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(57) Abstract: A method of establishing an oftshore foun-
FlG 3 dation, in particular an offshore foundation for a wind tur-
bine installation, on the seabed (3), in which at least one
pile (2) is driven into the seabed (3) in order to establish
an anchor for a foundation structure is provided. In the
method, the foundation structure comprises at least one
tubular hollow foundation member (1) with a longitudinal
axis and an open longitudinal end (11) which is placed on
the seabed (3) such that the open longitudinal end (11)
shows towards the seabed (3). The pile (2) is located in the
tubular hollow foundation member (1) when it is placed
on the seabed (3) and is driven out of the tubular hollow
foundation member (1) along the longitudinal axis and
rammed into the seabed (3) to establish an anchor for the
foundation structure after placing the hollow foundation
member (1) on the seabed.
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Offshore foundation structure, offshore foundation using such

a structure and method of establishing an offshore foundation

The present invention relates to an offshore foundation

structure as well as to an offshore foundation using such an
offshore foundation structure. In addition the present inven-
tion relates to a method of establishing an offshore founda-

tion.

It is known to establish jacket constructions or tripod con-
structions on the seabed as foundations in particular for
offshore wind turbine installations. A jacket construction
is, for example, shown in US 5,988,949 or in EP 2 067 914 A2,
a tripod construction, for example, in DE 10 2004 042 066 Al.

A typical method for establishing a foundation based on a
jacked construction or a tripod construction is to prepare
the seabed prior to establishing the foundation which in-
cludes levelling out variations of the high of the seabed in
order to achieve a construction in level. Furthermore, the
method comprises establishing piles very accurately posi-
tioned in the seabed such as by means of a pre-fabricated and
pre-positioned pile positioning template structure on the

seabed.

The piles are established by using e.g. hydraulic driven
means which literally hammer the pile down into the seabed.
When the pile is established, a jacket or a tripod construc-
tion is set over a part of the pile (or piles in case of a
tripod construction) and the space between the leg and the

pile is grouted to establish a secure connection.

With respect to the mentioned state of the art it is an ob-
jective of the present invention to provide an advantageous
method of establishing an offshore foundation. Further objec-
tives are to provide an advantageous offshore foundation

structure and to provide an advantageous offshore foundation.
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These objectives are solved by a method of establishing an
offshore foundation as claimed in claim 1, by an offshore
foundation structure as claimed in claim 9 and by an offshore
foundation as claimed in claim 14, respectively. The depend-

ing claims contain further developments of the invention.

In the inventive method of establishing an offshore founda-
tion on the seabed, in particular an offshore foundation for
a wind turbine installation, at least one pile is driven into
the seabed in order to establish an anchor for a foundation
structure. The foundation structure comprises at least one
tubular hollow foundation member with a longitudinal axis and
an open longitudinal end. The tubular hollow foundation mem-
ber is placed on the seabed such that the open longitudinal
end shows towards the seabed. Note that the longitudinal axis
of the tubular hollow foundation member may be oriented ver-
tically or skewed by a small angle, e.g. by an angle of 30°
or less, in particular 10° or less as measured from the ver-
tical direction when it is placed on the seabed, in particu-
lar in tripod constructions. The pile is inside located in
the tubular hollow foundation member, when the foundation
member is placed on a seabed. After placing the hollow foun-
dation member with the pile located therein on the seabed,
the pile is driven out of the tubular hollow foundation mem-
ber along the longitudinal axis and rammed into the seabed to

establish an anchor for the foundation structure.

The inventive method allows to use the hollow member for
guiding the pile and/or the driving means, when the pile it
is rammed into the seabed. In this context it is advantageous
if the pile is driven out of the tubular hollow foundation
member and rammed into the seabed by means of a drive means
or hammer means which is located inside the tubular hollow
foundation member. In particular, the drive means may be at-
tached to or at least partly integrated into the pile. The
drive means or hammer means may stay inside the tubular hol-

low foundation member after the pile has been driven out of
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the tubular hollow foundation member and rammed into the sea-
bed. If the drive means or hammer means is attached to or at
least partly integrated into the pile this means that drive
means is part of the pile itself. Hence, for driving the pile
into the seabed it is not necessary to occupy a vegssel like a
crane vessel, with a task of holding and operating the driv-
ing means. Hence, the vessel can be utilized on other sites.
This in turn is cost effective and time saving. Furthermore,
since the operation of the driving means or hammer means is
not dependent on a vessel it can be operated under substan-
tially any weather conditions, which in turn is also cost ef-
fective and time saving. In addition, in case of more than
one hollow tubular member the drive means or hammer means can
be established and operated in more than one hollow member at
a time, i.e. timely parallel, whereas it is known from the
prior art to install only one pile at the time as the pile
driving of each pile is dependent on driving equipment con-

nected to the crane of a vessel.

