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Natural Vibration Analysis for Stiffened Plate of Ship Tank Side
in Contact with Water Using Assumed Mode Method
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Abstract

In this study, the assumed mode method using characteristic polynomials of Timoshenko
beam is applied to the free vibration analysis for the stiffened plate of ship tank side in
contact with water. The hydro—elastic effect of the fluid-structure interaction is considered
by fluid velocity potential, derived from boundary conditions for fluid and structure, and
utilized in the calculation of added mass matrix using assumed modes. To verify the validity
and effectiveness of the presented method, free vibration analysis for the stiffened plates in
contact with finite and infinite fluids have been carried out and its results were compared

with those obtained by a general purpose FEA software.

% Keywords: Free vibration analysis(2S & Sdli4d), Stiffened plate(E22E), Assumed mode

method(Z S IIE 29), Fluid-structure interaction(FH-2 = ASHE)
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Fig. 1 Wetted side plate of rectangular tank

structure
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Table 1. Material properties

Young's modulus | 2.06E+11 (Pa)
Structure | Poisson ratio 0.3

Density 7,850 (kg/m)
Fluid density 1,025 (kg/m°)
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Fig. 2 Uni-directionally stiffened
rectangular tank
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Table 2 Model parameters of the uni—directionally

stiffened plate (Unit: mm)
2400x2400, 4000x2400,
Plate size 3200x3200, 4000x4000,
2400x4800, 4000x4800
Plate thickness 11, 18, 15
150x90x9/9A,

Stiffener type 250x90x10/15A,
400x100x11.5/16A
Stiffener spacing| 800

freq. by presented method (Hz)
[+

Nat .

0 : . . . . . . . \
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Nat. freq. by Nastran (Hz)

Fig. 4 Fundamental natural frequency of
uni—directionally stiffened plate in contact
with infinite fluid
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Fig. 5 Cross—stiffened plate

Table 3 Natural frequency of the wetted
cross—stiffened plate

Natural frequency (Hz)
Mode Presented Diff. (%)T
Nastran
method .
1st 9.14 9.27 -1.40 .
2nd 12.57 12.09 3.97
3rd 14.54 13.66 6.44

1Diff.: (presented method-Nastran)*100/Nastran
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Fig. 6 Mode shape of the wetted
cross—stiffened plate
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