(19 DANMARK (10 DK/EP 3255210 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: E 02 B 17/00 (2006.01) E 02 B 17/02 (2006.01) F03D 13/25(2016.01)
F16 B 7/02 (2006.01) F16 B 7/04 (2006.01) F16 L 37/02 (2006.01)

(45) Oversaettelsen bekendtgjort den: 2022-01-24

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2021-11-24

(86) Europaeisk ansggning nr.: 17174820.5

(86) Europeeisk indleveringsdag: 2017-06-07

(87) Den europeaeiske ansggnings publiceringsdag: 2017-12-13
(30) Prioritet: 2016-06-07 NL 1041914

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: KCI the engineers B.V., De Brauwweg 62, 3125 AE Schiedam, Holland
(72) Opfinder: van Gelder, Klaas Boudewijn, , 3125 AE Schiedam, Holland
(74) Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kebenhavn K, Danmark
(54) Benaevnelse: FREMGANGSMADE TIL INSTALLATION AF EN OFFSHORE-STRUKTUR
(56) Fremdragne publikationer:
EP-A2- 2 910 686
WO-A1-2006/081679
KR-A- 20130 012 106

NL-C- 2 003 648
US-A- 5 090 837



DK/EP 3255210 T3



DK/EP 3255210 T3

DESCRIPTION

[0001] The invention relates to a method for installing a fixed offshore structure.

[0002] Offshore structures are well known and are for example used for the exploration of oil
and gas offshore, or as for the generation of renewable energy such as wind energy or solar
energy. When the water depth is low to medium, say between about 20 m and about 80 m,
typically a fixed offshore structure is used. The fixed offshore structure is fixedly anchored to
the sea bottom.

[0003] In particular for fixed offshore structures, having a fixed anchoring or a fixed seabed
fixation, first the seabed fixation structure may be installed. The seabed fixation structure may
extend over approximately the water depth, such as a monopile that is mountable to the sea
bottom, or may comprise a seabed fixation part for mounting to the sea bottom and a
substructure part that is mountable onto the seabed fixation part. The seabed fixation part may
comprise one or more piles, or one or more suction cans, or a gravity base, or any other
seabed fixation. The substructure can for example be a jacket substructure or a monopile
substructure. The seabed fixation structure usually serve as a basis for supporting a
superstructure. The superstructure preferably is above the sea level and can be any type of
well known superstructure, such as a platform, e.g. for oil or gas production, accommodation,
drilling, etc, or such as a wind turbine or a transformer station or a solar energy station. To
provide for the transition between the seabed fixation structure, which is largely below the sea
level, and the superstructure, which is above the sea level, a transition piece is provided. The
conventional transition piece extends typically about approximately 5m to approximately 25m
above the water level.

[0004] After installation of the seabed fixation part, the other part of the seabed fixation
structure, i.e. the substructure part, such as a jacket or a transition piece, is mounted onto the
seabed fixation part. This connection is below the sea level and thus has to be established
under water or near the water line. This makes it a difficult end cumbersome operation that in
practice is prone to failures. For such underwater connection typically grout is used to form a
firm connection between the seabed fixation part and the substructure part. Other known
connection types, such as bolted flanges, are not used under water because of its sensitivity
for corrosion and difficulty of access. However, it is well known that grouted connections are
difficult to realize, difficult to inspect and often proof unreliable.

[0005] The disadvantages of state of the art grouted connections are, amongst others, that the
making the connection may be time consuming and the connections also showed to be
insufficiently reliable. The installation of bolted flange connections are also time consuming,
fabrication costs are high and regular inspections are required to verify the pretension in the
bolts, which is also expensive. Also, the design of very large bolted flange connections
becomes more difficult, as the loads increase. If the bolts are increased in size, the manual
handling of the bolts becomes difficult. Moreover, bolted connections are not used under water
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due to corrosion problems.

[0006] Also when the seabed fixation structure is a monopile, the connection with the transition
piece is often established under and/or near the waterline level using a grouted connection,
with the above mentioned problems.

[0007] In the recent years a trend can be seen that wind turbines are increasing in size in
order to reduce the costs of wind energy. The size of offshore turbines installed around the
year 2010 was in the range of 3-6 MW, which recently increased to 6-8 MW. For the coming
years the industry is developing turbines in the range of 10-12 MW. The sizes and weights of
the pieces to be installed are therefore also increasing. The lifting capacity of cranes onboard
most existing crane vessels is no longer sufficient, and larger crane vessels are to be used,
which are more expensive. This reduces the economic benefits of larger turbines. The largest
pieces can be split in more parts to keep the maximum lifting weight within the available crane
capacity. This means more lifts are to be done and more connections are to be made, which is
also more expensive. Larger turbines can be more economical if these connections are cheap
and can be made fast.

[0008] In addition, in particular when the superstructure is a wind turbine, offshore installation
companies face the problem of ever increasing weight and size of wind turbines, thereby also
imposing increasing demands on the seabed fixation structures. In view of the difficulty of
installation, accessibility and/or maintenance, in offshore structures, connections under water
are preferably avoided. However, in view of these increasing demands, a monopile seabed
fixation structure may be unsuitable as a seabed fixation structure for direct mounting to the
sea bottom, such that a seabed fixation part, that is first installed to the sea bottom, and a
substructure part, that is installed on the seabed fixation part, may be needed, or if made
suitable, may become too large to be installed by present installation equipment. Both
developments may lead to more under water connections using grout that is known as
relatively difficult, cumbersome and/or unreliable.

