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Fig.3 Gate mooring system 

(a) Gate mooring state (b) Layout of mooring system 

Fig.4 Way of releasing moorage system and re-moorage  

(a) Uasual mooring state (c) Pushing down a hook (b) Just before release (d) Touching a bottom 
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Fig.5 Two-dimensional water channel  
in mooring gate experiment 

 
Table 1 Wave condition in model experiment 

prototype

[s] [s] H/L =0.01 H/L =0.02 H/L =0.03 H/L =0.04
4.0 0.722 0.815 1.63 2.44 3.26
6.0 1.083 1.77 3.55 5.32 7.09
8.0 1.444 2.81 5.63 8.44 11.3

10.0 1.806 3.80 7.61 11.4 15.2
12.0 2.167 4.76 9.51 14.27 19.0
14.0 2.528 5.69 11.37 17.06 22.7
16.0 2.889 6.60 13.2 19.8 26.4

experimental model
wave height

[cm]
wave

period
wave

period

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 Arrangements of load cell and pressure sensors to 

evaluate moments due to wave and moorage forces 

����

load cell 

coil spring
L G= 0.717

L1 = 0.634
L2 = 0.434
L3 = 0.234

LM = 0.620

P1 P2 P3

P4 P5 P6

[m]

weight of gate in water � -0.196 kg

gravity center of gate � 0.364 m from shaft

pressure sensors

flapgate modelwave generator

wave height meters
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(a) Spring constant: 0.80 N/mm

(b) Spring constant: 3.27 N/mm

(c) Spring constant: 8.65 N/mm

(d) Spring constant: 15.5 N/mm

Fig.7 Time series of moments acted on gate due to wave and moorage forces in regular waves (T=10, H/L=0.04) 
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Fig.8 Maximum moments acted on gate 
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(a) Spring constant: 0.80 N/mm 
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(b) Spring constant: 15.5 N/mm 

Fig.9� Maximum moments acted on gate  
due to wave forces 
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(a) Spring constant: 0.80 N/mm 
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(b) Spring constant: 15.5 N/mm 

Fig.10 Maximum angle of gate motion in waves 
 
 
 
 
 
 
 

Fig.11 Phase difference of maximum moment due to 
wave force from wave profile 

 
 
 
 

Fig.12 Two-dimensional water channel       
in floating gate experiment 

 
 
 
 
 
 
 
 

 
Fig.13 Arrangement of pressure sensors and  

acceleration meter 
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Fig.14 Angle of gate motion in waves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Wave period: 6 s (without resistance plate)

(b) Wave period: 6 s (with resistance plate)

(c) Wave period: 16 s (without resistance plate) 

(d) Wave period: 16 s (with resistance plate)

Fig.15 Time series of gate angle in regular waves 
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(a) without resistance plate 
 

 
 
 
 
 
 
 
 
 
 

(b) with resistance plate 
Fig.16 Angle of gate motion in waves 

 
 

 
 
 
 

Fig.17 Relationship of angle between  
gate and lower tension rod 
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(a) without resistance plate 
 

 
 
 
 
 
 
 
 
 
 

(b) with resistance plate 
Fig.18 Maximum pressures acted on gate in waves 
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Fig.19 Two-dimensional water channel  
in tsunami experiment 

 
 
 
 

(a) Breaking bore          (b) Undular bore 
Fig.20� Time series of water level in acting tsunami  
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(a)� in time of having arrived 
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(b)� in time of having stood 
Fig.21� Vertical distribution of maximum pressure acted 

   on flapgate and fixed gate in breaking bore 
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(a) flapgate 
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(a)� in time of having arrived 
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(b)� in time of having stood 
Fig.22� Vertical distribution of maximum pressure acted  

  on flapgate and fixed gate in undular bore 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) fixed gate 
 
 
 
 

Photo 1 Aspects around flapgate or fixed gate in acting undular bore 



H�� 1�  
 
W��O452op"2qrIKAL()*+,-
.cd:}~2?@A4>2Icr=vs!2I�

Km�5��U��ab50�ab�f�2�ab

Ihi=vV�MUXeI6=L�´�v���

�I5º�ö�UXe�{:�jV 
 

H�
� #$'("CDEIJ>K�/0 
n ��:E¾@2^��H:f@��./-rg
Uù-ú�.4��MUqó��:01j@V 
q ����UÇQI��UÇQ{¶·=L�Åj
@�{O5��:E¾@��H:f@ù-ú�.I

òóOT@V 
t ��U0�I�vOT@��|�I¥Kj@�
{O5��U��:Y����HIòóOT@V 
 

H��� 9:'("CDEIJ>K�/0 
� rs 10s�MU�K2:y=L45Rð+n?v
gU��0��4©¸=5ºU*Z42÷����

TA��[\O?@V 
� ()*+,-.:}~2I�Km�v�:��
:E¾@ë�2�45fg})U�K2�{¶·=

Ló¹j@V 
� 2Bqw¶ H/h� 0.4IbÁ@}~2I()*+
,-.:�Km�v��5��U0��4©¸j@

�5��)U�K2�4fg}:�Kj@2�{¶

·=L�n:ó¹j@V 
�

H��� 9:'("CDEL>B>K�/0 
� ()*+,-.:�2>2��Kj@�5�¤�
�	
��*�:���Iáþj@�{O5��)

