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Synopsis 

On 26th December 2004, the large scale tsunami occurred in the Indian Ocean and caused 
numerous deaths and serious damages in the coastal areas of the region. Large earthquakes, which 
are believed to be occurred in the oceanic trenches in the future, are also expected to cause 
damages not only by earthquake motion but also by associated tsunamis. With the sea level rise 
and larger typhoons due to the global warming, the risk of damages due to high waves and storm 
surges is becoming higher than ever. In this situation, the innovative ‘buoyancy-driven vertical 
piling breakwater’ is under development. This breakwater is mobile, and consists of the rows of 
upper piles and lower piles. The upper piles are encased in the lower piles which are set in the 
seabed and do not block sea traffics in ordinary time. When tsunamis or high waves are predicted, 
the upper piles quickly rise up to the water surface from the seabed and protect harbor facilities 
behind the breakwater. 

The row of upper piles of this breakwater has narrow gaps between individual piles. Few 
researches have even been conducted on the hydraulic characteristics of this type of breakwater 
with gaps. In this study, hydraulic model experiments and numerical simulations are carried out to 
investigate the wave transmission through the breakwater and wave pressures acting on the piles. 

As a result of the study, the breakwater’s performance against tsunamis and high wave attack is 
verified. In addition, wave pressures for the structural design are proposed in the form which is 
comparable with the existing formulae of the pressure for tsunamis and wind waves. 

Key Words: mobile breakwater, buoyancy-driven vertical piling breakwater, tsunami, wind wave, 
hydraulic model test, numerical simulation 

Project Researcher, Tsunami Research Center
Member of Maritime Structures Division, Marine Environment and Engineering Department 
Trainee of Maritime Structures Division, Marine Environment and Engineering Department (NEWJEC Inc.) 
Head of Maritime Structures Division, Marine Environment and Engineering Department 
Nagoya Research and Engineering Office for Port and Airport, Chubu Regional Bureau 
OBAYASHI CORPORATION  
NIPPON STEEL ENGINEERING CO., LTD. 
TOA CORPORATION 
MITSUBISHI HEAVY INDUSTRIES BRIDGE & STEEL STRUCTURES ENGINEERING CO., LTD. 



2004 12

18 8 10

(1965) (1965 1966)
(1993)

5%



7s

5%
30%

0.03
0.23

10s 60s

CADMAS-SURF/3D ( 2005)

184m 12m
3.5m 67m 4m

8m 14m

7s 3.5m 25s 1m

1/5 .
1/30 30m

(20m ) 2.7m
0.4m

7
2.0m 1/5

H400
5% 10% 15%



3.1 3.6s
5.4s 8s 12s

20.1s 26.8s 45s 60s

a

a

0.10 0.05
0.15

0.15

10m
2

4

(1)
(2)
(3)
(4)

(1)

4m

(2)

45
45

5 10 3

(3)

t=2ms



(1)
5.4s 3.6s

Ch.4

5

5

20 40 60 80
-0.5

0

0.5

1
Ch.4

(m
)

(s)

5

H=0.8m  T=5.4s  h=2.0m

5

20 40 60 80

0

0.5
Ch.5

(m
)

(s)

5

H=0.8m  T=5.4s  h=2.0m

(1972)

20

Ch.1 Ch.4

0 20 40 60 80 100 120

0

1
Ch.1

(m
)

(s)

T

0 20 40 60 80 100 120

0

1
Ch.4

(m
)

aI

(s)

Ch.1



Ch.4

Ia

ta

a

(2)

(3)

1.0Hz

5

(1)
17

KT Ch.5

2.0m 2.5m

Case1 Case4



(1965)
5s 7s

0.10
0.56 0.63

0.45 0.5

(2)

a
a
a
a



u hga I /

0.1 3.8 0.05 0.15

0.1 2.0
0.05 0.15

0.05
0.10

0.05

1

30 40 50 60
-2

0

2

4

6

8

(s)

(m
/s

)

Case2( 0.05)

30 40 50 60
-2

0

2

4

6

8

(s)

(m
/s

)

Case7( 0.10)

30 40 50 60
-2

0

2

4

6

8

(s)

(m
/s

)

14( 0.15)

Ia =0.4m T =26.8s

g
/

a

a

Ia =0.4m T =26.8s

su
hga I /

1.0
1.0

g
/

a

a
a
a

(1)
Case1

P1 P5
P1 P2 P5



0

10

20

0

1

2

(m
)

( )
(Ch.4)P2

p(
kN

/m
2 ) ( )

0

10

20

0

1

2

( )
(Ch.4)

P3

p(
kN

/m
2 )

(m
)

0

10

20

0

1

2

( )
(Ch.4)

P4

p(
kN

/m
2 )

(m
)

0 20 40 60 80 100

0

10

20

0

1

2

(s)

( )
(Ch.4)

P5

p(
kN

/m
2 )

(m
)

0

1

2

p(
kN

/m
2 ) P1

(m
)

