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Modal Analysis of a Vertical Rectangular Plate Semi-Submerged in Water with
Different Boundary Conditions

A. Nasseroleslami®, M. Salari®”
! MSc. Student, Mech. Eng., Imam Hussein Univ., Tehran, Iran.
2 Assoc. Prof., Mech. Eng., Imam Hussein Univ., Tehran, Iran.

Abstract

The structure of marine vessels is usually being subjected to the dynamic loading conditions of sea-surface
waves. The dynamics and vibrational characteristics of such structures is expected to be affected by sea
environmental loadings. In this paper, a rectangular plate, that was immersed with water at different
immersion depths and different boundary conditions was numerically analyzed by the Abaqus software, and
the results have been presented and discussed in details. For validation the numerical method, the effects of
immersion depth on the natural frequency of circular plate, which is parallel to the free surface of water,
have been investigated experimentally and numerically. By evaluating 81 extracted vibrational modes, it
became clear that a natural drop in natural frequencies begins with a rise in the fluid's height from a specific
position, which is directly related to the type of boundary conditions. In the modal analysis of structures, it
can be admitted that the major decreasing frequency due to increased mass is caused by one-way contact of
the fluid and the structure and then, if the other side of the structure is in contact with the fluid, it will have a
very small effect on the natural frequency reduction, which is clearly apparent in this study.

Keywords: Modal Analysis; Experimental Analysis; Rectangular Plate; Immersion Depth; Water Free Surface.
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Natural Frequency , Hz

Name
Mode 1 Mode 2 Mode 3

B1H00 26.8 335 51.7
B1H10 26.8 335 51.6
B1H20 24.9 31 47
B1H30 17 215 32.6
B1H40 9.8 13.1 211
B1H41 9.8 13 21.1
B1H42 9.7 12.9 20.7
B1H43 9 11.8 18.8
B1H44 7.2 9.6 155
B2HO00 74.8 81.3 103.2
B2H10 68.5 74.7 94.7
B2H20 39.6 44.6 57.6
B2H30 25.1 29.4 39.7
B2H40 19.8 24.2 34
B2H41 19.7 24 33.6
B2H42 18.3 22 30.6
B2H43 15.9 19.2 26.6
B2H44 14.2 174 24.6
B3H00 117.4 122.3 139.9
B3H10 1158 120.6 137.7
B3H20 75.7 80.6 925
B3H30 43.9 48.7 58.6
B3H40 33 38.2 47.9
B3H41 32.9 38.1 47.8
B3H42 314 36 44.8
B3H43 27.1 31 38.4
B3H44 23.8 27.6 34.8
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