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STRUCTURAL SUPPORT SYSTEM AND METHODS OF USE

BACKGROUND OF THE INVENTION

[0001] Field of the invention.

[0002] The present disclosure relates generally to the field of structural support
systems used in the construction industry and related methods of use. As but one
example, the present disclosure pertains to structural support systems used in the
construction of offshore and onshore oil and gas platforms and wind energy and

energy transmission platforms.

BRIEF SUMMARY OF INVENTION

[0003] In one embodiment of the present disclosure there is described a vertically-
oriented structural building module comprising: (a) a central core member aligned
along a central core vertical axis, the core structure comprising an upper end, a lower
end, and an outer surface; (b) three or more upper structural arms each having lower
and upper ends defining an upper arm length, the lower ends of the upper arms being
fixably attached to the core outer surface in radially spaced relationship about the
vertical axis, each upper arm extending outwardly and upwardly from the core its own
vertical plane at a desired angle 6, relative to the horizontal; (c) three or more lower
structural arms each having lower and upper ends defining a lower arm length, the
upper ends of the lower arms being fixably attached to the core outer surface in
radially spaced relationship about the vertical axis, each lower arm extending
outwardly and downwardly from the core at a desired angle 64 relative to the
horizontal; (d) upper tubular cans attached to the upper ends of the upper arms, the
upper tubular cans each comprising an outer surface, an annular interior space
oriented about a can axis and having an inner diameter, and upper and lower ends
defining a can length, each of the upper tubular cans being attached to the upper arms
in a substantially vertical orientation to align the annular interior space of each of the
cans at a desired can angle 6. relative to horizontal; and (e) lower tubular cans
attached to the lower ends of the lower arms, the upper tubular cans each comprising
an outer surface, an annular interior space oriented about a can axis and having an
inner diameter, and upper and lower ends defining a can length, each of the upper

tubular cans being attached to the upper arms in a substantially vertical orientation to
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align the annular interior space of each of the cans at a desired can angle 6. relative to
horizontal.

[0004] In this embodiment, each respective upper arm is aligned within the same
vertical plane with a corresponding one of the respective lower arms to form an upper
lower arm pair, and the upper and lower cans of each of the respective arm pairs is
aligned about the same can axis to form an arm pair can axis.

[0005] In one embodiment, at least one arm pair can axis is substantially parallel with
the core vertical axis. In another embodiment, at least one arm pair can axis is
substantially vertical. In yet another embodiment, each arm pair can axis is
substantially vertical. This provides the ability to create faces of the building module
that are battered or non-battered.

[0006] In one embodiment of the building module, there are three upper structural
arms and three lower structural arms; in another, there are four upper structural arms
and four lower structural arms; in yet another, there are five upper structural arms and
five lower structural arms, and in still another, there are six upper structural arms and
six lower structural arms.

[0007] The core structure may be solid or may further comprise an annular interior
space having an inner diameter, such as a tubular material.

[0008] The length of the arms can be varied to suit the structural needs. For example,
one structure might employ upper arms that are all of the same length. The lower
arms could also be all of the same length. In some embodiments, at least one of the
upper arms is of a different length from the lengths of the other upper arms, and/or at
least one of the lower arms is of a different length from the lengths of the other upper
arms.

[0009] The basic single core building module can be modified by adding additional
core members along the same horizontal plane and interconnecting the adjacent arms
to share common cans. The basic single core building module can be used in the
manufacture, installation, use and reuse of many diverse structures, such as, for
example, onshore and offshore oil and gas platforms, wind energy and energy
transmission platforms, and other structures benefitting from the use of these modular
building units.

[0010] Also disclosed is a multi-tiered, vertically-oriented structural building jacket
template for building a vertical structure comprising: (a) a bottom tier vertically-

oriented structural building module having a lower end capable of resting on a
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foundation and an upper end opposite thereto, (b) one or more upper tier vertically-
oriented structural building modules each having lower ends and upper ends, the
lower end of a first of the one or more upper tier modules being fixably attached to
the upper end of the bottom tier, the lower end of any additional one of the one or
more upper tier modules being fixably attached to the upper end of the module in the
tier immediately below, wherein each vertically-oriented structural building module
can be of the variety described herein; (d) connections connecting the lower cans of
the lower end of the first of the one or more upper tier modules to the upper cans of
the bottom tier; (€) connections connecting the lower end of any additional one of the
one or more upper tier modules to the upper end of the module in the tier immediately
below; and (f) an overall height defined as the distance from the bottom of the bottom
tier to the top of the topmost of the upper tiers. In this embodiment, the upper and
lower cans of each of the respectively attached module tiers remain aligned about the
same respective can axis from the top of the jacket template to the bottom of the
jacket template, and the central core members in each of the module tiers remain
aligned along the central core vertical axis. This building jacket template may employ
any number of tiers, such as 1, 2, 3, and 4 tiers as an example.

[0011] Additional structural material can be added to the top of the top tier for
interfacing with additional structure to be mounted thereto. Ideally, the structural
building jacket template employs can interior diameters sufficient to permit passage
of a piles therethrough. The structural building jacket template can be mounted or
otherwise installed onto any type of foundation, such as the seafloor, the ground, a
concrete pad, or another structure, or the like.

[0012] In one embodiment, the structural building jacket template is employed in the
construction of a vertical structure such as an onshore or offshore oil and gas
platform. In other embodiments, the structural building jacket template may be
employed in the construction of other vertical structures, such as wind energy and
energy transmission platforms. These vertical structures can be premanufactured and
then moved to the location of ultimate installation. The building modules could
likewise be premanufactured and then moved to the location of ultimate installation
where they could be joined with other modules to build the desired structure. The
building modules could also be built onsite.

[0013] The structural building jacket template can also be modified to have differing

footprints. For example, the building module may further comprise two or more
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adjacent central core members horizontally spaced apart from each other within the
same horizontal plane so that one adjacent core member has an adjacent face facing
an adjacent face of another adjacent core member. The upper tubular cans of two of
the upper arms extending upwardly from one of the core member adjacent faces are
connected to the respective upper ends of two of the upper arms extending upwardly
from the adjacent face of the other core member so that these upwardly extending
arms share common upper tubular cans. The lower tubular cans of two of the lower
arms extending downwardly from one of the core member adjacent faces are
connected to the respective lower ends of two of the lower arms extending
downwardly from the adjacent face of the other core member so that these
downwardly extending arms share common lower tubular cans. Further, the upper
arms sharing common upper tubular cans are aligned with the lower arms sharing
common lower tubular cans, and each respective upper arm sharing common upper
tubular cans is aligned within the same vertical plane with a corresponding one of the
respective lower arms sharing common lower tubular cans to form to form a shared
upper lower arm pair.

[0014] There is also disclosed the various platforms that can be constructed using the
exemplary jacket template of the present disclosure. One particularly suitable
example is an oil and gas platform comprising: (a) a multi-tiered, vertically-oriented
structural building jacket template as described herein having an upper end and a
lower end, the lower end being secured to a foundation; (b) a deck structure mounted
to the upper end of the jacket template; and (c) piles extending through the interior
annular space of each of the top and bottom tubular cans that are aligned along each
respective can axis, the piles having an upper end and a lower end defining a pile
length sufficient to extend along each can axis from the upper end of the jacket
template into the foundation to a desired depth. The platform can also employ skirt
piles. The jacket template can be designed to create battered and/or non-battered
faces.

[0015] Another advantageous use of the exemplary jacket template of the present
disclosures is for an offshore wind energy platform. In this embodiment, there is
described a wind energy platform comprising: (a) a multi-tiered, vertically-oriented
structural building jacket template as described herein having an upper end and a
lower end, the lower end being secured to a foundation; (b) a deck structure mounted

to the upper end of the jacket template; and piles extending through the interior
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annular space of each of the top and bottom tubular cans that are aligned along each
respective can axis, the piles having an upper end and a lower end defining a pile
length sufficient to extend along each can axis from the upper end of the jacket
template into the foundation to a desired depth. In one embodiment of this wind
energy platform, the building module central core member further comprises a tubular
material having an annular interior space having an inner diameter and wherein one or
more of the vertically aligned central core members of adjacent modules at the top of
the jacket receive a portion of a tower of a wind turbine. The platform can also
employ skirt piles. The jacket template can be designed to create battered and/or non-
battered faces.

[0016] There are also disclosed methods for installing platform structures that utilize
the multi-tiered, vertically-oriented structural building jacket template vertical
structures disclosed herein. In these methods, the jacket can be assembled at one
location, and then delivered to the location of installation, or can be assembled at the
site of the installation. Once assembled, the method includes vertically positioning
the assembled jacket template structure so that its lower end rests on the foundation,
such as the seabed in the example where the installation is offshore. The jacket
template structure is then secured to the foundation by, e.g., installing piles extending
through the interior annular space of each of the top and bottom tubular cans that are
aligned along each respective can axis, the piles having an upper end and a lower end
defining a pile length sufficient to extend along each can axis from the upper end of
the jacket template into the foundation to a desired depth. The jacket template may
further comprise deck structure mounted to the upper end of the jacket template
during assembly, or after the jacket template has been installed. The assemble steps
will vary depending on the configuration of the jacket template. For example, the
building module may further comprise two or more adjacent central core members
horizontally spaced apart from each other within the same horizontal plane so that one
adjacent core member has an adjacent face facing an adjacent face of another adjacent
core member as further described herein. The methods may further comprise the steps
of installing desired equipment for using the platform as an oil and gas platform, a
wind energy platform or other desired end use.