CASE01

( )
(Ch.4)

Case1 Ia =0.8m T =25.0s h =2.0m

Case4
P1 P2

0

5

0

1
P1

p(
kN

/m
2 )

CASE04

( )

(m
)

0

5

0

1

(m
)

( )P2

p(
kN

/m
2 )

0

5

0

1
( )P3

p(
kN

/m
2 ) (m

)

0

5

0

1
( )P4

p(
kN

/m
2 ) (m

)

0 20 40 60 80 100

0

5

0

1

(s)

( )P5

p(
kN

/m
2 ) (m

)

Case4 H=0.8m T =5.4s h =2.0m

(2)
z

(3)

maxp

Ia

maxp

4.4 (1) 

ga I

a

a

Ia =0.8m T =25.0s h =2.0m



Ia 1/2 0.4m

0.8m

ga I

a

a

Ia =0.4m T =26.8s h =2.0m

maxp

0.05 maxp 1.8 Ig a
0.10 maxp 1.7 Ig a
0.15 maxp 1.6 Ig a

ga I

a

a

Ia =0.8m T =20.1s h =2.0m

0.05

ga I

a

0.05



ga I

a

0.10

ga I

a

0.15

(3)

*p

kN/m

Case11

*p

-1

0

1

2

(m
)

CASE11

Ch.4
Ch.5

20 30 40 50 60

0

2000

4000

P
(k

N
/m

)

(s)

Case11

Hp g/*

H =0.8m T =5.4s

P1

P2

P3P3

L2P2

L3



H =0.8m T =3.6s

10% 0.05 20%
0.15

g

H =0.8m T =5.4s

g

H =0.8m T =3.6s

0.05 P 0.78PG

0.10 P 0.72PG

0.15 P 0.65PG

PG

Ig ap /*

ga

a

a

Ia =0.8m T =25.0s



ga I

a

a

Ia =0.4m T =26.8s

ga I

a

a

Ia =0.8m T =20.1s

ga I

a

0.05

ga I

a

0.10

ga I

a

0.15



*p

0.05 *p 1.8 Ig a
0.10 *p 1.7 Ig a
0.15 *p 1.6 Ig a

Ig ap /*

20%
3.0

2.0

a I

a
I

a I

a I

haP Ig/

0.8m 0.05
0.24 ha Ig

g a
I

a
a
a

CADMAS-SURF/3D

S
z
w

y
v

x
u

v
zyx =++

uvxxvez

eyex

vzyx
v

SRuD
x
w

z
u

z

x
v

y
u

yx
u

x

x
p

z
wu

y
vu

x
uu

t
u

+++

+++

=+++

2

vvyyvez

eyex

vzyx
v

SRvD
y
w

z
v

z

y
v

yy
u

x
v

x

y
p

z
wv

y
vv

x
uv

t
v

+++

+++

=+++

2



g
SRwD

z
w

zz
v

y
w

y

z
u

x
w

x

z
p

z
ww

y
vw

x
uw

t
w

v
wvzzv

ezey

ex

vzyx
v

*

2

+

+++

++

=+++

+=
+=
+=
+=

Mzzz

Myyy

Mxxx

Mvvv

C
C
C
C

)1(
)1(
)1(
)1(

( )

( )

( ) ++=

++=

++=

222

222

222

1
2
1

1
2
1

1
2
1

wvuw
z

C
R

wvuv
y

C
R

wvuu
x

C
R

z
D

z

y
D

y

x
D

x

t yx, z

wvu ,, zyx ,, *

p e

t g v

zyx ,, zyx ,, zyxv ,,,

MC

zyx DDD ,,

wvu SSSS ,,,

DC

zyx RRR ,,
zyx ,, zyx ,,

Fv
zyx

v S
z
wF

y
vF

x
uF

t
F

=+++

FS



loss
221 KKK TR ++=

T (s)

K
t

0 5 10 15 20 25 300

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

5% H=0.8 (m)
5% H=0.4 (m)
10% H=0.8 (m)



hga
U

I

max

hga
U

I

min

IgHp IgHp IgHp



(1)

0.10
0.56 0.63

0.45 0.5

%
10 20%

20

0.05 0.15 2.0

(2)
3 CADMAS-SURF/3D

2007 3 9

1 (1965)
1 12

pp.209 218
2 (1965)

12
pp.193 197

3 (1966)
13

pp.97 101
4 (1993)

40  pp.661-665
5 (1976)

No.248.
6) 3

52 pp.46-50.



Ia

b

D ( )

bD
b
+

d
g

H

h

RK

TK
L

P
p ( )

maxp
*p

T

t

t

u

su

v

w

x
y

z
x y z

x y z



���� ���� �		
���


�
��������
�

��
�����	 �� ����

��� ����	� ��������� �� 
��	 � 	��� ���! "#�	 �� ��
���#$�� �� �%� "��%� 
�	��#	 	�� 
��		�%


��"�����% � 	�� �������%	 � �����


