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Description
FIELD OF THE INVENTION

[0001] The invention relates to a device for carrying
under water a positioning framework which is configured
to arrange foundation piles ordered in ageometric pattern
in an underwater bottom. The invention likewise relates
to a method for arranging foundation piles in an under-
water bottom.

BACKGROUND OF THE INVENTION

[0002] The invention will be elucidated hereinbelow
with reference to an offshore wind turbine. The reference
to a wind turbine does not imply that the invention is lim-
ited to the use in the context of such a wind turbine. The
device and the method can likewise be applied on any
other structure, such as jetties, radar and other towers,
platforms and the like. The support structure of a wind
turbine normally has a slender design, for instance in the
form of a tube or pillar. This pillar structure has to be
coupled to a foundation in the bottom. For offshore wind
turbines, which are placed in relatively shallow water, it
is possible to make use of one mast extending from the
machinery housing of the wind turbine to the foundation.
In addition to such a mono-pole construction, the support
structure of an offshore wind turbine can also comprise
a tubular upper part and a lower part in the form of a
lattice structure, also referred to as a jacket. A large part
of the jacket extends underwater, where the jacket finds
support on a foundation arranged in the underwater bot-
tom.

[0003] A known method for arranging foundation piles
in an underwater bottom makes use of an offshore plat-
form which is fixed relative to the underwater bottom by
means of spud poles resting on the underwater bottom.
A positioning framework is then lowered onto the under-
water bottom from the platform. A known positioning
framework comprises mutually connected guide tubes
for foundation piles arranged in a geometric pattern. The
foundation piles are then carried through the guide tubes
using a lifting crane present on the platform and driven
into the underwater bottom using for instance pile-driving
means. Once all the foundation piles have been arranged
in the underwater bottom the jacket is arranged on the
formed foundation by arranging legs of the jacket in the
piles (also referred to as pin piling) or around the piles
(also referred to as sleeve piling). The foundation piles
and the legs of the jacket are configured to bring about
a mutual connection. Hollow foundation piles are for in-
stance thus provided in the case of pin piling, and hollow
legs of the jacket in the case of sleeve piling.

[0004] Itis of great importance to arrange the founda-
tion piles at the correct positions in the underwater bottom
and to ensure that the foundation piles are arranged in
the underwater bottom at a precisely determined angle.
Itis thus only possible in many cases to allow a maximum
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angular deviation of 1° relative to the vertical direction.
Use is therefore made in the known method of a platform
and positioning framework resting on the underwater bot-
tom.

[0005] The known method is however less suitable
when a foundation has to be formed in a relatively weak
underwater bottom. Due to a reduced load-bearing ca-
pacity of at least an upper layer of the underwater bottom
there is a risk of platform and/or positioning framework
sinking into the top layer, which is undesirable, particu-
larly during pile-driving.

[0006] The invention has for its object to provide a de-
vice and method for arranging foundation piles in accu-
rate manner in an underwater bottom with reduced load-
bearing capacity.

SUMMARY OF THE INVENTION

[0007] Theinvention provides for this purpose a device
for carrying under water a positioning framework which
is configured to arrange foundation piles ordered in a
geometric pattern in an underwater bottom, the device
comprising a floating body with sufficient buoyancy to
float on a water surface and provided with anchor means
which can hold the floating body in position relative to
the underwater bottom, and an elongate guide construc-
tion for the positioning framework which is connected to
the floating body and lowerable onto the underwater bot-
tom, wherein the guide construction comprises on an un-
derside thereof a support means which fixes the under-
side in the underwater bottom and allows a rotation
around an axis running perpendicularly of a longitudinal
axis of the guide construction.

[0008] The floating body not only imparts buoyancy to
the positioning framework, whereby the positioning
framework can be transported relatively easily in floating
manner to a desired location, but also allows the posi-
tioning framework to be positioned at different depths
under water using the guide construction. It is thus pos-
sible for instance to carry the positioning framework to a
small height above the underwater bottom without it sup-
porting on the underwater bottom. In order to enable ac-
curate positioning of the positioning framework it is no
longer necessary according to the invention to have the
positioning framework rest on the underwater bottom.
With the invented positioning framework it becomes pos-
sible to arrange foundation piles in an underwater bottom
with at least an upper layer which has relatively little load-
bearing capacity. Possible sinking of a positioning frame-
work placed on an underwater bottom s likewise reduced
or even prevented.