[0009] Publication NL2003648 discloses a foundation for an off-shore windmill comprising a
basis element and a transition piece. At the bottom end of the transition piece, there is a
conical or cylindrical ring which is to be put over an upper portion of a conical part of the basis
pile of the foundation "in a conventional manner”.

[0010] Publication KR102130012106 discloses a grout connection between the lower and the
upper part to which at least primary shear keys, and preferably also secondary shear keys are
added. The shear keys are welded to the lower and the upper parts.

[0011] Publication EP2910686 discloses a first element, such as a pile, having an upper end,
and a second element, such as a superstructure, having a lower end. Each of the upper end
and the lower end comprise two conical rings arranged to contact each other to form an in-line
connection above sea level.
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[0012] It is an object of the invention to provide for an installation method that obviates at least
one of the above mentioned problems. In particular, a reliable underwater installation method
is aimed for.

[0013] Thereto, the invention provides for a method for installing an offshore structure at an
offshore site having a sea bottom and a water depth defining a sea level; the offshore structure
including a seabed fixation structure, a transition piece and a superstructure; the method
comprising installing the seabed fixation structure to the sea bottom, such that the seabed
fixation structure at least partly extends above the sea bottom; positioning the transition piece
on the seabed fixation structure, wherein at least an upper side of the transition piece is above
the sea level; positioning the superstructure on the transition piece such that the
superstructure is extending above the sea level; wherein at least one of the connection
between the transition piece and the seabed fixation structure and of the connection between
the transition piece and the superstructure are provided as an in-line connection comprising at
least two sets of conical rings engaging each other; wherein the at least one in-line
connections is at least partly below the sea level.

[0014] The seabed fixation structure is directly installed to the sea bottom and can be a
monopile structure or a jacket structure having a foundation. Alternatively, the seabed fixation
structure can comprise a seabed fixation part, for installation to the sea bottom, e.g. a
foundation only, and a substructure part, for mounting to the seabed fixation part, e.g. a
monopile or jacket for mounting on the foundation. The seabed fixation part can be a pile, or a
suction can or a gravity base, or a frame comprising multiple piles or multiple suction cans or
multiple gravity bases. The substructure part is then positioned over the seabed fixation part
and is often a jacket structure. Then, a transition piece is positioned on the seabed fixation
structure, and on the transition piece, a superstructure is installed. The superstructure can be
a platform, or more typically, can be a wind turbine tower. These structures to be installed at
the offshore site, are preferably pre-manufactured onshore, such as a wharf, and then
transported to the respective offshore installation site where they are installed using installation
vessels.

[0015] By providing the in-line connection with at least two sets of conical rings under water, an
easy to install connection can be made, that is sufficiently resistant against corrosion and low in
maintenance. Contrary to what one would expect, it turned out that the normal or usual anti-
corrosion measures, such as coating or painting and/or cathodic protection, are sufficient to
retard the connection from corroding in a similar way as the offshore structure. While the
outside of the connection is protected against corrosion by conventional means, the contact
surfaces of the conical rings are in full contact and as such completely sealed off from
seawater and oxygen and therefore also protected against corrosion. Due to this, it becomes
possible to provide the under water connections by means of an in-line connection with at least
one set of conical rings. By providing an in-line connection, the longitudinal axes of the parts to
be connected by means of the in-line connection become in-line with each other or
approximately in-line with each other.



DK/EP 3255210 T3

[0016] Preferably, an in-line connection with two sets of engaging conical rings is provided as
the at least one underwater connection.

[0017] According to the invention, two sets of conical rings that are at a distance from each
other are provided. However, not in accordance with the claimed invention, an in-line
connection having a single set of conical rings can be provided. Such an in-line connection can
also be referred to as a slip joint connection or as a single slip joint connection. The conical
rings are then dimensioned having a height larger than its diameter to take up sufficient
bending moment. Whereas, for an in-line connection having multiple sets of engaging conical
rings, the conical rings typically have a height that is much smaller than their diameter. Bending
moment can then be taken by the sets of conical rings that are positioned at a distance from
each other.

[0018] Advantageously, the engagement surfaces of the conical rings that are configured to
engage with each other are preferably manufactured, e.g. machined sufficiently smoothly that
the surfaces are in full contact, such that corrosion problems known from e.g. bolted flange
connections do not occur. The surface smoothness, or roughness, of the engagement
surfaces is preferably between about 5 micrometer to about 10 micrometer, more preferably
about 6 to 7 micrometer. The engagement surfaces are sufficiently smooth such that cracks,
slip or wear can be obviated between the engagement surfaces and a reliable and stable
engagement can be obtained.

