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DESCRIPTION

[0001] The present invention relates to a connection structure between a steel pipe pile and a steel sleeve pipe in a mono-pile
type foundation structure of a wind power generation facility or the like on land or the sea.

[0002] As one type of renewable energy (sustainably utilizable energy), there is electric energy by a wind power generation
facility. With respect to the wind power generation facility, in Japan, an overland type generation facility which is installed on land
is a mainstream facility. However, mainly in Europe having a sea area with shoals, an ocean type generation facility which is
installed on the sea is also being put to practical use. On the ocean, there are advantages in that, compared to on land, it is easy
to stably secure wind with wind velocity which is suitable for wind power generation and that there are few problems regarding the
building site, compared to on land. However, in order to install the generation facility on the ocean, it is necessary to construct a
stable foundation in a seabed ground below a sea level and thus, costs are increased, compared to on land.

[0003] For such a situation, as a foundation in a case of the ocean, a jacket foundation, a caisson foundation, or the like can be
considered. Among them, as a structure which is not easily affected by subsidence of a seabed ground or wave power and can
be constructed at low cost compared to other foundation structures, there is a mono-pile type (single pile type) foundation
structure (refer to, for example, JP 2006-46013 A).

[0004] In the mono-pile type foundation structure described above, first, a steel pipe pile having a diameter in arange of 3mto 5
m is installed in a seabed ground by a percussion method or the like. Next, as shown in FIGS. 16A and 16B, a steel outer sleeve
structure member (hereinafter referred to as a steel outer sleeve 2) that is called a transition piece is installed on an upper
portion of a steel pipe pile 1. Then, the steel pipe pile 1 and the steel outer sleeve 2 are integrally connected to each other by
filling grout 13 therebetween. Such a connection method is called grout connection. In general, in the mono-pile type foundation
structure, the steel outer sleeve 2 and a prop (a tower section) 16 that is a superstructure which is installed thereon are often
combined with each other by bolt connections 25.

[0005] A grout connection portion is commonly used in a jacket ocean structure which has a large number of proven track record
in oilfield development or the like. In JP 2005-133485 A and JP 2003-193486 A, an invention relating to a method for construction
of the structure type is disclosed. In a grout connection portion according to such a related art, as a function thereof, it is
necessary to transmit a load which is transmitted from a superstructure, from a sleeve pipe to a steel pipe pile through grout. In
order to improve transmission efficiency of a shear force and assist in this load transmission, generally, a shear key (a shear key
for transmitting a shear force) is installed in the grout connection portion. In APl (American Petroleum Institute) RECOMMENDED
PRACTICE 2A-WSD (Working Stress Design), 7.4.4.a Shear key connections (December 2000), as an example of such a shear
key, there is description regarding an on-bead in which a weld rebar or a hot charge is directly installed on the surface of a steel

pipe.

[0006] JP H08-284159 A discloses a connection structure of pile head in which concrete is placed between a steel pipe provided
with protrusions at the external face and a head of a foundation pile made of a driving steel pipe pile, a soil cement composite
steel pipe pile, a cast-in-place steel pipe concrete pile, etc provided with protrusions at the internal face.

[0007] The same grout connection is also used in a mono-pile type foundation structure that is a foundation structure of a wind
turbine generation facility. However, generally, the shear key is not installed. This connection structure is a structure which
depends on the surface friction of a steel material and has a low shear capacity, compared to a case of using the shear key. The
reason that the installation of the shear key is not general in spite of this will be described below. A wind turbine itself is a vibrating
body. In a foundation structure of the wind turbine, both a superstructure and a substructure are affected by specific shaking or a
wind load. At this time, as shown by an arrow in FIGS. 16A and 16B, the steel outer sleeve 2 receives a repeated vibration load A
in the vertical direction (only a downward load is shown). At the same time, a reaction B as shown by an arrow is generated in the
steel pipe pile 1. As a result, in spite of the presence or absence of the shear key, fatigue is accumulated in the grout 13.

[0008] On the other hand, a case where shear keys 22 are provided on the steel pipe pile 1 and the steel outer sleeve 2 is
shown in FIGS. 17A and 17B. In this structure, when the repeated vibration load A and the reaction B in the vertical direction,
which are due to a wind turbine act, a compression area (a compression diagonal bracing) 23 is formed between the shear keys
22 facing each other in an oblique direction. As a result, compared to a case where there is no shear key, a higher adhesive
force is exhibited. However, in a case where the shear key 22 is installed, in addition to the fatigue accumulation in the grout 13, a
problem of fatigue is also concerned in a steel material which includes projections (a steel pipe and a weld portion of the shear
key to the steel pipe).
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[0009] As a specific example of a method of constructing the shear key 22, as shown in FIGS. 18A and 18B, there is a case
where a steel material such as a rebar 19 or a band-shaped steel plate 20 is welded to and installed at the steel pipe pile 1 or the
steel outer sleeve 2. Further, as shown in FIG 18C, construction by an on-bead is also used. In either case, since it is necessary
to perform heat input to a weld portion, tensile residual stress is generally introduced into a weld end, and thus fatigue resistance
performance is significantly reduced. For this reason, a repeated load is loaded to the weld end by vibration of a structure,
whereby a risk that a fatigue crack may occur is high.

[0010] For this reason, in the grout connection in the mono-pile type foundation structure which supports a structure in which
vibration occurs, such as a wind turbine structure, only shear performance based on the surface roughness of a steel material is
evaluated and structural design is then performed, and thus there is a problem in that a reasonable structure is not obtained.

[0011] In order to solve the above-described problem in the mono-pile type foundation structure, it is desirable to use a steel
plate having a shear key whose structure does not reduce fatigue performance. Specifically, by focusing on weld heat input that is
a cause of introduction of residual stress that is a problem of the shear key, it can be considered to perform installation of the
shear key by a method other than welding.