[0017] In one embodiment, the platform is installed in an offshore location where the
deck structure is located above sea level and where the seabed serves as the

foundation.
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[0018] In addition to the use of these novel structures for their intended purposes,
such as, for example, in offshore oil and gas, wind energy or energy transmission
platforms, the methods described herein may further include the steps of inspecting
the structure, including within the framework, below sea level using remotely
operated vehicles or autonomous un-manned vehicles, and conducting any desired
repairs.

[0019] The methods herein also include the decommissioning or moving of the
structure from one location to another for reuse.

[0020] The building modules provide a wide range of flexibility with respect to
designing and constructing a structure. Likewise the many exemplary template
designs herein, constructed using the building modules disclosed herein, can be used
for any number of diverse applications where prior art platform structures are
employed, such as, for example, onshore and offshore oil and gas platform
applications, onshore and offshore wind farming applications and the like. The
modular, unique design provides benefits throughout the lifecycle of the platform
structure, such as, the manufacturing of the structure, the installation of the structure,
the ongoing use of the structure, the ongoing inspection and repair of the structure, the
decommissioning or removal of the structure, and the moving of the structure for
reuse at another location.

[0021] Other objects and advantages of the embodiments herein will become readily
apparent from the following detailed description taken in conjunction with the
accompanying drawings. In the drawings, like reference numerals refer to like

elements.

BRIEF SUMMARY OF DRAWINGS

[0022] Figure 1A is a schematic depiction of a conventional, prior art offshore oil and
gas platform.

[0023] Figure 1B is a schematic depiction of a conventional, prior art offshore oil and
gas platform jacket.

[0024] Figure 2A is a schematic depiction of an installed platform structure (depicted
here as an offshore oil and gas platform) employing a new jacket template structure

according to one embodiment of the present disclosure.
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[0025] Figure 2B is a schematic perspective depiction of a platform (here an oil and
gas platform) employing a new jacket template structure according to one
embodiment of the present disclosure.

[0026] Figure 2C illustrates an exemplary 4-legged style battered jacket template
structure such as that generally depicted in the platform of Figure 2B.

[0027] Figure 3A is a perspective view of a 4-legged (4-pile) style, double battered
(vertical), structural bay unit module according to one embodiment of the present
disclosure.

[0028] Figure 3B is a perspective view of a 4-legged (4-pile) style, non-battered
(vertical), structural bay unit module according to one embodiment of the present
disclosure.

[0029] Figure 4 is a side plan view of the non-battered structural bay unit of Figure
3B.

[0030] Figure 4A is a cross-sectional view of the bay unit of Figure 4 taken along
lines 4A-4A.

[0031] Figure 4B is a cross-sectional view of the bay unit of Figure 4A taken along
lines 4B-4B.

[0032] Figure 5 is a perspective view of a single-lift, vertically oriented prefabricated
4-leggd style jacket template structure constructed of multiple, stacked bay units, such
as the bay unit module in Figure 3B, according to one embodiment of the present
disclosure.

[0033] Figure 6 is a side plan view of the structure of Figure 5.

[0034] Figure 6A is a cross-sectional view of the structure of Figure 6 taken along
lines 6A-6A.

[0035] Figure 6B is a cross-sectional view of the structure of Figure 6A taken along
lines 6B-6B.

[0036] Figure 7 is a perspective view of single-lift, vertically oriented prefabricated
jacket template structure constructed on site out of a plurality of stacked bay units,
such as the bay unit module in Figure 3A, that are connected together according to
one embodiment of the present disclosure.

[0037] Figure 8 illustrates one type of connection, here a flange connection, used to
connection adjacent bays to each other according to one embodiment of the present

disclosure.
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[0038] Figure 8A is a cross-sectional view of the flange face from the upper bay can
taken along lines 8 A-8A of Figure 8.

[0039] Figure 9 illustrates another type of connection, here a zap-lock connection,
used to connection adjacent bays to each other according to one embodiment of the
present disclosure.

[0040] Figure 10 illustrates another type of connection, here a grout connection, used
to connection adjacent bays to each other according to one embodiment of the present
disclosure.

[0041] Figure 11 is a perspective view of vertically oriented jacket template structure
constructed of multiple, stacked bay units, including a hybrid top bay section,
according to one embodiment of the present disclosure.

[0042] Figure 12 is a perspective view of a hybrid top bay section, such as displayed
in Figure 11, according to one embodiment of the present disclosure.

[0043] Figure 13 is a top plan view of the structure of Figure 11.

[0044] Figures 13A, 13B depict side plan views of the structure of Figure 13 taken
along sides 13A and 13B.

[0045] Figure 13C depicts a side plan view of the structure of Figure 13 taken along
side 13C.

[0046] Figure 13D depicts a side plan view of the structure of Figure 13 taken along
side 13D.

[0047] Figure 14 is a bottom plan view of the structure of Figure 11.

[0048] Figure 15 is a perspective view of vertically oriented, double battered jacket
template structure constructed of multiple, stacked bay units having battered faces
according to one embodiment of the present disclosure.

[0049] Figure 15A is a side plan view of the battered structure of Figure 13.