[0009] An embodiment according to the invention pro-
vides a device in which a positioning framework is con-
nected rigidly to the guide construction and is located
under the floating body.

[0010] Another embodimentaccording to the invention
relates to a device wherein a positioning framework is
connected to the guide construction for displacement
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along the longitudinal axis of the guide construction, and
is located under the floating body.

[0011] In yet another embodiment of the device ac-
cording to the invention the guide construction is con-
nected to the floating body by means of a connection
pivoting around an axis running perpendicularly of a lon-
gitudinal axis of the guide construction.

[0012] Afurtherembodimentrelatesto adevice where-
in the guide construction is connected to the floating body
by means of a connection pivoting around two axes run-
ning perpendicularly of a longitudinal axis of the guide
construction.

[0013] Itis advantageous according to an embodiment
of the invention to provide a device wherein the guide
construction is connected to the floating body by means
of a connection which allows substantially no rotation of
the guide constructionrelative to the floating body around
an axis running parallel to the longitudinal axis of the
guide construction.

[0014] It can also be desirable in yet another embodi-
ment for the device to be characterized in that the guide
construction is connected to the floating body in a central
position of a work deck of the floating body.

[0015] Afurtherembodimentrelatesto adevice where-
in the support means of the guide construction allows a
rotation around two axes running perpendicularly of the
longitudinal axis of the guide construction.

[0016] In another embodiment the anchor means are
configured to rotate the guide construction around an axis
perpendicularly of a longitudinal axis of the guide con-
struction.

[0017] A suitable embodiment comprises here a de-
vice wherein the anchor means comprise traction cables
which are provided with anchors and which can be tight-
ened by means of winches mounted on the floating body,
and the resultant of the traction cable stresses does not
pass through the longitudinal axis of the guide construc-
tion. The floating body - and hereby also the guide con-
struction - can hereby be rotated around a vertical axis.
[0018] In order to support and anchor the device in the
underwater bottom the support means has in an embod-
iment a conical contact surface with the underwater bot-
tom. In another, likewise suitable, embodiment the sup-
port means comprises a spherical contact surface with
the underwater bottom. Such support means allow the
guide construction to be anchored to the underwater bot-
tom in a manner such that a rotation of the guide con-
struction relative to the underwater bottom remains pos-
sible, wherein soil displacement is limited but a transla-
tion is substantially avoided.

[0019] In an embodiment the positioning framework
comprises mutually connected guide tubes for the foun-
dation piles arranged in the geometric pattern. The di-
mensions of the positioning framework in the plane are
in principle larger than the dimensions out of the plane,
wherein the direction out of the plane corresponds to a
direction parallel to the lowering direction of the position-
ing framework. The guide tubes are adapted to receive
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and guide the foundation piles to be arranged in the un-
derwater bottom and preferably comprise cylindrical cas-
ings, the longitudinal axis of which runs parallel to the
direction of the positioning framework out of the plane.
The guide tubes are arranged in a geometric pattern,
wherein this pattern corresponds to the desired geomet-
ric pattern of the foundation piles. Tubular lattice ele-
ments extending between the guide tubes and optionally
the guide construction ensure thatthe guide tubes remain
in position during raising and lowering of the positioning
framework. It is optionally possible to make the position-
ing framework geometrically adjustable, for instance by
applying lattice elements adjustable in length.

[0020] In an embodiment the longitudinal axis of the
guide construction extends substantially parallel to a cen-
tral axis of the guide tubes.

[0021] In an embodiment the positioning framework
comprises measuring means configured to determine the
inclination of the positioning framework and/or the height
position of foundation piles arranged in the underwater
bottom. It is also possible to equip the positioning frame-
work with drive means such as for instance thrusters in
order to enable accurate positioning.

[0022] Another embodiment relates to a positioning
framework wherein the guide tubes comprise an elongate
body of a length such that they extend above the water
surface during use. This embodiment has the advantage
that it becomes simpler, from a floating body and with
the positioning framework in an immersed operating po-
sition, to guide the foundation piles through the guide
tubes. The tops of the guide tubes will after all be visible
to an operator of a lifting crane with which the foundation
piles are placed.