[0012] In this respect, there is a method of using steel pipes in which concavity and convexity are formed in the surface for the
steel pipe pile 1 and the steel outer sleeve 2 themselves, or the like. For example, the use of a single pipe with projections can be
considered. A steel strip provided with continuous projections parallel to a rolling direction at the time of rolling is prepared, and
this steel strip is shaped by a spiral pipe-making machine such that the projections are located on the inner surface or the outer
surface of a steel pipe. Thereafter, a steel pipe is produced by arc welding. This method is also defined in the Japanese Industrial
Standards (JIS A 5525). However, in a producing method or a producing facility defined in the Japanese Industrial Standards, an
extra thick plate that is used in a mono-pile is not produced, and generally, a steel plate thickness of 30 mm or less is in a
producing range for a spiral steel pipe. For this reason, this method cannot be applied to a foundation structure in the wind
turbine facility. Further, in the producing method of the JIS standard, weld management of a spiral portion is difficult, and thus it is
difficult to improve fatigue performance.

[0013] Further, even in a case where there is no restriction on the facility and an extra thick plate in which projections are
provided on a plate surface is produced, in order to produce a steel pipe having a mono-pile structure, it is necessary to bend
(perform bending work on) a steel plate by roll forming. At the time of the bending work, if the plate thickness of the steel plate is
less than 35 mm, there is no concern that the projections of the steel plate may collapse. However, if it is an extra thick plate in
which the plate thickness of the steel plate is greater than or equal to about 40 mm, a roll pressure load increases significantly,
and thus a concern that the projections of the steel plate may collapse is high. From this, in a technique on an extension line of a
single pipe with projections which is a related art, this problem cannot be realistically solved.

[0014] Further, there is the same problem in not only the above-described wind turbine generation facility but also a foundation
structure of a tidal power generation facility. In this foundation structure, a steel sleeve pipe is connected to an upper portion of a
steel pipe pile by grout connection and the tidal power generation facility is provided at the steel sleeve pipe. Since the tidal
power generation facility has rotor blades disposed left-right-symmetrically, vibration acts on the steel sleeve pipe and a grout
connection portion thereof and is transmitted to the steel pipe pile.

[0015] As described above, in either case of the wind turbine generation facility or the tidal power generation facility, vibration
occurs in the steel sleeve pipe and the grout connection portion thereof due to the facility which is installed. In such a case, a
grout connection portion which secures shear capacity with respect to a shear force acting on the grout connection portion and
suppresses a decrease in fatigue performance of a weld portion is desired.

[0016] From such a perspective, the present invention has an object to provide a connection structure between a steel pipe pile
and a steel sleeve pipe, in which a decrease in fatigue performance of the weld portion is suppressed and the shear capacity in
the grout connection can be improved.

[Means for Solving the Problem]

[0017] The object above can be achieved by the features defined in the claims.

[0018] According to the present invention, unlike the related art, projections are not directly welded to the steel pipe pile or the
steel sleeve pipe. For this reason, weld places are greatly reduced, a problem of residual stress due to weld heat can be greatly
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reduced, and fatigue performance can be improved. Further, compared to the grout connection portion depending on only the
surface friction of a steel material in the related art, the effect such as being capable of securing shear capacity of generally three
to five times can be obtained.

[0019] According to the present invention, it is possible to make a shear force act in a longitudinal direction of the weld portion
and resist with respect to a load that acts in the axial direction of the steel pipe pile or the steel sleeve pipe. For this reason, the
weld portion can be configured so as to have tensile residual stress in a direction different from the direction of the load, and thus
the fatigue performance of the weld portion can be improved.

[0020] According to the present invention, a weld line intersecting the axial direction of the steel pipe pile or the steel sleeve pipe
does not exist. For this reason, brittleness due to tensile residual stress in the weld portion does not occur, and thus the fatigue
performance of the entire connection structure can be improved.

[0021] According to the present invention, the longitudinal portion can be easily formed by providing the cutout or the slit.
Further, since the longitudinal portions of the steel plates with projections adjacent to each other in the circumferential direction
do not interfere, welding of the longitudinal portion of the steel plate with projections becomes easy.

[0022] According to the present invention, the projections of each steel plate with projections are formed at the time of hot rolling
work. For this reason, unlike a form in which projections are fixed to a steel pipe pile or a steel outer sleeve by welding, as in the
related art, there is also no problem of residual tensile stress due to welding, and thus the fatigue performance of the weld portion
can be reliably improved.

[0023] According to the present invention, since each steel plate with projections has an elongated rectangular shape, it
becomes simple to process the steel plate with projections according to the curvature of the steel pipe pile or the steel sleeve
pipe, and installation of each steel plate with projections is easy.

[0024] According to the present invention, a load which is transmitted from a superstructure can be efficiently transmitted from
the sleeve pipe to the steel pipe pile through the grout.

[0025] According to the present invention, is advantageous in that resistance to torsional torque is improved. In particular, in
terms of the characteristics of a facility which is installed on a foundation structure, an advantageous effect is exhibited in a case
where torsional torque is frequently transmitted from the facility to the foundation structure (for example, a water current
generation facility).

[0026] According to the present invention, an anti-rust effect of an end portion of each steel plate with projections can be
increased, and corrosion resistance of the connection portion between the steel pipe pile and the steel sleeve pipe can be
increased.

[0027] According to the present invention, the steel plate with outward projections and the steel plate with inward projections can
be produced from band-shaped steel plates having the same standard. Further, it is possible to obtain uniform shear capacity in
which the distribution of strength and weakness is few, over the axial direction (the vertical direction) of a steel pipe.

[0028] The invention is described in detail in conjunction with the drawings, in which:

FIG 1 is a partially vertical cross-sectional front view showing a connection structure between a steel pipe pile and a steel sleeve
pipe according to a first embodiment of the present invention.

FIG 2 is a cross-sectional view taken along line a - a of FIG. 1.

FIG 3Ais an explanatory diagram of a process of installing a plate having projections on a steel pipe pile.

FIG 3B is an explanatory diagram of the process of installing a plate having projections on a steel pipe pile.

FIG 3C is an explanatory diagram of the process of installing a plate having projections on a steel pipe pile.

FIG 4 is a front view showing a state where a plate having projections has been installed on an outer surface of a steel pipe pile.

FIG 5 is a vertical cross-sectional front view showing a state where a plate having projections has been installed inside a steel
sleeve pipe.
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FIG 6 is a perspective view showing a band-shaped steel plate having projections.
FIG 7 is an enlarged front view showing the band-shaped steel plate having projections in FIG 6.