The drive means or hammer means can be designed such as to be
relative cheep to build and therefore can be left in the con-

struction once used.

As already mentioned, the at least one tubular hollow founda-
tion member used in the inventive method may be a leg of a
jacket or a tripod structure. It may be designed such that
each leg of the structure is a tubular hollow foundation mem-
ber with a pile located therein which is driven out of the
respective leg and rammed into the seabed after the jacket or
tripod structure is set on the seabed. In particular, the
piles of the legs may be driven out of the respective leg and
rammed into the seabed simultaneously. By this method the
legs of a jacket or tripod foundation can be anchored in the
seabed simultaneously in a cost effective and time saving
manner since it is not necessary to use three vessels to ram
the piles into the seabed or to ram the piles into the seabed

after each other when only one vessel is available.
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After the pile has been a driven out of the tubular hollow
foundation member and rammed into the seabed the space be-
tween the tubular hollow foundation member and a part of the
pile remaining inside the tubular hollow foundation member
can be grouted in order to increase the stability of the

foundation.

According to a further aspect of the present invention, an
offshore foundation structure, in particular an offshore
foundation structure for a wind turbine is provided. The
foundation structure is adapted to being installed on the
seabed and comprises at least one tubular hollow foundation
member with a longitudinal axis and an open longitudinal end
which is designed to be placed on the seabed such that the
open hollow end shows towards the seabed. The tubular hollow
foundation member may be formed by a leg of a jacket struc-
ture or a tripod structure. Note, that the tubular hollow
foundation member may be oriented such that the longitudinal
axis extends vertically or skewed with respect to the verti-
cal direction. If the tubular hollow member is skewed, typi-
cal skew angles would be below 30° as measured from the ver-
tical direction. Preferred skew angles are below 10°. A pile
and a drive means or hammer means are located inside the tu-
bular hollow foundation member. The drive means or hammer
means is designed to drive the pile out of the tubular hollow
foundation member along the longitudinal axis and to ram it
into the seabed to establish an anchor for the foundation

Structure.

Since the drive means or hammer means 1is located inside the
hollow foundation member. The tubular hollow foundation mem-
ber can act as a guide for the drive means or hammer means as

well as for the pile.

The drive means may, in particular, be attached to the pile.
Alternatively, it may at least be partly integrated into the
pile. By attaching the drive means to or integrating the

drive means at least partly into the pile the pile can be
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driven into the seabed without the necessity to occupy a
crane vessel with a task of holding and operating the drive
means. Hence, the vessel can be utilized on other sites. This
in turn is cost effective and time saving. Moreover, since
the operation of the drive means is not depending on a vessel
it can be operated under substantially any weather condi-
tions, which is in turn also cost effective and time saving.
In addition, piles and drive means can be established and op-
erated in more than one leg at the same time, i.e. timely
parallel, whereas it is known from prior art to install only
one pile at the time as the pile driving of each pile is de-
pending on driving equipment connected to the crane of a ves-
sel. Since the driving means can be designed such that it is
relatively cheep to build it can be left in the construction

once 1t has been used.

The offshore foundation structure can further comprise at
least one control unit for controlling the drive means. In
particular, such a control unit may operate two or more drive
means, for example the drive means of different piles, so
that driving the piles into the seabed can be done in paral-

lel and, hence, in a time saving manner.

