DESCRIPTION

METHOD OF CONSTRUCTING AN OFFSHORE STRUCTURE, AND OFFSHORE
STRUCTURE

TECHNICAL FIELD

[0001]

The present invention relates to a method of constructing
a floating structure of a spar-type or the like on which a wind
turbine or the like is mounted, and to an offshore structure
section.

BACKGROUND ART
[0002]

When a wind turbine is mounted on a floating structure
in a sea area having a deep water depth, a semi-submersible type,
a tension leg platform (TLP), or the like may possibly be
employed. In such cases, the wind turbine or the like and
the floating structure are integrally assembled and subjected
to test operation onshore, and then towed to an installation
site and moored by a mooring system.

[0003]

On the other hand, in the case of the spar-type, the spar
is a floating structure floating in an upright standing state
like a fishing float, and a large part of the float is submerged
under the sea level by injection of ballast water, or the like.
The spar is relatively unlikely to swing, and can support a heavy
upper structure. 1In the case of a spar-type floating structure
equipped with a wind turbine, the draft of the float may be as
deep as approximately 40 mto 80 m, and the float portion becomes
a large structure of approximately 1000 t (ton) or more.
[0004]

As the spar-type offshore structure, a float-type



fluid-force utilizing system is provided as described in
International Publication No. 2013/065826, for example. In
this system, a horizontal-axis wind wheel or a vertical-axis
wind wheel for utilizing wind force is disposed at an on-water
portion thereof, and a horizontal axis water wheel or a vertical
axis water wheel for utilizing tidal current force is disposed
under the water level, and the system utilizes the horizontal
axis water wheel or the vertical axis water wheel as ballast.
[0005]

When the spar-type floating wind turbine is installed at
an offshore installation site, as described in Japanese patent
application Kokai publication No. 2012-201219, for example,
there is provided a method of constructing a floating wind
turbine , including: a carrying step of floating a float, which
is a lower structure, in a laid-down state on the sea and towing
the float with a towing vessel, or mounting the float on a barge,
and carrying the float to an offshore installation site; a float
upright providing step of floating the float and then bringing
the float into an upright standing state by ballast adjustment,
and performing draft adjustment; a float mooring step of
installing a deck on the float, and connecting one end of a
mooring line to the float and connecting the other end thereof
to an anchor provided on the bottom of the sea to stabilize the
float; and a tower installing step of hanging down a tower, which
has been carried to the offshore installation site separately
with a barge or the like, by using a crane vessel, and installing
the tower on an upper portion of the float.

[0006]
In this construction method, in order to perform easy and

safe construction on the sea and to secure the stability in



strong winds or waves, when the tower, which is to be provided
upright on the float, is installed on the upper portion of the
float, the swing of the tower is controlled by a mass damper
provided to the tower or a hanging jig of a crane for hanging
down the tower, and the swing of the float is controlled by a
control moment gyro provided inside the float.

[0007]

When the float is moored, and the tower is hang down to
be integrated with the moored float by a crane vessel, the crane
vessel, which is expensive for use, is necessary. Moreover,
since the tower hung down by the crane is likely to be affected
by winds, which requires control of the swings of the tower and
the float. Accordingly, there is a problem in that the tower
installation construction work is difficult to proceed.
[0008]

Meanwhile, as described in Japanese patent application
Kokai publication No. Hei 10-236385, in order to safely and
efficiently load and unload a large-sized cargo such as a
container crane by utilizing hull buoyancy caused by loading
and discharging ballast water, there is proposed a method of
loading and unloading a large cargo, in which ballast water is
loaded in or discharged from a carrier vessel including a
ballast tank and a pair of arm—-shaped structures protruding from
an end portion of the hull in a stern direction, and a large
cargo is loaded and unloaded by utilizing the hull buoyancy
caused by loading and discharging the ballast water (see for
example Patent Document 3).

[0009]
PRIOR ART DOCUMENTS

PATENT DOCUMENTS



[0010]

Patent Document 1: International Publication No. 2013/065826
Patent Document 2: Japanese patent application Kokai
publication No. 2012-201219

Patent Document 3: Japanese patent application Kokai
publication No. Hei 10-236385

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0011]

The present invention has been made in view of the
above-described circumstances, and an object of the present
invention is to provide a method of constructing an offshore
structure and an offshore structure which can moor an offshore
structure safely at an offshore installation site without using
a crane vessel in a method of constructing a floating structure
such a spar type with a wind turbine or the 1like mounted thereon.
MEANS FOR SOLVING THE PROBLEMS
[0012]

A method of constructing an offshore structure of the
present invention for achieving the above-described object is
a method for constructing an offshore structure, characterized
in that the method includes: a manufacturing step of
manufacturing an offshore structure separated in an upper
structure and a lower structure; an in-water keeping step of
keeping part or whole of the lower structure in an upright
standing state in water; a moving step of moving the upper
structure to above the lower structure kept in the upright
standing state; an uniting step including one or both of an
raising step of raising the lower structure to arrange the lower

structure on a lower side of the upper structure and a lowering



step of lowering the upper structure to arrange the upper
structure on an upper side of the lower structure by submerging
part of a carrier vessel on which the upper structure is mounted
while being held by a pair of arm-shaped structures of the
carrier vessel; and a joining step of integrating the lower
structure with the upper structure.

[0013]

In shorts, according to the construction method of the
present invention, in the raising step of the uniting step of
the present invention, the lower structure, the part or whole
of which is in the water, is raised by a hanging line or the
like relative to the upper structure, thereby joining the upper
structure and the lower structure, on the contrary to the
conventional techniques in which when an upper structure and
a lower structure are integrated on the sea, relative to the
lower structure disposed on the sea, the upper structure hung
by a crane or the like is lowered onto the lower structure from
above the lower structure, thereby joining the upper structure
and the lower structure. Note that the raising of the lower
structure can be easily performed by pulling up the hanging line,
or dischargingballast water in the lower structure, or removing
ballast, or the like.

[0014]

In addition, in the lowering step of the uniting step of
the present invention, the upper structure and the lower
structure are united by lowering the upper structure by
submerging part of the carrier vessel on which the upper
structure is mounted while being held by the pair of arm—-shaped
structure, unlike the conventional techniques in which an upper

structure hung by a crane or the like is lowered down onto a



lower structure.
[0015]

According to this method, in the raising step of the
uniting step, the lower structure, the part or whole of which
is under the water and which thus requires a relatively small
force for vertical movement, is raised in a state where the upper
structure is placed on the carrier vessel or is fixed on the
sea by the carrier vessel or a towing vessel or the like. This
eliminates the necessity of vertically moving the upper
structure, most or whole of which is above the water level and
which thus requires a large force for vertical movement, and
the floating structure can therefore be moored safely at the
offshore installation site without using a crane vessel. 1In
addition, the upper structure is mounted and fixed on the
carrier vessel, and the lower structure is abutted and fixed
on the upper structure; accordingly, joining work and the like
on the sea can be performed in an environment where the entire
inertia is large and pitching and rolling is minimized, and that
manpower and motive power required for the joining work and the
like can be safely supplied from the carrier vessel.

[0016]

Moreover, in the lowering step of the uniting step, the
upper structure is lowered by submerging part of the carrier
vessel with the upper structure being placed on the carrier
vessel in a state where the lower structure is fixed or moored.
Accordingly, the upper structure and the lower structure can
be united safely at the offshore installation site without using
a crane vessel.

[0017]

When the above-described method of constructing an



offshore structure is configured such that in the raising step,
the lower structure is raised by using a winch mounted on a
carrier vessel for moving at least one of the upper structure
and the lower structure, since the lower structure is raised
without using a floating crane vessel, the construction cost
can be saved.

[0018]

Moreover, when the above-described method of
constructing an offshore structure is configured such that the
joining step is a step of integrating the lower structure with
the upper structure in a state where the upper structure is held
by the pair of arm-shaped structures of the carrier vessel, the
method includes: between the manufacturing step and the
in-water keeping step, a mounting step of mounting the upper
structure in an upright standing state on a carrier vessel
including a ballast tank and a pair of arm-shaped structures
protruding from an end portion, which is a bow or a stern, of
ahull of the carrier vessel in a bow-stern direction; a carrying
step of carrying the upper structure and the lower structure
one by one or simultaneously to an offshore installation site
by means of the carrier vessel; and a launching step of hanging
the lower structure down from the carrier vessel by means of
a hanging line and lowering the lower structure into the water,
and the method also includes: after the joining step, a floating
step of unloading the integrated upper structure and lower
structure from the carrier vessel and floating the integrated
upper structure and lower structure on the sea, the following
effects can be achieved.