FIG 8 is a partially vertical cross-sectional front view showing a connection structure between a steel pipe pile and a steel sleeve
pipe according to a second embodiment of the present invention.

FIG 9 is a cross-sectional view taken along line b - b of FIG 8.

FIG 10 is a partially vertical cross-sectional front view showing a modified form of a connection structure between a steel pipe pile
and a steel sleeve pipe according to a second embodiment of the present invention.

FIG 11 is a cross-sectional view taken along line c - ¢ of FIG. 10.

FIG 12 is a partially vertical cross-sectional front view showing a connection structure between a steel pipe pile and a steel sleeve
pipe according to a third embodiment of the present invention.

FIG 13 is a front view showing a steel pipe pile according to a fourth embodiment of the present invention.
FIG 14 is a vertical cross-sectional front view showing a steel sleeve pipe according to the same embodiment.

FIG 15 is a front view showing a wind turbine generation facility in which a prop for a wind turbine is installed on a steel sleeve
pipe connected to an upper portion of a steel pipe pile.

FIG 16Ais a partially vertical cross-sectional perspective view showing a connection structure between a steel pipe pile and a
steel sleeve pipe according to a related art.

FIG 16B is an enlarged vertical cross-sectional front view showing a site shown by a two-dot chain line in FIG. 16A.

FIG 17Ais a partially vertical cross-sectional perspective view showing a connection structure between a steel pipe pile and a
steel sleeve pipe according to another related art.

FIG. 17B is an explanatory diagram showing a change in cross section in a case where a load has acted on the connection
structure of FIG 17A and a cross-sectional view showing the vicinity shown by a two-dot chain line in FIG. 17A.

FIG 18Ais a cross-sectional view showing a form in which a rebar is fixed and which is a type of connection structure according to
the above-described related art.

FIG 18B is a cross-sectional view showing a form in which a band steel plate is fixed and which is a type of connection structure
according to the above-described related art.

FIG 18C is a cross-sectional view showing a form in which an on-bead overlaid by welding is provided and which is a type of
connection structure according to the above-described related art.

FIG 19 is a conceptual diagram showing an outline of a general relationship between height (h) of a projection or distance (L)
among projections and an adhesive force. A unit of each axis is a unit of strength, such as MPa. Since it is a conceptual diagram,
the unit of h and the scale of each axis are not specified.

[0029] Next, each embodiment of the invention will be described in detail based on the drawings.

[0030] In FIGS. 1 to 7, a connection structure between a steel pipe pile and a steel sleeve pipe according to a first embodiment
of the invention applied to a grout connection portion in a mono-pile type foundation structure on the ocean is shown.

[0031] FIG. 1 is a partially vertical cross-sectional front view of a connection structure between a steel pipe pile and a steel
sleeve pipe. FIG 2 is a cross-sectional view taken along line a - a of FIG 1. FIGS. 3Ato 3C are explanatory diagrams of a process
of installing a plate with projections formed thereon on the steel pipe pile. FIG 4 is a front view showing a state where the plate
with projections formed thereon has been installed on the outer surface of the steel pipe pile. FIG. 5 is a vertical cross-sectional
front view showing a state where a plate with projections formed thereon has been installed inside the steel sleeve pipe. FIG 6 is a
perspective view showing a band-shaped steel plate with projections formed thereon. FIG 7 is an enlarged front view showing the
band-shaped steel plate having projections in FIG. 6.

[0032] The connection structure according to this embodiment is a connection structure between a steel pipe pile 1 and a steel
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sleeve pipe (a steel outer sleeve 2) disposed around the steel pipe pile 1 with a gap therebetween. This connection structure
includes a steel plate with outward projections 4 having a plurality of outward projections (projections 6) and fixed to the outer
peripheral surface of the steel pipe pile 1 by a weld portion (a first weld portion); a steel plate with inward projections 5 having a
plurality of inward projections (projections 6) and fixed to the inner peripheral surface of the steel outer sleeve 2 by a weld portion
(a second weld portion); and a grout 13 filled between the steel pipe pile 1 and the steel outer sleeve 2 so as to bury at least the
steel plate with outward projections 4 and the steel plate with inward projections 5. The plurality of outward projections (the
projections 6) is disposed at intervals in the vertical direction with respect to one another and extends over a circumferential
direction of the steel pipe pile 1. The plurality of inward projections (the projections 6) is disposed at intervals in the vertical
direction with respect to one another and extends over a circumferential direction of the steel outer sleeve 2. The grout 13 is filled
in a gap between the inner peripheral surface of the steel pipe pile 1 and the outer peripheral surface of the steel pipe pile 1. In
the gap, not only a place where the steel plate with outward projections 4 and the steel plate with inward projections 5 are
installed, but also a place where both the steel plates 4 and 5 are not installed may be filled.

[0033] In the above and following description, the terms, outward and inward, respectively indicate a direction away from a pipe
axis of a steel pipe (the steel pipe pile 1 or the steel outer sleeve 2) and a direction coming close to the pipe axis.

[0034] In the above and following description, the expression "the projection extends over a circumferential direction" does not
necessarily mean a direction that completely matches a circumferential direction, and means that an extending direction of the
projection has a component of a circumferential direction. This relationship may be defined as "when viewed at the line of sight
perpendicular to a specific place of the steel plate with projections, the projection of the place extends in a direction crossing the
pipe axis of a steel pipe". At this time, it is desirable that a circumferential direction component be larger than an axial direction
component of the extending direction of the projection. Specifically, the expression "a plurality of outward projections extends
substantially along the circumferential direction of the steel pipe pile" means that the extending direction of the plurality of outward
projections has a component in the circumferential direction of the steel pipe pile. It is desirable that the extending direction be
closer to the circumferential direction than the axial direction of the steel pipe pile. Further, the expression "a plurality of inward
projections extends substantially along the circumferential direction of the steel sleeve pipe" means that the extending directions
of the plurality of inward projections have a circumferential component of the steel sleeve pipe. It is desirable that the extending
direction be closer to the circumferential direction than the axial direction of the steel sleeve pipe.

[0035] In the mono-pile type foundation structure according to this embodiment, the steel pipe pile 1 and the steel outer sleeve 2
(also referred to as a steel sleeve, a transition piece, or a steel sleeve pipe 3) are connected to each other by the grout
connection portion using the grout 13.

