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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

15 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

20 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

25 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

30  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

35 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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2 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

15 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

20 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
25 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

30 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

35 hull 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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20 Fig. 3 is alateral 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;

Fig. 4 is atop view of the hull as shown in Fig. 1;
25
Fig. 5 is atop view of the hull shown in Fig. 2;

Fig. 6 isatop view of the hull shown in Fig. 3;

30 Fig. 7 is atransverse 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;

Fig. 8 is atransverse section in the centre of a moonpool of a ship having a double
35 bottom and double deck, wherein the deck and hull bottom plates are arranged in
accordance with the present invention;
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accordance with the present invention.

10 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

15 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
moonpools 2, are positioned along the centre line of the ship with deck areas 8

20 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

25 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

30 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

35 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

THHH
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addition to the displacement thereof towards an area having a lower average stress level.

10
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

15 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

20 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

25 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,

30 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

35 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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Fig. 8 is a transverse section in the centre of a nmoonpool of a ship having

a doubl e 35 bott om and doubl e deck, wherein the deck and hull bottom
pl ates are arranged in accordance with the present inventiaon;
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Fig. 9 is atransverse section in the centre of a nmoonpool of a ship having
a single bott om and single deck, wherein the deck and hul
bottom pl ates are arranged in 6 accordance with the pr esent

i nvention; and 5 Fig. 10 is a transverse section in the centre of a
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5
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

10 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

15 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

20 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

25 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

30 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

35 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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both of which are displaced towards the ship's transverse neutral axis 20

relative to the rest of the deck. Furthernore, the hull bottomplates 5
and 6 have al so been displaced in a vertical direction towards the
transverse neutral axis 20 of the ship. Like the di spl acenent of areas

4, 8 in Fig. 1, this results in a |l ower average stress level in the 30
deck and hull bottom plates. The solution in Fig. 2 differs fromthat in
Fig. 1 in that in this case it is the deck and hull bottom pl ate areas
in the forward and after edge of the noonpool 2 that have been

di splaced, whilst in Fig. I it is only the areas between each

i ndi vi dual noonpool that are displaced. Apart fromthese two solutions, a
conbi nati on is conceivable in a ship having nore than one noonpool,
wherein the deck and hull 35 bottom areas between the nobonpools may be
di spl aced towards the transverse neutral axis 20 of the ship, whilst

t he deck and hull bottom areas on the forward and after sides of the
row of noonpools may al so be displaced towards the ship's transverse
neut r al
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20. The solution in Fig. 2 is also shown in Fig. 5in a top view, where it

is shown clearly that the deck areas 9 and 10 at the forward and after
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15 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.

20 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.

25 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.
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vary accordi ng to the average stress level that is desirable, whilst
the practical considerations relating to t he design of the ship wll
prevail with respect to the positioning of these deck and hull bottom
plates. 30 Fig. 7 shows a transverse section of a ship having a double
bottom and "doubl e" deck and a centrally | ocated noonpool 2. In
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t he nmoonpool have been noved to a | evel where the average stress level in

the cross section is lower. If this displacenent achieves a reduction
in the average stress |evel of 20-40% it could at a rough estimte
have the e increasing fatigue life by sonet hing. range of
100 to 200‘3}'89%398;1 Fig. 8 also shows a transverse section Or#(ﬂw)oﬂﬁr havi ng
a noonpool 2 wherein there i's provi ded both a doubl e deck and a doubl e
bottom In this case, the deck area and the hul | bottom area on each

si de of the nobonpool have been displaced in the vertical di rection

towards the ship's transverse neutral axis by placing a separate deck | evel
10 between the upper and | ower deckgbﬁbthe doubl e deck configuration, and
al so a separate 1ohil | bottom | evel/bEt ween the upper and | ower bottomin

t he doubl e bottom construction. Fig. 9 shows a transverse section
of a hull wi th noonpool 2, wherein there is provided a 15 single deck and
a single hull bottom 1gQ this casg, the displacenent of the deck area and
hul | bottom area,on e si de of e nop q&l has not be related to any
| ower deck I t ageous
effect of the inyentidn has been achi eved here simply by digplacing a
part of the deck i the vertifal
direction towards |t ra ra shi p. Ahe(di spl acenent
20 of the de a e tt t el rical by
t heir being difs cetha dpst ansge t anger sefpeutra
axis. Simlarly,\ ik TR are nd
hul | bottom areal which is illfustrated |n Fig. 10. This figure shows a
“transverse secti hul | AMth noonppol 2 wherg only the deck area

has been displacéd in the% rtical di rept-i-aﬁht owar the ship's transverse
25 neutral axis. in the scope of the exeml ary enbodi nents
descri bed above, a ship having one or nore noonpool s is conceivabl e,
wherein one or nore of the areas between these

Fig 5
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nDonpooIs may be displaced in the vertical direction towards the ship's
transverse 30 neutral axis. The displacenent need not be symetrical about

the neutral axis, i.e., that the deck plate and hull bottomplate are
not necessar MOP9EPYpl aced an equal distance, or that oRFYNOREO%H* t hem
is displaced in the vertical direction. Furthernore, if there are nor e
than two noonpools, it nay be appropriate to have different vertical

di spl acenent bet ween the different noonpools. Irrespective of the
nunber of noonpools provided in 35 the hull, it may be appropriate to

di spl ace the deck area and the hull bottom area abaft of t he nmoonpool

| ocated cl osest to the ship's stern, and forward of the noonpool that is
nost forward in the |ongitudinal direction. These di splacenments of the ship
need not be PCT/ NO99/ 00034

7 of the same nmagnitude, nor does it d to be related to any
di spl acenent of the deck and/ or hul | ttom pl at es between several
noonpool s. Di splacenment in the vertical direction of deck plates and

hul | bottom pl at es abEEg'znd forward of the noonpools positioned at the
extrenes in the | ongi direction, f al so be conbined with a 5

gradual stepping, a linear junction or an @pproxi pnlarcuate junction
bet ween t he di spl aced area and the rest{of tpe nd/ or hull bottom

L TNA
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PCT/ NO99/ 00034 Pat ent cl ai ns A ship for offshore
operations, having one or nore wholly or partly through-going s openings

(moonpools) in the hull, characterised in that the deck and/or hull bottom
ar eas wtl?%%@@ﬂ or essentially between the openi ngs apgrMbogdobmr wi se in
proximty to e 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. 10 2. A ship according to claim1,
characterised in that the area between the rest of the deck and hul
bottom areas of the ship and essenti all he di spl aced area or areas is
gradual ly stepped. 15 3. A shié/;ccording to claim 2,

characterised in that the area between the displaced deck and hul
bottom area or areas, at_ the openings in the ship and the rest of the deck
and/ or Flg
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hm/I‘ bottom areas is gradually stepped in one@&sowsreo 8t-@ps.
ship according to claim2, characterised
di spl aced deck

ship a
an app
chara
botto
and/ of

and/or hull bottom ar
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(57) Abstract

A ship for use in offshore operations,

or be shaped as an approximately linear or arcuate junction.

with one or more vertical openings (moonpools) in the hull, wherein the deck and/or hull
bottom areas between or substantially between and/or otherwise adjacent 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. The area between the rest ot the other deck-
bottom areas and substantially the displaced area or areas is gradually stepped. Alternatively,
hull bottom area or areas at the openings in the ship and the rest of the deck~
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and hull
the area between the displaced deck— and/or
and/or hull bottorh areas can be stepped in one or more steps,