[0050] Figure 16 is a perspective view of vertically oriented, 4-legged style jacket
template structure constructed of multiple, stacked bay units employing battered and
nonbattered (vertical) faces according to one embodiment of the present disclosure.
[0051] Figure 16A is a side plan view of the battered structure of Figure 16 showing
face 16A.

[0052] Figure 16B is a side plan view of the battered structure of Figure 16 showing
face 16B.

[0053] Figure 17A is a perspective view of a 3-legged style, non-battered (vertical),

single structural bay unit according to one embodiment of the present disclosure.
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[0054] Figure 17B is a perspective view of a 3-legged style battered, single structural
bay unit according to one embodiment of the present disclosure.

[0055] Figure 18 is a perspective view of a vertically oriented 3-legged style
nonbattered (vertical) jacket template structure constructed of multiple, stacked bay
units according to one embodiment of the present disclosure.

[0056] Figure 19 is a perspective view of a vertically oriented 3-legged style double
battered jacket template structure constructed of multiple, stacked bay units according
to one embodiment of the present disclosure.

[0057] Figure 20 is a perspective view of a vertically oriented 6-legged style double
battered jacket template structure constructed of multiple, stacked bay units according
to one embodiment of the present disclosure.

[0058] Figure 20A is a top plan view of the structure of Figure 20.

[0059] Figure 20B is a side plan view of the structure of Figure 20.

[0060] Figure 20C is another side plan view of the structure of Figure 20.

[0061] Figure 21 is a perspective view of a vertically oriented 8-legged style double
battered jacket template structure constructed of multiple, stacked bay units according
to one embodiment of the present disclosure.

[0062] Figure 21A is a top plan view of the structure of Figure 21.

[0063] Figure 21B is a side plan view of the structure of Figure 21.

[0064] Figure 21C is another side plan view of the structure of Figure 21.

[0065] Figure 22 is a perspective view of vertically oriented, battered jacket template
structure constructed of multiple, stacked bay units having battered faces and also
employing skirt piles according to one embodiment of the present disclosure.

[0066] Figure 23 is a side plan view of the structure of Figure 22.

[0067] Figure 23A is a cross-sectional view of the structure of Figure 23 taken along
lines 23A-23A.

[0068] Figure 24 is a perspective view of a 4-legged (4-pile) style, non-battered
(vertical), structural bay unit module according to another embodiment of the present
disclosure. This embodiment illustrates that the central bay support member can vary
in its outer diameter to permit the support member interior channel to permit passage
of equipment, tubulars, and other items that may be lowered or otherwise mounted
between the upper and lower ends of the platform jacket template.

[0069] Figure 25 is a side view of a typical bay configuration according to one

embodiment of the present disclosure illustrated in Figure 24.
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[0070] Figure 25A is a sectional view taken along lines 25A-25A of Figure 25.

[0071] Figure 25B is a sectional view taken along lines 25B-25B of Figure 25A.
[0072] Figure 26 is a schematic depiction of a conventional, prior art offshore wind
turbine installation.

[0073] Figure 27 is a schematic depiction of an installed platform structure (depicted
here as an offshore wind energy platform housing a wind turbine) employing a new

jacket template structure according to one embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0074] Reference will now be made in detail to the description of the present subject
matter, one or more examples of which are shown in figures. Each embodiment is
provided to explain the subject matter and not a limitation. These embodiments are
described in sufficient detail to enable a person skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized and that
logical, physical, and other changes may be made within the scope of the
embodiments. The following detailed description is, therefore, not be taken as limiting
the scope of the invention, but instead the invention is to be defined by the appended
claims.

[0075] Referring to the Figures, there is disclosed a structural concept for the
provision of support to payloads and facilities used in both offshore and onshore
structures. The design is unique as it does not need structural ‘legs’ seen on
conventional fixed (i.e., not floating but fixed by some foundation system to the soil)
structures, nor does it have the face framing used in conventional structures. Instead
the structural concept 10 of the present disclosure consists of a series of structural
bays 12. The bays 12 have a spider-like configuration where a central connection 30
supports a number of structural braces (upper 40 and lower 50) that frame out from
the central connection 30 to connect to the foundation piles 2 or other structural
element (depending on the configuration) of the structure 12. The bays 12 may be
made of structural steel, aluminum other metals, fiber reinforced composites, light-
weight cementitious or other structural materials.

[0076] Applications of the technology include support of offshore structures for oil
and gas exploration and production and for generation of wind energy or other

alternative energy sources. The technology is equally applicable to support of
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elevated facilities and equipment in the onshore environment. The design is also
applicable as the truss component of floating structures e.g. Truss Spars.

[0077] Figure 1A shows a schematic depiction of a conventional offshore oil and gas
platform known in the art. Between the platform deck and the sea floor is a
conventional structural jacket as is known in the art. Figure 1B illustrates a typical
conventional offshore oil and gas platform jacket. Figure 2A provides an illustration
where, with reference to the conventional platform depicted in Figure 1A, a new
jacket template structure 10 is depicted.

