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Description
FIELD OF THE INVENTION

[0001] The invention relates to a jack-up vessel com-
prising a horizontal work deck and a number of legs for
supporting the work deck on an underwater bottom. A
lower end of the legs comprises an enlarged foot section,
adapted to engage or penetrate the underwater bottom,
and each leg is actuated by a jacking mechanism to el-
evate the work deck above awater surface. The invention
also relates to a method that positions a jack-up vessel
on an underwater bottom and substantially prevents set-
tlement/eases the removal of underwater bottom mate-
rial from the legs and top side of the foot sections.

BACKGROUND OF THE INVENTION

[0002] A jack-up vessel, platform or rig comprises a
horizontal work deck and at least three legs connected
to the work deck. Such a vessel can sail to an offshore
position while the legs are held in a docking position close
to the work deck of the vessel. The vessel is anchored
to the underwater bottom by bringing the legs to alowered
support position in which an enlarged foot section pro-
vided at a lower end of the legs engages or penetrates
the underwater bottom. A hydraulic or electric system is
provided to elevate the work deck upon the legs to a
position above a water surface. The work deck can then
be used as a stable platform to perform a number of tasks
such as oil well drilling, mining, construction and main-
tenance of offshore wind turbines, bridges, and jetty or
other constructions.

[0003] The underwater bottom in many cases compris-
es a relatively soft material such as mud, silt, clay, sed-
imentary material or other known soft material that ad-
heres to the leg lower end portion and/or on top of the
foot section. Upon retrieval of the legs from the under-
water bottom, the additional weight of the adhered ma-
terials requires higher pulling forces, and the remaining
sediments reduce the amount of payload of the jack-up
vessel when floating. To be able to retract the legs into
their docking positions close to the work deck and avoid
any jamming, the adhered materials need to be removed,
forinstance by divers. This is a time-consuming operation
and removing the adhered material may take several
days, in particular in high cohesive soil.

[0004] Itis an aim of the invention to provide a jack-up
vessel that can efficiently be positioned on an underwater
bottom as well as retrieved from it.

BRIEF SUMMARY OF THE INVENTION

[0005] The invention thereto provides a jack-up vessel
according to claim 1. The jack-up vessel in accordance
with the invention comprises a horizontal work deck and
a number of legs for supporting the work deck on an
underwater bottom, whereby alower end of the legs com-
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prises an enlarged foot section adapted to engage or
penetrate an underwater bottom, whereby the legs are
provided with at least one closable container for a com-
pressed medium, and the container is positioned above
the foot section. A pressurized container prevents accu-
mulation of underwater bottom material along the legs,
within the legs and/or on top of the foot section of the
legs, before, during and/or after penetration of the legs
into the underwater bottom.

[0006] The jack-up vessel may be positioned on an
underwater bottom by a method comprising lowering the
legs from a docking position close to a horizontal work
deck of the jack-up vessel to a support position in which
an enlarged foot section provided at a lower end of the
legs engages or penetrates the underwater bottom,
whereby the legs are provided with at least one closable
container for a compressed medium, and the container
is positioned above the foot section. An enlarged foot
section is also referred to in the art as a spud can or a
mud mat.

[0007] A suitable container is adapted to at least partly
prevent accumulation of underwater bottom material at
a lower end portion of the legs. Although the shape of a
container may vary, an embodiment of the jack-up vessel
according to the invention comprises one or more con-
tainers, wherein the at least one container extends along
aleg and is positioned within a virtual cylinder having the
foot section as base. Such a container effectively shields
a volume around the leg from bottom material ingress,
said volume being particularly apt to receive such mate-
rial. The at least one container in this embodiment pref-
erably forms an elongated body, a longitudinal axis
whereof extends substantially parallel to a longitudinal
axis of the leg.

[0008] The extension along a leg of the at least one
container can also be chosen within a large range. In a
useful embodiment of the jack-up vessel according to the
invention, the at least one container extends along a leg
over a distance at least equal to the penetration depth of
the leg in the underwater bottom. The penetration depth
of a leg may be anticipated before positioning the jack-
up vessel on the underwater bottom by determining rel-
evant properties of the bottom material, such as its co-
hesiveness, strength, etc.. A container in this embodi-
ment will extend up to and possibly beyond the bottom
surface when a leg has penetrated to a stable depth. This
prevents accumulation of underwater bottom material
along the leg substantially over its complete penetrated
length.