[0019] By providing at least the under water connection as an in-line connection comprising at
least two sets of conical rings engaging each other, the connection can be easily obtained
without the use of any special tools or equipment, no grouting, no bolting etc. is required. The
connection between a lower part and an upper part comprises one set of conical rings or more
sets of conical rings at a distance from each other. The one or more conical rings are provided
on an upper end of the lower part and the same number of conical rings at the same or similar
distance from each other on a lower end of the upper part, such that upon positioning of the
upper part on the lower part, the corresponding conical rings engage with each other to
provide a firm connection. Preferably multiple sets of conical rings are provided as this
provides additional advantages in terms of fast, easy and reliable installation, as well as more
resistant to corrosion and less sensitive to wear. No additional equipment needs to be used. It
suffices to position the upper part of the structure on the lower part and due to the conicity of
the rings the connection and the weight of the upper part is being formed. The advantage of
such a connection is that it is formed immediately without any additional equipment involved
resulting in a relatively fast, stable, fail-safe and/or reliable way of connection a lower part and
an upper part. After the connection is formed, the upper part is directly stable with respect to
the lower part, contrary to known connection that often require waiting time and/or pre- or post-
loading time.

[0020] Preferably, the subsequent parts of the offshore structure are positioned over each
other, such that an upper end of a lower part fits inside of a lower end of an upper part, or, a
lower end of the an upper part is placed over an upper end of a lower part. The conical rings of
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the lower part are thus provided on an outside of the upper end of the lower part, and the
corresponding conical rings of the lower end of the upper part are provided on an inside of the
lower end. The conical rings have engagement surfaces that are inclined with respect to a
longitudinal direction of the part to which they are connected. The engagement surfaces are
preferably inclined such that a lower side of the conical ring is at a larger radial distance from a
longitudinal axis of the lower part than an upper side of the conical ring. The at least two
conical rings on the lower part are inclined in a similar way. The at least two corresponding
conical rings on the upper part, to be engaged with the lower part, are inclined in the same
way. The connection is an in-line connection, such that a longitudinal axis of a lower part and a
longitudinal axis of an upper part are in-line or approximately in-line after the connection is
formed.

[0021] Advantageously, the structure below the sea level may be divided in multiple sections
that are connected under water using the in-line connection having at least one, preferably
multiple sets of engaging corresponding conical rings. So, the seabed fixation structure itself
may be divided in multiple sections or modules to allow for a modular installation. Or, when the
seabed fixation structure comprises a seabed fixation part for direct installation to the sea
bottom, such as a foundation, and a substructure part, such as monopile or a jacket to be
mounted on the seabed fixation part, the seabed fixation part itself may also be divided in
multiple sections or modules to allow for a modular installation. As such, the ever increasing
requirements of heavier and/or larger foundations to accommodate heavier and/or larger
superstructures, such as wind turbines, can be more easily complied with, as the used in-line
connection provides for a relatively fast, reliable and almost corrosion free connection. The
sections can be configured such that they can be transported and/or installed with readily
available equipment, and thus, no rather expensive and/or exclusive installation vessel for
large to very large constructions are needed. This may make the installation more cost
effective as well. As such, a modular offshore structure is made available, of which all sections
or modules are preferably sized to fit on an installation vessel and to be installed on-site.

[0022] During the lifetime of the offshore structure and of the connections, normal inspection
and maintenance intervals can be set, so there are no additional inspection and/or
maintenance requirements due for this underwater in-line connection. More advantageously,
also the superstructure, e.g. a wind turbine may be divided in sections that can be installed
subsequently using the in-line connection with multiple sets of conical rings, thus making use of
the advantage of a relatively fast and reliable connection, as well as that the individual sections
can be transported and installed with readily available equipment, such that expensive and/or
heavy equipment with e.g. very large cranes can be obviated.

[0023] More advantageously, using the in-line connection under water to connect an upper
part onto a lower part, opens the possibility to provide for a larger transition piece than a
conventional transition piece of which the lower side of the transition piece, and thus the
connection of the transition piece with the lower seabed fixation structure is below the sea
level. Not only a larger transition piece can thus be provided, but also, the transition piece can
already be pre-manufactured with secondary steel mounted thereon, such as a boat landing,
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or a stair, or a ladder or a working platform etc. Contrary to conventional offshore structures of
which the transition piece needs to extend preferably at least some 5 m above the sea level to
avoid sea water ingress to the connection, the in-line connection can now be made under
water. As such, the secondary steel can already pre-manufactured onto the transition piece,
allowing a significant reduction in installation time. As in conventional prior art offshore
structure, this secondary steel is piece by piece mounted to that part of the seabed fixation
structure extending above the water line, but only after the seabed fixation structure has been
fixed to the seabed. As this is often done, amongst other ways, by hammering, the secondary
steel cannot be pre-manufactured to the structure in view of damages during installation.
Therefor, this secondary steel is mounted to the seabed fixation structure only after installation.
Also, cathodic protection, e.g. anodes, can be already pre-manufactured onto the seabed
fixation structures at optimal locations, instead of these anodes to be added post-installation is
often done with conventional offshore installations.

[0024] As by using the in-line connection having at least two sets of conical rings no waiting
time is required for the connection to be set or otherwise formed after engagement, the
subsequent sections or structures can be positioned onto each other consecutively. If the
sections and/or parts of the offshore structure are available they could be installed one after
another, and as such the total installation time of such an offshore structure can be significantly
reduced. This can be an advantage for wind turbine parks for which a large number of wind
turbine foundations and towers need to be installed. Alternatively, it may be that a first
installation vessel comprising the seabed fixation structures installs the respective seabed
fixation structures at the subsequent installation sites. A second installation vessel with the
transition pieces can then follow directly behind the first one, positioning the respective
transition pieces on the available seabed fixation structures by means of the in-line connection
with the multiple sets of conical rings. A third installation vessel with the superstructures, e.g.
wind turbine tower, or wind turbine tower sections, may then follow directly behind to position
the superstructure onto the transition piece by means of the similar in-line connection of
multiple sets of conical rings.

