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SHIP FOR OFFSHORE OPERATIONS WITH VERTICAL OPENINGS

The present invention relates to a ship for use in offshore operations which has one or
more vertical openings in the hull, so-called moonpools. Openings in the hull of a ship
which, e.g., is to be used as a drill ship, are quite common today, occurring both singly
and severally, and are used for a variety of tasks. In some situations it is desirable to
arrange fixedly mounted equipment in proximity to such a moonpool in order to carry
out specific tasks. This could be, e.g., a derrick, a crane arrangement for launching and
taking up, for instance, ROV, or other equipment for the execution of operations
through these openings in the hull.

The openings are usually arranged along the longitudinal centre line of the ship and may
be of a variety of cross-sectional shapes and sizes, but often they are rectangular or
approximately rectangular, and if there are several openings, these are arranged one after
the other along the longitudinal centre line of the ship and may have the same cross-
sectional shape and size. If the openings are not used for specific tasks, they may be
built into a ship to have an impact on its motions

The rectangular openings have an effect on the stress distribution in, inter alia, the deck
and hull bottom plates when the ship is exposed to stresses caused by waves and other
loads. In some areas, notches may occur which result in concentrations of stress, where
the level of stress may be considerably higher than the average stresses in the deck or
hull bottom plates. Stress concentrations will occur in particular at the corners of
rectangular openings, even though the corners are designed so as to minimise notch
effect. It is also possible to alleviate the situation by designing bracket plates and local
reinforcements appropriately, but the stress concentration factor will often be high, and
a stress concentration factor of 2 is by no means unusual,

When designing and constructing a drill ship, it will be necessary to take such local
stress concentrations into account, and they form the basis for calculating, inter alia, the
fatigue life of a ship. Under certain operating conditions, such as, e.g., long-term
operations in the North Sea, fatigue may be a decisive criterion for the dimensioning of
a typical transverse section of a drill ship. In practice, this means that the dimensions of
the deck and hull bottom plates must be increased considerably to meet the fatigue
capacity requirements. In addition to the production process being more complex, this
will also involve substantially higher costs. Furthermore, the load picture and the stress
distribution will be more complicated and uncertain when, e.g., a derrick for use through
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the hull opening is to be fixedly mounted in the area of stress concentrations, or in
proximity to such areas. When positioning fixed equipment of this kind, it is of course
an advantage that stresses and stress concentration should be the lowest and most
uniform possible with no local stress concentrations, or the potential for these. This
may also result in designs that are simpler to produce, which in turn will help to reduce
costs in connection with the production of the ship.

The conventional notion of stress distribution in deck and hull bottom plates is that the
stresses in the deck and hull bottom plates will, when the ship is exposed to stresses
caused by waves and other loads, increase approximately linearly with the distance from
the transverse neutral axis of the ship. In other words, the deck and hull bottom plates
which are arranged furthest from the ship’s transverse neutral axis will have the highest
stress level. Furthermore, the stresses are intensified in local stress concentrations as a
result of the design of the deck and hull bottom plates, if included in this design there
are elements which produce notch effect. These elements may be sharp corners,
openings, welded-in equipment or the like. Thus, on the basis of these factors, two
solutions for the reduction of the stress concentrations become evident. One of these is
to reduce the notch effect in the deck and hull bottom plates, and the other solution,
towards which the present invention is directed, concentrates on the positioning and
design of the deck and hull bottom plates at the site of cut-outs which, e.g., are
rectangular, in relation to the transverse neutral axis of the ship.

The invention relates to a ship as disclosed in the preamble of claim 1, having the
characteristics that are disclosed in the characterising clause of claim 1. Additional
embodiments of the invention are disclosed in the other claims.

If the ship’s deck and hull bottom plates which have cut-outs for moonpools are placed
closer to the transverse neutral axis, the average stress level will be lower, and the stress
concentrations resulting from notches will be smaller. This in turn will be a major
consideration when dimensioning of the deck and hull bottom plates, and especially in
relation to dimensioning for dynamic load and fatigue life. On drill ships having
moonpools, as covered by the present application, there will at all times be stress
concentrations as a result of notches at the points where the openings, or the so-called
moonpools, pass through the deck and hull bottom plates. By displacing these deck and
huil bottom plates, or optionally just the deck plate or the hull bottom plate towards the
transverse neutral axis of the ship, a lower average stress level will be obtained. This
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will give lower stress peaks and thus help to reduce the need for plate thickness, which
in turn results in a less costly ship.

In the proposed arrangement, the deck plates (on the upper deck) and the bottom plates

on the side of the moonpool will be continuous without any cut-outs which result in

notches and thus stress concentrations.

