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A method for culculating ship stalility curves

, .
" By M. A, Shama, B.Sc., Ph.D.*

A SIMPLE METHOD for calculating cross curves of stability
is presented. The immersed volumes and their moments at
different angles of inclination are calculated using areas and
moments of arecas of buttock planes. For cach inclined
waterline the co-ordinates of the cenire of buoyancy are
calculated frony which the corresponding righting arm GZ

is computed.

Ship stability is considered as one of the major seagoing
properties of a ship and therefore snould be carefully
investigated and accurately calculated at small and large
angles of inclination. At small angles of inclination,

THE CROSS CUKVES of swability can be
determined by several methnds such as the
integrator meihod (the most commeon and
straightforward method but the accuracy
relics on human judgment and the accuracy
of the instrument) and Barne's method.
Alternative methods have been proposed by
other invesiigators such as Reech, Leland
Blom and Benjamin az given in references
{t} and {2}, but it 1s believed that ncne of
these latter methods can be of any practical
anplication, raorzover they cannor be cusily
programases Sor an el:ctronic computer.
Another method, using waterplane areas
and moments measured from the centre line
1o successive Dbuttock lines, has been
proposed by K. Hoppe {3). The method
comprises a graphical and mechanical
procedure and assumes that an integrator
is available.: F. Taylor (4] used a different
method which was mainly intended for a
computer programme. The method canno:
be easily employed in design office work
using desk calculating machines. Further
L. Kupras 5nd W. Majewski [J]analvsed the
cross curves of stability of series 60 using
regression anaiysis. They presented their
method in the form of a computer pro-
gramme and a series of graphs using non-
dimensional coetticients. From the computer
programme or these graphs, the statical
siekily curve can ke deterisned for any
ship form of the series 60, {with a proviso
that the form characteristics should be
within certain limits of the ship form).
Camber and superstructures are not taken
into account.

“In this paper, a simple method for
determining cross curves of swability using
buttock plane areas and moments of arcas
is presented. The idea of using buttock lines
has been used before by George Nicol [6.
His method is based on a graphical solution
and also requires an integrator. However.
the method described in this paper is
presented in a mathematical form and
therefore could be efficiently  pzarformed
using desk calculating machines. Further, 1t
could be integratcd with the other routine

righting arm GZ is assumed to be proportional to the angie
of heel . At large angles of inclinat
only be represented by the statical stability curve, i.e. GZ
and 0 curve. This curve capnot be easily ohnmcd at any
specific loading condition unlcss. corrections are made, in
the course of calculations, to ensure equal volumes at each

ion, ship stability should

inclination. However, this curve is normally obtained from
the cross curves of stability f.e. curves of GZ agains:

displacement, at the desired loading condition.
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ship calculations into @ single computer
prcgramme. The main advantage of the
meihod is that it dispenses completely with
the integrator.

Although the method is simple and
straightforverd, it suflers from some Jdis-
advantages. These are mainly:

a. The werminations and intersections of
tie buttock lines are badly defined
especially at the flat of side and or
the bottoni..

b. in vessels with a rise of fioor, the
logwast parc oi ezch buttock iine is
above the kcel so that a separate
lower appendage is required in the
calculation of the areas and moments
of areas.

However, when the ship form is rep-
resented . mathematically these disadvan-
tages will disappear and the method will
prove valuable.

In the paper different types of ship
shapes are considered, namely, a box
shaped vessel (full flat of side buttock), a
diamond shaped vessel (zero flat of side
buttock) and a barge medel. In addition,
the method has also been applied to an oil
tanker of 37,200 tons displacement.

Ship stability curves
For the same ship, the righting army GZ
depends on the immersed  volume of
displacenient (V) and the angle of inclina-

P
hon i e Gz =1V,

The righting arm at any inclined waterline
is generally calculated by computing the
immersed volume (V) and the moment of
this volume aboui the C.G. of the ship (M).
The volume of displacement and its moments
Fiz. 1 Three pérpendicular relercnce planes,
b S 4
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could be calculated b\ anv of the following
méthods using the three reference perper-

dicular plancs, X, Y, Z, se¢ Fig. (1):—
1. By integrating stations longitudinally:
{a) V~={{ Jvdzldxand
1= ([ [{~*dz])dx

(o) V=f{ fzdv}dxand
- M =[[ [yzdy]dx

2. By

integrating buuock planes trans-
versely:
fa) V= [{ [\dz]dvunJ
M = §{ fyxdz)dy
(b) V=[[ Jzdx]dyand,
M =] [yzadx)dy °

3. By intcgrating warer planes vcr(icall_\':'
(a) V = f{ fxdy)dzand

=Jl Jyxdy)dz
(b) \’ JI{ [vex)dzand
M =J[ [4y*dx]dz
The righting arm GZ is calculated a:
follows:
Moment of volume of displacemen:
about C.G.
GZ =

Volume of displacement

The generally accepted method is t¢
calculate the moment of immersed volums:
about any-aroitrary axis. The results arc ther,
corrected as follows:

(G2Z) = (GZ).
actual assumed

= G G,sint

wihere: G Gl = distance between the
actua! and assumed posi-
tions of the C.G. of the
ship measured on “thx
C.L. axis

The micthod described in this paper use:
expression No. 2 (a) above i.e. the buttock
plancs are integrated trznsversely. For the
buttock planzs, arca 2nd moment of area
curves about the base line, are-drawn in the
same way as Bonjean curves. The accuracs
of the mcthod depends on the accuracy of
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For simplicity of the calculation, four or (1 \
five waterlines are taken for each angle of % 45°
inclinaticn as shown in fig. (4). From the %0~
point of view of added accuracy and also 4o}
to suit the application of Simipson’s inte- 2ol 15
gration rule it may be advisable to have a
half buttoek line near the bilge area. 2:01—
. C 0b— GZ{acTual) =7 (CURVE) —KG e 6
6. Caleulation of righting arm GZ e ( ) { ) = OISPLACEMENT IN TOHS
The righting arm GZ is caleulated for o0 L 1 ! L ! L : .
10 000 15000 20000 25000 30000 40000 45000 50000

cach inclined waterline at cach angle of
inclination as follows, (sce fig. 6).

Fig. 10 Cross curves of scability for a tanker
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righting arm GZ can be calculated at
diffcrent displacements. Thus, the cross
curves of stability can be obtained for any
set of anales.

The mcthod has been applied to different
ship shapes and an oil tanker.

Figs. (7), (8 and (9) show the statical
stability curves for a box shaped vessel,
a diamond shaped vessel and a modcl barge.
These curves are obtained from the cross
curves  of stability using the proposed
method. Fig. (10) shows the cross curves of
statility Yor an oil tanker. Figs. (11) and (12)
show he buttock area and moment of area
curves tor this tanker.

Coneliusions :
When the proposed method is used, it
will be possible o perform all ship calcula-

5, 1
curves for a tanker ' M

tions (hydrostatics, stability, floodable
length curve, launching . . . etc.) using lines
plan and a desk -calculating machine.
Subsequently a computer programme can
be developed to make all the routine ship
calculations. This will greatly reduce the
time required to design a ship.
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