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(57) Abréegée/Abstract:

The invention relates to a gravity foundation for the Installation of offshore wind turbines, produced on a floating dock to be towed
to its final location, where It Is sunk, finally remaining entirely submerged under the level of the sea, comprising an auto-floating
concrete box (1) having a prism shape with a hexalobular base, divided into a number of cells (18) by at least one partition (14),
having a substantially concentric circular cross-section with a central cell (13), which determines internal vertical cells (18) that are
Interconnected with one another and with the outside, wherein same is closed at the top by means of a cover (2) or covers (2a) that
are removed once the foundation has been sunk, before being filled with a ballast material.
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ABSTRACT

GRAVITY-BASED FOUNDATION FOR THE INSTALLATION OF OFFSHORE
WIND TURBINES

A gravity-based foundation for the installation of offshore wind turbines,
manufactured in a floating dock for towing to the final destination thereof, where
it is anchored and finally completely submerged below sea level, comprising a
concrete floating caisson (1), in the shape of a prism, with a hexalobular base,
divided into several cells (18) by at least one partition (14) with a significantly
circular cross section, concentric with a central cell (16), determining inner
vertical cells (18) interconnected with each other and with the exterior; which is
closed at the top by means of a cover (2) or covers (2a) that are removed once
the foundation is anchored before being filled with a ballast material.
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GRAVITY-BASED FOUNDATION FOR THE INSTALLATION OF OFFSHORE
WIND TURBINES

Object of the invention

The invention relates to a gravity-based foundation for the installation of
offshore wind turbines and meteorological towers, which is manufactured in a
floating dock for towing to its final location, where it is anchored and finally
completely submerged below sea level, with a shaft or structure protruding
therefrom, which supports the wind turbine or offshore infrastructure.

State of the art

The industrial sector dedicated to renewable marine energies is growing
at a high rate in Europe, specifically offshore wind energy, since this type of
energy can help to meet the growing demand for electric power with minimal
environmental impact. The main limiting factor in the development of this sector
is the depth at which the offshore structures of wind turbines must be cemented.
Since they have to be located far from the coast, generally the depth at which
the wind farm is finally located can reach important figures depending on the
location and the geotechnical characteristics of the seabed. This is why
extensive studies of the foundations that are to be selected as a solution are
necessary.

There are currently two types of offshore structures: fixed structures and
floating structures. The foundations of fixed structures are further classified into
different types: monopile foundations, gravity-based foundations and tubular

metal foundations. These types of foundations require ships and special means
for their transport and installation.

Monopile-type foundations are typically made up of three elements: the
steel pile, which is driven into the seabed, a transition piece that serves as a
fixture for the superstructure and a platform for accessing the tower or wind
turbine structure. This solution is more economical for shallower depths and
soils with geotechnical characteristics that allow penetration.

Gravity-based foundations are large concrete or steel foundations that
secure offshore structures through their own weight, providing stability to the
whole by transmitting the loads directly to the ground. They are usually
frustoconical or cylindrical in shape and their installation requires prior
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preparation of the seabed and a special ship for transport to the final location.

Fundamehtally, tubular foundations can be tripods or lattice-type frames.
These foundations can be used at greater depths and are suitable for larger
offshore structures, with the consequent increase in economic cost. These
types of foundations require ships and special means for their transport and
Installation.

On the other hand, port caissons manufactured on floating docks are
very well known. These are large reinforced concrete structures that are able to
float once completed due to their lightened (multicellular) cross section. This
makes them highly versatile in terms of construction (using the slipform
technique), floating transport, and placement (anchoring) at the port works site,
for docks, breakwaters, or other structures. Caisson breakwaters (protective
works) and docks (mooring works) are specially used in Spanish ports, the
manufacture of which by means of floating docks is well known in Spain, and
the applicant companies are international leaders in the technology of slipform
reinforced concrete construction of caissons on floating docks because they
have built more than 3,000 units to date.

In general, port caissons have a parallelepiped shape with a rectangular
or square floor plan, although in some special cases, caissons with other
shapes have been used in order to adapt to the constraints of each project.

INNEO document ES 2 378 960 describes a gravity-based foundation
structure for marine wind turbines, with a frustoconical base, which cannot use
slipforming on a floating dock and which lacks the auxiliary buoyancy structures
that are required to maintain the stability of the whole during the phases of the
anchoring process.