[0019]

Specifically, in the mounting step, the upper structure



is mounted in the upright standing state on the carrier vessel
including the ballast tank and the pair of arm-shaped structures
protruding from the end portion, which is the bow or the stern,
of the hull of the carrier vessel in the bow-stern direction.
Accordingly, a crane vessel or a large-sized crane for mounting
the upper structure onto the carrier vessel becomes
unnecessary.

[0020]

Moreover, since the upper structure is carried in the
upright standing state, the work of bringing the upper structure
into the upright standing state on the sea is eliminated, and
a crane vessel or a large-sized crane on the carrier vessel
becomes unnecessary. On the other hand, the lower structure
can be carried in the upright standing state as in the case of
the upper structure, which eliminates the work for bringing the
lower structure from a laid-down state into a vertical state
on the sea, thus simplifying the work, as compared to the case
of carrying the lower structure in the laid-down state.
[0021]

Furthermore, in the floating step as well, when the
integrated upper structure and lower structure are unloaded
from the carrier vessel and floated on the sea, the offshore
structure can be unloaded from the carrier vessel by floating
the offshore structure by the ballast water operation on the
carrier vessel side and pulling the carrier vessel away.
Accordingly, a crane vessel or a large—-sized crane becomes
unnecessary in the floating step as well.

[0022]
Note that, since the whole or most of the lower structure

is submerged in the water during the installation, even when



the lower structure is mounted in the laid-down state onto the
carrier vessel or is towed in the laid-down state by a towing
vessel, the lower structure can be brought into the vertical
state by loading the ballast water or another ballast or the
like at the installation site, relatively easily by using only
a relatively small crane, a winch, or the like. On the other
hand, the upper structure is equipped with instruments, such
as a wind power generation facility, which need to be prevented
from being submerged in the water. For this reason, when the
upper structure is carried in the laid-down state as in the
conventional techniques, it is necessary to bring the upper
structure from the laid-down state into the vertical state on
the sea at the installation site or on the carrier vessel, which
requires a crane vessel or a large-sized crane on the carrier
vessel.

[0023]

Against this, 1in the present invention, the upper
structure can be carried after the assembly of the upper
structure is completed onshore and test operation and the like
is finished. 1In addition, the upper structure is mounted and
fixed on the carrier vessel, and the lower structure is abutted
and fixed on the upper structure; accordingly, joining work on
the sea can be performed in an environment where the entire
inertia is large and pitching and rolling is minimized, and that
manpower and motive power required for the joining work and the
like can be safely supplied from the carrier vessel.

[0024]

In addition, when the above-described method of

constructing a floating structure is configured such that in

the floating step, when the integrated upper structure and lower



structure are unloaded from the carrier vessel, part of the
carrier vessel is submerged, the integrated upper structure and
lower structure can be easily floated on the sea with their
attitude maintained in the vertical state.

[0025]

In addition, when the above-described method of
constructing an offshore structure is configured such that in
the launching step, the lower structure is settled on the water
bottom, a construction method suitable not for the float-type
offshore structure but for a grounding-type offshore
structure, which does not require mooring using mooring lines
can be achieved. Meanwhile, also in the case of the float-type
requiring mooring using mooring lines, under severe weather or
oceanographic conditions or tidal currents, the offshore
structure can be positioned and held safely at the installation
site by temporarily settling and placing the lower structure
on the sea bed. Note that a tension leg platform (TLP) using
tendons as the mooring lines instead of anchor chains, ropes,
and the like may be used.

[0026]

Then, when the above-described method of constructing an
offshore structure is configured such that the method further
includes: after the carrying step and before the joining step,
a mooring-line connecting step of connecting the upper
structure or the lower structure to amooring base with a mooring
line, the followingeffect canbe achieved. When the connection
portion of the mooring line on the floating structure side is
situated on the lower structure side, since the connecting work
for the mooring line is performed before the joining step, the

lower structure is connected to the mooring line in a stable

10



state during the joining step. Accordingly, the joining work
can be easily performed. Alternatively, when a mooring-line
connecting step of connecting the upper structure to a mooring
base with a mooring line is provided after the carrying step
and before the joining step, the joining work can be performed
at the stage where the upper structure is mounted and stable
on the carrier vessel and the load by the lower structure is
not applied to the arm-shaped structures of the carrier vessel.
[0027]

Alternatively, in the above-described method of
constructing a floating structure, when a mooring-line
connecting step of connecting the integrated upper structure
and lower structure to a mooring base with a mooring line is
provided after the joining step, in a case where the connection
portion of the mooring line on the floating structure side is
situated on the lower structure side, the connecting work
between the lower structure and the mooring line can be
performed not in the water but above the water level, and also
in a safe environment where the upper and lower structures are
mounted and fixed on the carrier vessel, and the joining work
can thus be efficiently performed. Note that when the carrier
vessel or the arm-shaped structures thereof are obstacle to
connecting the mooring line, the connecting work for the mooring
line may be performed after the floating step.

[0028]

Then, a floating structure of the present invention for
achieving the above-described object is configured such that
the floating structure includes: an upper structure and a lower
structure joined to each other, and is configured to be disposed

on a sea, and for the upper structure to be capable of being
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mounted in an upright standing state on a carrier vessel
including a ballast tank and a pair of arm-shaped structures
protruding from an end portion, which is a bow or a stern, of
a hull of the carrier vessel in a bow—-stern direction, the upper
structure includes an engagement portion configured such that
while the upper structure is in the upright standing state, the
engagement portion can receive the pair of arm-shaped
structures sliding thereinto from a lateral side and be placed
onto the pair of arm-shaped structures.

[0029]

According to this configuration, since the upper
structure can be mounted in the upright standing state on the
carrier vessel including the ballast tank and the pair of
arm-shaped structures protruding from the end portion, which
is the bow or the stern, of the hull of the carrier vessel in
a bow-stern direction, the above-described method of
constructing a floating structure can be implemented and the
same operations and effects as those of the above-described
method of constructing a floating structure can be obtained.
[0030]

In addition, when the above-described floating structure
is configured such that the floating structure has a structure
with a center of buoyancy located above a center of gravity,
the upper structure ismainly constituted of an on-water portion,
the lower structure 1is mainly constituted of a submerging
portion, the upper structure and the lower structure are
connected to each other in such a manner as to be capable of
being coupled and separated, the upper structure and the lower
structure of the spar-type offshore structure are configured

to be capable of being coupled, the installation of the offshore
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structure is facilitated. In addition, since the upper
structure and the lower structure are configured to be capable
of being separated, the offshore structure can be easily
disassembled, which facilitates the removal work of the
floating structure. Therefore, even after the offshore
structure is installed, the offshore structure can be easily
moved or dismantled. In addition, in a case where the mooring
line is connected to the lower structure, when serious failure
occurs in the upper structure and a similar event occurs, it
is possible to easily remove and bring back only the upper
structure and then to easily reinstall the upper structure after
restoration.

[0031]

When the above-described offshore structure is
configured such that when the upper structure and the lower
structure are integrated and mounted upright on a carrier vessel,
a lowermost portion of the floating structure protrudes below
a lowermost portion of the carrier vessel by three meters or
more, since it is difficult to mount the upper structure and
the lower structure which are integrated and in the upright
standing state on a carrier vessel at a port with a normal water
depth, the construction method of the present invention is
particularly effective. Accordingly, such a vertically long
floating structure can also be easily installed at the offshore
installation site by using the construction method of the
present invention. Note that the upper limit of the amount of
protrusion of the lowermost portion of the floating structure
below the lowermost portion of the carrier vessel 1is
approximately 100 m in a realistic design at the current stage,

but is sufficiently possible to be approximately 400 m, and may

13



be on the order of 1000 m in the future.
[0032]

When the above-described offshore structure is
configured such that the lower structure is formed to have a
ballast-water loading and discharging facility for not only
loading but also discharging ballast water or to have a ballast
loading and discharging facility for not only loading but also
discharging solid ballast, or to have a structure with which
the ballast-water loading and discharging facility or the
ballast loading and discharging facility is capable of being
temporarily attached thereto, it is possible to easily float
the lower structure by using the ballast-water loading and
discharging facility or the ballast loading and discharging
facility. Accordingly, the removal work of the offshore
structure is facilitated, and the floating structure can thus
be easily moved and dismantled.