[0078] Referring also to Figure 2B, there is depicted an exemplary platform structure
1 (here, an offshore oil and gas platform) employing the new jacket template structure
10 according to one embodiment of the present disclosure. In this general illustration,
the jacket template structure 10 supports the platform topsides section 3 above the
waterline (WL), and extends downward to the seabed (SB) where it is secured into the
seabed foundation 4. The jacket template 10 comprises one or more vertical bay
modules 12 attached together in stacked fashion to achieve the desired jacket height
11c. In this particular illustration, three bay units 12 are employed, but as will be
appreciated by those having the benefit of this disclosure, the jacket template structure
10 can be configured in many different ways employing one or more bay units 12,
and, as described below, the configuration of each bay unit 12 can be customized.
[0079] As will be described in more detail below, each bay unit 12 comprises a
central core member 30, two or more upper arms or braces 40 extending upwardly
and outwardly from the core 30 to a desired length(s) 43, and two or more lower arms
or braces 50 downwardly and outwardly from the core 30 at a desired length(s) 53.
The length of the arms 40, 50 and angle of the arms 60, 63 will determine the overall
height 14 of each bay unit. In this embodiment, the end of each upper arm or brace 40
comprises a structural can device 20 for receiving a pile 2 therethrough (via interior
channel 23). Likewise, in this embodiment, the end of each lower arm or brace 50
comprises a structural can device 70 for receiving a pile 2 therethrough (via interior
channel 73). The piles 2 run generally vertically (or in battered slope) from the top
11a of the jacket 10 through each of the cans 20, 70 aligned with such pile, to the
bottom of the jacket 11b where the piles can be secured into the seabed (SB).

[0080] The desired platform topside section 3 (e.g., here depicted as an oil and gas

platform deck and rig, etc.) is secured to the top end 11a of the jacket template using
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conventional techniques. Piles extend through the interior channels 23, 73 of cans 20,
70 on the jacket template and are secured into the seabed foundation 4.

[0081] Referring now to Figure 2C, there is illustrated an exemplary 4-legged style
battered jacket template structure 10a such as that generally depicted in the platform
of Figure 2B. In this particular embodiment, each face of the jacket template 10a is
sloped (battered). The jacket 10a has an upper end 11a and a lower end 11b defining
an overall jacket height 11c. As will be seen, this particular embodiment employs
three four-legged battered bay modules 12 joined together to form a unitary structure
10a. As shown, the upper and lower cans 20 of each bay 12 are aligned about a
can/pile axis 24. Each bay unit 12 comprises a different size to create the battered
faces (here, in this embodiment, generally resembling a truncated pyramid or
trapezoidal prism shape). For example, as will be appreciated, in this embodiment,
the upper most upper arms 40c will likely have a shorter length 43 than the length of
the lower most upper arms 40b, 40a to provide the battering face, however, the
battering face can also be created by altering the angles of the arms. The upper most
lower arms 50c will likely have a shorter length 43 than the length of the lower most
lower arms 50b, 50a, but such battering face can also be achieved by altering the arm
angle.

[0082] This three level jacket template can be preassembled such that the lower cans
70 of one bay 12 are joined to the upper cans 40 of the bay 12 immediately
underneath. In this embodiment, the central bay support member or core 30 of each
stacked bay are aligned about a bay central vertical axis 13. The bay central core
members 30 can be solid or can be tubular (i.e., having an apertured opening running
therethrough along the vertical axis 13.

[0083] The overall height 14 and width 14 of each bay module 12 can be varied by,
e.g., varying the lengths of the arms 40, 50 and their respective upward or downward
angles 60, 63, respectively. Such flexibility also permits creating battered or
unbuttered faces where, e.g., the bay structure has no battering (straight vertical
sides), partial battering, or full battering (double battering).

[0084] Reference is now made to Figures 3A, 3B, 4, 4A and 4B for description of
exemplary bays 12 according to embodiments of the present disclosure. Figure 3A
shows an exemplary 4-legged (4-pile) style, double battered (vertical), structural bay

unit module 12a. Figure 3B shows an exemplary 4-legged (4-pile) style, non-battered
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(vertical), structural bay unit module 12b. Figures 4, 4A and 4B show additional
views of the nonbattered bay depicted in Figure 3B.

[0085] The vertical bay unit 12a, 12b comprises a central core support member 30
having a lower end 31 and an upper end 32 defining a length (L¢) 35. The core
member 30 may be tubular with an internal open annulus or channel 33 of a desired
diameter (Da) 34 and having a vertical axis 13, or can be of a solid construction, e.g.
block, round stock, I-beam, etc.