[0025] Further advantageous embodiments are represented in the subclaims.

[0026] The non-claimed use of such an in-line connection having one or more sets of
engaging conical rings for forming an underwater connection, in particular for forming a
corrosion-proof underwater connection is disclosed.

[0027] The invention further relates to an offshore structure installed using the above method
and having such an in-line connection under water.

[0028] Other aspects of the disclosure are an in-line connection of multiple sets of engaging
conical rings, wherein a set of engaging conical rings is manufactured from a single piece of
conically rolled element, preferably a conically rolled plate element. This allows for reliable
manufacturing of the conical rings and may ensure that the conical rings engage as good as
possible.
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[0029] Further, an in-line connection may comprise one (not claimed) or more, for example
two, sets of engaging conical rings, wherein the one or more sets of engaging conical rings, so
four conical rings for two sets, are all manufactured from a single piece of conically rolled
element, preferably a conically rolled plate element. This further allows for a reliable and
smooth engagement of the engaging corresponding conical rings, and since all four conical
rings are from the same conically rolled plate, provides for a relatively reliable and stable
connection.

[0030] Another aspect may be that the in-line connection is at a distance under water that is
larger than half of the water depth. Additionally, the directly above structure or module or
section is pre-manufactured with a suitable cathodic protection system. As such, the installation
time may further be reduced, and/or installation may further become simpler and/or more
reliable.

[0031] Further, the in-line connection with the multiple sets of engaging conical rings, a lower
side of the in-line connection may be at a depth of about 1m to about 8m below sea level.
Additionally, the directly above structure or module or section is pre-manufactured with a boat
landing and/or climbing elements and/or a cathodic protection system. By using the in-line
connection under water, these so-called secondary steel structures can already be pre-
manufactured thus saving installation time and costs.

[0032] By providing a manufacturing method of the rings which is relatively fast, accurate and
relatively cheap, a reliable engagement between the corresponding conical rings can be
obtained. This can be e.g. achieved by a rolling method whereby a single cone is rolled from a
flat plate, which is wide enough and long enough to form one or more pairs of two conical rings
by cutting the rings out of the cone. After rolling the cone a seam weld is made to complete the
cone and the rings can be cut for further manufacturing of the multiple sets of engaging conical
rings that can provide the in-line connection. Also, by rolling a sufficient smooth surface
roughness can be obtained that provides for the reliable engagement of the corresponding
surfaces.

[0033] A mechanical property of the rolling process is that the cone angle is very constant in
the longitudinal direction of the cone. Therefore the cone angle of the individual rings made
from a single cone is automatically within tight tolerances. Since the cone angle is relatively
small, between about 1 deg to about 10 deg, the circumference length of the rings has a low
sensitivity for the position tolerance of the cut, and therefore the circumference length can be
controlled very accurately. An accurate cone angle and an accurate circumference length
ensure a reliable fit of the ring pairs.

[0034] A second advantage of this manufacturing method is that the rolled plate is wide
enough to be mechanically stable during rolling, such that a standard rolling process, i.e.
without a special support system, can be used and the rolling process can be faster. A third
advantage is that more rings are rolled simultaneously, This also speeds up the manufacturing
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process, further reducing costs of manufacturing.

[0035] This manufacturing method is especially interesting to provide an economic solution for
the installation of large seabed fixation structures and/or superstructures in two, three or more
pieces or sections, such as an offshore foundation and wind turbine tower, a power substation
or a process unit for the production of oil or gas. The costs of the said in-line connection are
reduced by the cheap manufacturing method of the rings. The installation of the pieces or
sections of the offshore structure using the said in-line connections is fast, since the connection
is self-settling after the sections are lifted in place.

[0036] The disclosure will further be elucidated on the basis of exemplary embodiments given
by way of non-limitative description and illustration. Embodiments according to the disclosure
will, by way of non-limiting example be described in detail with reference to the accompanying
drawings. In the drawings

Figure 1 shows a side view of an offshore wind turbine according to prior art;

Figure 2 shows a principle sketch of a side cross section of a in-line connection with multiple
sets of engaging conical rings according to prior art;

Figure 3 shows a cross section of the wall of a in-line connection with multiple sets of engaging
conical rings with realistic proportions of the geometry according to prior art;

Figure 4 shows a schematic cross-section of the geometry of the in-line connection with
multiple sets of engaging conical rings according to an aspect of the invention;

Figures 5a, 5b, 5¢ show different schematic views of an embodiment of a cone produced to
form two rings of an in-line connection with multiple sets of engaging conical rings according to
the invention, whereby figure 5a is an isometric view of the cone, figures 5b and 5b show
cross-sections of the cone wall at one side of the cone;

Figures 6a, 6b, 6¢ show different schematic views of an embodiment of a cone produced to
form two rings of an in-line connection with multiple sets of engaging conical rings according to
the invention in an alternative arrangement, whereby figure 6a is an isometric view of the cone,
figures 6b and 6b show cross sections of the cone wall at one side;

Figures 7a, 7b, 7c show different schematic views of a further embodiment of a cone produced
to form two rings of an in-line connection with multiple sets of engaging conical rings according
to the invention in another alternative arrangement, whereby figure 7a is an isometric view of
the cone, figures 7b and 7b show cross sections of the cone wall at one side of the cone.