[0036] A plate thickness dimension of a thick steel plate constituting the steel pipe pile 1 and the steel outer sleeve 2 is generally
in a range of 35 mm to 110 mm, and in particular, the plate thickness dimension is often in a range of 40 mm to 110 mm. In a
large-scaled ocean facility, a steel plate having a plate thickness of around 100 mm is often used.

[0037] The steel pipe pile 1 and the steel outer sleeve 2 are formed by, for example, the following process. First, a certain
curvature is given by bending (performing bending work on) a thick steel plate having a required plate thickness by roll forming.
Thereafter, several steel plates are arranged along the circumferential direction of a steel pipe and connected to each other by
welding, thereby forming an annular steel pipe unit. The steel pipe unit is formed in plural, and the plurality of steel pipe units is
welded to each other in a longitudinal direction, thereby forming a steel pipe having a length that is required in a design.
Specifically, with respect to the length of the steel outer sleeve 2, for example, a length of about 1 to 2 times the diameter of the
steel pipe is required, and with respect to the length of the steel pipe pile 1, a length of greater than or equal to 10 m (in general,
in a range of 50 m to 60 m) is required.

[0038] The steel pipe pile or the steel outer sleeve according to the related art is made by performing bending work on a thick
steel plate with projections. In pipe-making work of a thick steel plate, since working pressure corresponding to the plate thickness
of the steel plate is applied, during the bending work, a concern that the projection of the thick steel plate may collapse is great.

[0039] In contrast, in each embodiment of the present invention, a steel plate with projections is formed separately from a main
body of a steel pipe structure such as the steel pipe pile 1 or the steel outer sleeve 2. Then, the steel plate with projections is
fixed to the outer peripheral surface of the steel pipe pile 1 or the inner peripheral surface of the steel outer sleeve 2. That is, the
steel plate with outward projections 4 is mounted on the outer peripheral surface of the steel pipe pile 1. Further, the steel plate
with inward projections 5 is mounted on the inner peripheral surface of the steel outer sleeve 2. The steel plate with outward
projections 4 and the steel plate with inward projections 5 are provided to face each other such that protrusion directions of each
other's projections face each other.



DK/EP 2672012 T3

[0040] In addition, in a mono-pile type foundation structure 21, the overall length in the axial direction of the steel pipe pile 1 is,
for example, about 60 m. The central axis of the steel pipe pile 1 is often installed in a state of being inclined with respect to a
vertical line because of a position shift due to a construction error. For this reason, each member is designed so as to
compensate for a construction error during the installation of the steel pipe pile 1 by installing vertically (perpendicular to the
horizontal plane) the steel outer sleeve 2 outside the steel pipe pile 1. For this reason, a relatively spacious gap G is formed
between the outer peripheral surface of the steel pipe pile 1 and the inner peripheral surface of the steel outer sleeve 2.

[0041] As shown in FIGS. 3Ato 7, the steel plate with outward projections 4 and the steel plate with inward projections 5 which
are used in each embodiment of the present invention are manufactured by appropriately performing cutting and bending work on
a band-shaped steel plate 7. On the band-shaped steel plate 7, the continuous projections 6 (here referred to as rolled
projections) parallel to a rolling direction are formed by rolling work. The projections 6 become the projections 6 (the outward
projections and the inward projections) which will be described later.

[0042] As shown in FIG 7, as the band-shaped steel plate with projections 7, a band-shaped steel plate with projections is used
in which the height h of the projection 6 is greater than or equal to 2.5 mm, the width B of the projection 6 is greater than or equal
to 4 mm and less than or equal to 20 mm, a distance L between the projections 6 is greater than or equal to 30 mm and less than
or equal to 40 mm, a thickness dimension (does not include the height of the projection 6) in a through-thickness direction is less
than 35 mm, such as, for example, less than or equal to 30 mm.

[0043] In a case of installing the steel plate with outward projections 4 or the steel plate with inward projections 5 as described
above, it is good to perform the installation, as in the following (1) to (5). (1) The projections 6 of the plate surface of each of the
steel plates with projections 4 and 5 and a concavity between the projections 6 are formed on only one side, and if the plate
thickness is sufficient for installation on each steel pipe by welding, it is desirable that the plate thickness be smaller. (2) It is more
desirable that the steel plate with outward projections 4 and the steel plate with inward projections 5 be produced by hot rolling.
This is because a possibility that fatigue performance may be decreased due to the influence of weld heat in a process of
installing the projections 6 can be eliminated. (3) After the band-shaped steel plate with projections 7 is cut to a required length, it
is necessary to bend each of the steel plates with projections 4 and 5 according to the curvature of the steel pipe. Since the plate
thickness of each of the steel plates with projections 4 and 5 is less than 35 mm and is smaller than the plate thicknesses of the
steel pipe pile 1 and the steel outer sleeve 2, it is not necessary to apply a load which is such large that the projections 6 collapse
at the time of pressure load of roll rolling (press bending is also possible). (4) Each steel plate with projections is mainly installed
on the steel pipe by a fillet weld. With respect to a weld place at this time, it is desirable to avoid a weld line perpendicular to the
axial direction of the steel pipe pile 1 on which tension acts at the time of generation of bending of the steel pipe, and perform
welding (for example, a fillet weld) 10 in a direction matching the axial direction of the steel pipe pile 1. Welding in which a weld
line is disposed along a direction of a shear force which is generated at the time of generation of bending of the steel pipe in this
manner is referred to as shear welding in this specification. In the shear welding, it is known that problem is less with respect to
fatigue. (5) From the viewpoint of the above, when the band-shaped steel plate with projections 7 that is a material for each of the
steel plates with projections 4 and 5 is cut to a predetermined size, it is desirable to increase the length of a weld portion in the
axial direction of the steel pipe pile. For this reason, a shape having longitudinal portions 8 (a first longitudinal portion and a
second longitudinal portion) that are sides (end portions) matching the pipe axial direction is more desirable than a simple
quadrangular shape. These portions can also be referred to as longitudinal side portions. As an example of a desirable shape, a
shape having a cutout portion 9 in which the longitudinal portion 8 is made by cutting a corner, or a slit (illustration is omitted)
having the longitudinal portion 8 matching the pipe axial direction can be given. Further, by increasing a weld place, it is possible
to minimize a weld leg length and furthermore, minimize each of the steel plates with projections 4 and 5. As a result, it becomes
easier to perform curvature working and the weight of a steel material is also reduced, thereby contributing to a reduction in cost.

