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Table.2 Results of calculation of deformations

IEOYE[mm)] 40 65 100
i S W% [ Pa - m*] 12.9 83.0 357.6
i/ [m] 2.3.107 6.0.10° 2.1.10°
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Fig.12 The towing experiment
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Fig.13 The concept of the experiment

Table.3 The condition of the experiment

Eoes 3[m]

LR 41[mm]
NIE 0.4[MPa]
A I 0.32[GPa]
I B 0.4[m/s]
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Fig.14 Results of the simulation
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Table.4 Principals dimensions of pipes model

Eio RBRO

AT AT
K&[m] 16 0.107
E&E[m] 1.5 0.01

B E(ke] 78.89 0.0055

HA (F R -8
[MPa-m"] 201.7 2.3.75
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Fig.15 Air hose used for model
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Fig.16 Photo of model experiment (Side view)
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Fig.17 Arrengement of the model pipes (Top View)
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Table.5 Water velocity of the model tests (m/s)
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Fig.18 Relationship between water velocity and model lines
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Table.6 Water velocity of the actual situation (m/s)

0 %1 1 5 251 33 45| 5%

10(1ID) | 1239 1079 1056  9.70 6.75 6.56

03 151 2% 33| 45 551

10(1D) 1.01 0.88 0.86 079  0.55 0.54

20(2D) 088 072 0.64 0.56
30(3D) 082 068 056 0.39
40(4D) 0.82 0.60 0.45 0.35
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20(2D) 10.74  8.78 7.83 6.91
30(3D) 10.09  8.33 6.90 4.63
40(4D) 10.06  7.41 5.54 433
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Fig.19 Relationship between water velocity and actual lines
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