[0086] Three or more upper structural braces 40 (of desired length 43) are attached
(via known techniques, such as welding, molding, threading and the like) to the core
30 at the upper brace bottom ends 41 and extend outwardly and upwardly from the
core 30 a desired length 43 to the upper brace upper end 42. This forms what may be
referred to as the upper half 14a (or overall height of the upper bay half) of the bay
12, 12a, 12b. The upper braces 40 extend upwardly from the core 30 at a desired
upward angle (6,) 60 (relative to horizontal). Each bay upper structural brace 40 is
preferably equally (radially) spaced apart about the vertical axis 13 from the adjacent
braces 40 at a desired horizontal spacing angle (6y) 62. Other spacing arrangements
are possible. The upper braces 40 attach to the core 30 at their bottom ends 41 and
extend a desired length 43 to their upper ends 42.

[0087] At the upper end 42 of each upper brace 40, a tubular upper can 20 is attached
by known techniques. The tubular upper cans 20 comprise upper can bottom edge 21,
upper can top edge 22, and upper can interior channel or annular space 23 having a
can interior diameter 25. The cans 20 are capable of receiving a pile 2 (not shown)
therethrough (via annular space 33).

[0088] Similarly, three or more lower structural braces 50 (of desired length 53) are
attached (via known techniques, such as welding, molding, threading and the like) to
the core 30 at the lower brace upper ends 51 and extend outwardly and downwardly
from the core 30 a desired length 53 to the lower brace lower end 52. This forms
what may be referred to as the lower half 14b (or overall height of the lower bay half)
of the bay 12, 12a, 12b. The lower braces 50 extend downwardly from the core 30 at
a desired downward angle (64) 63 (relative to horizontal). Each bay lower structural
brace 50 is preferably equally (radially) spaced apart about the vertical axis 13 from

the adjacent braces 50 at a desired horizontal spacing angle (6y,) 64. Other spacing
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arrangements are possible. The lower braces 50 attach to the core 30 at their top ends
51 and extend a desired length 53 to their lower ends 52.

[0089] At the lower end 52 of each lower brace 50, a tubular lower can 70 (similar to
upper can 20) is attached by known techniques. The tubular lower cans 70 comprise
lower can bottom edge 71, lower can top edge 72, and lower can interior channel or
annular space 73 having a can interior diameter 25. The cans 70 are capable of
receiving a pile 2 (not shown) therethrough (via annular space 73).

[0090] The upper and lower cans 20, 70 can be mounted to the respective support arm
ends 42, 52 and be oriented at the appropriate can angle (6;) 62, 65 to align the
respective can interior channels 23, 73 along a desired can/pile axis 24. In the
embodiment shown in Figure 3A, the bay 12b is a double battered shape resulting in
the pile axis 24b being angled at a downward and outward slope relative to the ground
(seafloor). Each of the respective upper and lower cans 20, 70 (can sets) is aligned
about its respective can axis 24b. In this embodiment, can axis 24b is not parallel to
central core axis 13.

[0091] In the embodiment of Figure 3B, the bay 12s is a non-battered configuration
where the can sets (20, 70) align with each other in a substantially vertical orientation
along can axis 24a. In this embodiment, can axis 24a is substantially parallel to
central core axis 13.

[0092] As will be seen in the embodiments of Figures 3A and 3B, the bay top half
14a and bay bottom half 14b are depicted as being mirror images of each other, with
each top can 20 being aligned along the same axis 24a or 24b as its counterpart lower
can 70. In these particular embodiments, the a desired horizontal spacing angles (Op)
64 between the lower arms 50 and the desired horizontal spacing angles () 61
between the upper arms is 90°. It is therefore preferred that the upper arms 40 be
equally radially spaced apart from each other about the central core axis 13.
Similarly, it is therefore preferred that the lower arms 50 be equally radially spaced
apart from each other about the central core axis 13. These horizontal angles (6y,
Ony) could be varied on the top half 14a and correspondingly on the bottom half 14b.
[0093] The bays 12 can be extended or shortened in overall height 14 by adjusting the
angle of the brace incidence at the central connection 30. Referring, for example, to
Fig. 4, the height 14 can be divided into the upper arm section height 14a and the

lower arm section height 14b, and overall height adjustment can be achieved by
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altering the upper arm section height 14a and/or the lower arm section height 14b.
Similarly, the overall bay width 15 (divided into a left width 15a and right width 15b),
can be varied by altering the right width 15a and/or the left width 15b (or via
adjustment of the heights 14a, 14b).

[0094] Although the basic bay configurations shown in Figures 3A, 3B, 4, 4A and
4B depict the upper bay half comprising four upper arms 40 and four lower arms 50
(collectively referred to as a four legged or four pile style structure), the number of
arms used can vary from three e.g., (Figures 17A, 17B, 18, 19 (three legged style
bay)) to eight or more. However, increasing the number of arms that extend from the
central core 30 will decrease the openings between equally spaced arms and increase
the weight of the bay.

[0095] Additionally, as noted below, the bay module 12 can be modified to include
more than one central core within the same horizontal plane. See discussion below
regarding, e.g., Figures 20 and 21.