[0023] In afurther preferred embodiment a positioning
framework is provided according to the invention wherein
the guide tubes are sound-damping. This can forinstance
be achieved by giving the guide tubes a double-walled
form and introducing air between or along the two walls,
preferably from below. The thus created air bubble cur-
tain ensures that the sound waves occurring during ar-
ranging of the foundation piles in the underwater bottom
are damped. This is favourable for organisms living in
the surrounding area. In this embodiment the guide tubes
preferably extend from the underwater bottom to a posi-
tion above the water surface.

[0024] The invention likewise relates to a method for
arranging in an underwater bottom foundation piles or-
dered in a geometric pattern for the purpose of manufac-
turing a foundation for a mass located at height, such as
the jacket ofawind turbine or ajetty. Theinvented method
comprises the steps of providing a device according to
the invention; holding the floating body in position relative
to the underwater bottom by means of the anchor means;
lowering a positioning framework connected to the guide
construction in the direction of the underwater bottom to
an operating position, wherein the support means fixes
the underside of the guide construction in the underwater
bottom; and driving the piles into the underwater bottom
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through the guide tubes of the positioning framework in
the operating position. The desired position of at least
one foundation pile is generally determined beforehand,
and the positioning framework is positioned using the
floating body and the anchor means such that at least
one guide tube of the positioning framework is situated
directly above said pile position.

[0025] Inanembodiment ofthe method the positioning
framework is connected rigidly to the guide construction
and is situated under the floating body, and the guide
construction is lowered into the operating position. In an
alternative embodiment of the method the positioning
framework is situated under the floating body and is dis-
placed along the longitudinal axis of the guide construc-
tion into the operating position.

[0026] Provided in yet another embodiment is a meth-
od wherein the guide construction is aligned substantially
vertically in the operating position by displacing the float-
ing body, wherein the guide construction is rotated rela-
tive to the connection to the floating body around an axis
running perpendicularly of the longitudinal axis of the
guide construction.

[0027] Anotherembodimentprovides amethod where-
in the guide constructionis aligned substantially vertically
in the operating position by displacing the floating body,
wherein the guide construction is rotated relative to the
connection to the floating body around two axes running
perpendicularly of the longitudinal axis of the guide con-
struction.

[0028] It is advantageous when according to an em-
bodiment the guide construction is not rotated relative to
the floating body around an axis running parallel to the
longitudinal axis of the guide construction. The guide con-
struction can hereby be rotated in simple manner around
the associated axis by rotating the floating body around
this axis. This can be achieved for instance with an em-
bodiment wherein the guide construction is rotated by
means of the anchor means around an axis running per-
pendicularly of a longitudinal axis of the guide construc-
tion.

[0029] The arranging of a first pile through the at least
one guide tube fixes the positioning framework. In a fixed
position the guide tubes for the other piles will automat-
ically be located in their correct positions because their
relative positions are determined by the geometric design
of the positioning framework. A position determination
for each individual pile is hereby no longer necessary.
[0030] The foundation piles can be arranged in the un-
derwater bottom in any manner, such as for instance by
means of a pneumatic or hydraulic hammer, generally
from the floating device.

[0031] Once the foundation piles have been arranged
in the underwater bottom, the positioning framework can
if desired be removed by being lifted with lifting means
present on the floating device, but preferably by raising
the positioning framework with a hoisting system asso-
ciated with the guide construction, or raising it simulta-
neously with the guide construction. The positioning
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framework can then be transported away together with
the floating body in floating state.

[0032] The invention further relates to a method for in-
stalling on a foundation a mass located at height, such
as the jacket of a wind turbine or a jetty, wherein the
foundation comprises a number of foundation piles ar-
ranged by means of the above described method in an
underwater bottom, the method comprising of arranging
legs of the mass located at height into or around the piles,
and anchoring the legs to the foundation piles by means
of grouting.

[0033] The method according to the invention is par-
ticularly suitable for application with cylindrical (optional-
ly) hollow foundation piles having an outer diameter of
at least 1.2 m, more preferably at least 1.5 m, and most
preferably atleast 1.8 m, and with an (optional) wall thick-
ness of 0.01 to 0.1 m, more preferably of 0.02 to 0.08 m,
and most preferably of 0.04 to 0.06 m.