[0033]

When the above-described offshore structure is
configured such that the engagement portion is formed of a
protruding part protruding from the upper structure
horizontally in three directions or more, and the protruding
part is provided with a connection portion for connecting a
mooring line, it possible to perform, at the protruding part,
the mounting work for the upper structure onto the carrier
vessel, as well as the connecting work, the adjusting work, and
the inspection work for the mooring line at the connection
portion. Inparticular, when the protruding part is configured
to be above water during the mooring work, diving work becomes
unnecessary, so that the connecting work of these mooring lines

and the like can be easily performed. Meanwhile, when the
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protruding part is below but near the water level during the
mooring work, the connecting work of the mooring lines and the
like becomes relatively easy.

[0034]

When the above-described offshore structure is
configured such that the offshore structure is moored by a
mooring line, an arm is supported at one end side to the offshore
structure in such a manner as to be swingable only about a
horizontal axis, and a connection portion for connecting the
mooring line is provided on another end side of the arm, the
following effect can be achieved.

[0035]

Specifically, there is a problem in the mooring of the
conventional technique for the spar-type offshore structure,
in which since a connection member, such as a chain stopper,
is provided at a position at a small distance (attachment
radius) from a center axis of the offshore structure in the
vertical direction, the restoring moment by the mooring force
of the mooring line, which acts on a swing (hereinafter referred
toas twist) of the offshore structure in the turning direction,
that is, on the horizontal plane, and which is in the direction
to return the twist. The twist occurs in direct relation to
the power generating torgque when the floating structure is
equipped with a vertical-axis wind wheel, and occurs in direct
relation to the turning or maintaining of a horizontal—-axis wind
wheel to windward against wind force when the floating structure
is equipped with a horizontal-axis wind wheel.

[0036]
In contrast to the configuration of the conventional

techniques, in the above-described configuration, the arm is
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interposed, so that the connection portion can be provided at
a position at a large distance (attachment radius) from the
center axis of the offshore structure in the vertical direction
by an amount corresponding to the arm. Accordingly, the
restoring moment by the mooring force of the mooring line, which
acts in the direction to return the twist can be increased. As
a result, it is possible to suppress the swing (turning motion)
in which the entire floating structure is twisted and returned
in the turning direction.

[0037]

Moreover, when the connection portion is provided at a
position with a small attachment radius as in the conventional
technique, with the swing (inclination) of the offshore
structure about the horizontal axis, the amount of displacement
at the position of the connection portion becomes small.
Accordingly, the variation in mooring force of the mooring line
also becomes small, and the allowable range for the inclination
of the offshore structure is wide. On the other hand, when the
connection portion 1s provided at a position with a large
attachment radius as in the above-described configuration,
there is a problem in that with the inclination of the offshore
structure, the amount of displacement at the position of the
connection portion becomes large. Accordingly, the variation
in mooring force of the mooring line also becomes large, and
the allowable range for the inclination of the offshore
structure becomes narrow.

[0038]

Against this, in the above-described configuration, the

arm is supported at one end side on the offshore structure in

such a manner as to be swingable only about the horizontal axis.
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This makes it possible to reduce the restriction by the mooring
force of the mooring line and to thus widen the allowable range
for the swing of the offshore structure. Note that the arm may
be provided on the upper structure side of the offshore
structure or may be provided on the lower structure side.
[0039]

When the above-described offshore structure is
configured such that a swinging part swingable about a vertical
axis is provided on the other end side of the arm, and the
connection portion for connecting the mooring line is provided
on the swinging part, as the attachment radius of the connection
portion is increased by providing the arm, the variation in the
mooring direction of the mooring line at the connection portion
due to the twist of the floating structure increases; however,
this swinging part swingable about the vertical axis allows for
the increase in the variation in the mooring direction of the
mooring line, thus making it possible to prevent the connection
portion and the mooring line from damaging.

EFFECT OF THE INVENTION
[0040]

As described above, according to the method of
constructing an offshore structure and the offshore structure
of the present invention, an offshore structure can be moored
safely at an offshore installation site without using a crane
vessel in a method of constructing an offshore structure such
a spar type with a wind turbine or the like mounted thereon.
BRIEF DESCRIPTION OF THE DRAWINGS
[0041]

[FIG. 1] FIG. 1 is a schematic diagram for explaining a

method of constructing a floating structure of a first
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embodiment according to the present invention, and illustrates
a state immediately before mounting an upper structure on a
carrier vessel in a mounting step.

[FIG. 2] FIG. 2 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the upper structure is mounted on the carrier
vessel in the mounting step.

[FIG. 3] FIG. 3 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the upper structure mounted on the carrier vessel
is being moved onto a deck in the mounting step.

[FIG. 4] FIG. 4 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state immediately before mounting a lower structure onto the
carrier vessel in the mounting step.

[FIG. 5] FIG. 5 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the lower structure is mounted on the carrier
vessel in the mounting step.

[FIG. 6] FIG. 6 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the lower structure mounted on the carrier vessel
is being moved onto the deck in the mounting step.

[FIG. 7] FIG. 7 is a schematic diagram for explaining the

method of constructing an offshore structure of the first
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embodiment according to the present invention, and illustrates
a state where the carrier vessel starts operation in a carrying
step.

[FIG. 8] FIG. 8 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the carrier vessel arrives at an offshore
installation site in the carrying step.

[FIG. 9] FIG. 9 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the lower structure is moved to a stern on the
carrier vessel in a launching step.

[FIG. 10] FIG. 10 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the lower structure is launched from the carrier
vessel in a launching step.

[FIG. 11] FIG. 11 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state of the lower structure in an in-water keeping step and
a state where the lower structure is being moved to the stern
on the carrier vessel in a moving step.

[FIG. 12] FIG. 12 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where the lower structure is raised in a raising step
and a state in a joining step.

[FIG. 13] FIG. 13 is a schematic diagram for explaining the
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method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state where an offshore structure is being unloaded from the
carrier vessel in a floating step.

[FIG. 14] FIG. 14 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state after a mooring-line connecting step.

[FIG. 15] FIG. 15 is a schematic diagram for explaining the
method of constructing an offshore structure of the first
embodiment according to the present invention, and illustrates
a state after construction.

[FIG. 16] FIG. 16 is a schematic diagram for explaining a
method of constructing an offshore structure of a second
embodiment according to the present invention, and illustrates
a state immediately before mounting an upper structure onto a
carrier vessel in a mounting step.

[FIG. 17] FIG. 17 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state immediately before mounting a lower structure onto the
carrier vessel in the mounting step.

[FIG. 18] FIG. 18 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state where the carrier vessel starts operation in a carrying
step.

[FIG. 19] FIG. 19 is a schematic diagram for explaining the
method of constructing an offshore structure of the second

embodiment according to the present invention, and illustrates
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a state where the lower structure is launched from the carrier
vessel in a launching step.

[FIG. 20] FIG. 20 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state of the lower structure in an in-water keeping step and
a state where the lower structure is moved to the stern on the
carrier vessel in a moving step.

[FIG. 21] FIG. 21 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state where the lower structure is raised in a raising step
and a state in a joining step.

[FIG. 22] FIG. 22 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state where an offshore structure is being unloaded from the
carrier vessel in a floating step.

[FIG. 23] FIG. 23 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state after a mooring-line connecting step.

[FIG. 24] FIG. 24 is a schematic diagram for explaining the
method of constructing an offshore structure of the second
embodiment according to the present invention, and illustrates
a state after construction.

[FIG. 25] FIG. 25 is a schematic diagram illustrating a state
after mooring of the offshore structure of an embodiment
according to the present invention.

[FIG. 26] FIG. 26 is a schematic diagram illustrating a
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configuration of an arm.

[FIG. 27] FIG. 27 is a schematic diagram illustrating a state
after mooring of the offshore structure of another embodiment
according to the present invention.

[FIG. 28] FIG. 28 is a schematic diagram illustrating a state
after mooring of an offshore structure of a conventional
technique.

MODES FOR CARRYING OUT THE INVENTION

[0042]

Hereinafter, a method of constructing an offshore
structure and a floating structure of embodiments according to
the present invention will be described. 1In the description
of the embodiments, an offshore structure of a float-type
hydrodynamic force utilizing system in which a vertical-axis
wind wheel utilizing wind power is disposed in an
on-water-surface portion and a vertical axis water wheel
utilizing tidal current force is disposed under the water to
utilize the horizontal axis water wheel or the vertical axis
water wheel as ballast will be described as an example of an
offshore structure. The present invention is, however, not
limited to this offshore structure and may be applied to another
offshore structure into which an upper structure and a lower
structure are integrated onshore.