[0044] Next, the projection 6 (the outward projection) of the steel plate with outward projections 4 and the projection 6 (the
inward projection) of the steel plate with inward projections 5 will be more specifically described. As the height h of the projection 6
which is provided at the steel plate with outward projections 4 and the steel plate with inward projections 5, the projection 6 is
formed with a height ranging from 2.5 mm to 25 mm, for example. In addition, in a state (FIG 1) where the grout 13 is filled
between the steel pipe pile 1 and the steel sleeve pipe, as shown in FIG. 19, there is a non-linear correlation in which if the height
h of the projection 6 or the number thereof increases, an adhesive force is increased. For example, in a mono-pile foundation
structure in wind turbine generation according to the related art in which there is no projection, the value of the horizontal axs of
FIG 19 becomes 0, and thus an adhesive force becomes small. The vertical axis of FIG. 19 represents adhesive strength (a unit
is, for example, MPa) of a grout connection structure and the horizontal axis represents [grout strength] x h/s (a unit is, for
example, MPa). Here, h represents the height of the projection and s represents the number of projections. Since FIG. 19 is a
conceptual diagram showing an outline of a general correspondence relationship, the scale of each axis and the unit of each
variable are not specified.



DK/EP 2672012 T3

[0045] With respect to the relationship between the distance L (a pitch) in the vertical direction among the projections 6 (the
outward projections) of the steel plate with outward projections 4 and the distance L in the vertical direction among the projections
6 (the inward projections) of the steel plate with inward projections 5, the distances need not necessarily be the same. However, it
is preferable that the distances be the same. In this case, the steel plate with outward projections 4 and the steel plate with inward
projections 5 can be produced from the band-shaped steel plates 7 having the same standard.

[0046] The band-shaped steel plate with projections 7 as described above is processed by the following processes. First, a flat
plate-shaped steel plate with projections is formed by cutting the band-shaped steel plate with projections 7 to a predetermined
shape. Then, the steel plate with projections is disposed such that the projections 6 are located outside or inside and extend
laterally, and then are bent (subjected to bending work) by roll forming so as to conform to the curvature of the outer peripheral
surface of the steel pipe pile 1 or the inner peripheral surface of the steel outer sleeve 2 (refer to FIGS. 3A to 3C). With these
processes, the steel plate with outward projections 4 (refer to FIG 4) or the steel plate with inward projections 5 (refer to FIG. 5) is
produced. The steel plate with outward projections 4 is fixed to the outer peripheral surface of the steel pipe pile 1 by the fillet
weld 10 in the axial direction (the first weld portion or a fillet weld having an axial weld line). Further, the steel plate with inward
projections 5 is fixed to the inner peripheral surface of the steel outer sleeve 2 by the fillet weld 10 in the pipe axal direction (the
second weld portion or a fillet weld having an axial weld line).

[0047] As described above, the steel plate with outward projections 4 and the steel plate with inward projections 5 are
respectively fixed by the fillet weld in a direction matching the axal direction of the steel pipe pile 1 and the axial direction of the
steel outer sleeve 2. Each of the steel plates with projections 4 and 5 is fixed by using only the fillet weld in a direction matching
the axial direction. In this way, a weld line has the same direction as a vibration load in the vertical direction, thereby being able to
have stronger resistance to the shear at the weld portion. In contrast, in a case where each of the steel plates with projections 4
and 5 is fixed by fillet weld 24 in the circumferential direction of a steel pipe (refer to FIGS. 18A to 18C), the direction of residual
stress at a weld connection portion which is generated by the fillet weld and the direction of a vibration load coincide with each
other, and thus the fatigue performance of the weld portion is lowered. For this reason, in this embodiment,

welding in the horizontal direction (the circumferential direction) is not performed on upper and lower portions of the steel plate
with outward projections 4 and the steel plate with inward projections 5, and the cutout portion 9 or the slit.

that the steel plate with outward projections 4 and the steel plate with inward projections 5 are fixed by only the fillet weld having a
weld line parallel to the axial direction of the steel pipe. That is, the fillet weld 10 of the outer peripheral surface of the steel pipe
pile 1 and the fillet weld 10 of the inner peripheral surface of the steel outer sleeve 2 are the fillet weld having only an axial weld
line.

[0048] In order to enable the weld connection as described above, as shown in FIGS. 3A to 5, the cutout portions 9 or the slits
having the longitudinal portions 8 (longitudinal sides or steel pipe end portions) in a direction matching the pipe axial direction on
the steel pipe pile or steel sleeve pipe side are provided at both side portions of each of the steel plate with outward projections 4
and the steel plate with inward projections 5. In the longitudinal portions 8, the steel plate with outward projections 4 is fixed to the
outer peripheral surface of the steel pipe pile 1 by the fillet weld 10 and the steel plate with inward projections 5 is fixed to the
inner peripheral surface of the steel outer sleeve 2 by the fillet weld 10. That is, the fillet weld 10 (the first weld portion) of the
outer peripheral surface of the steel pipe pile 1 is disposed between the outer peripheral surface of the steel pipe pile 1 and the
longitudinal portion (the first longitudinal portion) of the steel plate with outward projections 4. The fillet weld 10 (the second weld
portion) of the inner peripheral surface of the steel outer sleeve 2 is disposed between the inner peripheral surface of the steel
outer sleeve 2 and the longitudinal portion (the second longitudinal portion) of the steel plate with inward projections 5.

[0049] Each steel plate with projections is fixed by welding of only these longitudinal portions.