[0034] The method according to the inventionis further
particularly suitable for cylindrical (hollow) foundation
piles with a length of more than 20 m, more preferably
at least 25 m and most preferably at least 30 m, and a
weight of 20 to 250 tonnes, more preferably of 60 to 200
tonnes and most preferably of 75 to 180 tonnes.

BRIEF DESCRIPTION OF THE FIGURES

[0035] The invention will now be elucidated in more
detail with reference to the drawings, without otherwise
being limited thereto. In the figures:

Fig. 1is a schematic perspective view of an embod-
iment of the device according to the invention;

Fig. 2 is a schematic top view of the embodiment of
the device according to the invention shown in figure
1;

Fig. 3 is a schematic side view in the Y-direction of
the embodiment of the device according to the in-
vention shown in figure 1;

Fig. 4 is schematic side view in the X-direction of the
embodiment of the device according to the invention
shown in figure 1;

Fig. 5 is a schematic perspective view of another
embodiment of the device according to the invention;
Fig. 6 is a schematic top view of the embodiment of
the device according to the invention shown in figure
5;

Fig. 7 is a schematic side view in the Y-direction of
the embodiment of the device according to the in-
vention shown in figure 5;

Fig. 8 is a schematic side view in the X-direction of
the embodiment of the device according to the in-
vention shown in figure 5; and

Fig. 9 shows schematically a jacket of a wind turbine
placed according to the invention on a foundation of
piles.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0036] Shown with reference to figure 1 is an embod-
iment of a device 10 according to the invention. Device
10is suitable for carrying a positioning framework 1 under
water. Foundation piles 40 ordered in a geometric pattern
can be arranged in an underwater bottom 30 with posi-
tioning framework 1.

[0037] Theshownembodimentofdevice 10 comprises
a floating body in the form of a pontoon, or the shown
combi-float 11, which is assembled from a number of (21)
pontoons connected together. The chosen dimensions
of combi-float 11 in transverse directions X and Y are
smaller than the transverse distance between guide
tubes (2a, 2b, 2¢, 2d) of positioning framework 1. Combi-
float 11 further has sufficient buoyancy to float on a water
surface 32 during use. Combi-float 11 can be carried to
a desired location by a vessel using towing cables 28.
Combi-float 11 is provided with anchor means in the form
of four traction cables 12, which are provided at an outer
end with anchors (not shown) for engagement with un-
derwater bottom 30. Traction cables 12 can be tightened
by means of winches 14 present on a work deck 13 of
combi-float 11, whereby combi-float 11 can be displaced
over water surface 32 in the transverse directions X and
Y. In order to also enable rotation of combi-float 11
around an axis running in vertical direction Z the resultant
of the traction cable stresses preferably does not pass
through the geometric centre of work deck 13 of combi-
float 11. Combi-float 11 can be held in position relative
to underwater bottom 30 by tightening all traction cables
12.

[0038] Device 10 further comprises an elongate guide
construction for a positioning framework 1. The guide
construction takes the form of a guide pillar 15 which is
connected to combi-float 11 and which can be lowered
onto underwater bottom 30, and can likewise be raised,
by means of a jack-up device 16 or other lifting device.
Guide pillar 15 comprises on an underside thereof a sup-
port base 17 for supporting on underwater bottom 30. In
the embodiment shown in figures 1-4 support base 17
has a spherical contact surface 17a (in the form of a
spherical segment) with underwater bottom 30. An upper
part 17b of support base 17 takes a conical form, wherein
this upper part 17b widens in the direction of underwater
bottom 30 in order to provide sufficient support surface.
The spherical contact surface 17a on the one hand pro-
vides sufficient fixation of the underside of guide pillar 15
to underwater bottom 30, but allows on the other a rota-
tion of guide pillar 15 around axes X and Y running per-
pendicularly of a longitudinal axis 15a of guide pillar 15.
Arotation Ry around the Y-axis is shown in figure 3, while
figure 4 shows a rotation Rx around the X-axis. The ro-
tations Rx and Ry can be obtained by tightening and/or
paying out some traction cables 12, whereby combi-float
11 is displaced through a relatively small distance and
guide pillar 15 rotates around the X-axis and/or the Y-
axis. Guide pillar 15 can in this way be placed in a pre-
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cisely determined vertical position, wherein longitudinal
axis 15a runs parallel to the vertical direction Z.

