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Abstract

The membrane forces are included in the hydroelastic analysis of a floating plate undergoing
large vertical deflections in regular monochromatic multidirectional waves. The first-order ver-
tical displacements induced by the linear wave exciting forces are calculated by the mode
expansion method in the frequency domain. The second-order vertical displacements induced
by the membrane forces are calculated by the von Karman plate theory. The results show that
the membrane contribution both in terms of the axial stresses and the effect on the bending
stresses can be important.
 2003 Published by Elsevier Science Ltd.
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1. Introduction

The importance of hydroelasticity of ocean structures has come into focus in recent
years. The procedures applied range from two-dimensional linear theory (Bishop and
Price, 1979), three-dimensional linear theory (Wu, 1984; Price and Wu, 1985), two-
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Nomenclature

[A] generalised added hydrodynamic coefficients matrix
Ai wave amplitude of the ith incident wave
B width of the plate
d draught of the plate
D11, D12, D22 orthotropic plate stiffness
[E] generalised wave exciting forces vector
E, Ex, Ey Young’s modulus of the material
F(t) Airy stress function for the membrane stresses in the plate
{F} complex amplitude of {F(t)}
Gxy shear modulus of the material
h thickness of the plate
h∗ equivalent plate thickness
{h(t)}mx1 generalised nonlinear force vector induced by the nonlinear

characteristics of the von Karman plate
{h}mx1 complex amplitude of {h(t)}mx1

{H(t)}Nxl nonlinear force vector induced by the nonlinear characteristics of
the von Karman plate

{H}Nx1 : complex amplitude of {H(t)}Nx1

Jx, Jxy, Jy flexural flexibilities of the orthotropic plate
k wave number
[K] generalised stiffness matrix
Kii diagonal element of the generalised stiffness matrix [K]
lx, ly half of the length and the width of the plate
L length of the plate
m mode number of the plate
[M] generalised mass matrix
Mii diagonal element of the generalised mass matrix [M]
Mx, My, Mxy bending moments of the plate
N node number of the plate
Nx, Ny membrane forces
Nw total number of incident waves
{p}mxl generalised principal coordinate vector
{p(t)}E generalised principal coordinate vector induced by the fluid forces
{p(t)}h generalised principal coordinate vector induced by the membrane

forces
Qx, Qy shear forces in the plate
[S] generalised restoring matrix
Txy membrane forces
t time variable
nx, ny Poisson ratio coefficients of the material
Vx, Vy effective shear forces in the plate
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