[0043]

As illustrated in FIGS. 1 to 15, an offshore structure
10 of a first embodiment illustrated herein is an offshore
structure into which an upper structure 11 and a lower structure
12 are Jjoined and which is disposed onshore. The upper
structure 11 includes: a vertical-axis wind wheel 1la having

a rotary shaft 1laa and a vertical blades 1llab; and a wind-wheel
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supporting portion 1lb which supports the vertical-axis wind
wheel 1la. In addition, the lower structure 12 includes a
vertical axis water wheel.

[0044]

For the upper structure 11 to be capable of being mounted
in an upright standing state on a carrier vessel 20, the
wind-wheel supporting portion 1lb of the upper structure 11
includes an engagement portion llba configured such that while
the upper structure 11 is in the upright standing state, the
engagement portion 1llba can receive a pair of arm-shaped
structures 23 provided to the carrier vessel 20 and sliding
thereinto from a lateral side, and be placed onto the pair of
arm-shaped structures 23. Note that although a lower portion
of a ring protruding annularly froma lower portion of the column
serves as the engagement portion 1llba in this embodiment, but
an upper portion of an insertion hole allowing the arm-shaped
structures 23 to be inserted may be used as the engagement
portion.

[0045]

As illustrated in FIGS 16 to 24, an offshore structure
10A of a second embodiment is different in that a lower structure
12A does not include the vertical axis water wheel and is formed
of a weight. The shape of the offshore structure 10A is more
likely to be substantially the same as a known shape as the
spar—-type offshore structure.

[0046]

In addition, as illustrated in FIGS. 1 to 14 and 16 to
23, the carrier vessel 20 includes: a deck 21 on which the upper
structure 11 can be mounted in an upright standing state; a

bridge 22 for navigation; and propulsion devices such as a

23



propulsion engine and propellers and a fuel tank, which are not
illustrated. Moreover, the carrier vessel 20 includes ballast
tanks and configured to be capable of loading and discharging
ballast water and controlling movement between the ballast
tanks to adjust the draft and trim of the hull (inclination in
a bow-stern direction) when a heavy-weight carried object is
loaded or unloaded and when a carried object is moved toward
the bow.

[0047]

Furthermore, the carrier vessel 20 includes the pair of
arm-shaped structures 23 protruding from an end portion, which
is the bow or the stern, of the hull in the bow-stern direction
(the direction from the stern to the stern in FIGS. 1 to 14 and
16 to 23). The pair of arm-shaped structures 23 are arranged
in a U-shape open on the stern side in such a manner as to face
each other in the lateral direction of the stern, when viewed
from above.

[0048]

Then, as illustrated in FIGS. 1 to 2, the carrier vessel
20 is moved backward while inserting the pair of arm-shaped
structures 23 below the engagement portion llba of the upper
structure 11 placed on a quay 1 from the opening side of the
U-shape, to thereby set the pair of arm-shaped structures 23
below the engagement portion 1lba. Then, the stern side of the
carrier vessel 20 or the entire carrier vessel 20 is raised by
discharging the ballast water from the unillustrated ballast
tanks, so that the pair of arm—-shaped structures 23 are abutted
against the engagement portion llba. Further, the weight of
the upper structure 11 is supported by the pair of arm-shaped

structures 23 to raise the upper structure 11 above the quay

24



1, so that the upper structure 11 ismounted on the carrier vessel
20.
[0049]

In addition, as illustrated in FIG. 13, when a carried
object (the upper structure in FIG. 13) 11 is launched on the
sea, the stern side of the hull is submerged to float the carried
object. Then, the hull is moved forward to pull the pair of
arm—-shaped structures 23 from the engagement portion of the
carried object, so that the carried object is launched on the
sea.

[0050]

Then, 1in a case where the offshore structure 10 1is
configured such that a lowermost portion of the offshore
structure 10 protrudes below a lowermost portion of the carrier
vessel 20 by three meters or more when the upper structure 11
and the lower structure 12 are integrated and mounted on the
carrier vessel, the construction method of the present
invention is particularly effective because of limitation on
the water depth in a general port facility. Note that the upper
limit of the amount of protrusion of the lowermost portion of
the offshore structure 10 below the lowermost portion of the
carrier vessel 20 is approximately 100 m in a realistic design
at the current stage, but 1is sufficiently possible to be
approximately 400 m, and may be on the order of 1000 m in the
future.

[0051]

Next, the method of constructing an offshore structure
of the embodiment of the present invention will be described
with reference to the drawings. This method of constructing

an offshore structure of a first embodiment is a construction
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method employed when a first offshore structure 10 is installed
on the sea at the installation site, and is as illustrated in
FIGS. 1 to 15. 1In addition, the method of constructing an
offshore structure of a second embodiment is a construction
method employed when an offshore structure 10A of a second
embodiment is installed on the sea at the installation site,
and is as illustrated in FIGS. 16 to 24.

[0052]

First, the method of constructing an offshore structure
of the first embodiment will be described. This method of
constructing an offshore structure includes: a manufacturing
step; a mounting step; a carrying step; a launching step; an
in-water keeping step; a moving step; an uniting step including
one or both of a raising step and a lowering step; a joining
step; a floating step; and a mooring-line connecting step.
[0053]

In the manufacturing step, the offshore structure 10 is
manufactured while being separated in the upper structure 11
and the lower structure 12. In general, as illustrated in FIG.
1, the upper structure 11 and the lower structure 12 are
manufactured at the quay 1 so as to be easily transported by
sea because of involving movement to an offshore installation
site. However, since the water depth to the bottom of the sea
(or the water bottom) at this site is relatively shallow, it
is difficult to launch and tow the upper structure 11 and the
lower structure 12 in an integral upright standing state from
the quay 1.

[0054]
For this reason, in the mounting step following the

manufacturing step, as illustrated in FIG. 1, the upper
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structure 11 is mounted in an upright standing state onto the
carrier vessel 20. In the mounting step, when the upper
structure 11 is mounted onto the carrier vessel 20, ballast
water is loaded in the carrier vessel 20 to perform ballast
adjustment such that the height of the pair of left and right
arm-shaped structures 23 at the stern of the carrier vessel 20
is below the engagement portion llba of the upper structure 11.
[0055]

Next, as illustrated in FIG. 2, in a state where the height
of the arm-shaped structures 23 is below the engagement portion
llba, the carrier vessel 20 is moved backward to insert the
arm-shaped structures 23 below the engagement portion 1llba.
After the insertion is completed, the ballast water is
discharged to raise the height of the arm-shaped structures 23,
so that the arm-shaped structures 23 are abutted against the
lower side of the engagement portion llba. The arm-shaped
structures 23 are then further raised to hold the upper
structure 11, and the upper structure 11 is moved away from the
quay. In this way, the upper structure 11 is mounted on the
arm—-shaped structures 23 of the carrier vessel 20.

[0056]

In the mounting step, the upper structure 11 is mounted
in an upright standing state onto the carrier wvessel 20
including the ballast tanks and the pair of arm-shaped
structures 23. Accordingly, a crane vessel or a large-sized
crane for mounting the upper structure 11 onto the carrier
vessel 20 becomes unnecessary.

[0057]
Next, as illustrated in FIG. 3, the upper structure 11

is moved toward the bow of the carrier vessel 20. In this state,
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the carrier vessel 20 is moved away from the quay 1 where the
upper structure 11 has been placed, and is moved to the quay
where the lower structure 12 is placed, as illustrated in FIG.
4, and the lower structure 12 is mounted on the carrier vessel
20 in the same manner as the mounting of the upper structure
11, as illustrated in FIGS. 4 to 7.

[0058]

The upper structure 11 and the lower structure 12 may be
mounted respectively onto separate carrier vessels 20, 20
depending on the load capacity of the carrier vessel 20 or as
necessary, or the upper structure 11 and the lower structure
12 may be mounted simultaneously onto the same carrier vessel
20.

[0059]

After the upper structure 11 and the lower structure 12
are mounted in the mounting step, the upper structure 11 and
the lower structure 12 are carried to the offshore installation
site by the carrier vessel 20 in the next carrying step, as
illustrated in FIG. 8. This movement is performed by the
self-navigation of the carrier vessel 20.