[0039] The support means of the guide construction,
in particular support base 17 of guide pillar 15, is prefer-
ably embodied with a hollow inner space to which a me-
dium with a lower density than water (for instance air)
can be supplied so as tobe able to increase the buoyancy
of the guide construction.

[0040] Guide pillar 15 is connected to combi-float 11
at a central position on work deck 13 of combi-float 11.
Work deck 13 of combi-float 11 is provided for this pur-
pose with a central opening 18 which provides access to
the water mass and through which guide pillar 15 runs.
In the embodiment shown in figure 1 guide pillar 15 is in
a lowered operating position, wherein only a small part
of guide pillar 15 still protrudes above work deck 13 and
the greater part extends via opening 18 to a position be-
low water surface 32.

[0041] The connection of guide pillar 15 to combi-float
11 comprises an outer frame 19a whichis arranged round
the peripheral surface of guide pillar 15 and which can
rotate around the Y-axis around a pivot shaft 18b mount-
ed on edges of opening 18 via supports 18a. The con-
nection further comprises an inner frame 19b which is
arranged round the peripheral surface of guide pillar 15
and which can rotate around the X-axis around a pivot
shaft 18c mounted in outer frame 19a. Jack-up device
16 engages on the peripheral surface of guide pillar 15
and supports on inner frame 19b. It will be apparent that
there are other possible embodiments for configuring the
cardan coupling between guide pillar 15 and combi-float
11. The described cardan coupling allows guide pillar 15
to rotate around two axes X and Y running perpendicu-
larly of longitudinal axis 15a of guide pillar 15.

[0042] As shown in figure 1 the connection (18a, 18b,
18c, 19a, 19b) between guide pillar 15 and combi-float
11 is configured such that it allows substantially no rota-
tion of guide pillar 15 around an axis Z running parallel
to longitudinal axis 15a of guide pillar 15. Such a move-
ment of guide pillar 15 can be realized by rotating combi-
float 11 around an axis running in vertical direction Z us-
ing traction cables 12 as already noted above.

[0043] According to the embodiment shown in figures
1-4, a positioning framework 1 is connected rigidly to
guide pillar 15, this such that positioning framework 1 is
located under combi-float 11. A positioning framework 1
according to the invention comprises four cylindrical
guide tubes (2a, 2b, 2c, 2d) placed at corner points and
configured to receive and guide a pile 40. Guide tubes
(2a, 2b, 2¢, 2d) are connected rigidly to the conical upper
part 17b of support base 17 by lattices (3a, 3b, 3c, 3d)
constructed from tubular structural elements. Cross brac-
es (4a, 4b) between the lattices (3a, 3b, 3¢, 3d) provide
additional structural stiffness, wherein the cross braces
are provided if desired with female docking stations (5a,
5b) which co-act with male docking stations (20a, 20b)
provided on an underside of combi-float 11 for the pur-
pose of docking positioning framework 1 in a rest position
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against the underside of combi-float 11. The longitudinal
axis 15a of guide pillar 15 extends substantially parallel
to a central axis of guide tubes (2a, 2b, 2¢,2d).

[0044] Guide tubes (2a, 2b, 2c,2d) are held in a fixed
position relative to each other by side lattices (3a, 3b, 3c,
3d) and cross braces (4a, 4b), this such that guide tubes
(2a, 2b, 2c, 2d) are arranged in a geometric pattern, this
pattern being in the embodiment shown in figure 1 a
quadrilateral with a side of for instance 20 m. Any other
geometric pattern is however possible, such as a triangle
or other polygon, or for instance a circle. Each guide tube
(2a, 2b, 2¢, 2d) can if desired be supported by a foot (not
shown) and extend above water surface 32 during use.
Guide tubes (2a, 2b, 2c, 2d) can also take a sound-damp-
ing form, which can for instance be achieved by giving
the tubes (2a, 2b, 2c, 2d) a double-walled form and in-
troducing air between the two walls from below. Guide
tubes (2a, 2b, 2c, 2d) are further preferably provided on
an upper side with inlet funnels (6a, 6b, 6¢, 6d) for a pile
40 to be received.