According to a third aspect of the present invention, an in-
ventive offshore foundation, in particular an offshore foun-
dation for a wind turbine installation is provided. The off-
shore foundation may, e.g., be implemented as a jacket struc-
ture or as a tripod structure. The offshore foundation is es-
tablished on the seabed and comprises at least one tubular
hollow foundation member with a longitudinal axis and an open
longitudinal end which is placed on the seabed such that the
open longitudinal end shows towards the seabed. The longitu-
dinal axis of the tubular hollow foundation member may be
oriented vertically or skewed. If skewed, the skew angle, as
measured from the vertical direction, does not exceed 30°,
and does, preferably, not exceed 10°. A pile is partly lo-
cated in the tubular hollow foundation member and partly pro-

jecting out of the tubular hollow foundation member along the
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longitudinal axis so that the projecting part is located in
the seabed to form an anchor of the foundation. Furthermore,
a drive means or hammer means is located inside the tubular

hollow foundation member.

The inventive offshore foundation can be build by use of an
inventive offshore foundation structure so that the inventive
offshore foundation offers the possibility to realise the ad-
vantages described with respect to the inventive offshore
foundation structure when establishing the offshore founda-
tion. Establishing the offshore foundation can be done ac-

cording to the inventive method.

In the inventive offshore foundation, a space may be present
between the tubular hollow foundation member and the part of
the pile which is located inside the tubular hollow founda-

tion member. This space may be grouted to increase stability

of the offshore foundation.

In all aspects of the invention described above the drive
means or hammer means may be implemented as a hydraulic
means, a pneumatic means, an electrically driven means, a mo-
tor driven means, etc. Furthermore, the number of tubular
hollow foundation members shall not be restricted to any
definite number but can be any number as long as at least one
tubular hollow foundation member is present. However, a
jacket or tripod structure offers the possibility to set the
structure on the ground when driving the piles into the sea-
bed.

Further features, properties and advantages of the present
invention will become clear from the following description of
exemplary embodiments in conjunction with the accompanying

drawings.

Figure 1 shows an inventive jacket structure of an off-
shore wind turbine foundation in a highly

schematic view.
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Figure 2 shows an inventive tripod structure of an off-
shore wind turbine foundation in a highly

schematic view.

Figure 3 schematically shows driving a pile into the
seabed according to a first embodiment of the

invention.

Figure 4 schematically shows driving a pile into the
seabed according to a second embodiment of the

invention.

Figure 5 schematically shows driving a pile into the
seabed according to a third embodiment of the

invention.

Figure 6 schematically shows driving a pile of a tripod

structure into the seabed.

An inventive jacket structure of an offshore foundation, for
example for wind turbines, is shown in Figure 1 in highly
schematic view. The jacket structure shown in this Figure
comprises three hollow legs 1 each forming a tubular hollow
foundation member. Each leg 1 is equipped with an open longi-
tudinal end 11 which is placed on the seabed 3 such that the
open longitudinal end 11 shows towards the seabed. The legs
are slightly tilted with respect to the vertical direction.
Piles 2 project through the open longitudinal ends into the
seabed 3 to form anchors for the foundation structure. The
legs 1 may be grouted, in particular the space between the
piles and the inside wall of the legs, in order to increase

stability of the structure.

Another possible offshore foundation structure by which the
invention can be realised is the so called tripod structure
that is schematically shown in Figure 2. In a tripod struc-

ture, three legs 1 forming tubular hollow foundation members
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support a main tube 8 carrying an installation like a wind
turbine. The three legs 1 are anchored in the seabed by means

of piles 2 extending out of the legs into the seabed 3.

The present invention also relates in general to an advanta-
geous method of establishing an offshore wind turbine tower
foundation such as a jacket or tripod structure as described
above with respect to Figures 1 and 2, respectively, on the

sea bed.

More specifically the invention is explained by the schemati-

cally illustrated embodiments shown in Figures 3 to 6.

Figure 3 shows a first embodiment of establishing an offshore
foundation as described above with respect to Figures 1 and
2.

According to the first embodiment, a pile 2 is inserted in a
jacket or tripod leg 1 and forced to penetrate the seabed 3
and to be driven into the seabed 3 in order to establish a

secure “anchor” for the foundation construction.

This embodiment of the invention is characterized in that the
pile 2 comprises a drive means 4 which is directly attached
to the pile 2.

The drive means 4 is prepared for being able to force the
pile 2 into and through the seabed 3 along the longitudinal
axis of the pile 2 or the hollow foundation member 1, respec-
tively. The drive means 4 may for various embodiments be hy-
draulic, pneumatic, electrically and/or fuel driven and can
in principle be any type of pile hammer which is known in the

art.