Document WO 2009/130343 by ACCIONA WINDPOWER describes a
supporting element for an offshore wind turbine, consisting of a reinforced
concrete caisson that can be built on a floating dock as a gravity-based
foundation. However, the upper part of the caisson remains exposed, so the
solution limits its range of application in terms of drafts, a condition imposed by
the capacities of existing floating docks, and the drafts required on the
manufacturing docks. The caisson does not fully submerge during any of the
anchoring phases (it maintains the same anchoring procedure of conventional
port caissons) thus avoiding critical phases at the expense of substantially
Increasing wave loads during the service phase, because the waves impact
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directly on the caisson. This increase in applied loads also generates a
significant increase in materials (concrete, steel, and filler), in order to provide
stability against said loads. On the other hand, the caisson has a rectangular or
square, rather than a circular, floor plan, which results in a significant increase
In wave loads.

Description of the invention

The invention intends to solve the problem of building a foundation at
greater depths and with heterogeneous soil characteristics for offshore
structures, minimizing costs and optimizing the construction sequence. A mixed
solution is suggested for foundations comprising a CGF (Concrete Gravity
Foundation) based on a hexalobular watertight caisson, plus a metal or
concrete shaft or a metal lattice (jacket).

The manufacture of this caisson is to be carried out in a floating dock, a
construction technique that is strongly established in Spain, and, in fact, it has
been successfully applied both in the construction of docks and other mooring
structures, vertical seawalls, etc. Port caissons are large reinforced concrete
structures that are able to float once completed due to their lightened
(multicellular) cross section, which makes them highly versatile in terms of
construction (using the slipform technique) floating transport and placement
(anchoring) at the port works site for docks, breakwaters or other structures. In
general, port caissons have a parallelepiped shape with a rectangular or square
floor plan, although in some special cases, caissons with other shapes have

been used in order to adapt to the constraints of each project.
The suggested solution for the foundation therefore consists of three

elements: the concrete foundation itself, a metal (or concrete) shaft, or a lattice
and joining element between the wind turbine superstructure or offshore
infrastructure and the foundation.

The foundation consists of a floating concrete caisson in the shape of a
straight prism closed at its base, provided with vertical inner cells
interconnected with each other and with the exterior, equipped with emptying
and filling devices which enables self-regulation of the ballast level for
anchoring at its final location. The caisson is closed by means of at least one
cover, which can be removed after anchoring the foundation. It also has at least
one concrete node in at least one of the cells of the caisson, which defines
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means of connection of a shaft or structure that joins the caisson to the
superstructure, to which in turn the wind turbine or offshore infrastructures is
fastened.

According to the present invention, said caisson has a lobular cross
section, in a circular arrangement, wherein each of said lobes has a trapezoidal
configuration with a curved-convex outer side, while the inner side is a portion
of a partition that defines a significantly circular central cell. Each of these lobes
IS divided into cells by at least one partition wall with a significantly circular
cross section. It has been foreseen that the radius of curvature of each of the
lobes into which the floor plan is divided is smaller than that of the body of the
foundation, determining this overall lobular aspect.

The closing cover or covers have a configuration that is equivalent to the
caisson or to each of said lobes and a support on said caisson that enables the
removal of the cover or covers once the foundation is anchored, before being
filled with a ballast material.

It has been foreseen that the number of lobes that make up the floor plan
of the caisson, which makes up the foundation, be comprised of between 5 and
8 lobes, 6 being considered an optimal number, which could thus define the
caisson floor plan as being hexalobular.

The base of the caisson has a polygonal floor plan, thicker than the wall
of the caisson. This base usually protrudes slightly from the bottom of the
caisson and has a polygonal configuration in order to make it easier to
manufacture, acting as a counterweight with the aim of lowering the center of

gravity, thus allowing great flotation stability during transfer or in anchoring
operations.

In principle it has been foreseen that when the closing cover is an object
covering the entire caisson, it should also cover the central cell; however an
embodiment in which there is a central window in correspondence with this cell
IS also possible. When several closing covers are used, these will correspond to
the lobes that make up the caisson and will not cover the central cell; thls way it
is feasible to fasten the mast first before sinking the foundation, without
detriment of being able to remove the covers one by one once the caisson is
anchored.