Figure 8 shows a schematic side view of an offshore wind turbine and monopile seabed
fixation structure, assembled by using in-line connections with multiple sets of engaging conical
rings according to the invention at several locations of the offshore structure of an offshore
wind turbine;

Figure 9 shows a schematic side view of another embodiment of an offshore wind turbine and
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monopile seabed fixation structure, assembled by using in-line connections with multiple sets
of engaging conical rings according to the invention at several locations of the offshore
structure of an offshore wind turbine;

Figure 10 shows a schematic side view of an offshore wind turbine and jacket seabed fixation
structure, assembled by using in-line connections with multiple sets of engaging conical rings
according to the invention at several locations of the offshore structure of an offshore wind
turbine;

Figure 11 shows a schematic side view of another embodiment of an offshore wind turbine and
jacket seabed fixation structure, assembled by using in-line connections with multiple sets of
engaging conical rings according to the invention at several locations of the offshore structure
of an offshore wind turbine; and

Figure 12 shows a schematic side view of an offshore wind turbine and gravity base seabed
fixation structure assembled by using in-line connections with multiple sets of engaging conical
rings according to the invention at several locations of the offshore structure of an offshore
wind turbine.

[0037] It is noted that the figures are only schematic representations of embodiments of the
disclosure that are given by way of non-limiting example. Various modifications, variations, and
alternatives are possible, as well as various combinations of the features described. The
specifications, drawings and examples are, accordingly, to be regarded in an illustrative sense
rather than in a restrictive sense. Corresponding parts are denoted by the same or
corresponding reference numbers.

[0038] The foundation pile (1) of a wind turbine shown in figure 1 according to prior art is
driven into the seabed 2. A Transition Piece (4) is connected to the foundation pile by filling an
overlap length (9) by grout to form a permanent grouted connection. The TP (4) extends
above the sea level (3), where provisions can be mounted, such as a working platform (5) and
boat landing. The tower (6) is connected to the TP (4) by a bolted flange connection (10). The
nacelle (7) contains the power generator unit (not shown), which is driven by the rotor (8).

[0039] The sketch in figure 2 demonstrates the working principle of a in-line connection with
multiple sets of engaging conical rings according to prior art. For clarity the cone angle and
thickness of the rings (13, 14, 15, 16) are exaggerated in this sketch. Reaction forces between
the rings (13, 14, 15, 16) due to connection loads Mt, Mb, Fh and Fv are indicated by arrows.
The sketch is a copy of the original patent, only the numbering has been adjusted.

[0040] Figure 3 shows realistic dimensions of the main parts of a in-line connection with
multiple sets of engaging conical rings according to prior art, whereby the rings are produced
from cast steel, machined to form conical contact surfaces. The two rings (15,16) at the top of
the in-line connection with multiple sets of engaging conical rings and two rings (13,14) provide
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the conical contact surfaces. Outside rings (14,16) are connected by welds (19) to the
cylindrical tube (18) and the inside rings (13,15) are connected by welds (19) to the cylindrical
tube (17). Welded connections (19) of the cylindrical tube at the top of the ring (16) and at the
bottom of the ring (13) are also shown.

[0041] The rings (20, 21, 22, 23) of the in-line connection with multiple sets of engaging
conical rings in Figure 4 are produced by conical rolling flat steel plate. The matching sizes of
the rings circumference and conical angle are further explained in figures 5, 6 and 7.

[0042] A cone with a cone angle a is shown in figure 5a. One pair of matching rings (22, 23)
can be produced by cutting the cone in two pieces. The cone angle a of both rings is then the
same. In order to make the two rings match inside each other, to form an engaging
connection, the height (H) and thickness (t) of the cut rings are preferably related to the angle
a by the formula a = arctangent(t/H), where arctangent is a trigonometric function, as illustrated
in figure 5b. Following this formula the outside bottom edge (e1) of ring (22) is matching with
the bottom inside edge (e2) of ring (23), such that the rings fit and can form an engaging
connection as shown in figure 5c.

[0043] The transfer of shear forces by friction in the contact area has a higher concentration at
the edges of the contact surface if the ratio H/t increases. A shear stress concentration is not
preferred, since this can cause very small slip movements resulting in wear of the contact
surface. For ratio H/t smaller than about 6 the transfer of the shear force is approximately
uniform. Therefore in a preferred embodiment of the invention, the ratio H/t is smaller than 6.
As a consequence, for the arrangement shown in figure 5b the angle a is larger than about
arctangent(1/6) which is between about 5 degrees to about 10 degrees, usually about 9
degrees.

[0044] In most applications, a cone angle a smaller than 9 degrees is preferred to achieve the
self-settling behavior of the in-line connection with multiple sets of engaging conical rings under
operational loads. A larger contact pressure in between the engaging rings may occur if the
angle a is reduced, which also may increase the maximum friction shear stress in between the
rings and may improve the settling behavior. A smaller angle a can be achieved as described
in the following.