The invention will now be explained in more detail with reference to the following
figures:

Fig. 1

is a lateral sectional view of a hull with three moonpools taken through the

centre line of the ship, wherein the deck and hull bottom plates between each moonpool

Fig. 2

Fig.3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

are displaced in accordance with the present invention;

is a lateral sectional view of a ship with one moonpool taken through the centre
line of the ship, wherein the deck and hull bottom plates abaft of and forward of
the moonpool are displaced in accordance with an embodiment of the present
invention.

is a lateral sectional view of a ship with one moonpool taken through the centre
line, wherein the deck and hull bottom plates are displaced in accordance with an
embodiment of the present invention;

is a top view of the hull as shown in Fig. 1;

is a top view of the hull shown in Fig. 2;

is a top view of the hull shown in Fig. 3;

is a transverse section in the centre of a moonpool of a ship having a double
bottom and double deck, wherein the deck and hull bottom plates are arranged in.
accordance with the present invention;

is a transverse section in the centre of a moonpool of a ship having a double

bottom and double deck, wherein the deck and hull bottom plates are arranged in
accordance with the present invention;
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Fig. 9 is a transverse section in the centre of a moonpool of a ship having a single
bottom and single deck, wherein the deck and hull bottom plates are arranged in
accordance with the present invention; and

Fig.10 is a transverse section in the centre of a moonpool of a ship having a double
bottom but not a double deck. The deck plate at the moonpool is displaced in
accordance with the present invention.

One embodiment of the present invention is indicated in Fig. 1 in a lateral sectional
view through the centre line of a hull having three through-going vertical openings 2,
also known as moonpools, positioned one after the other in the longitudinal direction.
In accordance with the invention, the deck area 8 and the hull bottom area 4 between
each of the openings 2 have been displaced in such a way that the deck plates 8 are
displaced down towards the ship’s transverse neutral axis 20, and similarly the hull
bottom plates 4 are displaced relative to the rest of the ship’s hull bottom, towards the
ship’s transverse neutral axis 20. This can also be seen from Fig. 4, where the same
construction as that in Fig. 1 is shown in a top view, wherein the openings, or the

2 R T TE

moonpools 2, are positioned along the centre line of the ship with deck areas 8
therebetween. The hatched deck areas 8 have thus been moved to an area where the
average siress level is lower, and as a result of this positioning, the impact of the notch
effect at corners etc. will be reduced.

Fig. 2 is a lateral sectional view of a hull with a moonpool 2 taken through the centre ) i
line. The deck area on each side of the moonpool is divided into the areas 9 and 10, '
both of which are displaced towards the ship’s transverse neutral axis 20 relative to the
rest of the deck. Furthermore, the hull bottom plates 5 and 6 have also been displaced in
a vertical direction towards the transverse neutral axis 20 of the ship. Like the
displacement of areas 4, 8 in Fig. 1, this results in a lower average stress level in the
deck and hull bottom plates. The solution in Fig. 2 differs from that in Fig. 1 in that in
this case it is the deck and hull bottom plate areas in the forward and after edge of the
moonpool 2 that have been displaced, whilst in Fig. 1 it is only the areas between each
individual moonpool that are displaced. Apart from these two solutions, a combination
is conceivable in a ship having more than one moonpool, wherein the deck and hull
bottom areas between the moonpools may be displaced towards the transverse neutral
axis 20 of the ship, whilst the deck and hull bottom areas on the forward and after sides
of the row of moonpools may also be displaced towards the ship’s transverse neutral

i
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axis 20. The solution in Fig. 2 is also shown in Fig. 5 in a top view, where it is shown
clearly that the deck areas 9 and 10 at the forward and after ends of the moonpool 2 only
cover a part of the ship’s deck area. Both the displacement of the deck plates 9 and 10
and the displacement of the hull bottom plates 5 and 6 are arranged stepwise so that the
deck plates 9 and the hull bottom plates 5 are displaced further in a vertical direction
towards the ship’s transverse neutral axis 20 than the deck plates 10 and the hull bottom
plates 6. This is done to further reduce the notch effect, thereby helping to reduce the
stress concentrations in the construction of the deck area and hull bottom area in
addition to the displacement thereof towards an area having a lower average stress level.

Another alternative embodiment is disclosed in Fig. 3, which shows a lateral sectional
view of a hull with one moonpool 2 taken through the centre line, and the deck areas on
the after and forward sides of the moonpool are displaced in accordance with the
invention at deck areas 11a and 11b. Furthermore, the hull bottom plate areas on the
forward and after sides of the moonpool 2 are displaced at the hull bottom plates 7a and
7b. In contrast to the solution disclosed in Fig. 2, the junction between the displaced
areas and the rest of the surrounding deck and hull bottom plate areas is indicated by an
approximately linear inclined plane 7b, 11b, which is also a design model for reducing
the notch effect in the areas around the moonpool. This, in addition to the displacement
of the deck areas towards the ship’s transverse neutral axis 20, where the average stress
level is lower, will help to reduce the stress concentration in the areas around the
moonpool 2. The solution from Fig. 3 is also shown in a top view in Fig. 6.