[0009] A particularly useful embodiment of the inven-
tion provides a jack-up vessel wherein the at least one
container is made of a flexible material and the container
is inflatable with the medium between an empty and an
inflated state. This allows changing the volume of the
container at will, depending on the particular stage of
operation of the jack-up vessel and its legs, for instance
whether the vessel is sailing, or stationary in a jacked-
up state, or whether the legs are in their docking position,
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or in their lowered support position, and so on.

[0010] The at least one container may be pressurized
before mounting the container on the legs. A more prac-
tical embodiment of the invention provides a jack-up ves-
selthatfurther comprises inflating and/or deflating means
for bringing the at least one container to a state between
the empty and the inflated state. The inflating and/or de-
flating means in a useful embodiment comprise a source
of compressed medium and a medium inlet provided on
the at least one container in medium communication with
the source. A suitable source of compressed medium
would be acompressor pump, provided on the work deck,
that pumps medium from a medium reservoir to an inlet
of the at least one container, for instance through hoses
connecting the source with the inlet. The source (pump)
may also be provided on each container in order to draw
in medium, for instance surrounding water. Another
source may comprise a number of medium jet nozzles,
provided on a leg, in particular on a top side of a foot
section. Each source may be electrically connected with
a suitable controlling device provided on the work deck.
A container is preferably also equipped with a remote
controlled pressure gage and/or valve to maintain the
desired pressure within the container. The pressure
gage/valve may be integrated in the compressor pump.
[0011] A useful embodiment of the jack-up vessel em-
ploys inflating and/or deflating means that are adapted
to change the pressure inside the at least one container
with the level of submersion of the at least one container.
A container preferably needs to keep its inflated volume
when a leg (and the container) is lowered under water
towards the underwater bottom. This embodiment allows
adjusting the internal pressure of the container to the
surrounding water pressure, which obviously increases
with submersion level (or water depth). Although internal
pressure may be varied within a large range, internal
pressures may vary between 1-200 bar for instance.
[0012] The at least one container is also instrumental
in removing bottom material that may have accumulated
around the leg. An embodiment of the jack-up vessel
wherein a surface of the at least one container is non-
sticking, more preferably is provided with a non-stick
coating layer, facilitates such removal and also prevents
accumulation further. One skilled in the artis familiar with
suitable non-sticking materials, for instance polyolefin
materials (PE, PP), silicone and other rubbers, as well
as fluor polymers, such as PTFE (Teflon®).

[0013] A suitable medium for the container(s) may be
selected according to the circumstances. In a preferred
embodiment, the medium comprises air, water, or anoth-
er high density substantially non-compressible fluid. Sur-
rounding water as medium is particularly preferred.
[0014] The at least one container may be connected
(semi-)permanently to the legs of the jack-up vessel. An-
other embodiment provides a jack-up vessel wherein the
at least one container is removably connected to a leg.
The (temporary or removable) connection may be
achieved with well known means, such as by riveting,
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welding, jointing, tying, roping, and so on.

[0015] The legs of the jack-up platform may be any leg
known in the art, such as solid legs provided at a lower
end with spud cans. In particular for larger depths, a jack-
up vessel wherein the legs are truss-shaped may be the
leg of choice. In such an embodiment, at least one con-
tainer is preferably positioned inside the truss, i.e. inside
an outermost contour of a (horizontal) cross-section of
the truss.

[0016] Inanother embodiment, a jack-up vesselis pro-
vided wherein the legs are truss-shaped and at least one
container is positioned outside the truss, i.e. an outer-
most contour of a (horizontal) cross-section of the truss.
In such embodiment, ajack-up vessel wherein the atleast
one container positioned outside the truss is made of a
flexible material and the container is inflatable with the
medium between an empty and an inflated state is pre-
ferred.