[0045] Figure 6a shows an isometric view, in which the rings (22,23) are at some distance (L)
from each other, as shown in figure 6b. The angle a is in this embodiment determined by the
relation a = arctangent(t/(H+L)). The angle a can be chosen as small as required by increasing
the length (L). However, the material of the cone length (L) cannot be of use for the in-line
connection, and is thus in fact redundant material. The length (L) is therefore preferably
minimized in order to reduce material losses. Also, a smaller angle a and the related increase
of contact pressure may result in an increase of tangential stresses in the engaging conical
rings. The smallest allowable angle a is therefore also limited by the steel strength. Another
limitation for the length L is the maximum plate width, typically about 3 meter to 5 meter of a
typical rolling machine, mostly about 3 meter. Within the limitations of the maximum plate width
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for the rolling machine of mostly about 3 meter and the ratio H/t of about 6, the allowable
material losses can be minimized by balancing the variable ring height H, the steel strength
and the cone angle a. This may result in a smaller angle a, about 1 deg to about 5 deg for
example.

[0046] In figures 7a, 7b, 7c, a preferred arrangement is shown where two pairs of matching
rings (20, 21 and 22, 23) of the in-line connection with multiple sets of engaging conical rings
are cut from a single cone. An advantage of this arrangement is that four rings are produced
simultaneously, which speeds up the manufacturing. Limitations for design optimization are
similar to the arrangement shown in figure 5a and described previously. The outside bottom
edge (e1) of ring (22) may match with the bottom inside edge (e2) of ring (23), and the outside
bottom edge (e3) of ring (20) will match with the bottom inside edge (e4) of ring (21), such that
the two sets of rings fit as shown in figure 7¢ to form an engaging connection.

[0047] The in-line connection with multiple sets of engaging conical rings can be applied at
several locations of an offshore structure, such as an offshore structure having a turbine tower
and a seabed fixation structure. In this embodiment an offshore structure having a seabed
foundation structure 1, a transition piece 4 and a superstructure comprising a wind turbine
tower 6, a nacelle 7 and blades 8. Alternatively, other superstructures may be provided, such
as a platform, or a transformer station etc. Each location of the in-line connection at the
offshore structure offers specific advantages, as described in the following.

[0048] In figure 8 an offshore wind turbine on a monopile foundation, as seabed fixation
structure, is shown. In this embodiment, a main structural steel of the offshore structure is
constructed and installed in five pieces or sections or modules using five in-line connections
with multiple sets of engaging conical rings. The in-line connection with multiple sets of
engaging conical rings offers advantages specifically for each location, as described in the
following.

[0049] The conical rings (24, 25) at the top represent the two rings of one in-line connection
with multiple sets of engaging conical rings which is used to connect the nacelle 7 to the top
section of the tower 6. An advantage of the in-line connection with multiple sets of engaging
conical rings at this high location is that the installation of the complete nacelle can be done
relatively fast in one single lift, without the requirement of people working at height. This
provides for a relatively fast, safe and reliable installation.

[0050] The conical rings (26, 27) represent the two rings of one in-line connection with multiple
sets of engaging conical rings which is used to divide the tower 6 in smaller sections in order to
reduce the lift weight, transportation and installation costs. As such, even very heavy and large
wind turbine towers can be safely and cost effectively being installed using readily available
equipment, as, advantageously, the sections are sized to be installed by available installation
vessels.

[0051] The rings (28, 29) represent the two conical rings of one in-line connection with multiple
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sets of engaging conical rings which replaces the bolted flange connection which is used in
prior art. At this location the in-line connection with multiple sets of engaging conical rings
eliminates the disadvantages of bolted flanges as described previously: installation is time
consuming, fabrication costs are high, regular costly inspections are required, and the design
of very large bolted flange connections is difficult. Furthermore, as this connection is relatively
close to the sea level, corrosion can be a problem for the prior art bolted flange connections.
Advantageously, the said in-line connection with the multiple sets of engaging conical rings is
almost corrosion-proof.

[0052] The rings (30, 31) represent the two conical rings of one in-line connection with multiple
sets of engaging conical rings which location is several meters under the splash zone. An
advantage of the in-line connection with multiple sets of engaging conical rings at this location
is that secondary steel structures, like the boat landing, ladders and working platform, can be
pre-installed on the module that is on top. Also, an advantage of the in-line connection with
multiple sets of engaging conical rings at this location is that it is very suitable for corrosion
protection means like anodes or an impressed current system, which can be pre-installed as
well.

[0053] The rings (32, 33) represent the two conical rings of one in-line connection with multiple
sets of engaging conical rings at a rather deep under water location which connects the turbine
tower to the foundation pile. More specifically, the seabed fixation structure 1 here comprises
two sections, one section that is fixed to the seabed, a monopile foundation, and one section
that is mounted on the monopile, or is in fact a second section of the monopile foundation, that
is being connected to the seabed fixation part by means of the in-line connection with the
conical rings 32, 33. The advantage of the in-line connection with multiple sets of engaging
conical rings at this location is that the pile length and weight is reduced to the minimum, which
is in favour of the required crane capacity. The piles according to prior art extend above the
water surface (3) and are installed by pile driving hammers, which means that secondary steel
and cathodic protection systems cannot be pre-installed, as seen in figure 1. Having the in-line
connection with multiple sets of engaging conical rings at this location it also becomes very
suitable for the pre-installation of corrosion protection means, like anodes or an impressed
current system.