The shaft used can be metallic or made of concrete, in any case it is
anchored in the central cell of the caisson, such that is acts as a foundation
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plinth of the meteorological tower or wind turbine superstructure. The
connection is carried out by means of a concrete node and prestressed bars. A
jacket-type or lattice structure can also be used, in which case the assembly to
the caisson is carried out with the same type of connection but with various
nodes conveniently distributed in the different cells of the caisson. The mooring
area or pier, as well as access stairs and intermediate platforms, can be
arranged In both the shaft and the lattice.

On the other hand, the connection element of the foundation with the
superstructure i1s a metal platform that is joined both to the shaft and the
superstructure (tower of the wind turbine), and that ends in a work surface on
which maintenance equipment, instrumentation and auxiliary elements for
operations can be arranged. In addition, this element is designed to establish a
working platform that enables the circulation of operation, auxiliary power
supply installations and safe access from the shaft, even including the lifting of
materials from the platform.

The design of this foundation is based on three main aspects: structural
design, adapted to the stresses in the service phase, hydraulic design, enabling
optimal behavior in flotation and against the loads created by the waves and the
surf, and finally, in functional aspects, facilitating final ballast and possible
emptying for the removal of the unit at the end of useful life.

The structural design implies a novel application of horizontally supported
arches that enable the transmission of stresses through nodes of three walls in
equilibrium, eliminating critical structures. This arrangement allows structural
optimization, simplifying the assembly of the walls, reducing the required
amounts of steel and facilitating the installation thereof by avoiding most of the
90° nodes. The Inner structure favors efficient distribution of stresses from the
central substructure towards the base. In addition, the floor plan entails an
increase in the support surface on the base.

With reference to the hydraulic and naval characteristics, the floor plan of
the caisson allows increasing the buoyancy of the caisson and combined with
the weight saving in the shaft, lowering the center of gravity thus increasing
stability. The shape also enables increasing the inertia of flotation of the
structure, providing smaller drafts at launch, which allows reducing the
requirements in terms of depth at the point of manufacture. The rounded shape
of the lobes favors the flow of water, reducing drag during navigation and the
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thrust exercised by waves and currents. The working face, more accentuated by
the curvature of each lobe, and the smoothness of the flanks to the flow of the

- water, contribute to this fact.

The last group of improvements provided by this foundation come from
the functional aspects thereof. the absence of a fixed deck, which allows filling
the caisson with ballast material through a multitude of means, from hydraulic
filling with a dredge to pouring with a bucket or pouring of quarry material
through piping. The accessibility of the cells enables ensuring the possibility of
emptying the same at the end of the useful life thereof, for subsequent refloating
of the caisson, which allows avoiding any permanent damage to the means of
implantation.

In order to ensure that the mooring process is carried out autonomously
and without the intervention of divers, each of the inner cells of the caisson is
connected to a series of adjoining cells forming filling areas that are
independent to each other, each of which has at least one access duct with the
exterior, interposing in said accesses devices that allow or do not allow the
passage of fluid during mooring operations.

The concrete or metallic shaft or lattice-type structure that joins to the
caisson and supports the wind turbine or the meteorological tower has a
metallic connection element between it and the superstructure or said wind
turbine or meteorological tower. Optionally, it also has an upper mooring area or
pier, rest platforms and access stairs as well as a maintenance and
instrumentation platform.

In summary, this foundation has certain remarkable advantages:
— The geometric shape of the foundation caisson, with straight walls, renders it

easily executable in a caisson box, a well known and standardized technique
commonly used in the maritime-port sector, which minimizes costs and
increases the rate of production.

— lts draft is smaller than that of other foundations of this type, which enables
manufacturing it at a greater number of sites.

—~ It also uses less concrete and significantly reduces the amount of steel per
foundation.

— It has a larger base thus improving support on the ground.

— |t is more stable, reducing the overall size of the foundation.

— It navigates better thus saving fuel for tugboats.
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—~ It saves material and construction time due to the absence of a permanent

upper deck.