[0096] Two or more bays may be stacked to further increase the height of the
structure. This can be done either at the time of construction (e.g., the jacket
templates illustrated in Figures 5 and 15, 16, 18, 19, 20, 21, 22 are shown in
completed construction and could be prefabricated onshore and then transported to the
desired location) or during the installation of the structure at its final or interim
location, e.g., the jacket template 10b illustrated in Figure 7 illustrates how multiple
separate bay units 12b could be connected together to form a non-battered jacket
template such as shown in Figure 5. Figure 5 illustrates a single-lift, vertically
oriented prefabricated 4-legged style jacket template structure 10b constructed of
multiple, stacked bay units 12b, such as the bay unit module in Figure 3B. Figures 6,
6A and 6B show additional views of the non-battered bay depicted in Figure 5. Each
of the vertically stacked bays constitutes a separate tier, e.g., Tier 1, Tier 2, Tier 3,
and each tier lies in a separate horizontal plane.

[0097] Where the bays are connected in the field, a connection detail, such as 80, 80a,
80b, 80c is necessary. The connection detail may include any number of structural
connections, such as, for example and without limitation: a castellated weld; a
threaded (sleeve); a sleeve (welded); a grouted connection 8(0c (see Figure 10) with or
without beads; a full or part penetration weld; a 1-piece member extending through
the central can; a swaged or force fit connection type; a bolted flange connection 80a

(see Figures 8 and 8A); a Zap-Lok style telescoping interconnection 80b (see Figure
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9); epoxy / glue; and pre-drilled holes in central can that members can fit into
(possibly threaded).

[0098] In order to accommodate the connection of common appurtenances to
structures such as access or egress platforms, boat landings, impact protection frames,
etc., additional framing may be added to the bays, especially to the top bay one or
more sides as required. For example, Figures 11-14, there is depicted a non-battered,
four legged jacket template 10c, much like that illustrated in Figure 5 where the
topmost bay 12c is configured with various additional structural features, such as boat
landings

[0099] Bays may be connected in a multitude of patterns to develop large structures
that will accommodate anywhere from three to an unlimited number of foundation
piles. Referring to Figures 15 and 15A, there is shown a double battered jacket
template section 10a, similar to that in Figure 2C, and also similar to the non-battered
jacket template section 10b of Figure 5. Figures 16, 16A and 16B illustrate a 4-
legged style jacket template structure 10c constructed of multiple, stacked bay units
employing battered and non-battered (vertical) faces.

[00100] Much like with the four legged battered and non-battered bays of
Figures 3A and 3B, Figure 17A illustrates a three legged style, non-battered (vertical),
single structural bay unit 12d and Figure 17B illustrates a three legged battered
(vertical), single structural bay unit 12e. Figure 18 illustrates a vertically oriented 3-
legged style non-battered (vertical) jacket template structure 10e constructed of
multiple, stacked bay units (such as shown in Figure 17A. Figure 19 illustrates a
vertically oriented 3-legged style battered (vertical) jacket template structure 10f
constructed of multiple, stacked bay units (such as shown in Figure 17B.

[00101] Additionally, as noted above, the bay module 12 can be modified to
include more than one central core within the same horizontal plane. For example,
Figures 20, 20A, 20B and 20C illustrate a multi-tiered (here, three-tiered) jacket
template 10g where, within each tier, two, four legged bay units have been combined
together in side-by-side fashion so that they share two of the upper and lower cans,
20a, 70a. In this embodiment, the jacket template 10g has six legs to accommodate 6
piers, and uses two central core units 30a disposed within the same horizontal plane.
Each set of stacked bays constitutes a separate tier (Tier 1, Tier 2, Tier 3), and each

tier lies in a separate horizontal plane.
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[00102] Referring now to Figures 21, 21A, 21B, and 21C, there is shown a
vertically oriented 8-legged style double battered jacket template structure 10h
constructed of multiple, stacked bay units. In this embodiment, three standard four-
legged bay units are joined together horizontally (sharing the cans between adjacent
bay units) to form each of the stacked rows. In this embodiment, the jacket template
10g has eight legs to accommodate 8 piers, and uses three central core units 30b
disposed within the same horizontal plane.

[00103] In some situations the legs, rather than being omitted entirely, may be
replaced by buoyancy tanks used for the self-installation of the structure. The system
may also be installed by controlled launch from a barge or lifting with a crane,
floating and upending or floating on a suction foundation system. When the
individual bays are installed onsite, a smaller crane can be employed than that
required if lifting a preassembled jacket template.

[00104] The structure can be fixed to the ground (sea floor) with conventional
vertical or raked piles or with an alternative foundation such as a gravity base or
suction pile(s). Mud mats may be required to provide on-bottom stability during
installation. Referring to Figures 22, 23 and 23A, there is depicted a vertically
oriented, battered jacket template structure 10i constructed of multiple, stacked bay
units having battered faces and also employing skirt piles 6.

