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On the Characteristics of Still-Water and Wave Bending Moments
with the Variations of Ship Weight Distribution

Young-Sub Kwon™
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Abstract

An extensive research programme has been aimed at the effect of ship weight
distribution on the ship responses applving ship hydroelasticity theorv. In the previous
works, consistent tendencies  of the  still-water and the wave bending moments,
respectively, were found as the weight distribution was varied systematically. The paper is
therefore concerned mainly with any correlation between still-water and wave bending
moments with the vanations of weight distribution. Although these bending moments
share different features with each other, such a comparison of tendencies was plausible
and informative. These and other matters for the future are discussed.
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Table 1 Designations of mass distribution data

by Symmetric Manipulations
Group | Subgroup Cases (no. of cases)
A t5,t17,t3,18t1,t2,t21,t4(8)
Bl 166,142,117 t41,t54,155,156(7)
B B2 197 £71 £36,t12,t1,t34,£16,t49,161,194(10)
B3 199,t80,t79,178,t48,t22,t20,t37,164,(9)
Cl t40,t15,t3,t13,t46,173(6)
C C2 19,t8,t12,t72,175,180(6)
C3 t47 £50,t78,t81,t86(5)
C4 t62,t37,t21,t32.191(5)
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Table 2 Examples of mass variations and their
(dimensionless) mass properties
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Table 3 General characteristics and input data

Item Value Remarks
Principal dimensions Fully loaded
Length 348.358 (m)
Beam 518 (m)
Draft 1958 (m)
Displacement 279194 10° (kN)
Ship speed 6 (m/s)
(11.66) (Knots)
Heading angle 180 (deg.) Head sea
Sea spectra ISSC
(Hi3) 6.0, 6.0, 6.0 (m)
(Th) 772, 9.46, 10.92 (s)
Mod. of Elasticity | 2.0707 x 10® (kN/m’ )
Mod. of Rigidity | 82827 %107 (kN/m”)
No. of modes 5 3 distortion modes
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Appendix

1. Mathematical Formulation of Linear
Hydroelasticity'”
- A Brief Introduction

A1 Dry Hull Analysis

To begin with, the linear equations of motion

may be written conveniently into matrix form :
ap(t) + bp(t) + cp(t) = Z(t), (1

where a, b and ¢ represent the generalized
structural system matrices of order ( N+1), being
those of inertia, damping and stiffness respectively.

Their elements are a,,, b,,=2vw,a,, V, being

the model damping factor, and c,,= ©,%q,
respectively. To obtain a,, and w, of the
structure, the hull may be treated as a

Timoshenko beam. p(t) and Z(t) are column
vectors representing response and input loading,

namely principal coordinates and generalized
forces applied exterally respectively. That is to
say, dry mode analysis is to solve equation (1)
with Z,(t)= 0 for p(t) and, accordingly, »,(9),
the »th principal coordinate to obtain the
principal modes of w/x), M,(x) and V/(x).
Then, the responses of displacement, bending
moment and shearing forces at any point along
the structure can be evaluated by summations as

follows :

wle, )= 2 w0,
Mix, D= 2 M (20,0, @
V= 2 VD).

Note that wy(x)=1 and w,(x)=1—(x/x)
represent heave and pitch - ie. distortion free

rigid modes - respectively. In doing so, the

A

principal modes are scaled to unit deflection at
stern x=0 and x is the abscissa of the centre of
gravity of the structure. Also from the boundary
conditions for the free-free ended structure of
fengthi L, M(0)=0=M,(L)=V,(0)=V,(L).

A2 Wet Analysis

ALl Dleady state responses

Now, let us consider a structure of

Timoshenko beam, representing a ship. Then, for

the ship in waves, the generalized vertical

response matrix p(t) satisfies the equation

(a+A)p(H+(b+B)p(1) o
3

—lw,t

+(c+CO)p(H)= Ee

The matrices A, B and C are those
representing fluid actions proportional to the
generalized acceleration, velocity and disp-
lacement respectively - ie. generalized added
mass and hydrodynamic damping matrices,
which are dependent on the encounter frequency
between ship and wave system, and generalized
hydrodynamic stiffness matrix. The generalized

Fond

quantity & on the rnight-hand side represents
wave excitation due to a component regular

waves.

The (steady-state) solution to the linear
equation governing the symmetric motions is
given by

p(H=Dpe ™, @)
of which one element is the 7th principal
coordinate

PAD=1e ™, ®)
and so

[ ( ¢c+C)— ¥ (a+A)=iw.(b+B)] p
6)
=Dp= &
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By inverting the square matrix D

adiD

detD M

Ip=
where I i3 a unit matrix.
That is to say, we have a means of finding

the values of the complex E E AAAAA P Here,
the overbar denotes a steady-state solution and

the integer N represents the order of the last
of

inclusion. These solutions provide responses of a

principal coordinate thought to be worthy

ship in the 7th dry mode to the regular wave
the of all the

components allows the response of the hull at

system. Then, summation

x from the stern, to be
the of,
example, the steady-state vertical displacement,

any position, distance

determined. Hence, responses for

bending moment and shearing force are

.t 7‘:

ZW(x)p(t—e wAx) b, ,

Mix, Hp=e " ,ZZ:»M’(X)E: ,

w(x, D=

ey —iw, i —_
Vix,h=e " Z: VA0 p, .
(8)

Since a ship is idealized as a free-free beam and
its heave ( »=0) and pitch ( 7=1) modes are distortion
free, My(x)=0=M,(x)= Vy(x)= V,(x). That
is, these particular structural responses contribute
in the flexible hull.
Provided the wave amplitude is unit, say, 1m, the

nothing to the stresses

sums are the appropriate complex response
functions, i.e. their amplitudes are the RAOs.

A3 Statistical Analysis

A.3.1 Irregular seaway
A typical realisation of the surface elevation of
a long crested unidirectional seaway experienced

¥

Lo

ol

J

\_Eg}

EA

=4 ojsiel

ol

=9

by a moving ship may be expressed in the form

R

2 aje

7=1

—~Hw,t+e)

R

fo = 260 = 9
=

Here the seaway is described by R deep

water sinusoidal waves each with amplitude a;,

encounter frequency w,;. The mean square value

of the irregular surface elevation is
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where O(w) and M w,) denote wave

(unidirectional) spectral density functions.

A.3.2 Short-term response
The amplitude of any ship response Y{(#) -
Le. of distortion, bending moment, shear force,

etc. — may be expressed in the form

my}’<we) = I HY(wy) I zw(we)- (11)

The
(unidirectional)
quantity | Hy{w,.) | is the modulus of the ap-
propriate receptance ie. the response amplitude

Oyy(w,) is the response

spectral density function. The

quantity

operator (RAO). The moments of the response
spectrum are then given by
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where the mean square value is
(YD = m,, 13)

while the root mean square ie. RMS value is
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