[0045] Shown with reference to figures 5-8 is another
embodiment of device 10 according to the invention. The
reference numerals stated in figures 5-8 designate the
same components as in figures 1-4 and reference is
made to the description of figures 1-4 for a description
of these components, to the extent the components do
not differ appreciably. The shown embodiment of device
10 comprises a floating body in the form of a circular
pontoon 21, the chosen diameter of which is smaller than
the transverse distance between guide tubes (2a, 2b, 2c,
2d) of positioning framework 1. Pontoon 21 has sufficient
buoyancy to float on a water surface 32 during use. Pon-
toon 21 is further provided with anchor means in the form
of four traction cables 12 which can be tightened by
means of winches 14 present on a work deck 13 of pon-
toon 21, whereby pontoon 21 can be displaced in trans-
verse directions X and Y over water surface 32. In order
to enable rotation of pontoon 21 round an axis running
in vertical direction Z, the resultant of the traction cable
stresses preferably does not pass through the geometric
centre of work deck 13 of pontoon 21. Pontoon 21 can
be held in position relative to underwater bottom 30 by
tightening all traction cables 12.

[0046] Device 10 further comprises a guide pillar 15
for a positioning framework 1, which guide pillar 15 is
connected to pontoon 21 and can be lowered onto un-
derwater bottom 30, and can likewise be raised, by
means of ajack-up device 16 or other lifting device. Guide
pillar 15 comprises on an underside thereof a conical
contact surface 27 with underwater bottom 30, whereby
the underside of guide pillar 15 penetrates partially into
underwater bottom 30 and wherein contact surface 27
tapers in the direction of underwater bottom 30.

[0047] The conical contact surface 27 on the one hand
provides sufficient fixation of the underside of guide pillar
15 to underwater bottom 30, but on the other allows a
rotation of guide pillar 15 around axes X and Y running
perpendicularly of a longitudinal axis 15a of guide pillar
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15. A rotation Ry around the Y-axis is shown in figure 7,
while figure 8 shows arotation Rx around the X-axis. The
rotations Rx and Ry can be obtained by tightening and/or
paying out traction cables 12, whereby pontoon 21 is
displaced through a relatively small distance and guide
pillar 15 rotates around the X-axis and/or the Y-axis.
Guide pillar 15 can in this way be placed in a precisely
determined vertical position, wherein longitudinal axis
15a runs parallel to the vertical direction Z.

[0048] At variance with the embodiment described in
figures 1-4, positioning framework 1 is connected for dis-
placement along the longitudinal axis 15a of guide pillar
15 to pontoon 21, wherein positioning framework 1 is
situated under pontoon 21. Positioning framework 1 can
for this purpose be lowered or raised along the peripheral
surface of guide pillar 15 by means of a central sleeve
22, which encloses guide pillar 15 in sliding manner, us-
ing a system 24 of hoisting cables and pulleys, this sys-
tem 24 being connected on one side to positioning frame-
work 1 by means of pulleys 25 and on another side to
pontoon 21 by means of pulleys 26. Figures 5 and 7 show
both a raised rest position, in which positioning frame-
work 1 is located against pontoon 21, and an operating
position in which positioning framework 1 is located in
the vicinity of underwater bottom 30.

[0049] Guide pillar 15 is connected to pontoon 21 in a
central position of work deck 13 of pontoon 21 by means
of the cardan suspension (18a, 18b, 18¢, 19a, 19b) which
has already been described above and which is arranged
in a central opening 18 which provides access to the wa-
ter mass and through which guide pillar 15 runs. The
cardan coupling allows guide pillar 15 to rotate around
two axes X and Y running perpendicularly of longitudinal
axis 15a of guide pillar 15.

[0050] As showninfigure 5, the connection (18a, 18b,
18c, 19a, 19b) between guide pillar 15 and pontoon 21
is configured such that it allows substantially no rotation
of guide pillar 15 around an axis Z running parallel to
longitudinal axis 15a of guide pillar 15. Such a movement
of guide pillar 15 can be realized by rotating pontoon 21
around an axis running in vertical direction Z using trac-
tion cables 12, as already noted above.

[0051] The positioning framework 1 shown in figures
5-8 comprises four cylindrical guide tubes (2a, 2b, 2c,
2d) placed at corner points and configured to receive and
guide a pile 40. Guide tubes (2a, 2b, 2c, 2d) are connect-
ed rigidly to central sleeve 22 and to each other by a
lattice constructed from tubular structural elements. The
lattice is provided if desired with female docking stations
(5a, 5b) which co-act with male docking stations (20a,
20b) provided on an underside of pontoon 21 for the pur-
pose of docking positioning framework 1 against the un-
derside of combi-float 11 in a rest position. Longitudinal
axis 15a of guide pillar 15 extends substantially parallel
to a central axis of guide tubes (2a, 2b, 2c,2d).

