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The sloshing phenomenon might be caused by long-period ground motion. As a 
result of it, the storage liquid might overflow. The pool of the nuclear waste 
storage overflowed due to the Niigata Chuetsuoki Earthquake is the recent case. In 
this paper, shaking experimentation was conducted by setting up small tank of 
rectangular section on shaking table to make this cause clear. In addition, the 
effect of setting the net in small tank inside as one of sloshing measurement is 
explained. 

Key Words sloshing,  noncontact  measures ,  rectangular  section,  long-period  ground  motion 

2007 7 (M6.8)

3

30cm
1)

 
1964
1983

2) 2003
2

7

3 3)  

2 20

4)

5) 6)

 
7)

1/20
1

1
40% 3

 

- 659 -

応用力学論文集 Vol.13, pp.659-666　 （2010 年 8 月） 土木学会



 

2 
 

1 2
8)

1 1

2

2 1/10
2

 

( DVC)

1/10 1/20

 
 
 

 

1/10
1,000( ) 1,100(

) mm 750mm 10mm PVC
300mm

 
7)

1/20
580( ) 280( )mm 330mm

10mm
220mm  

 

9)

10)

 

11)

 

46.9% 56.0% 60.8%
L

4
3  

1/10  

 
 

- 660 -



 

3 
 

1,200mm DVC

1 1/30

7)

2,300mm 1,600mm
DVC  

  

n
f (Hz) H(m) L(m)

(1)
12)  

)1(12tanh12
2
1)(

L
Hn

L
gnHzf  

(1) 1
2

0.76Hz 1.52Hz  
(1)

(1) 1 0.76Hz 2
1.52Hz 0.15Hz 20

1.0 2.0 3.0mm
7)

 
 

 
1 0.73 0.79Hz 2
1.49 1.55Hz 0.01Hz
20

3.0mm  
 
 

1 2 ( )

2mm

300mm
0.76Hz 1.52Hz

1 2 0.76Hz 1.52Hz

 
1 0.76Hz

17.6cm 0.73Hz 3.9cm
0.79Hz 5.0cm

0.76Hz  

1,2

  
 
 

 
1  

 
2  

2mm

17.6cm
(0.76Hz)

6.6cm 
(1.52Hz)

- 661 -



 

4 
 

 

[s ]

[c
m
]

 
[s ]

[c
m
]

 
0.73Hz(f/f0=0.961) 0.74Hz(f/f0=0.974) 

[s ]

[c
m
]

 
[s ]

[c
m
]

 
0.75Hz(f/f0=0.987) 0.76Hz(f/f0=1.000) 

[s ]

[c
m
]

 
[s ]

[c
m
]

 
0.77Hz(f/f0=1.013) 0.78Hz(f/f0=1.026) 

[s ]

[c
m
]

0

5

10

15

20

25

30

0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05

[c
m
]

f/f0

type1(46.9%)
type2(56.0%)
type3(60.8%)

 
0.79Hz(f/f0=1.039)     

                   1  

(1 f=0.73 0.79Hz 3mm) 

- 662 -



 

5 
 

 

[s ]

[c
m
]

 
[s ]

[c
m
]

 
1.49Hz(f/f0=0.980) 1.50Hz(f/f0=0.987) 

[s ]

[c
m
]

 
[s ]

[c
m
]

 
1.51Hz(f/f0=0.993) 1.52Hz(f/f0=1.000) 

[s ]

[c
m
]

 
[s ]

[c
m
]

 
1.53Hz(f/f0=1.007) 1.54Hz(f/f0=1.013) 

[s ]

[c
m
]

  

0

5

10

15

20

25

30

0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05

[c
m
]

f/f0

type1(46.9%)
type2(56.0%)
type3(60.8%)

 
1.55Hz(f/f0=1.020)    

2  
(2 f=1.49 1.55Hz 3mm) 

 
 

- 663 -



 

6 
 

1
 

2
1.52Hz 1
2

1.49 1.53Hz 6cm

(1)
2

  

1
3mm

type1
type1

 
0.76Hz

60 10 20cm

type1
8

3.3cm

10
 

1

f0 (0.76Hz)

f/fo=1.0
28.1cm

type1 3.6cm type2
4.0cm type3 4.4cm type1

87%
 

 

2
3mm

type1

1.52Hz
20

type1 20
 

0

10

20

30

40

50

60

70

80

90

100

[%
]

[%]

f/f0=0.99(1 ) f/f0=0.99(2 )
f/f0=1.00(1 ) f/f0=1.00(2 )
f/f0=1.01(1 ) f/f0=1.01(2 )

 
  

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05 
f/f0

type1(1/10)
type1(1/20) type2(1/10)
type3(1/20) type3(1/10)

 
1  

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05 
f/f0

type1(1/10)
type1(1/20) type2(1/10)
type3(1/20) type3(1/10)

 

2  
  

- 664 -



 

7 
 

2
f0(1.52Hz)

f/fo=1.0
13.7cm

type1 4.8cm type2 5.4cm type3
5.7cm type1

65  
6)

20%

 

1 2

 
 

1 2

f0 

±20%

(2)
 

)2()cos()( 0
0 tAet q

ht

 

q h A
0 0  

0.1
0.4%

13)

1
f/fo=1.0 type1 2.86%

0.26% 10
 

2
f/fo=1.0 type1 1.75%

0.4% 4
 

 
 

1/20 3mm
1

2
fo 1/20

type1
type3
46.9% 60.8% 1

f/fo=1.0 type1 1/10
2.86% 1/20 2.56% type3 1/10 1.45%
1/20 1.99% 2 f/fo=1.0

type1 1/10 1.75%
1/20 1.28% type3 1/10 0.97% 1/20
1.29% 1/20

2 3.6 1/10
1/20

1 f/fo=1.0
type1 2.86% type2 2.10%

type3 1.45%
  

 
 

3
1 1

2

 
(1) 1

f/fo=1.0
type1

87%
10  

- 665 -



 

8 
 

(2) 2 f/fo=1.0
type1 65%

4  
(3) 2 1

  
(4) 1 2

 
(5)

1/10 1/20

 

 

 
 
 

( )
(C)

 
 

1) 1 7  

10-5 1 2008.9. 

2) 2003

JSSC No.52 2004.4 

3) 15 2003

2004.3. 

4) :

, vol.53, 
pp.597-604, 2007.3. 

5)

- 4000 

, A,  Vol.63, 
No.3, pp.444-453, 2007.6. 

6)

101 pp.14-20 2006.9. 

7)

,

,vol.11,pp549-556,2008.8 

8) 19

( ) 2007

 
9) K. Muto, Y. Kasai, M. Nakahara, and Y. Ishida:  

Experimental tests on sloshing response of a water pool with 

submerged blocks, in S.J. Brown, editor, proceedings of the 

1985 Pressure Vessels and Piping Conference 98-7 (Fluid 

Structure Dynamics). ASME, pp.209–214, 1985. 

10)

C , 67 

11)  657 , pp.1422-1429 2001.5. 

12)

43

1988.10. 

13) :

, ,49 437

,1983.1. 

14)

, 98
pp.66-73, 2004.9. 

 
 2010 3 9  

- 666 -