[0050] In a form shown in FIGS. 3Ato 3C and 4, a plurality of (for example, two) steel plates with outward projections 4 arranged
in the circumferential direction is provided on the outer peripheral surface of the steel pipe pile. Each steel plate with outward
projections 4 has the cutout portions 9 respectively provided at upper portions and lower portions of both side portions. An
intermediate portion which is located between the upper and lower cutout portions 9 has an intermediate protrusion portion 11
protruding in the circumferential direction. The intermediate protrusion portions 11 of the two steel plates with outward projections
4 adjacent to each other in the circumferential direction are connected to each other by a butt weld 12. By this connection, the
plurality of steel plates with outward projections 4 is integrated in a tubular shape. In this state, slits 9b are formed in an upper
portion and a lower portion by the cutout portions 9 of adjacent steel plates with outward projections 4.

[0051] Similarly, as shown in FIG 5, a plurality of (for example, two) steel plates with inward projections 5 arranged in the
circumferential direction is provided on the inner peripheral surface of the steel outer sleeve 2. Each steel plate with inward



DK/EP 2672012 T3

projections 5 has the cutout portions 9 respectively provided at upper portions and lower portions of both side portions. An
intermediate portion which is located between the upper and lower cutout portions 9 has an intermediate protrusion portion 11
protruding in the circumferential direction. The intermediate protrusion portions 11 of the two steel plates with inward projections 5
adjacent to each other in the circumferential direction are connected to each other by a butt weld 12. By this connection, the
plurality of steel plates with inward projections 5 is integrated in a tubular shape. In this state, slits with the cutout portions 9 are
formed up and down. In this state, slits 9b are formed in an upper portion and a lower portion by the cutout portions 9 of adjacent
steel plates with inward projections 5.

[0052] As shown in FIGS. 4 and 5, the cutout portions 9 may be provided in both side portions of the steel plate with outward
projections 4 or both side portions of the steel plate with inward projections 5. Further, a slit (not shown) in the axial direction of
the pipe may be provided in one or both of upper and lower portions in the intermediate portion in the circumferential direction of
the steel plate with outward projections 4 or the steel plate with inward projections 5. The longitudinal portion 8 for connecting by
a fillet weld can be formed by the cutout portion 9 or the slit.

[0053] In addition, as shown in FIGS. 4 and 5, at a front end portion in the circumferential direction of the intermediate protrusion
portion 11 in each of the steel plate with outward projections 4 and the steel plate with inward projections 5, the projections 6 may
be cut off such that the projections 6 start from a position away from a front end in the circumferential direction. In this case, a butt
weld can be performed in a certain plate thickness. Further, it is desirable that the plate thickness dimensions of the leading ends
in the circumferential direction of the intermediate protrusion portions 11 of adjacent steel plates with outward projections 4 or
adjacent steel plates with inward projections 5 be the same.

[0054] Next, a process of connecting the steel pipe pile 1 and the steel outer sleeve 2 as described above to each other by using
the grout 13 will be described with reference to a wind turbine generation facility shown in FIG 15.

[0055] After the steel pipe pile 1 is constructed so as to be erected in a bottom ground or a seabed ground 18, a required
number of steel plates with outward projections 4 are transported to and disposed at a predetermined position by a crane barge.
Then, the steel plate with outward projections 4 is temporarily fixed to the outer peripheral surface of an upper end portion of the
steel pipe pile 1 by using a temporary fixation jig or the like. Thereafter, the steel plate with outward projections 4 is fixed by
welding. Then, the required number of steel plates with inward projections 5 are fixed to the inner peripheral surface of the steel
outer sleeve 2 assembled in a factory or a construction site. Thereafter, the steel outer sleeve 2 having the steel plates with
inward projections 5 is vertically disposed at the upper end portion of the steel pipe pile 1 provided with the steel plate with
outward projections 4, in a loose fit state. Then, the steel outer sleeve 2 is appropriately held on the steel pipe pile 1 by a
temporary holding jig (illustration is omitted) or the like. Then, the cement-based grout 13 such as mortar is filled in a space
between the steel pipe pile 1 and the steel outer sleeve 2 and cured, thereby fixing the steel outer sleeve 2 to the upper end
portion of the steel pipe pile 1. Thereafter, similarly to the related art, an upper flange 14 of the steel outer sleeve 2 and a lower
flange 15 of a lower portion of a tower (a prop) 16 are connected to each other by a bolt connections 25. Then, a wind turbine
generator provided with blades 26 is installed at an upper portion of the prop 16.

[0056] In addition, in grout connection using the grout 13, installing the steel plates with projections 4 and 5 over the overall
length in the axial direction of the grout connection is considered to be desirable in terms of an increase in design shear capacity.
On the other hand, at an end portion (an upper end portion) of the grout connection, there is a concern that a construction defect
may occur in the grout filling. Further, at the time of acting a bending load due to wind, there is a concern that cracks may occur
in the upper end portion and lower end portion of the grout. For this reason, it is preferable not to expect shear capacity in the
upper end portion and the lower end portion. From this point of view, it is desirable that the installation ranges of the steel plates
with projections 4 and 5 do not correspond to the overall length of the grout connection and be set as a state of omitting the end
portion and being away from the grout end portion, so as to be installed closer to the central portion than the end portion.

(Second Embodiment)

[0057] In FIGS. 8 and 9, a connection structure between the steel pipe pile 1 and the steel outer sleeve 2 according to a second
embodiment of the present invention is shown. FIG. 8 is a partially vertical cross-sectional front view and FIG 9 is a cross-
sectional view taken along line b - b of FIG. 8.

[0058] In the connection structure according to the second embodiment, each of the steel plate with outward projections 4 and
the steel plate with inward projections 5 has a rectangular shape which is longer in the vertical direction than in the horizontal
direction (hereinafter referred to as an elongated rectangular shape). In this case, a plurality of steel plates with projections 4 and
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5 is installed side by side in the circumferential direction on the outer peripheral surface of the steel pipe pile 1 and the inner
peripheral surface of the steel outer sleeve 2. In this case, as shown in FIG 8, the steel plates with projections 4 (5) adjacent to
each other in the circumferential direction may be installed at intervals. Further, as a modified form of this embodiment, as shown
in FIGS. 10 and 11, the steel plates with projections 4 (5) adjacent to each other in the circumferential direction may be butt-
welded to each other and at the same time, fixed to the outer peripheral surface of the steel pipe pile 1 and the inner peripheral
surface of the steel outer sleeve 2 by welding. Further, although illustration is omitted, in a case where each of the steel plates
with projections 4 and 5 has the intermediate protrusion portion 11 at the intermediate portion in the vertical direction thereof, a
member with projections having a tubular shape as a whole may be formed by integrating the intermediate protrusion portions 11
adjacent to each other in the circumferential direction by a butt weld. Since other configurations are the same as those in the first
embodiment described above, the same portions are denoted by the same reference numerals.