[0060]

Once the carrier vessel 20 arrives at the offshore
installation site, the lower structure 12 is hung down in the
upright standing state from the carrier vessel 20 into the water
by means of a hanging line 50, in the launching step, as
illustrated in FIGS. 9 and 10. When the water depth of the
offshore installation site is relatively shallow, the lower
structure 12 is placed on the bottom of the sea (or the water
bottom) 3. This hanging of the lower structure 12 is performed

by loading the ballast water or loading another ballast to
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submerge the lower structure 12 while hanging and maintaining
the lower structure 12 in a substantially vertical state by
means of the hanging line 50.

[0061]

In this event, the amount of the ballast is made such that
the weight in water of the lower structure 12 is balanced with
the buoyancy, making it possible to significantly reduce the
load applied to the hanging line 50. Accordingly, the crane
capacity of the winch, the crane vehicle 40, and the 1like
provided on the carrier vessel 20 becomes sufficient without
requiring a large crane. Therefore, it 1s unnecessary to
provide a large-sized crane on the carrier vessel 20, and it
is sufficient to use the winch provided on the carrier vessel
20 or to mount the commercially-available crane vehicle 40 (the
drawings show the case of using the crane vehicle). Note that
when the capacity of the winch is insufficient, the capacity
may be modified to a capacity sufficient for construction).
[0062]

As described above, carrying the lower structure 12 in
the upright standing state eliminates the work for bringing the
lower structure 12 from a laid-down state into a vertical state
on the sea, thus simplifying the work, as compared to the case
of carrying the lower structure 12 in the laid-down state.
[0063]

In the next in-water keeping step, part or whole of the
lower structure 12 is kept in the upright standing state in water.
In the next moving step, the upper structure 11 is moved to above
the lower structure 12 kept in the upright standing state, as
illustrated in FIG. 11. The movement of the upper structure

11 is performed by moving the upper structure 11 to above the
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arm-shaped structures 23 on the carrier vessel 20, and then
controlling the position of the carrier vessel 20 such that the
upper structure 11 is arranged above the lower structure 12.
[0064]

After the arrangement is completed, when the raising step
is performed in the uniting step, the lower structure 12, which
is hung by the hanging line 50 or the like such that the part
or whole is in the water, is raised to be arranged below the
upper structure 11, in the raising step, as illustrated in FIG.
12. The raising of the lower structure 12 can be easily
performed by pulling up the hanging line 50 by means of the winch
or the crane vehicle 40, or discharging the ballast water in
the upper structure 11, or removing ballast, or the like.
[0065]

According to the method of the raising step, the lower
structure 12, the part or whole of which is under the water and
which thus requires a relatively small force for vertical
movement, is raised in a state where the upper structure 11 is
placed on the carrier vessel 20 or is fixed on the sea by the
carrier vessel 20 or a towing vessel or the like. This
eliminates the necessity of vertically moving the upper
structure 10, the most or whole of which is above the water level
and which thus requires a large force for vertical movement,
and the floating structure 10 can therefore be moored safely
at the offshore installation site without using a crane vessel.
[0066]

Meanwhile, when the lowering step is performed in the
uniting step, the upper structure 11 and the lower structure
12 are united by lowering the upper structure 11 by submerging

part of the carrier vessel 20 on which the upper structure 11
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is mounted while being held by the pair of arm-shaped structures
23, in the lowering step.
[0067]

In the lowering step, the upper structure 11 is lowered
by submerging part of the carrier vessel 20 with the upper
structure 11 being placed on the carrier vessel 20 in a state
where the lower structure 12 is fixed or moored. Accordingly,
the upper structure 11 and the lower structure 12 can be united
safely at the offshore installation site without using a crane
vessel.

[0068]

In addition, when the lowering step is configured such
that the lower structure 12 is settled on the water bottom 3,
a construction method suitable not for the float-type floating
structure but for a grounding-type floating structure, which
does not require mooring using mooring lines can be achieved.
Meanwhile, also in the case of the float-type requiring mooring
using mooring lines, under severe weather or oceanographic
conditions or tidal currents, the offshore structure 10 can be
positioned and held safely at the installation site by
temporarily settling and placing the lower structure 12 on the
sea bed 3. Note that a tension legplatform (TLP) using tendons
as the mooring lines instead of anchor chains, ropes, and the
like may be used.

[0069]

Further, both of the lowering step of lowering the upper
structure 11 and the raising step of raising the lower structure
12 may be used in combination. In this case, although both of
them may be simultaneously performed, but it is preferable that

one of them be performed prior to the other in view of the
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positioning.
[0070]

Once the upper side of the lower structure 12 is abutted
against or at a distance slightly away from the lower side of
the upper structure 11 in the uniting step, the upper side of
the lower structure 12 is positioned relative to the lower side
of the upper structure 11, and the lower structure 12 1is
integrated with the upper structure 11 by welding,
bolt-fastening, fitting, pinning, and the like, in the joining
step.

[0071]

From the mounting step to the joining step, since the upper
structure 11 is consistently in the upright standing state, the
work of bringing the upper structure 11 from the laid-down state
into the upright standing state on the sea is eliminated, and
a crane vessel or a large-sized crane on the carrier vessel 20
becomes unnecessary. Accordingly, instruments and the like
installed in the upper structure 11 are not brought into the
laid-down state, and these instruments and the like can be
provided to the upper structure 11 or inspected on the onshore
work. Therefore, the installation work of the instruments and
the like on the sea canbe omitted to improve the work efficiency.
In addition, the upper structure is mounted and fixed on the
carrier vessel, and the lower structure is abutted and fixed
on the upper structure, such that joining work and the like can
be performed in an environment where the entire inertia is large
and and pitching and rolling is minimized, and that manpower
and motive power required for the joining work and the like can
be safely supplied from the carrier vessel.

[0072]
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Then, after the joining step is completed, the integrated
upper structure 11 and lower structure 12, that is, the floating
structure 10 is unloaded from the carrier vessel 20 and floated
on the sea, in the floating step. In the floating step, the
stern is submerged by the ballast adjustment of the carrier
vessel 20 relative to the floating structure 10 adjusted to be
capable of being floated on the water level W.L. to thereby lower
the arm-shaped structures 23, so that the offshore structure
10 is floated. Thereafter, the carrier vessel 20 is moved
forward to pull the arm-shaped structures 23 away from the
offshore structure 10.

[0073]

In the floating step as well, when the integrated upper
structure 11 and lower structure 12 are unloaded from the
carrier vessel 20 and floated on the sea, the offshore structure
10 can be unloaded from the carrier vessel 20 by floating the
offshore structure 10 by the ballast water operation on the
carrier vessel 20 side and pulling the carrier vessel 20 away.
Accordingly, a crane vessel or a large-sized crane becomes
unnecessary in the floating step as well.

[0074]

In addition, when the floating step is configured such
that part of the carrier vessel 20 is submerged in unloading
the integrated upper structure 11 and lower structure 12 from
the carrier vessel 20, the integrated upper structure 11 and
lower structure 12 can be easily floated on the sea with their
attitude maintained in the vertical state. Note that when
ballast remains in the lower structure, the floating may be
achieved by discharging or removing the ballast.

[0075]

33



Next, in the mooring-line connecting step and after the
floating step, the integrated upper structure 11 and lower
structure 12 and a mooring base 31 are connected by the mooring
line 30. In a case where the mooring-line connecting step is
provided after the joining step, when a connection portion 32
of the mooring line 30 on the offshore structure 10 side is
situated on the lower structure 12 side during the connecting
work, the connecting work between the lower structure 12 and
the mooring line 30 can be performed not in the water but above
the water level W.L., and the joining work can thus be
efficiently performed.

[0076 ]

On the other hand, in a case where the mooring-line
connecting step is provided before the joining step in which
the upper structure 11 and the lower structure 12 are integrated,
when the connection portion 32 of the mooring line 30 on the
offshore structure 10 side is situated on the lower structure
12 side, since the lower structure 12 is connected to the mooring
line 30 in a stable state during the joining step, the joining
work can be easily performed. Alternatively, when the
connection portion 32 is situated on the upper structure 11 side,
the joining work can be performed at the stage where the upper
structure is mounted and stable on the carrier vessel and the
load by the lower structure is not applied to the arm-shaped
structures of the carrier vessel.