[0052] Guide tubes (2a, 2b, 2c, 2d) are held in a fixed
position relative to each other by the lattice, this such that
guide tubes (2a, 2b, 2c, 2d) are arranged in a geometric



11 EP 2 913 439 A1 12

pattern, this pattern being a quadrilateral in the embod-
iment shown in figure 1. In this embodiment each guide
tube (2a, 2b, 2c¢, 2d) can if desired also be supported by
a foot (not shown) and extend above water surface 32
during use. Guide tubes (2a, 2b, 2c, 2d) can also take a
sound-damping form. Guide tubes (2a, 2b, 2c, 2d) are
further provided on an upper side with inlet funnels (6a,
6b, 6¢, 6d) for a pile 40 to be received.

[0053] In an embodiment of the method according to
the invention a floating device (not shown) is provided in
the vicinity of pontoon 21 or combi-float 11. The floating
device is provided with hoisting means (not shown) in
the form of a lifting crane with which foundation piles 40
to be arranged in the underwater bottom from a rack can
be suspended in vertical position above a guide tube (2a,
2b, 2c, 2d) of positioning framework 1.

[0054] Guide pillar 15 is first lowered from pontoon 21
or combi-float 11 until contact surface (17a, 27) of guide
pillar 15 has penetrated at least partially into underwater
bottom 30. In the embodiment shown in figures 1-4 po-
sitioning framework 1 descends here together with guide
pillar 15 from a rest position to an operating position in
the vicinity of underwater bottom 30. Guide pillar 15 is
then brought into a substantially vertical position by
slightly displacing the pontoon 21 or combi-float if desired
in the transverse directions X and Y, wherein guide pillar
15 rotates around its contact surface (17a, 27) with un-
derwater bottom 30. Positioning frame 1 is simultaneous-
ly hereby aligned substantially horizontally. Once guide
pillar 15 has been brought into the desired position, in
the embodiment shown in figures 5-8 positioning frame
1 is lowered via hoisting system 24 into the vicinity of or
onto underwater bottom 30 in an operating position. Po-
sitioning frame 1 can in this way be placed precisely in
the desired operating position relative to underwater bot-
tom 30.

[0055] Once positioning frame 1 has been positioned
on or preferably at a certain height above underwater
bottom 30 as according to the above described embod-
iments, foundation piles 40 are placed through guide
tubes (2a, 2b, 2c, 2d) of positioning frame 1 into the po-
sition of use in bottom 30. This can take place for instance
by afoundation pile 40 being picked up by the lifting crane
from a storage rack located on work deck 13 and being
lowered until the underside of pile 40 is located at the
level of the upper side of one of the guide tubes (2a, 2b,
2c¢, 2d), and subsequently being lowered therein and be-
ing carried into underwater bottom 30 under its own
weight, in which process foundation pile 40 is guided
through the associated guide tube. Pile 40 is then driven
further into underwater bottom 30 until the top of foun-
dation pile 40 has penetrated far into the guide tube.
Foundation pile 40 can for instance be driven into bottom
30 by means of a hydraulic hammer.

[0056] The above described sequence of method
steps is then repeated a number of times, depending on
the desired number of foundation piles 40 which must be
arranged in underwater bottom 30. Because guide tubes
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(2a, 2b, 2c¢, 2d) of positioning frame 1 are automatically
situated in the correct positions, all piles can be driven
in efficient manner into bottom 30 without losing time in
determining the position for each individual pile. Because
device 10, and therefore also positioning frame 1, has
buoyancy, this frame 1 need not rest on underwater bot-
tom 30 during arranging of foundation piles 40 in under-
water bottom 30. This avoids positioning framework 1
sinking into the upper layer of underwater bottom 30.
[0057] Once all foundation piles 40 have been ar-
ranged in underwater bottom 30, positioning frame 1 can
optionally be removed by raising positioning framework
1 by means of hoisting system 24 and/or by means of
raising guide pillar 15. Support base 17 can if desired be
filled with air here. The buoyancy of positioning frame-
work 1 is hereby reduced, whereby it will make its way
more easily to water surface 32. Prior to removal of po-
sitioning framework 1 the position of foundation piles 40
and/or the vertical position of the top of each of the foun-
dation piles 40 can if desired be checked using optical
means suitable for the purpose, such as cameras.
[0058] Referring to figure 9, a jacket 150 of a wind tur-
bine 151 can be placed on the foundation realized as
described above. This can take place for instance by ar-
ranging legs 152 of jacket 150 in or around piles 40 and
anchoring the legs 152 to piles 40 by means of grouting.
[0059] The device and method according to the inven-
tion allow a pile foundation to be provided in efficient man-
ner in an underwater bottom, at least an upper layer of
which has a reduced load-bearing capacity.