U�K2�I 1/3�1/4:òóOT@V 
� �2�KF:�AL5()*+,-.U��:E
¾@2�U�¿
�4 z/h = -0.5�0.5 Oë�{�g5
fg,-.O4 z/h = 0.5�1.0Oë�{�@V 
� �2�KF:�AL5���Iáþ=v()*+
,-.:E¾@2�45fg%,-.:�Kj@2

�{¶·=L�C�»5?@A4,mÅ�@V 
 
�{UcdXeI6=L5()*+,-.U|ª

I;<=5XKYUv¬UY��Z-[I��	h

ij@�{�OTvV�c45��{�"�I��

=LÒ�OT@¿$��ùZ`I�#=5¬�-`

Ê*+:ÒÖ�'IVWj@�{5�f�5X8x

:�[@XU�eIXu=5ST{=LUë�¨�

VUI�ÖÌgO?@V 
 

 

M4NO�

�

j£8Â5��� 5¡�� ¢5£¤� ¥�2005��
¦Ë.�
§{y2IÒÖ>2U123:�K

j@2Hhi:kj@Xe¨��58¡���¨

«5© 52ª5pp.751-755. 
ji� «5¬®�5¯9¿°5�±²~5³�´

µ5£¤� ¥�2005��G�:�Kj@>22H
UXe{hi�íU¶·58¡���¨«5© 52
ª5pp.761-765. 

�����5����5¸¹º��5£ � »¼

�2007��BC	>2y¼K()*+%/0,-
.>2òóbª:kj@cdXe�ºU 2�½1
!�gY+®-.UH�abU¾¿½58ÀÇD

�¨«5© 23ª5pp.93-98. 
�����5
��5����5����5���

��2009��;<\]U>2	BCy_()*+
%/0,-.U��ab:kj@Xe¨��58

ÀÇD�¨«5© 25ª5pp.93-98. 
�����5
��5����5����5���

��2009��()*+,-.%/0123U2^
_`ab:kj@Xe¨��58¡���¨«5

© 56ª5pp.806-810. 
89Áý5Â�Ã�5¯�� Ä5
��5���

�5BÅ;Æ�2005��BC	>2y¼KU()
*+%/0,-.UÇD58ÀÇD�¨«5© 21
ª5pp.109-114. 

89Áý5�����5¯�� Ä5�QÇ�5��

���2006��BC	>2y¼K()*+%/0
,-.U��2òó|�UÇD58ÀÇD�¨«5

© 22ª5pp.583-588. 
89Áý5¯�� Ä5�����5�QÇ�5��

���2006��()*+%/0,-.U>2òó
bª:kj@cdXe58ÀÇD�¨«5© 22
ª5pp.577-582. 

¦£� Ã5�¦È;5¡�� ¢5É£ÊË5�Ì�

Æ�2000��ALE í:f@ 2 op0�¿$Ò�I
KAvG�%]-��^_-`U0�	2Hab

hi58¡���¨«5© 47ª5pp.851-855. 
bc� Í5Î��Ï5Ð�ÑÒ5¦úÓÔ5,Õ8

Ö�2002��×q¢�da23:ØÅ��H{0
�ab:kj@��5kÙ"#Ú&�¨«5© 237
Ù5pp.119-126. 

qi� Û5��¨Ü�2000���"e:�Kj@�2
2HUXe58¡���¨«5© 47ª5pp.946-950. 

 

 



 
 

Hydraulic Model Experiments on Response of Flapgate Breakwater to Wave and Tsunami 
 
 

Yuichiro KIMURA*, Hideyuki NIIZATO**, Kyoichi NAKAYASU**, Tomohiro YASUDA and Hajime MASE 
 

* Kyoto University Graduate School of Engineering 
** Hitachizosen Corporation 

 
Synopsis 

     A flapgate breakwater is a new type structure for coastal disaster reduction; the flapgate usually lies 
down on the seabed and rises up through a sea surface with its buoyancy when tsunami or storm surge occurs. 
This study examines wave response of the flapgate motion of lying down and floating by carrying out 
hydraulic model experiments. The experiments were conducted using monochromatic waves and bore type 
tsunamis in a two-dimensional water channel under the condition of the model scale of 1/30 targeting a sea of 
13 m in depth. The characteristics of mooring forces and wave pressure of the flapgate lying on the sea bed 
and moving away from the sea bed were clarified from a series of experiments. 
 
 Keywords: flapgate, tsunami, model experiment, mooring characteristic, wave pressure, gate motion 