(Third Embodime nt)

[0059] FIG 12 is a partially vertical cross-sectional front view showing a connection structure between the steel pipe pile 1 and
the steel outer sleeve 2 according to a third embodiment of the present invention.

[0060] In this embodiment, a plurality of elongated rectangular steel plates with outward projections 4 is disposed at intervals
(equal angular intervals) in the circumferential direction at an upper portion of the steel pipe pile 1. In addition, a plurality of
elongated rectangular steel plates with outward projections 4 is disposed at intervals (equal angular intervals) in the
circumferential direction at a lower portion of the steel pipe pile 1. The steel plate with outward projections 4 of the upper portion
and the steel plate with outward projections 4 of the lower portion are disposed at an interval with respect to one another along
the axial direction of the steel pipe pile 1. Similarly, the elongated rectangular steel plates with inward projections 5 are installed at
intervals (equal angular intervals) in the circumferential direction and at an interval in the vertical direction at an upper portion
and a lower portion of the inner peripheral surface of the steel outer sleeve 2. If each of the steel plate with outward projections 4
and the steel plate with inward projections 5 is formed of an elongated rectangular steel plate with projections, it becomes simple
to perform bending work on the steel plate with projections according to the curvature of the outer peripheral surface of the steel
pipe pile or the inner peripheral surface of the steel sleeve pipe. Further, compared to a case of using a semi-tubular steel plate
with projections, transport and installation are easy. Since other configurations are the same as those in the first embodiment
described above, the same portions are denoted by the same reference numerals. It is preferable that the steel plate with outward
projections 4 and the steel plate with inward projections 5 have a rectangular shape which is longer in the vertical direction than in
the horizontal direction.

[0061] The extending direction of the projection 6 of the steel plate with outward projections 4 and the steel plate with inward
projections 5 is not necessarily to be parallel to the circumferential direction of the steel pipe pile 1 or the steel outer sleeve 2,
and it is acceptable if the projection 6 extends over the circumferential direction of each steel pipe. Specifically, it is preferable
that the projection 6 extends at an angle closer to the circumferential direction than the axal direction of each steel pipe.

[0062] In Embodiments 1 to 3 described above, the extending direction of the projection 6 of the steel plate with outward
projections 4 is parallel to the circumferential direction of the steel pipe pile 1 (a direction perpendicular to the axial direction of
the steel pipe pile 1). Further, the extending direction of the projection 6 of the steel plate with inward projections 5 is parallel to
the circumferential direction of the steel outer sleeve 2 (a direction perpendicular to the axial direction of the steel outer sleeve 2).
In these embodiments, a load which is transmitted from a superstructure can be efficiently transmitted from the sleeve pipe to the
steel pipe pile through the grout. The term, parallel, as referred to herein need not be exactly parallel, and if it is substantially
parallel, the above-described effect is obtained.

(Fourth Embodiment)

[0063] FIGS. 13 and 14 are front views respectively showing the steel pipe pile 1 and the steel outer sleeve 2 according to a
fourth embodiment of the present invention. In this embodiment, the projection 6 of the steel plate with outward projections 4
extends to be inclined with respect to the circumferential direction of the steel pipe pile 1. Further, the projection 6 of the steel
plate with inward projections 5 extends to be inclined with respect to the circumferential direction of the steel outer sleeve 2. Since
other configurations are the same as those in the first embodiment described above, the same portions are denoted by the same
reference numerals.

[0064] It is preferable that the absolute value of an inclination angle a of the projection 6 be less than or equal to 50°. As shown
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in FIGS. 13 and 14, with respect to the inclination angle a of the projection 6, on the basis of the circumferential direction of the
steel pipe (the horizontal direction), an inclination angle in a counterclockwise direction as viewed from the outside of the steel
pipe is represented by a positive value and an inclination angle in a clockwise direction is represented by a negative value. In an
example shown in FIGS. 13 and 14, ais 30°.

[0065] In this embodiment, with respect to the relationship between the inclination angle of the projection 6 of the steel plate with
outward projections 4 and the inclination angle of the projection 6 of the steel plate with inward projections 5, the inclination
angles may be the same angle (be parallel to each other), may be different angles (be non-parallel to each other), may have the
same sign (for example, a positive angle and a positive angle), and may have different signs (for example, a positive angle and a
negative angle; be inclined so as to cross each other). In order to efficiently form a compression area (a compression diagonal
bracing) 23, thereby increasing an adhesive force, it is desirable to make the inclination angle of the projection 6 of the steel plate
with outward projections 4 and the inclination angle of the projection 6 of the steel plate with inward projections 5 be the same
angle and parallel to each other.

[0066] In this embodiment, the degree of freedom of an installation angle of each of the steel plates with projections 4 and 5 with
respect to the steel pipe pile 1 or the steel outer sleeve 2 increases. Further, a foundation structure using the connection
structure according to this embodiment is advantageous in that resistance to torsional torque is improved. In particular, in terms of
the characteristics of a facility which is installed on the foundation structure, in a case where torsional torque is frequently
transmitted from the facility to the foundation structure (for example, a water current power generation facility), it is
advantageously effective.

[0067] The fourth embodiment shown in FIGS. 13 and 14 has been described as a modified example based on the first
embodiment. However, an angle at which the projection 6 extends may be inclined based on the second embodiment or the third
embodiment.

[0068] Each embodiment of the present invention has been described above by using the drawings. However, the present
invention is not necessarily limited to the illustrated shapes. For example, as the form of the elongated rectangular steel plate with
projections, if the steel plate has the longitudinal portion 8 matching the pipe axial direction, an appropriate form is also
acceptable. For example, a form having an intermediate concave portion, contrary to the intermediate protrusion portion 11, at
the intermediate portion is also acceptable.

