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5°/12. With a centre division the sum of the second moments of area
2 two tanks is (/12)(B/2)° X 2 = [B*/48. The introduction of a centre

ision has reduced the free surface effect to a quarter of its original
zuz. Using two bulkheads to divide the tank into three equal width sec-
soms reduces the free surface to a ninth of its original value. Thus subdivi-
oo is very effective and it is common to subdivide the double bottom of
=ps. The main tanks of ships carrying liquid cargoes must be designed
free surface effects into account and their breadths are reduced by
oviding centreline or wing bulkheads. Some particulate cargoes, such as
. carried in bulk can move as the ship heels causing a similar effect to
» free surface as discussed later.

Free surface effects must be taken into account in ship design and opera-
ors must be aware of their significance and use the tanks in ways intended.
h transverse and longitudinal stability will be affected. The importance

f free surfaces to a ship’s stability was shown by the loss of the Herald of
Free Enterprise in 1987. In this case the free surface was that of water
] through the bow doors and covering the vehicle deck.

THE INCLINING EXPERIMENT

, As the position of the centre of gravity is so important for stability it
must be established accurately for the ship as completed. During design it
is determined by calculation by considering all weights making up the
ship — steel, outfit, fittings, machinery and systems — and assessing their
individual centres of gravity. These data lead to the displacement and
centre of gravity of the lightship. For particular conditions of loading the
weights of all items to be carried must then be added at their appropriate
centres of gravity to give the loaded displacement and centre of gravity.
There are many fittings in a ship and it is difficult to account for all items
accurately in such calculations, and the lightship weight and centre of
gravity are measured experimentally.

The experiment, the inclining experiment, involves causing the ship to
heel to small angles by moving known weights known distances trans-
versely across the deck and observing the angles of inclination. The
draughts of the ship are noted together with the water density. Ideally the
experiment is conducted when the ship is complete, but this is not generally
possible. There will usually be a number of items both to go on and
to come off the ship (e.g. staging and tools). The weights and centres of
gravity of these must be assessed and the condition of the ship as inclined
corrected.

A typical setup is shown in Figure 5.4. Two sets of two weights, all of
w, are placed on each side of the ship at about amidships, the port and star-
board sets being h apart. Set 1 is moved a distance h to a position
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