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Recognition of the dynamical behavior and vibrations of marine structures, submerged in vicinity of the 
water free surface, is one of the most important issues in the design of marine structures. It is obvious 
that physical properties of the ambient fluid have some influence on vibrational frequencies of the 
structures. For the structures that have been exposed under the influences of asymmetric environmental 
conditions, prediction of their dynamic behaviors is more complicated. In this paper the effects of 
immersion depth on first natural frequency of a bounded circular plate that was placed parallel in the 
vicinity of the water surface, are studied numerically and experimentally. The techniques used for 
exciting the plate and measurements of natural frequencies are innovations of this research. Numerical 
solutions are done using ABAQUS software. Comparison of the numerical and experimental results 
shows a good consistency. The investigations showed that increasing the immersion depth, the ratio of 
the depth to plate diameter reached to a certain value and the natural frequencies were also decreased. 
After that it remained constant while the immersion depths of plate were increased. 
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Fig.  1  A bounded circular plate Along with electromagnetic vibrator 
and  hydrophone submerged in the rigid tank   
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Table  1 Plate Specification and selected tank for numerical and 
experimental analysis 
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Fig. 2 Block diagram of the experimental analysis 
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1 Electromagnetic shaker

  
Fig. 3 Equipment used in the experimental analysis 
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Fig. 4 Modeling at the depth of 3 cm 
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Table 2 The results of empirical analysis in depth of 3 cm 

)cm(  )Hz(  )mV(  
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18  392  
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21  392  
22  440  
23  496  
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25  520  
26  376  

 

  
Fig. 5 The results of the empirical analysis in depth of 3 cm. 
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Fig.  6 The first natural frequency (0, 1) conclusions of experimental 
analyzes circular plate at various depths. 
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Fig.  7 The first natural frequency (0, 1) normalized resulting from 
experimental analysis non-dimensional circular plate at a depth of 
immersion  

7 ) 0,1 (
  

4 -  

20 H1/a = 2.0  . -

3 "9"  .
"9" 15 H1/a=1.5 

  
      

 -

 .

 .

 ."8" 
   

 
)DP( )1( 5 

 .

 )  1(fE fN 

  

)1(  100×  |fE - fN  | 
DP  = 

fE  
"7" 

"10" 
 "11" 

 .

 )12 .(

"12"   
  

  
Fig. 8 The fluid pressure in the top of the circular plate 
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Table 3 The first natural frequency (0, 1), resulting from the 
experimental and numerical analysis 

)cm(  
)Hz(  )Hz(  

0 )
  

2.31  32  

1 5.29  1.28  
3  3.27  25  

5  9.25  6.23  
7  25  9.22  
9  3.24  4.22  
11  8.23  2.22  
13  5.23  1.22  
15  2.23  22  

17  1.23  22  
19  23  22  

  

Fig.  9 The first natural frequency ( 0,1 ) resulting from the 
experimental and numerical analysis at various depths 
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Fig. 10 The first natural frequency (0, 1) normalized resulting from 
experimental and numerical analysis circular plate at non-dimensional 
depth of immersion. 
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Fig. 11 The first natural frequency (0,1 )  numerical analysis circular 
plate at non-dimensional immersion depth with thickness and different 
diameters 
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Fig. 12 The first natural frequency (0,1 ) normalized by numerical 
analysis circular plate at non-dimensional immersion depth with 
thickness and different diameters 
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Fig. 13 Mode shapes circular plate 
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