A second embodiment of establishing an offshore foundation as
described above with respect to Figures 1 and 2 is schemati-

cally illustrated in Figure 4.
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This embodiment of the invention is characterized in that the
driving means 4 is at least partly integrated in the pile 2
itself.

A third of establishing an offshore foundation as described
above with respect to Figures 1 and 2 is schematically illus-

trated in Figure 5.

This embodiment of the invention is characterized in that the
pile 2, inserted in the jacket or tripod leg 1, is driven

into the seabed 3 by a hammer means 5.

This embodiment is further characterised in that the hammer
means 5 is operated in the jacket or tripod leg 1 such as by
sliding on prepared portions of the wall of the jacket or
tripod leg 1, and/or the hammer means 5 is operated by con-
trol means such as by one or more wires 6, said control means

being external to the hammer means 5.

The hammer means 5 may be made of e.g. concrete, iron, rein-

forced concrete etc.

For various embodiments of the invention, the driving means 4
is dimensioned so that its physical dimensions are smaller

than the internal diameter of the jacket or tripod leg 1 and
consequently can be positioned and operate inside the jacket

or tripod leg 1.

For various embodiments of the invention the space between
the jacket or tripod leg 1 and the pile 2 may be grouted sub-
sequently to the establishment of the pile 2 in the seabed.

For various embodiments of the invention, the driving means 4
may be removable so that it can be removed after establishing
the pile 2 and/or grouting, or the driving means 4 may be
non-removable so that it stays installed after establishing

the pile 2 and/or grouting.
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For various embodiments of the invention, the driving means 4
may further receive control 7 from one or more control units
10 external to the means 4. The control may be communicated
between the control unit and the driving means 4 such as by
one or more electrical wire, hydraulic hose, pneumatic hose

or the like.

For various embodiments of the invention, the said one or
more control units 10, when operated, may be positioned on
the foundation structure, in the means 4 itself, in the
jacket or tripod leg 1 or on a separate construction such as

a vessgel.

For various embodiments of the invention, the said control
unit 10 may operate two or more driving means 4. This is

schematically illustrated in Figure 6.

In the embodiment shown in Figure 6 the driving means 4 of
different piles 2 are connected to a common control unit 10.
It can further be schematically seen, that when a first pile
2 with driving means 4 is prepared and set to operate in one
leg (left), a second pile can be prepared and set to operate
in another leg (right) at the same time when the first pile
is working i.e. driving one pile is not dependent on driving
another pile, so the driving process may be regarded as if it
may be done in parallel. Although a jacket structure is shown
in Figure 6 the features and function described with respect

to this Figure can also be realised with a tripod structure.

Examples for advantages which arise from the technical fea-

tures according to the invention:

The invention is advantageous in that the driving means 4 is
part of the pile 2 itself. This means that for operating the
invention it is not necessary to occupy a (crane) vessel with
a task of holding and operating the driving means. Hence the
vessel can be utilized on other sites. This in turn is cost

effective and time saving.
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The invention is furthermore advantageous in that as the op-
eration of the driving means is not dependent of a wvessel,
the means can be operated under substantially any weather

condition. This in turn is cost effective and time saving.

The invention is furthermore advantageous in that piles (and
driving means) can be established and operated in more than
one leg at a time i.e. timely parallel, whereas it is known
from prior art to install only one pile at the time as the
pile driving of each pile is dependent of driving egquipment

connected to the crane of the vessel.

The invention is furthermore advantageous in that the driving
means 4 is relative cheep to build and therefore can be left

in the construction once used.