Claims

1. Device for carrying under water a positioning frame-
work which is configured to arrange foundation piles
ordered in a geometric pattern in an underwater bot-
tom, the device comprising a floating body with suf-
ficient buoyancy to float on a water surface and pro-
vided with anchor means which can hold the floating
body in position relative to the underwater bottom,
and an elongate guide construction for the position-
ing framework which is connected to the floating
body and lowerable onto the underwater bottom,
wherein the guide construction comprises on an un-
derside thereof a support means which fixes the un-
derside in the underwater bottom and allows a rota-
tion around an axis running perpendicularly of a lon-
gitudinal axis of the guide construction.

2. Device as claimed in claim 1, wherein a positioning
framework is connected rigidly to the guide construc-
tion and is located under the floating body.

3. Device as claimed in claim 1, wherein a positioning
framework is connected to the guide construction for
displacement along the longitudinal axis of the guide
construction, and is located under the floating body.
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Device as claimed in any of the foregoing claims,
wherein the guide construction is connected to the
floating body by means of a connection pivoting
around an axis running perpendicularly of a longitu-
dinal axis of the guide construction.

Device as claimed in claim 4, wherein the guide con-
struction is connected to the floating body by means
of a connection pivoting around two axes running
perpendicularly of a longitudinal axis of the guide
construction.

Device as claimed in any of the foregoing claims,
wherein the guide construction is connected to the
floating body by means of a connection which allows
substantially norotation of the guide constructionrel-
ative to the floating body around an axis running par-
allel to the longitudinal axis of the guide construction.

Device as claimed in any of the foregoing claims,
wherein the guide construction is connected to the
floating body in a central position of a work deck of
the floating body.

Device as claimed in any of the foregoing claims,
wherein the support means of the guide construction
allows a rotation around two axes running perpen-
dicularly of the longitudinal axis of the guide con-
struction.

Device as claimed in any of the foregoing claims,
wherein the anchor means are configured to rotate
the guide construction around an axis perpendicu-
larly of a longitudinal axis of the guide construction.

Device as claimed in claim 9, wherein the anchor
means comprise traction cables which are provided
with anchors and which can be tightened by means
of winches mounted on the floating body, and the
resultant of the traction cable stresses does not pass
through the longitudinal axis of the guide construc-
tion.

Device as claimed in any of the foregoing claims,
wherein the support means comprises a conical con-
tact surface with the underwater bottom.

Device as claimed in any of the foregoing claims,
wherein the support means comprises a spherical
contact surface with the underwater bottom.

Device as claimed in claim 2 or 3, wherein the posi-
tioning framework comprises mutually connected
guide tubes for the foundation piles arranged in the
geometric pattern.

Device as claimed in claim 13, wherein the longitu-
dinal axis of the guide construction extends substan-
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15.

16.

17.

tially parallel to a central axis of the guide tubes.

Device as claimed in claim 13 or 14, wherein the
guide tubes comprise an elongate body of a length
suchthat they extend above the water surface during
use.

Device as claimed in any of the claims 13-15, where-
in the guide tubes are sound-damping.

Method for arranging in an underwater bottom foun-
dation piles ordered in a geometric pattern, compris-
ing the steps of:

- providing a device as claimed in any of the
foregoing claims;

- holding the floating body in position relative to
the underwater bottom by means of the anchor
means;

- lowering a positioning framework connected to
the guide construction in the direction of the un-
derwater bottom to an operating position,
wherein the support means fixes the underside
of the guide construction in the underwater bot-
tom; and

- driving the piles into the underwater bottom
through guide tubes of the positioning frame-
work in the operating position.
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