The degree of displacement of the deck plate or huil bottom plate towards the ship’s
transverse neutral axis 20, in accordance with the present invention, may vary according
to the average stress level that is desirable, whilst the practical considerations relating to
the design of the ship will prevail with respect to the positioning of these deck and hull
bottom plates,

Fig. 7 shows a transverse section of a ship having a double bottom and “double” deck
and a centrally located moonpool 2. In accordance with the present invention, the deck
area and hull bottom area at the forward and/or after side of the moonpool are displaced
relative to the rest of the deck area and hull boftom area towards the ship’s transverse
neutral axis. In Fig. 7, this has been done by removing the upper deck plate and lower
hull bottom plate in the double deck and double bottom construction, thereby displacing
the deck plate area and the hull bottom area in the vertical direction to the position of
the lower deck plate and the upper hull bottom plate. The local stress notches around
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the moonpool have been moved to a level where the average stress level in the cross
section is lower. If this displacement achieves a reduction in the average stress level of
20-40%, it could at a rough estimate have the effect of increasing fatigue life by
something in the range of 100 to 200%.

Fig. 8 also shows a transverse section of a hull having a moonpool 2 wherein there is
provided both a double deck and a double bottom. In this case, the deck area and the
hull bottom area on each side of the moonpool have been displaced in the vertical
direction towards the ship’s transverse neutral axis by placing a separate deck level
between the upper and lower deck in the double deck configuration, and also a separate
hull bottom level between the upper and lower bottom in the double bottom
construction. '

Fig. 9 shows a transverse section of a hull with moonpool 2, wherein there is provided a
single deck and a single hull bottom. In this case, the displacement of the deck area and
hull bottom area on each side of the moonpool has not been related to any lower deck
levels or upper hull bottom levels, and the advantageous effect of the invention has been
achieved here simply by displacing a part of the deck area and the hull bottom area in
the vertical direction towards the transverse neutral axis of the ship. The displacement
of the deck area and the hull bottom area need not be symmetrical by their being
displaced an equal distance towards the transverse neutral axis. Similarly, it is not
necessary to displace both deck area and hull bottom area, which is illustrated in Fig.
10. This figure shows a transverse section of a hull with moonpool 2 where only the
deck area has been displaced in the vertical direction towards the ship’s transverse
neutral axis. '

Within the scope of the exemplary embodiments described above, a ship having one or
more moonpools is conceivable, wherein one or more of the areas between these
moonpools may be displaced in the vertical direction towards the ship’s fransverse
neutral axis. The displacement need not be symmetrical about the neutral axis, i.e., that
the deck plate and hull bottom plate are not necessarily displaced an equal distance, or
that only one of them is displaced in the vertical direction. Furthermore, if there are
more than two moonpools, it may be appropriate to have different vertical displacement
between the different moonpools. Irrespective of the number of moonpools provided in
the hull, it may be appropriate to displace the deck area and the hull bottom area abaft of
the moonpool located closest to the ship’s stern, and forward of the moonpool that is
most forward in the longitudinal direction. These displacements of the ship need not be
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of the same magnitude, nor does it need to be related to any displacement of the deck
and/or hull bottom plates between several moonpools. Displacement in the vertical
direction of deck plates and hull bottom plates abaft and forward of the moonpools
positioned at the extremes in the longitudinal direction, may also be combined with a
gradual stepping, a linear junction or an approximately arcuate junction between the
displaced area and the rest of the deck and/or hull bottom area.
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1.

A ship for offshore operations, having one or more wholly or parﬂy through-going
openings (moonpools) in the hull, characterised in that the deck and/or hull bottom areas
between or essentially between the openings and/or otherwise in proximity to the
openings are displaced relative to the rest of the deck and/or hull bottom areas of the
ship to a position closer to the ship’s transverse neutral axis.

2.

A ship according to claim 1, characterised in that the area between the rest of the deck
and hull bottom areas of the ship and essentially the displaced arca or areas is gradually
stepped.

3.

A ship according to claim 2, characterised in that the area between the displaced deck
and hull bottom area or areas at the openings in the ship and the rest of the deck and/or
hull bottom areas is gradually stepped in one or more steps.

4,

A ship according to claim 2, characterised in that the area between the displaced deck
and/or hull bottom area or areas at the openings in the ship and the rest of the deck
and/or hull bottom areas has the form of an approximately linear junction.

5.

A ship according to claim 2, characterised in that the area between the displaced deck
and/or hull bottom area or areas at the openings in the ship and the rest of the deck
and/or hull bottom areas has the form of an approximately arcuate junction.