With the present invention it becomes possible to anchor a
pre-fabricated jacket or tripod structure with two or more
legs by use of piles that are not oriented vertically but
skewed in different directions, e.g. towards a common centre.
If pre-positioned piles were skewed it would not be possible
to set a pre-fabricated jacket or tripod with two or more
legs that are skewed according to the skew of the piles over

the pre-positioned piles.
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Claims

1. A method of establishing an offshore foundation, on the
seabed (3) in particular an offshore foundation for a wind
turbine installation, in which at least one pile (2) is
driven into the seabed (3) in order to establish an anchor
for a foundation structure,

wherein

- the foundation structure comprises at least one tubular
hollow foundation member (1) with a longitudinal axis and an
open longitudinal end (11) which is placed on the seabed (3)
such that the open longitudinal end (11) shows towards the
seabed (3),

- the pile (2) is located in the tubular hollow foundation
member (1) when it is placed on the seabed (3),

- the pile (2) is driven out of the tubular hollow foundation
member (1) along the longitudinal axis and rammed into the
seabed (3) to establish an anchor for the foundation struc-
ture after placing the hollow foundation member (1) on the

seabed.

2. The method as claimed in claim 1, wherein the pile (2) is
driven out of the tubular hollow foundation member (1) and

rammed into the seabed (3) by means of a drive means (4) or
hammer means (5) which is located inside the tubular hollow

foundation member (1).

3. The method as claimed in claim 2, wherein the drive means
(4) or the hammer means (5) stays inside the tubular hollow
foundation member after the pile (2) has been driven out of
the tubular hollow foundation member (1) and rammed into the
seabed (3).

4, The method as claimed in claim 2 or claim 3, wherein the
pile (2) is driven out of the tubular hollow foundation mem-
ber (1) and rammed into the seabed (3) by means of a drive
means (4) which is attached to or at least partly integrated
into the pile (2).
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5. The method as claimed in any of the preceding claims,
wherein the at least one tubular hollow foundation member (1)

is a jacket or a leg of a tripod structure.

6. The method as claimed in claim 5, wherein each leg of a
tripod structure is deigned as a tubular hollow foundation
member (1) with a pile (2) located therein that is driven out
of the regpective leg and rammed into the seabed (3) after

the tripod structure is set on the seabed (3).

7. The method as claimed in claim 6, wherein the piles (2) of
the legs are driven out of the respective leg and rammed into

the seabed simultaneously.

8. The method as claimed in any of the preceding claims,
wherein a space between the tubular hollow foundation member
(1) and a part of the pile (2) remaining inside the tubular
hollow foundation member after its has been driven out of the
tubular hollow foundation member (1) and rammed into the sea-
bed (3) is grouted.

9. An offshore foundation structure, in particular an off-
shore foundation structure for a wind turbine, which is
adapted to being installed on the seabed (3), comprising:

- at least one tubular hollow foundation member (1) with a
longitudinal axis and an open longitudinal end (11) which is
designed to be placed on the seabed (3) such that the open
longitudinal end (11) shows towards the seabed;

- a pile (2) located in the tubular hollow foundation member
(1);

- a drive means (4) or hammer means (5) being located inside
the tubular hollow foundation member (1) and being designed
to drive the pile (2) out of the tubular hollow foundation
member (1) along the longitudinal axis and to ram it into the
seabed (3) to establish an anchor for the foundation struc-

ture.
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10. The offshore foundation structure as claimed in claim 9,
in which the foundation structure comprises a jacket with
legs at least one of which forming a tubular hollow founda-

tion member (1).

11. The offshore foundation structure as claimed in claim 9,
which comprises a tripod with legs at least one of which

forming a tubular hollow foundation member (1).

12. The offshore foundation structure as claimed in any of
the claims 9 to 11, wherein the drive means (4) is attached

to or at least partly integrated into the pile (2).

13. The offshore foundation structure as claimed in any of
the claims 9 to 12, further comprising at least one control

unit (10) for controlling the drive means (4).

14. An offshore foundation, in particular an offshore founda-
tion for a wind turbine, which is established on the seabed,
comprising:

- at least one tubular hollow foundation member (1) with a
longitudinal axis and an open longitudinal end (11) which is
placed on the seabed (3) such that the open longitudinal end
(11) shows towards the seabed (3);

- a pile (2) partly located in the tubular hollow foundation
member (1) and partly projecting out of the tubular hollow
foundation member (1) along the longitudinal axis so that the
projecting part is located in the seabed (3) to form an an-
chor for the foundation; and

- a drive means (4) or hammer means (5) being located inside

the tubular hollow foundation member (1).

15. The offshore foundation as claimed in claim 14, wherein a
space between the tubular hollow foundation member (1) and
the part of the pile (2) located inside the tubular hollow

foundation member (1) is grouted.
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