[0054] In figure 9 a suction bucket (34) is used instead of a pile as a seabed fixation part. The
substructure part, or the monopile, is positioned on the seabed fixation part by means of an
underwater in-line connection with the conical rings 35, 36. The rings (35,36) represent an in-
line connection with multiple sets of engaging conical rings which pre-installation of the suction
bucket (34) before the monopile (1) is placed on top. Suction buckets (34) are very heavy steel
parts and the installation is time consuming and sensitive to weather. The application of a in-
line connection with multiple sets of engaging conical rings therefore offers advantages in lifting
weight and also provides more flexibility in the installation schedule, as the suction buckets (34)
can be installed in advance. Further, the offshore structure of figure 9 is similar to the offshore
structure of figure 8.
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[0055] In figure 10 an offshore wind turbine on a jacket foundation (37), as seabed fixation
structure, is shown. The wind turbine superstructure is connected to the jacket (37) by an in-
line connection with multiple sets of engaging conical rings represented by the conical rings
(38,39). The seabed fixation structure, the jacket (37), comprises a seabed fixation part of
foundation piles and a substructure part of a jacket. The piles are driven in the seabed, usually
by hammering. Once the piles are fixed to the seabed, the substructure part, here the jacket,
can be connected to the foundation piles by an in-line connection with multiple sets of
engaging conical rings represented by the rings (40,41) for each pile. On the jacket structure, a
transition piece is mounted that is connected to the substructure part by the in-line connection
with the conical rings (42, 43). The transition piece here can also be provided with pre-installed
secondary steel such as a boat landing and/or a ladder and/or other elements. On the
transition piece the superstructure, here a wind turbine in multiple sections or modules is
positioned. In-line connection with conical rings (38, 39) provide for the connection to the
transition piece. In-line connection with conical rings (26,27) provide for the connection
between subsequent sections of the wind turbine tower, and, here too, the nacelle is positioned
at once on the top of the turbine tower and is connected by means of in-line connection with
conical rings 24, 25.

[0056] Figure 11 shows an offshore wind turbine on a jacket foundation (37), whereby suction
buckets (44) are attached at the end of the legs for the bottom foundation. The suction buckets
here replace the piles of the embodiment of figure 10. Similar to the suction buckets (34) used
for monopiles the application of a in-line connection with multiple sets of engaging conical rings
offers the advantage of reduced lifting weight and it also provides more flexibility in the
installation schedule, as the suction buckets (44) can be installed in advance. The offshore
structure of figure 11 is further similar to the offshore structure of figure 10.

[0057] In figure 12 an offshore wind turbine and a gravity base foundation (45) are connected
by a in-line connection with multiple sets of engaging conical rings represented by the rings
(46,47). Gravity base foundations are often self-floating and installed by towing them to
location, where they are installed by sinking to the sea bottom and stabilized by filling them with
ballast. In cases where the towing route has a limitation of water depth or height, such as a
bridge, the tower of the turbine is to be installed after the gravity base structure passed the
obstacle. In other cases the stability of the floating gravity base can be such that also the tower
has to be installed after the gravity base is installed. A special advantage of the in-line
connection with multiple sets of engaging conical rings in this arrangement is that the
connection can be made fast.

[0058] In the figures 8 to 12 the superstructure, comprising the tower (6), nacelle (7) and rotor
(8) of an offshore wind turbine can also be an electrical power transformer topside, a
meteorological mast, or a topside with process equipment for the production of oil or gas.

[0059] In the above examples, the invention has been explained using the embodiment of an
in-line connection with two sets of engaging conical rings. It is to be understood that more sets,
e.g. three, of engaging conical rings may also be provided to form an in-line connection. Also, it
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is to be understood that an in-line connection using a single set of engaging conical rings may
also be possible. Furthermore, in the above embodiments, multiple in-line connections are
shown. It is to be understood that an offshore structure may have one or more of such in-line
connections of which at least one is, at least partly, under water.

[0060] For the purpose of clarity and a concise description, features are described herein as
part of the same or separate embodiments, however, it will be appreciated that the scope of
the invention may include embodiments having combinations of all or some of the features
described, as long as the result of these combinations remains within the scope of the
invention as defined by the subject-matter of the appended claims. The word ‘comprising’ does
not exclude the presence of other features or steps than those listed in a claim. Furthermore,
the words 'a’ and 'an’ shall not be construed as limited to 'only one’, but instead are used to
mean 'at least one’, and do not exclude a plurality. The mere fact that certain features are
recited does not indicate that a combination of these features cannot be used to an advantage.
Many variants will be apparent to the person skilled in the art and are understood to be
comprised within the scope of the invention as defined by the following claims.
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Patentkrav

1. Fremgangsmade til installation af en offshore-struktur pa et offshore-sted med en
havbund (2) og en vanddybde, der definerer et havniveau (3); hvilken offshore-struktur
indbefatter en havbundsfastgerelsesstruktur, et overgangsstykke (4) og en overbygning; hvilken
fremgangsmade omfatter