[0077]

Next, a method of constructing an offshore structure
of a second embodiment will be described. The method of
constructing an offshore structure of the second embodiment is

different in methods of mounting and carrying a lower structure
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12A of an offshore structure 10A from the method of constructing
an offshore structure of the first embodiment, but is the same
in the other configurations.

[0078]

More specifically, the method of constructing an offshore
structure of the second embodiment may be employed in mooring
the offshore structure 10A of the second embodiment as
illustrated in FIG. 24 on the sea, and the mounting and carrying
of the upper structure 11A in the manufacturing step and the
mounting step are the same as those in the method of constructing
anoffshore structure of the first embodiment, but the mounting
and the carrying of the lower structure 12A in the mounting step
and the carrying step are performed in the laid-down state as
illustrated in FIGS. 17 and 18.

[0079]

For this reason, the launching step requires the work of
unloading the lower structure 12A in the laid-down state from
the carrier vessel 20 and bringing the lower structure 12A into
the vertical state, as illustrated in FIG. 19. This work can
be performed in a state where the weight in water of the lower
structure 12A is low, requiring no large-sized crane, and can
thus be easily performed by hanging the upper portion side of
the lower structure 12A by the commercially-available crane
vehicle 40 while loading the ballast water or loading ballast
to submerge the lower portion side thereof.

[0080]

The in-water keeping step, the moving step, the joining
step, the floating step, and the mooring-line connecting step
after bringing the lower structure 12A into the vertical state

are the same as those of the method of constructing an offshore
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structure of the first embodiment, as illustrated in FIGS. 20
to 24.
[0081]

Therefore, in the methods of constructing an offshore
structure and the offshore structures 10, 10A of the first and
second embodiments of the present invention, the lower
structure 12, 12A, the part or whole of which is in the water,
is raised by a hanging line or the like relative to the upper
structure 11, 11A, thereby joining the upper structure 11, 11A
and the lower structure 12, 12A, on the contrary to the
conventional techniques in which when an upper structure 11,
11A and a lower structure 12, 12A are integrated on the sea,
relative to the lower structure 12, 12A disposed on the sea,
the upper structure hung by a crane or the like is lowered onto
the lower structure 12, 12A from above the lower structure 12,
12A, thereby joining the upper structure 11, 11A and the lower
structure 12, 12A.

[0082]

According to these methods of constructing an offshore
structure, the lower structure 12, 12A, the part or whole of
which is under the water and which thus requires a relatively
small force for vertical movement, is raised in a state where
the upper structure 11, 11A is placed on the carrier vessel 20
or is fixed on the sea by the carrier vessel 20 or a towing vessel
or thelike. Thiseliminates thenecessity of verticallymoving
the upper structure 11, 11A, most or whole of which is above
the water level and which thus requires a large force for
vertical movement, and the offshore structure 10 can therefore
be moored safely at the offshore installation site without using

a crane vessel. In addition, the upper structure is mounted
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and fixed on the carrier vessel, and the lower structure is
abutted and fixed on the upper structure; accordingly, joining
work and the like can be performed in an environment where the
entire inertia is large and pitching and rolling is minimized,
and that manpower and motive power required for the joining work
and the like can be safely supplied from the carrier vessel.
[0083]

Note that, since the whole or most of the lower structure
12, 12A is submerged in the water during the installation, even
when the lower structure 12, 12A is mounted in the laid-down
state onto the carrier vessel 20 or is towed in the laid-down
state by a towing vessel, the lower structure 12, 12A can be
brought into the vertical state by loading the ballast water
or another ballast or the 1like at the installation site,
relatively easily by using only a relatively small crane, a
winch, or the like. On the other hand, the upper structure 11,
11A is equipped with instruments, such as a wind power
generation facility, which need to be prevented from being
submerged in the water. For this reason, when the upper
structure 11, 11A is carried in the laid-down state as in the
conventional techniques, it is necessary to bring the upper
structure 11, 11A from the laid-down state into the vertical
state on the sea at the installation site or on the carrier vessel
20, which requires a crane vessel or a large—-sized crane on the
carrier vessel.
[0084]

According to the floating structure 10, 10A of the
above-described configuration, the upper structure 11, 11A of
the floating structure 10, 10A can be mounted in the upright

standing state on the carrier vessel 20 including the ballast
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tank and the pair of arm-shaped structures 23 protruding from
an end portion, which is the bow or the stern, of the hull of
the carrier vessel in the bow—-stern direction. Therefore, the
above-described method of constructing an offshore structure
can be implemented and the same operations and effects as those
of the above-described method of constructing a floating
structure can be obtained.

[0085]

Next, the configurations of offshore structures 10, 104,
10B, 10C will be described with reference to FIGS. 15, and 24
to 27. FEach of these offshore structures 10, 10A, 10B, 10C
has a structure with the center of buoyancy located above the
center of gravity, and the upper structure 11, 11A, 11B, 11C
of each is mainly constituted of an on-water portion and the
lower structure 12, 12A, 12B, 12C thereof ismainly constituted
of a submerging portion. The upper structure 11, 11A, 11B, 11C
and the lower structure 12, 12A, 12B, 12C are connected to each
other in such a manner as to be capable of being coupled and
separated. Note that the term "mainly" refers to 70% or more,
or preferably 80% or more, for example.

[0086]

The configuration capable of coupling facilitates the
installation of the offshore structure 10, 10A, 10B, 10C and
the configuration capable of separating facilitates the removal
work of the offshore structure 10, 10A, 10B, 10C. Accordingly,
the floating structure 10, 10A, 10B, 10C can be easily moved
or dismantled. 1In addition, in a case where the mooring is
connected to the lower structure, when serious failure occurs
in the upper structure and a similar event occurs, it is possible

to easily remove and bring back only the upper structure and
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then toeasily reinstall the upper structure after restoration.
[0087]

Moreover, while the upper structure 11, 11A, 11B, 11C is
at least almost assembled in the upright standing state onshore
and carried in the upright standing state, the lower structure
12, 12A, 12B, 12C is configured to have such a mechanism that
the lower structure 12, 12A, 12B, 12C is carried to the offshore
installation site of the offshore structure 10, 10A, 10B, 10C
or a sea area with a sufficient water depth, and then brought
into the upright standing state.

[0088]

When the offshore structure 10, 10A, 10B, 10C is moored,
it is preferable that a connection portion 14 of the mooring
line 30 on the offshore structure 10, 10A, 10B, 10C side be
provided to the upper structure 11, 11A, 11B, 11C, making it
possible to perform the works and inspections on the connection
portion 14 on the water, or preferably near the water level W.L.
[0089]

In addition, in these offshore structures 10, 10A, 10B,
10C, it is preferable that the lower structure 12, 12A, 12B,
12C be formed to have a ballast-water loading and discharging
facility (not illustrated) for not only loading but also
discharging ballast water or to have a ballast loading and
discharging facility (not illustrated) for not only loading but
also discharging solid ballast, or to have a structure with
which the ballast-water loading and discharging facility or the
ballast loading and discharging facility is capable of being
temporarily attached thereto. 1In short, it is preferable that
these lower structures 12, 12A, 12B, 12C have a facility for

loading and discharging the ballast water, or have a facility
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for loading and discharging the solid ballast, or have a
structure capable of being equipped with such facilities.
[0090]

As a method of discharging the ballast water, it is
possible to use a pump, an air lift, or extrusion by injection
of compressed air. In addition, as a method of discharging the
solid ballast, when a powder, a powdery solid, or a slurry is
used, 1t is possible to use a slurry pump, an ejector, or an
air 1ift for removal of these. Note that a heavy solidor slurry
also can be easily discharged by using an air-1ift system which
uses uplifting force of a gas by mixing the gas in a liquid to
uplift a solidmixed in a liquid inside an air—-1ift pipe by using
the mixed gas of the liquid and the gas.

[0091]

In this way, the lower structure 12, 12A, 12B, 12C can
be easily uplifted, so that the work of coupling the upper
structure 11, 1127, 11B, 11C and the lower structure 12, 12A,
12B, 12C on the sea can be easily performed, and further, when
the offshore structure 10, 10A, 10B, 10C is removed from the
offshore installation site, the offshore structure 10 can be
easily disassembled and removed in the reverse procedure to that
of the installation Dby discharging the Dballast (by
deballasting). This makes it possible to resolve the
difficulties in moving and dismantling the offshore structure
10, 10A, 10B, 10C.