[0017] In order to further improve shedding of bottom
material that accumulated along a leg, an embodiment
is provided that further comprises vibratory means for
bringing the at least one container in vibration. Preferred
vibratory means comprise hydraulic impulse means, for
instance means for pulsing the output pressure of the
compressor pump thatinflates the atleast one container.
[0018] The invention further relates to a closable con-
tainer for a compressed medium for use in a jack-up ves-
sel comprising a horizontal work deck and a number of
legs for supporting the work deck on an underwater bot-
tom, whereby a lower end of the legs comprises an en-
larged foot section (or can) adapted to engage or pene-
trate an underwater bottom, and whereby the closable
container is provided on the legs above the foot section.
[0019] The invention further relates to a leg for sup-
porting a horizontal work deck of a jack-up vessel on an
underwater bottom, whereby a lower end of the leg com-
prises an enlarged foot section, adapted to engage or
penetrate the underwater bottom, the leg being provided
with at least one closable container for a compressed
medium, the container being positioned above the foot
section.

[0020] The invention finally relates to a method for po-
sitioning a jack-up vessel on an underwater bottom, the
method comprising lowering a number of legs from a
docking position close to a horizontal work deck of the
jack-up vessel to a support position in which an enlarged
foot section (or can) provided at a lower end of the legs
engages or penetrates the underwater bottom, whereby
the legs are provided with at least one closable container
for a compressed medium, and the container is posi-
tioned above the foot section. Preferred embodiments of
the method are described in the enclosed dependent
claims and relate to embodiments wherein the at least
one container is made of a flexible material and the con-
tainer is inflated with the medium and/or deflated be-
tween an empty and an inflated state; wherein the pres-
sure inside the at least one container is changed with the
level of submersion of the at least one container; wherein
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the medium comprises air or water, preferably surround-
ing water; and wherein a leg is penetrated in the under-
water bottom to a penetration depth about equal to an
extension of the at least one container along the leg.
[0021] In an embodiment wherein the legs are truss-
shaped and at least one container is positioned inside
the truss, the at least one container positioned inside the
truss is preferably in an inflated state during lowering of
the legs. Such inside containers when filled with pressu-
rized water have about neutral buoyancy when sub-
merged. The inside container(s) are preferably kept in
this state to effectively shield an inside volume of the
truss legs against ingress of bottom material. Inflated in-
side containers further do not substantially hinder the
movement of the truss legs, in particular their penetration
in the underwater bottom since the inside containers are
confined within a leg outer cross-sectional contour.
[0022] In a particularly useful embodiment of the meth-
od, wherein the legs are truss-shaped and wherein at
least one container is positioned outside the truss, the at
least one container positioned outside the truss is inflated
prior to penetrating in the underwater bottom. This further
reduces the amount of bottom material that may adhere
to the leg.

[0023] The jack-up platform may be disconnected from
the underwater bottom after it has performed its opera-
tions at an offshore site. Thereto a method is provided
that further comprises raising the legs from a support
position in which an enlarged foot section (or can) pro-
vided at a lower end of the legs engages or penetrates
the underwater bottom to a docking position close to the
horizontal work deck of the jack-up vessel.

[0024] In a preferred embodiment of the method at
least one container is deflated while the leg is still pene-
trated in the underwater bottom. This allows pulling the
leg from the underwater bottom with less force. In retriev-
ing the legs from the bottom, bottom material may accu-
mulate on top of the (partly) deflated container(s), but the
amount is reduced, due to the presence of optional con-
tainers and/or containers that are still inflated and occupy
volume.

[0025] To shed or shake off underwater bottom mate-
rial efficiently, the method according to an embodiment
provides that the at least one container that has been
deflated is inflated again after it has left the underwater
bottom. This process is further facilitated by an embod-
iment wherein the at least one container is brought in
vibration.