[0069] Further, in each embodiment of the present invention, the lower end portion of each of the steel plate with outward
projections and the steel plate with inward projections may be disposed at a position further on the upper side than the lower end
portion of the grout. In this case, an anti-rust effect of the end portion of each steel plate with projections can be increased and
corrosion resistance of the connection between the steel pipe pile and the steel sleeve pipe can be increased.

[0070] According to the connection structure between the steel pipe pile and the steel sleeve pipe related to the present
invention, a problem of residual stress due to weld heat is significantly reduced, and thus fatigue performance is improved, and
sufficient shear capacity can be secured.

[0071] Reference signs used in the present application are listed as below:

1:
steel pipe pile

2:
steel outer sleeve
3:
steel sleeve pipe
4:
steel plate with outward projections
5:
steel plate with inward projections
6:
projection (inward projection or outward projection)
7:
band-shaped steel plate with projections
8:

longitudinal portion

10



10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:

26:

REFERENCES CITED IN THE DESCRIPTION

cutout portion

fillet weld

intermediate protrusion portion

butt weld

grout

upper flange

lower flange

prop

wind turbine generation facility

bottom ground or seabed ground

rebar

band-shaped steel plate

mono-pile type foundation structure

shear key

compression area (compression diagonal bracing)
weld in a circumferential direction of a steel pipe
bolt connection

blade
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Patentkrav

1. Fundamentstruktur af monopeaeltypen (21) til at understotte en struktur,
hvor der forekommer vibrationer, hvor

en forbindelsesstruktur mellem en stalrarspeel (1) af fundamentstrukturen af
monopaltypen og et stalmufferar (2, 3), der er anbragt uden for stalrorspae-
len (1) med et mellemrum derimellem, hvor fundamentstrukturen af mono-
peeltypen (21) er kendetegnet ved, at, den omfatter

en stalplade (4) med udadrettede fremspring, som har en flerhed af udadret-
tede fremspring (6) og er fastgjort til en udvendig periferisk overflade af stal-
rorspaelen (1) med et farste svejseafsnit, hvor flerheden af udadrettede frem-
spring (4) er anbragt med intervaller i en vertikal retning i forhold til hinanden
og straekker sig over en omkredsretning af stalrgrspaelen (1),

en stélplade (5) med indadrettede fremspring, som har en flerhed af indadret-
tede fremspring (6) og er fastgjort til en indvendig periferisk overflade af
stalmufferaret (2, 3) med et andet svejseafsnit, og hvor flerheden af indadret-
tede fremspring (6) er anbragt med intervaller i en vertikal retning i forhold til
hinanden og streekker sig over en omkredsretning af stalrarspeelen (2, 3),
hvor en mgrtel (13), der er fyldt i mellemrummet for at begrave i det mindste
bade stalpladen (4) med udadrettede fremspring og stélpladen (5) med ind-
adrettede fremspring, og hvor

hvor det forste svejseafsnit er en overlapsvejsning eller en stumpsvejsning,
som kun har en svejsestreng i en aksial retning af stélrarspaelen (1), og

det andet svejseafsnit er en overlapsvejsning eller en stumpsvejsning, som
kun har en svejsestreng i en aksial retning af stalmuffergret (2, 3).

2. Fundamentstruktur af monopaeltypen (21) ifglge krav 1, hvor stélpladen (4)
med udadrettede fremspring (6) er forsynet med et udsnit (9) eller en slids
(9), som har et forste langsgaende afsnit (8) i en retning, der stemmer
overens med en aksial retning af stalrorspeelen (1),

stalpladen med indadrettede fremspring er forsynet med et udsnit (9) eller en
slids (9), som har et andet langsgaende afsnit (8) i en retning, der stemmer
overens med en aksial retning af stalmuffergret,

det forste svejseafsnit er anbragt mellem den udvendige periferiske overflade
af stélrarspeelen (1) og det farste langsgaende afsnit (8), og
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det andet svejseafsnit er anbragt mellem den indvendige periferiske overfla-
de af stalmuffergret (2, 3) og det andet langsgaende afsnit (8).

3. Fundamentstruktur af monopeeltypen (21) ifglge krav 1 eller 2, hvor flerhe-
den af udadrettede fremspring (6) og flerheden af indadrettede fremspring (6)
er fremspring, som er dannet af valsearbejde.

4. Fundamentstruktur af monopeeltypen (21) ifalge et hvilket som helst af
kravene 1 til 3, hvor enhver af stélpladen (4) med udadrettede fremspring (6)
og stélpladen (5) med indadrettede fremspring (6) omfatter en flerhed af pla-
der med fremspring (6), som har en rektangulaer form, som er leengere i en
vertikal retning end i en horisontal retning, og

flerheden af pladerne (4, 5) med fremspring er monteret med intervaller i for-
hold til hinanden i omkredsretningen af stalrgrpzelen (1) eller stalmufferaret
(2, 3).

5. Fundamentstruktur af monopeeltypen (21) ifalge et hvilket som helst af
kravene 1 til 4, hvor flerheden af udadrettede fremspring (6) straekker sig pa-
rallelt i omkredsretningen af stalrarspeelen (1), og

flerheden af indadrettede fremspring (6) straekker sig parallelt med omkreds-
retningen af stdlmufferaret (2, 3).

6. Fundamentstruktur af monopeeltypen (21) ifglge et hvilket som helst af
kravene 1 til 4, hvor flerheden af udadrettede fremspring (6) strackker sig for
at veere skra i forhold til omkredsretningen af stalrgrspaelen (1), og

flerheden af indadrettede fremspring (6) streekker sig for at vaere skra i for-
hold til omkredsretningen af stalmufferaret (2, 3).

7. Fundamentstruktur af monopeeltypen (21) ifglge et hvilket som helst af
kravene 1 til 6, hvor nedre endeafsnit af stalpladen (4) med udadrettede
fremspring (6) og stélpladen (5) med indadrettede fremspring (6) er anbragt
ved en position laengere oppe pa den gvre side end et nedre endeafsnit af
martelen (13).

8. Fundamentstruktur af monopeeltypen (21) ifalge et hvilket som helst af
kravene 1 til 7, hvor en afstand mellem flerheden af udadrettede fremspring
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(6) og en afstand mellem flerheden af indadrettede fremspring (6) er den
samme.
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FIG. 2
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FIG. 4
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FIG. 9
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FIG. 11
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