— The use of a removable cover or covers enables navigation and anchoring,

and, once the foundation has been anchored, it enables removing the cover,
facilitating filling the cells from the exterior with different ballast materials,
easily by pouring directly or through piping.

— |t enables removal of the caisson after useful life.

- |t can be used at intermediate depths (from 20 m to 60 m).

- The verticality of the overall structure (meteorological tower or wind turbine)
is ensured through the use of a metallic connection element, with regulation
capacity, between the metallic shaft or jacket and the superstructure.

- It is a simple solution, which does not require lifting equipment or special
boats, as it is a floating foundation that can be transported by standard
tugboats.

- The method of construction is standardized and well known, since it is the
same as for the caissons commonly used in maritime and port works.

- The stockpiling of all the units that are manufactured can be carried out at
sea, without having to occupy land surface.

Description of the drawings

To complement to the description, and for the purpose of helping to make
the characteristics of the invention more readily understandable, the present
specification is accompanied by a set of drawings, which by way of illustration
and not limitation, represent the following:

Figure 1 shows a general perspective view of the support structure of a
wind turbine or meteorological tower in which the caisson (1) is closed on top by
several removable covers (2a).

Figure 2 corresponds to a view of the caisson (1) with a single cover (2)
used for towing and anchoring processes and which can be removed after the
foundation is positioned at the location thereof.

Figure 3 is a cross-sectional view along a vertical plane passing through
the central cell (16) of the caisson (1) in which a node (19) locking the shaft (3)
is formed, making up the support structure of the wind turbine together with the
foundation (1).
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Preferred embodiment of the invention

Figure 1 enables distinguishing the three parts that make up the support
structure of the wind turbine or the meteorological tower, namely:

a) A concrete caisson (1), lightened with inner cells interconnected with
each other and with filling and emptying devices that enable ballasting and
de-ballasting, said caisson being the foundation that supports the structure of
the offshore wind turbine.

b) A metallic or concrete shaft (3), which connects the foundation (1) with a
connection element (4) located at the upper end, on which the mooring area
or pier, rest platforms and stairs are arranged.

Cc) A connection element (4) between the shaft (3) and the wind turbine
superstructure, which optionally has a maintenance platform and the
necessary instrumentation for the operation of the wind turbine.

The concrete caisson (1) represents the basis of the invention and can
be seen in detail in all the attached figures. The caisson is manufactured in a
port using a caisson box or floating dock, which has a slipform system like the
ones commonly used in maritime-port constructions in Spain. Once the caisson
has been built, the caisson box is ballasted until the caisson floats, so it can be
towed and stockpiled at sea.

The floating concrete caisson (1) in the shape of a straight prism closed
at its base, provided with vertical inner cells (18) interconnected with each other
and with the exterior, equipped with emptying and filling devices, which enables
self-regulation of the ballast level for anchoring at its final location. Specifically,
this caisson (1) has a lobular cross section, in a circular arrangement, wherein
each of said lobes (11) has a trapezoidal configuration with a curved-convex
outer side (12), while the inner side (13) is a portion of a partition that defines a
significantly circular central cell (16). Each of these lobes (11) is joined to the
adjoining lobe by means of a radial partition (15) and is internally divided into
several cells (18) by at least one partition (14) of a significantly circular section,
concentric with the central cell (16).

The figures show a caisson with a hexalobular floor plan, i.e., made up of
6 lobes (11), although studies have been carried out determining that this
number can vary between 5 and 8 with optimal operation. Each of these lobes
(11) has an outer partition wall (12) with a radius of curvature smaller than that
of the caisson (1), so that exteriorly the set of lobes that make up the caisson do
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not form a circular surface of the caisson, which enables optimizing and
simplifying the assembly of the walls (12, 13,14, 15) and reducing the amount of
steel required, while the installation thereof is extremely simple since there are
no 90° nodes; the inner structure favors the efficient distribution of stresses from
the central substructure towards the base, while increasing the support surface
at the base (17).

The base (17) of the caisson (1) has a polygonal floor plan and is
generally thicker than the walls (12, 13, 14, 15) of the caisson, while at the
same time protruding slightly from the floor of the caisson. This base (17) acts
as a counterweight in order to lower the center of gravity enabling great flotation
stability during the transfer thereof or in anchoring operations.