[0026] In a further embodiment of the method accord-
ing to the invention at least one container and preferably
each container is deflated before the legs enter their
docking position. The jack-up vessel is able to sail to
another offshore site when each leg is in its docking po-
sition. The invention allows positioning a jack-up vessel
on an underwater bottom and disconnecting the vessel
from an underwater bottom in a lesser amount of time
than known in the art.
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BRIEF DESCRIPTION OF DRAWINGS

[0027] The invention will now be elucidated with refer-
ence to the following figures, without however being lim-
ited thereto. In the figures:

Fig. 1 is a schematic perspective view of a jack-up
vessel according to an embodiment of the invention;
Fig. 2A is a schematic side view of a jack-up vessel
according to the state of the art in a jacked-up posi-
tion;

Fig. 2B is a schematic side view of a jack-up vessel
according to the state of the art in a floating position;
Fig. 3Ais a schematic top view of a truss leg accord-
ing to an embodiment of the invention;

Fig. 3B is a schematic side view of the truss leg ac-
cording to the embodiment shown in figure 3A;

Fig. 4A is a schematic side view of a jack-up vessel
according to an embodiment of the invention in a
jacked-up position;

Fig. 4B is a schematic side view of a jack-up vessel
according to an embodiment of the invention in a
floating position;

Fig. 5A is a schematic side view of a jack-up vessel
according to the embodiment shown in figure 4 in a
jacked-up position;

Fig. 5B is a schematic side view of a jack-up vessel
according to the embodiment shown in figure 4 in a
floating position;

Fig. 6A is a schematic side view of a jack-up vessel
according to the embodiment shown in figure 4 in a
floating position;

Fig. 6B is a schematic side view of a jack-up vessel
according to the embodiment shown in figure 4 in a
sailing position;

Fig. 7 is a schematic side view of a jack-up vessel
according to an embodiment of the invention in a
floating position; and

Fig. 8 finally shows a schematic side view of a truss
leg according to another embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Referringtofigure 1, ajack-up vessel 1is shown
for placing an object 3 on an underwater bottom 2 or for
performing other offshore operations. The jack-up vessel
1 comprises a hull 5 such that it can navigate autono-
mously through thrusters 8 to an offshore location, where
it can be positioned and connected to the underwater
bottom 2 by lowering a number of truss legs (or spud
poles) 4 onto the underwater bottom 2. The legs 4 may
for this purpose be moved from a docking position 54
(seealsofigures 2A and 2B) provided in the hull 5 towards
the underwater bottom 2 by means of a rack and pinion
system 7 such that the legs 4 engage or even penetrate
the underwater bottom 2. The hull 5 of jack-up vessel 1
is then fixed relative to the underwater bottom 2 but may
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still be floating, as shown in figure 2A for instance. The
hull 5 may also be raised further out of the water, as
shown in figure 1, such that a work deck 51 of the hull 5
is situated meters above the water surface 20. The truss
legs 4 are at a lower end provided with enlarged foot
sections 40 (also referred to as mud mats) to prevent the
legs 4 from penetrating into the underwater bottom 2 too
far. On the work deck 51 of hull 5 are provided several
objects 3 to be placed, as well as a crane 6, pivotable
about pivot 60. The work deck 51 of hull 5 further com-
prises a gripping construction 10 configured to engage
an object 3 suspended from crane 6.

[0029] Itshould be noted that the configuration of figure
1 is given for illustrative purposes only and any other
jack-up vessel 1 having legs 4 and employed for any
other purpose may be used in the present invention.
[0030] The underwater bottom 2 in many cases com-
prises a relatively soft material such as mud, silt, clay,
sedimentary material or other known soft material that
may adhere to a lower portion of each leg 4, and/or may
accumulate on top of the foot section 40 as a mass 2adh.
Referring to figure 2A and upon retrieval of the legs 4
from the underwater bottom 2 by moving the legs 4 in
the upward direction 19, the additional weight of the ad-
hered materials 2adh may require higher pulling forces,
and further may hinder retracting the legs 4 into their
docking positions 54 close to the work deck 51. According
to the state of the art, the adhered materials 2adh are
removed, for instance by divers, which is a time-consum-
ing operation.