- installation af  havbundsfastgerelsesstrukturen pa havbunden, saledes at
havbundsfastgerelsesstrukturen mindst delvist streekker sig over havbunden;

- placering af overgangsstykket (4) pa havbundsfastgerelsesstrukturen, hvor mindst en
ovre side af overgangsstykket er over havniveauet;

- placering af overbygningen pa overgangsstykket (4), saledes at overbygningen straekker
sig over havniveauet;

hvor mindst én af forbindelsen mellem overgangsstykket og havbundsfastgerelsesstrukturen og
af forbindelsen mellem overgangsstykket og overbygningen tilvejebringes som en in-line-
forbindelse omfattende mindst to sat af koniske ringe (38, 39; 40, 41), der gar i indgreb med
hinanden; kendetegnet ved, at den mindst ene in-line-forbindelse mindst delvis er under

havniveauet (3).

2. Fremgangsmade ifelge krav 1, hvor havbundsfastgerelsesstrukturen omfatter en
havbundsfastgerelsesdel og en barestrukturdel, hvor bearestrukturdelen placeres pa
havbundsfastgerelsesdelen under havniveauet 0g forbindelsen mellem
havbundsfastgerelsesdelen og barestrukturdelen er 1 in-line-forbindelse omfattende mindst to

seet af koniske ringe (38, 39, 40, 41).

3. Fremgangsmade ifelge krav 1 eller 2, hvor havbundsfastgerelsesstrukturen og/eller
barestrukturdelen deraf og/eller overbygningen omfatter flere sektioner, der hver forbindes ved

hjaelp af en in-line-forbindelse omfattende flere sat af koniske ringe (38, 39, 40, 41).

4. Fremgangsmade ifolge et hvilket som helst af de foregaende krav, hvor de strukturer, der

skal installeres, er dimensioneret til at passe til et installationsfartej.

5. Fremgangsmade ifolge et hvilket som helst af de foregaende krav, hvor placeringen af en

efterfelgende struktur pa en underliggende struktur sker konsekutivt.
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6. Fremgangsmade ifelge et hvilket som helst af de foregdende krav, hvor
havbundsfastgerelsesstrukturen, ved en evre ende deraf, eller overgangsstykket (4) er
prefremstillet med en sekundeer stalstruktur, sasom et skibsanlgbssted, klatreelementer eller et

katodebeskyttelsessystem.

7. Fremgangsmade ifelge et hvilket som helst af de foregdende krav, hvor

havbundsfastgerelsesstrukturen er en enkeltpalestruktur eller en kappestruktur (37).

8. Fremgangsmade ifelge et hvilket som helst af de foregdende krav 2 - 7, hvor
havbundsfastgerelsesstrukturen eller havbundsfastgerelsesdelen kan veaere en af en pel, et
sugekar (44) eller en tyngdekraftsbasis (45), eller en ramme omfattende ét eller flere af

ovennavnte elementer.

9. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor overbygningen

er et vindmolletarn.

10.  Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor de strukturer, der

skal installeres, er preefremstillet pa et andet sted end offshore-stedet.

11.  Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor samtlige
forbindelser, under vand og over vand, mellem de strukturer, der skal installeres for opnaelse af
offshore-strukturen, er en in-line-forbindelse med flere sat af koniske ringe (38, 39, 40, 41), der

gar i indgreb med hinanden.

12.  Fremgangsmade ifolge et hvilket som helst af de foregaende krav, hvor en gvre ende af
en nedre struktur forsynes med flere koniske ringe (40, 41) 1 en afstand fra hinanden, og en nedre
nede af en overliggende indgrebsstruktur forsynes med tilsvarende koniske ringe (38, 39), der
efter placering af den overliggende indgrebsstruktur pa den nedre struktur, de tilsvarende koniske
ringe (38, 39, 40, 41) gar i indgreb med hinanden for at tilvejebringe en fast forbindelse i fraveer
af supplerende udstyr.

13.  Offshore-struktur pa et offshore-sted med en havbund (2) og en vandhgjde derover, der
definerer et havniveau (3); hvilken offshore-struktur indbefatter en

havbundsfastgerelsesstruktur, et overgangsstykke (4) og en overbygning, hvor
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havbundsfastgerelsesstrukturen installeres pa havbunden, saledes at
havbundsfastgerelsesstrukturen mindst delvist streekker sig over havbunden;

overgangsstykket (4) placeres pa havbundsfastgerelsesstrukturen, hvor mindst en gvre side af
overgangsstykket (4) er over havniveauet;

hvor overbygningen placeres pa overgangsstykket (4), saledes at overbygningen straekker sig
over havniveauet;

hvor forbindelsen mellem overgangsstykket (4) og havbundsfastgerelsesstrukturen og
forbindelsen mellem overgangsstykket (4) og overbygningen er tilvejebragt som en in-line-
forbindelse omfattende mindst to sat af koniske ringe (38, 39, 40, 41), der gar i indgreb med
hinanden; kendetegnet ved, at mindst én af in-line-forbindelserne er mindst delvist under

havniveauet (3).
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DRAWINGS

Fig. 1 (p
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Fig. 2 (prior art)
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Fig. 3 (prior art)
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Fig. 5a
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Fig. 6¢

Fig. 6b
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