Optionally, the caisson (1) can be closed temporarily (until it is anchored)
by means of a cover (2) or with several covers (2a). Figure 2 shows a single
cover (2) with a configuration equivalent to that of the caisson (1), which In
some embodiments may also have a central hole (21), coinciding with the
central cell (16) of the caisson, particularly when a connection node has been
created in this cell with the mast (3), as can be seen in Figure 3. On the other
hand, Figure 1 shows several covers (2a), each of which has a surface area
equivalent to one or more lobes (11), such that they are easier to remove since
they do not need to be moved along the length of the shaft (3). In any case, the
cover (2) or covers (2a) are intended to maintain the watertightness of the cells
(18) of the caisson while it is towed to the anchoring site and a controlled
anchoring of the same is carried out; once this operation is concluded, they are

removed from the closing position of the caisson (1) before filling the latter with
a ballast material.

The caisson (1) has several communication channels with the exterior
(which are not shown), in which a water passage control valve is placed
towards the interior of the same during the anchoring process or, if applicable,
during the refloating of the foundation. The inner cells are also interconnected
with each other by ducts equipped with emptying and filling devices, which
enables self-requlation of the ballast level for anchoring at the final location
thereot.

Figure 3 shows a node (19) in a cell (16) for efficiently resisting the
stresses to which the whole of the structure mounted on it will be subjected. The
node (19) itself is formed only in the upper area of said cell (16), which enables
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lightening the foundation as a whole and also creating an empty space that is
filled with seawater during anchoring in order to stabilize it and contribute to the
settlement thereof. An alternative embodiment is possible in which this node
takes up the entire cell (16) in which it is manufactured.

The shaft and the connection element can be installed with the caisson
afloat by means of cranes, without having to carry out pre-anchoring at port.

Having sufficiently described the nature of the invention, in addition to an
example of a preferred embodiment, it is hereby stated for the relevant
purposes that the materials, shape, size and layout of the described elements
may be modified, provided that it does not imply altering the essential
characteristics of the invention claimed below:
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CLAIMS

1. A gravity-based foundation for the installation of offshore wind turbines,
manufactured in a floating dock for towing to the final location thereof, where it
IS anchored and finally completely submerged below sea level comprising a
floating concrete caisson (1), in the shape of a straight prism, closed at its base,
provided with vertical inner cells (18) interconnected with each other and with
the exterior, equipped with emptying and filling devices, which enables self-
regulation of the ballast level for anchoring at its final location; closed at the top
by means of a cover (2) and provided with at least one concrete node in at least
one of the cells of the caisson, which defines means of connection of a shaft or
structure that joins the caisson to the superstructure, to which in turn the wind
turbine is fastened, characterized in that said caisson (1) has a lobular cross
section, in a circular arrangement, wherein each of said lobes (11) has a
trapezoidal configuration, with a curved-convex outer side (12), while the inner
side (13) is a portion of the partition that defines a significantly circular central
cell (16), each of these lobes being divided into several cells (18) by at least
one partition (14) with a significantly circular cross section, concentric with the
central cell (16); the closing cover (2) or covers (2a) having a configuration
equivalent to the caisson (1) or to each of said lobes (11) and a support on said
caisson (1) that enables the removal of the cover or covers once the foundation
IS anchored, before being filled with a ballast material.

2. The foundation according to the preceding claim, characterized in that
the base (17) of the caisson has a polygonal floor plan, thicker than the walls

(12, 13, 14, 15) of the caisson, and protruding slightly from the bottom of the
caisson, acting as a counterweight with the aim of lowering the center of gravity,
which allows the caisson to be stabilized in flotation, during the transfer thereof
or in anchoring operations.

3. The foundation according to the preceding claims, characterized in that
the closing cover (2) or covers (2a) do not cover the central cell (16) in which
the mast is fastened, particularly when a node (19) has been formed in said cell
for the fastening of the shaft (3).
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4, The foundation according to the preceding claims, characterized in that
the radius of curvature of each of the lobes (11) into which the floor plan is
divided is smaller than the radius of the body of the foundation.

. The foundation according to the preceding claims characterized in that
the number of lobes (11) is comprised between 5 and 8.

6. The foundation according to the preceding claims, characterized in that
the caisson has a hexalobular floor plan.
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