[0031] Ajack-up vessel 1 according to an embodiment
of the invention is partly shown in figures 4A and 4B. The
truss legs 4 are at a lower portion provided with a plurality
of closable containers 9. As also shown in figures 3A and
3B, the truss legs 4 are triangular in cross-section, and
the containers 9 comprise a first set of containers 9a po-
sitioned inside the truss. Indeed, a cross-section of the
truss leg 4 is built from outer steel members 4b, between
which extend a number of inner truss members 4a that
together delimit four triangular subspaces 4c. The inside
containers 9a are each contained within a substantially
vertical cylinder having one of the subspaces 4c as base
plane. According to the embodiment shown, the contain-
ers 9 further comprise a second set of containers 9b po-
sitioned outside the truss. Indeed, the outside containers
9b are positioned within a virtual cylinder having the ex-
tended foot section as base and outside a substantially
vertical cylinder having the triangular cross-section of the
leg 4 as base plane. The containers 9 extend vertically
along a leg 4 over a distance 12 at least equal to the
penetration depth of the leg 4 in the underwater bottom 2.
[0032] The containers 9 are positioned above the foot
section 4 and are made of a flexible material, such as
rubber, and they can be inflated with for instance com-
pressed air or (surrounding) water between an empty
state, as for instance shown if figure 5A for the outer
containers 9b, and an inflated state, as shown in figure
5A for the inside containers 9a. Jack-up vessel 1 is there-
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to provided with inflating and/or deflating means for bring-
ing the containers 9 to a state between the empty and
the inflated state. As shown in figures 4A and 4B, suitable
means comprise a compressor pump 52, provided on
the work deck 51. The compressor pump 52 pumps water
from the surrounding sea 21 to an inlet 90 of the contain-
ers 9, for instance through hoses 55 connecting the com-
pressor 52 with the inlets 90. A controlling device 53 pro-
vided on the work deck 51 may regulate the pressure
inside each container 9 through remote control of pres-
sure gages and/or valves provided on the containers 9,
in order to maintain the desired pressure within the con-
tainers 9, and for instance change the pressure inside
the containers 9 with the submersed depth of the con-
tainers 9.

[0033] The surface of the containers 9 may be coated
with a non-stick coating layer, for instance based on a
fluorinated polymer, such as PTFE. The containers are
removably connected to members (4a, 4b) of the truss
leg 4, for instance by tying.

[0034] The containers 9 are used to advantage when
positioning and disconnecting the jack-up vessel 1 on
and from the underwater bottom 2. Positioning the jack-
up vessel 1 on the underwater bottom 2 involves lowering
each truss leg 4 from its docking position 54 to a support
position, shown in figures 4A and 5A, in which the en-
larged foot section 40 of each truss leg 4 has penetrated
the underwater bottom 2 over a stable distance 13. Dur-
ing lowering of the legs 4 and penetrating the underwater
bottom 2, the containers 9a positioned inside the truss
leg 4 are in an inflated state, as shown in figures 4A and
5A. This prevents bottom material from entering the in-
side volumes 4c of the truss legs 4. The outside contain-
ers 9b are preferably also in an inflated state, see figure
4A. The height 12 of the containers 9 is chosen such that
the legs 4 stably penetrate to a penetration depth 13
which is about equal to the extensional height 12 of the
containers 9 along the legs 4. This prevents bottom ma-
terial accumulation on top of the containers 9.

[0035] When the legs 4 need to be retracted from the
bottom 2 to free the jack-up vessel 1 from the bottom,
eachtrussleg4israised fromits support positionin which
the foot section 40 engages or is embedded in the un-
derwater bottom 2 to its docking position 54. A first em-
bodiment is shown in figure 4B in which the outside con-
tainers 9b remain in an inflated state during raising of the
truss legs 4. This considerably reduces the amount of
bottom material 2adh adhered to the foot section 40 and
other parts of the legs 4, such as the containers 9. This
facilitates removing the truss legs 4 from the bottom 2.
[0036] A second embodiment is shown in figures 5A
and 5B in which the inside containers 9a remain in an
inflated state during raising of the truss legs 4. The out-
side containers 9b however are deflated while the legs
4 are still penetrated in the underwater bottom, see figure
5A. This facilitates removing the truss legs 4 and foot
sections 40 from the bottom 2, this however having the
drawback of a slightly increased amount of bottom ma-
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terial 2adh adhered to the foot section 40 and other parts
of the legs 4, as shown in figure 5B. This additional
amount of bottom material 2adh is relatively easy re-
moved from the legs 4 by a further step of the method
wherein the outer containers 9b that were deflated are
inflated again to a partly or fully inflated state after the
containers 9b have left the underwater bottom 2. This
method step, shown in figure 6A, effectively shakes off
adhered underwater bottom material 2adh. Preferably,
the containers 9b are simultaneously brought in vibration
15 by pulsating the inner pressure of the containers 9b,
as schematically shown by hydraulic impulse means.