[0092]

Note that in the case of a normal spar-type offshore
structure of the conventional techniques, since ballasting work
is performed by cramming an undischargeable solid ballast such

as heavy concrete or iron ore which is bound and integrated with
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proceeding of oxidation, the offshore structure is difficult
to remove even at an installation site with a shallow water depth,
and thus cannot be moved. Moreover, even 1f the offshore
structure cannot be moved to an area with a shallow water depth
because of its large draft, it brings about the problem of
environmental pollution to sink and discard the offshore
structure that has become unnecessary in a high sea with a deep
water depth. Configuring the offshore structures 10, 10A, 10B,
10C as being deballastable to be easily movable as in the present
invention becomes a great advantage in terms of the measures
against the environmental pollution.

[0093]

In addition, as illustrated in FIG. 24, in the offshore
structure 10A, the engagement portion 1lba, which is configured
such that when the upper structure 11A is mounted in the upright
standing state onto the carrier vessel 20, the engagement
portion llba receives the pair of arm-shaped structures 23
provided in the carrier vessel 20 and places the upper structure
11A onto the pair of arm-shaped structures 23, is formed of a
protruding part 13 protruding from the upper structure 10A
horizontally in three directions or more. Moreover, the
protruding part 13 is provided with a connection portion 14 for
connecting the mooring line 30. Furthermore, it is preferable
that the protruding part 13 be configured to be capable of being
used for safety during assembly work in the upright standing
state onshore.

[0094]

In short, it is preferable that the protruding part 13

protruding in three directions or more be provided on the upper

structure 11A and the protruding part 13 be provided with the
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connection portion 14 for the mooring line 30 at a position above
water during the mooring work. This makes it possible to
perform, at the protruding part 13, the mounting work for the
upper structure 11A onto the carrier vessel 20, as well as the
connecting work, the adjusting work, and the inspection work
for the mooring line 30 at the connection portion 14. 1In
particular, when the protruding part 13 is above water during
the mooring work, diving work becomes unnecessary, so that the
connecting work of these mooring lines 30 and the like can be
easily performed. Meanwhile, when the protruding part 13 is
below but near the water level W.L. during the mooring work,
the connecting work of the mooring lines 30 and the like becomes
relatively easy.
[0095]

In addition, the offshore structure 10B illustrated in
FIG. 25 1is a vertically long structure including an upper
structure 11B and a lower structure 12B, and is configured such
that the lower structure 12B includes a weight 12Ba in a lower
portion thereof and a buoyancy body 12Bb above the weight 12Ba.
On the other hand, the floating structure 10C illustrated in
FIG. 27 includes an upper structure 11C and a lower structure
12C, and is configured such that the lower structure 12C
includes a weight 12Ca in a lower portion thereof and a buoyancy
body 12Cb above the weight 12Ca. However, the weight 12Ca is
a water wheel also serving as a weight, and is wider in width
than the lower structure 12B of the vertically long offshore
structure 10B. Moreover, the upper structure 11C includes a
vertical-axis wind wheel.
[0096]

Then, as illustrated in FIGS. 25 to 27, in the offshore
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structure 10B, 10C, the offshore structure 10B, 10C is moored
by the mooring lines 30 and the offshore structure 10B, 10C is
provided with an arm 15. One end side of the arm 15 is swingable
only about the horizontal axis, and a rotary shaft 15a of the
arm 15 is inserted in an insertion hole 11Ba of the offshore
structure 10B, 10C (the upper structure 11B of the offshore
structure 10B in FIG. 26) and is rotatably fixed. 1In addition,
the connection portion 14 for connecting the mooring line 30
is provided on the other end side of the arm 15. Note that the
arm 15 may be provided on the upper structure 11B, 11C side of
the offshore structure 10B, 10C or may be provided on the lower
structure 12B, 12C side.

[0097]

This makes it possible to solve the problem in the mooring
of the conventional technique for the spar-type offshore
structure 10X, in which since a connection member 17, such as
a chain stopper, is provided at a position at a small distance
(attachment radius) froma center axis of the offshore structure
10X in the vertical direction, the restoring moment by the
mooring force of the mooring line 30, which acts on a swing
(hereinafter referred to as twist) ¥ of the floating structure
10X in the turning direction, that is, on the horizontal plane,
and which is in the direction to return the twist ¥. The twist
Y occurs in direct relation to the power generating torque when
the offshore structure 10X is equipped with a vertical—-axis wind
wheel, and occurs in direct relation to the turning or
maintaining of a horizontal-axis wind wheel to windward against
wind force when the offshore structure 10X is equipped with a
horizontal-axis wind wheel.

[0098]
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Against this, in the offshore structures 10B, 10C
illustrated in FIGS. 25 to 27, the arm 15 is interposed, so that
the connection portion 14 can be provided at a position at a
large distance (attachment radius) from the center axis of the
offshore structure 10B, 10C in the vertical direction by an
amount corresponding to the arm 15. Accordingly, the restoring
moment by the mooring force of the mooring line 30, which acts
in the direction to return the twist ¥ can be increased, making
it possible to suppress the swing (turning motion) in which the
entire offshore structure 10B, 10C is twisted and returned in
the turning direction.

[0099]

Moreover, when the connection portion 14 is provided at
a position with a small attachment radius as in the offshore
structure 10X of the conventional technique illustrated in FIG.
28, with the swing (inclination) 6 of the offshore structure
10X about the horizontal axis, the amount of displacement at
the position of the connection portion 14 due to the swing
becomes small. Accordingly, the variation in mooring force of
the mooring line 30 becomes small, and the allowable range for
the swing 6 of the offshore structure 10X about the horizontal
axis is wide.

[0100]

On the other hand, as illustrated in FIGS. 25 and 27, when
the connection portion 14 is provided at a position with a large
attachment radius, with the inclination (swing about the
horizontal axis) © of the offshore structure 10B, 10C, the
amount of displacement at the position of the connection portion
14 due to the inclination 6 becomes large. Accordingly, the

variation in mooring force of the mooring line 30 also becomes
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large, and the allowable range for the swing 6 of the offshore
structure 10B, 10C about the horizontal axis becomes narrow.
However, against this, in the offshore structure 10B, 10C, as
illustrated in FIGS. 25 to 27, the arm 15 is supported at one
end side on the offshore structure 10B, 10C (the upper structure
11B, 11C in the drawings) in such a manner as to be swingable
only about the horizontal axis, that is, inclinable. This makes
it possible to reduce the variation in mooring force of the
mooring line 30 and to thus widen the allowable range for the
swing 6 of the offshore structure 10B, 10C.

[0101]

Furthermore, a swinging part (not illustrated) swingable
about the vertical axis is provided on the other end side of
the arm 15, and the connection portion 14 for connecting the
mooring line 30 is provided on the swinging part. The swinging
part can be easily formed of a member swingable about the
vertical axis, for example, a member having a rotary shaft in
the vertical direction and provided to be rotatable about the
rotary shaft, orthe like. Inthisway, asthe attachment radius
of the connection portion 14 is increased by providing the arm
15, the variation in the mooring direction of the mooring line
30 at the connection portion 14 due to the twist (swing in the
turning direction) ¥ of the offshore structure 10B, 10C
increases; however, this swinging part swingable about the
vertical axis allows for the increase in the variation in the
mooring direction of the mooring line 30, thus making it
possible to prevent the connection portion 14 and the mooring
line 30 from damaging.

[0102]

Moreover, when an intermediate buoy (intermediate float)
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16 is provided on the other end side of the arm 15, the vertical
movement of the offshore structure 10B, 10C can be absorbed by
the swinging of the arm 15 about the horizontal axis.
Accordingly, it is possible to significantly reduce the
movement of the connection portion 14 provided on the
intermediate buoy 16 and the movement of the mooring line 30
connected to the connection portion 14 relative to the vertical
movement of the offshore structure 10B, 10C.

[0103]

In addition, since the vertical component of the mooring
force, which varies depending on the water depth and the like,
can be absorbed by the change in buoyancy due to the floating
and sinking of this intermediate buoy 16, the buoyancy required
for the buoyancy body 10Bb, 10Cb of the offshore structure 10B,
10C can be standardized irrespective of the water depth at the
installation site and the like.

[0104]

The offshore structure 10C includes the mooring arm 15
which is supported on the offshore structure 10C while having
a hinge (the rotary shaft swingable about the horizontal axis)
15a vertically rotatable on the base side and which includes
a fixation portion (the connection portion) 14 for the mooring
line 30 at the tip end side. The offshore structure 10C is a
float—-mooring system to be moored by utilizing this mooring arm
15.