[0037] A laststep, shown in figure 6B involves jacking
up the legs 4 further until they can be accommodated
inside the docking positions 54. The outside containers
9b are deflated before entering their docking position 54.
[0038] As shown in figure 7, the inside containers 9a
and/or the outside containers 9b may be provided with
pressure valves 56 for releasing excess pressure from
within the containers 9. Stacking a plurality of smaller
containers (9a-1, 9a-2,..., 9a-8) inside a truss leg 4, as
shown in figure 8, may be beneficial in terms of flexibility.

Claims

1. Jack-up vessel comprising a horizontal work deck
and a number of legs for supporting the work deck
on an underwater bottom, whereby a lower end of
the legs comprises an enlarged foot section adapted
to penetrate an underwater bottom over a penetra-
tion depth of the legs, whereby the legs are provided
with atleast one closable container for acompressed
medium, whereby the at least one container is posi-
tioned above the foot section within a virtual cylinder
having the foot section as base, and extends along
aleg.

2. Jack-up vessel according to claim, wherein the at
least one container extends along a leg over a dis-
tance at least equal to the penetration depth of the
leg in the underwater bottom.

3. Jack-upvesselaccording toany one of the preceding
claims, wherein the at least one container is made
of a flexible material and the container is inflatable
with the medium between an empty and an inflated
state.

4. Jack-up vessel according to claim 3, further compris-
ing inflating and/or deflating means for bringing the
at least one container to a state between the empty
and the inflated state.

5. Jack-up vessel according to claim 4, wherein the in-
flating and/or deflating means comprise a source of
compressed medium and a medium inlet provided
on the at least one container in medium communi-
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10.

1.

12.

13.

14.

15.

cation with the source.

Jack-up vessel according to claim 4 or 5, wherein
the inflating and/or deflating means are adapted to
change the pressure inside the at least one container
with the level of submersion of the at least one con-
tainer.

Jack-up vessel according to any one of the preceding
claims, wherein a surface of the at least one contain-
er is non-sticking, more preferably is provided with
a non-stick coating layer.

Jack-up vessel according to any one of the preceding
claims, wherein the medium comprises air or water,
preferably surrounding water.

Jack-up vessel according to any one of the preceding
claims, wherein the at least one container is remov-
ably connected to a leg.

Jack-up vessel according to any one of the preceding
claims, wherein the legs are truss-shaped and at
least one container is positioned inside the truss.

Jack-up vessel according to any one of the preceding
claims, wherein the legs are truss-shaped and at
least one container is positioned outside the truss.

Jack-up vessel according to claim 10 or 11, wherein
the at least one container positioned outside the
truss is made of a flexible material and the container
is inflatable with the medium between an empty and
an inflated state.

Jack-up vessel according to any one of the preceding
claims, further comprising vibratory means for bring-
ing the at least one container in vibration.

Method for positioning a jack-up vessel on an under-
water bottom, the method comprising lowering a
number of legs from a docking position close to a
horizontal work deck of the jack-up vessel to a sup-
port position in which an enlarged foot section pro-
vided at a lower end of the legs penetrates the un-
derwater bottom over a penetration depth of the leg,
whereby the legs are provided with at least one clos-
able container for a compressed medium, and the
container is positioned above the foot section within
a virtual cylinder having the foot section as base, and
extending along a leg, whereby the closable contain-
er is inflated to prevent accumulation of underwater
bottom material on top of the foot section of the legs.

Method according to claim 14, wherein the at least
one container is made of a flexible material and the
container is inflated with the medium and/or deflated
between an empty and an inflated state.
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16. Method according to claim 15, wherein the pressure
inside the at least one container is changed with the
level of submersion of the at least one container.
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