[0105]

In addition, in the configuration of the offshore
structure 10C, a plurality of the mooring lines 30 may be
connected to the tip end side of the mooring arm 15, and a

buoyancy portion (the intermediate buoy 16) or a weight portion

46



may be provided on the tip end side of the mooring arm 15.
Furthermore, the offshore structure 10C itself also has the
buoyancy body 12Cb configured to generate buoyancy and has the
weight 12Ca in the water for maintaining the offshore structure
10C in the vertical posture during the mooring. Moreover, the
weight 12Cb is a water wheel and a wind wheel is provided on
the buoyancy body 12Cb.

[0106]

In this way, it is possible to reduce the restoring force
due to the mooring force with respect to the inclination 6 of
the offshore structure 10C because of the small attachment
radius of the pivot (the rotary shaft of the arm 15) 15a, which
allows only the vertical rotation (inclination) 6; on the other
hand, since the attachment radius of the connection portion 14
to attach the connection member 17 such as a chain stopper is
large, the restoring force due to the mooring force against the
twist (turn) ¥ is large, in other words, the rigidity of the
mooring against the twist (turn) ¥ is high.

[0107]

In addition, there is a characteristic that since the
intermediate buoy 16 acts against the downward force of the
mooring, the buoyancy necessary for the buoyancy body 12Cb of
the offshore structure 10C can be standardized irrespective of
the water depth and the like.

[0108]

In addition, the buoyancy body 12Cb of the offshore
structure 10C may be turned together with the water wheel 12Ca.
In this case, the portion occupied by the buoyancy body 12Cb
and the water wheel 12ba can be significantly simplified, and

the diameter of the water wheel 12Ca can be increased. 1In
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addition, a rubber bearing, which supports detachably or
turnably by means of a rubber member but has poor durability,
canbeeliminated. Inaddition, a large allowable singingangle
can be taken than the case of the rubber bearing. Moreover,
in a case where the buoyancy body 12Cb does not turn together
with the water wheel 12Ca, even when the 1limit angle is reached,
since the water wheel 12Ca as well as the arm 15 and the
intermediate buoy 16, which do not rotate together, come into
contact with each other, this can be structurally easily
handled.

INDUSTRIAL APPLICABILITY

[0109]

According to the method of constructing an offshore
structure and the offshore structure of the present invention,
an offshore structure can be moored safely at an offshore
installation site without using a crane vessel in a method of
constructing an offshore structure such a spar type with a wind
turbine or the like mounted thereon. Therefore, the method of
constructing an offshore structure and the offshore structure
of the present invention can be utilized widely for a variety
of offshore structures and construction methods thereof.
EXPLANATION OF REFERENCE NUMERALS
[0110]

10, 10A, 10B, 10C, 10X offshore structure
11, 11aA, 11B, 11C, 11X upper structure
12, 12A, 12B, 12C, 12X lower structure
12Ba, 12Ca, 12Xa weight

12Bb, 12Cb, 12Xb buoyancy body

13 protruding part

14 connection portion
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15 arm

15a rotary shaft

16 intermediate buoy
20 carrier vessel
21 deck

22 bridge

23 arm—shaped structure

30 mooring line

31 mooring base

32 connection portion of the mooring line
40 crane vehicle

50 hanging line
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CLAIMS
[Claim 1]

A method for constructing an offshore structure,
characterized in that

the method comprises:

a manufacturing step of manufacturing an offshore
structure separated in an upper structure and a lower structure;

an in-water keeping step of keeping part or whole of the
lower structure in an upright standing state in water;

a moving step of moving the upper structure to above the
lower structure kept in the upright standing state;

an uniting step including one or both of an raising step
of raising the lower structure to arrange the lower structure
on a lower side of the upper structure and a lowering step of
lowering the upper structure to arrange the upper structure on
an upper side of the lower structure by submerging part of a
carrier vessel on which the upper structure is mounted while
being held by a pair of arm-shaped structures of the carrier
vessel; and

a joining step of integrating the lower structure with

the upper structure.

[Claim 2]

The method of constructing an offshore structure
according to claiml, characterized in that in the raising step,
the lower structure is raised by using a winch mounted on a
carrier vessel for moving at least one of the upper structure

and the lower structure.

[Claim 3]
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The method of constructing an offshore structure
according to claim 1 or 2, characterized in that

the joining step is a step of integrating the lower
structure with the upper structure in a state where the upper
structure is held by the pair of arm-shaped structures of the
carrier vessel,

the method comprises: between the manufacturing step and
the in-water keeping step,

a mounting step of mounting the upper structure in
an upright standing state on a carrier vessel including a
ballast tank and a pair of arm-shaped structures protruding from
an end portion, which is a bow or a stern, of a hull of the carrier
vessel in a bow-stern direction;

a carrying step of carrying the upper structure and
the lower structure one by one or simultaneously to an offshore
installation site by means of the carrier vessel; and

a launching step of hanging the lower structure down
from the carrier vessel by means of a hanging line and lowering
the lower structure into the water, and

the method also comprises: after the joining step,

a floating step of unloading the integrated upper
structure and lower structure from the carrier vessel and
floating the integrated upper structure and lower structure on

the sea.

[Claim 4]

The method of constructing an offshore structure
according to claim 3, characterized in that

in the floating step, when the integrated upper structure

and lower structure are unloaded from the carrier vessel, part
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of the carrier vessel is submerged.

[Claim 5]

The method of constructing an offshore structure
according to claim 3 or 4, characterized in that

in the launching step, the lower structure is settled on

the sea bed.

[Claim 6]

The method of constructing an offshore structure
according to any one of claims 3 to 5, characterized in that

the method further comprises: after the carrying step and
before the joining step,

a mooring-line connecting step of connecting the upper
structure or the lower structure to amooring base with a mooring

line.

[Claim 7]
The method of constructing an offshore structure
according to any one of claims 3 to 5, characterized in that
the method further comprises: after the joining step,
a mooring-line connecting step of connecting the
integrated upper structure or lower structure to a mooring base

with a mooring line.

[Claim 8]

An offshore structure characterized in that

the offshore structure comprises: an upper structure and
a lower structure joined to each other, and is configured to

be disposed on a sea, and
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for the upper structure to be capable of being mounted
in an upright standing state on a carrier vessel including a
ballast tank and a pair of arm-shaped structures protruding from
an end portion, which is a bow or a stern, of a hull of the carrier
vessel in a bow-stern direction, the upper structure includes
an engagement portion configured such that while the upper
structure is in the upright standing state, the engagement
portion can receive the pair of arm-shaped structures sliding
thereinto from a lateral side and be placed onto the pair of

arm—-shaped structures.

[Claim 9]

The offshore structure according to claim 8,
characterized in that

the offshore structure has a structure with a center of
buoyancy located above a center of gravity,

the upper structure is mainly constituted of an on-water
portion,

the lower structure is mainly constituted of a submerging
portion,

the upper structure and the lower structure are connected
to each other in such a manner as to be capable of being coupled

and separated.

[Claim 10]

The offshore structure according to claim 8 or 9,
characterized in that

when the upper structure and the lower structure are
integrated and mounted upright on a carrier vessel, a lowermost

portion of the floating structure protrudes below a lowermost

53



portion of the carrier vessel by three meters or more.

[Claim 11]

The offshore structure according to any one of claims 8
to 10, characterized in that

the lower structure is formed to have a ballast-water
loading and discharging facility for not only loading but also
discharging ballast water or to have a ballast loading and
discharging facility for not only loading but also discharging
solid Dballast, or to have a structure with which the
ballast-water loading and discharging facility or the ballast
loading and discharging facility is capable of Dbeing

temporarily attached thereto.

[Claim 12]

The offshore structure according to any one of claims 8
to 11, characterized in that

the engagement portion is formed of a protruding part
protruding from the upper structure horizontally in three
directions or more, and

the protruding part is provided with a connection portion

for connecting a mooring line.

[Claim 13]

The offshore structure according to any one of claims 8
to 12, characterized in that

the offshore structure is moored by a mooring line,

an arm is supported at one end side to the offshore
structure in such a manner as to be swingable only about a

horizontal axis, and
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a connection portion for connecting the mooring line is

provided on another end side of the arm.

[Claim 14]

The offshore structure according to claim 13,
characterized in that

a swinging part swingable about a vertical axis 1is
provided on the other end side of the arm, and

the connection portion for connecting the mooring line

is provided on the swinging part.
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