[00105] For certain onshore applications where interior space within the
structure may be advantageous, bays may be optimized to create additional space.
Structural framing may be added to make each ‘triangular area’ (seen in plan-view of
the bay) a full square to provide larger internal space.

[00106] Variations of the central core connections 30 (from the hollow can
style illustrated) may exist to provide a larger central conduit 30a through the
structure where this may be beneficial to the design, e.g., passage of pipeline risers,
umbilicals, production or injection wells, power cables or other appurtenances to the
facility requiring structural support and/or protection. For example, referring now to
Figures 24, 25, 25A and 25B, there is depicted a non-battered, 4 legged bay module
similar to that in Figure 3B employing a larger core structural member 30a. In this
embodiment, the core 30 may be tubular with a large internal diameter 34a to permit,
for example, ingress and egress of equipment. The central connection system 30, 30a

may therefore comprise, for example: various shapes and sizes of hollow or stiffened
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cans; multiple connected cans; a multisided framed structure; or other connection
type.

[00107] The system of the present disclosure is designed to provide a modular
bay design and jacket template design that is low mass, high ductility, lightweight,
ideal seismic performance qualities, and flexible for use on land and offshore. The
capability of having multi-piece construction of the template jacket, for e.g.,
construction of an offshore oil and gas platform permits the use of smaller crane units
(that have significantly lower day rates than the larger cranes) which in turn provides
cost/weight savings. The variability of the angles and arm lengths on the modules
provides great flexibility in designing the overall height of the jacket template
required at the place of installation, e.g., based on the water depth for an offshore
installation.

[00108] The new jacket template structure disclosed herein has many
applications as will be appreciated by those having the benefit of the present
disclosure. As just one additional example, the new jacket template design can be
used for the installation of offshore wind turbines. Referring to Figure 26, there is
shown a schematic depiction of a conventional offshore wind turbine installation
known in the art where the jacket bracing also serves to stabilize a submerged portion
of the turbine tower. Between the topside section and the sea floor is a conventional
structural jacket used for installation of offshore wind turbines as is known in the art.
Figure 27 provides an illustration where, with reference to the conventional wind
turbine depicted in Figure 26, a new jacket template structure 10j is depicted.
Referring also back to Figures 24, 25, 25A, 25B, it can be appreciated that the central
core 30a of one or more of the vertically aligned bays can be designed to have a large
inner diameter 34a and enhanced height 35a to accommodate and secure to the outer
diameter of the tower section 91 of the wind turbine. In one embodiment, the core
members 30a extend and are attached to each other to create an extended vertical
tubular structure extending between two vertically adjacent bay members. This
extended tubular core member (not shown) could be employed in any of the jacket
designs described herein, including being employed to receive a lower portion of a
wind turbine tower section.

[00109] Additionally, associated energy transmission platforms could likewise

employ the new jacket template design described herein.
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[00110] Typical jacket construction (of the prior art types disclosed in Figs. 1A
and 1B), requires manufacturing and assembly onshore at a facility that is close to the
point of installation since the actual template structure it too large to transport over
land. As such, for off-shore template jacket structures of the prior art, they require
manufacture and assembly on shore at a coastal location so that the completed
template jacket can be floated (or barged) to the offshore location. This adds time,
complexity and cost to the manufacturing process for these prior art jacket templates.
This time, complexity and cost becomes magnified when it is desired to install an
elaborate field of jacket template structures, such as with an offshore wind farm where
there may be tens if not hundreds of jacket templates required. Thus, there exists a
need to streamline the manufacturing process for these jacket structures.

[00111] Those having the benefit of the present disclosure will recognize that
the structural building jacket designs described herein provide great flexibility, cost
savings and time savings when it comes to designing, manufacturing, assembling and
installing the jackets. The structural building jacket designs comprise a low number
of basic building block component parts (e.g., tubular steel nodes) used to assemble
the jacket, e.g., upper and lower tubular nodes (20, 70), central bay support nodes
(30), and connecting structural braces (40, 50). Other ancillary parts, such as boat
landings (5), skirt piles (6), and pilings are readily available. As such, these primarily
tubular steel (or other suitable material) building block component parts can be
produced at any convenient location, and can be mass-produced. Mass
production/rapid production of these component parts becomes particularly important
where there exists a planned installation of multiple jacket structures, e.g., for an
extensive offshore windfarm installation comprising many separate jacket structures,
such wind farms including arrays of tens if not hundreds of wind turbines each
mounted on a separate jacket template.

[00112] Not only are these component parts capable of mass production, they
can be manufactured using known manufacturing techniques, such as forgings,
castings, robotics, automated welding, use of high quality indoor
fabrication/manufacturing facilities. It is also envisioned that these component parts
are susceptible to manufacture using 3D printing (a.k.a. Direct Digital Manufacturing)
technologies.

[00113] Large-scale forgings and castings can take many, many months to

complete. However, given the simplicity of the design of the component parts of the
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jackets described herein, it appears highly feasible and preferable to manufacture
these component parts using faster manufacturing technology such as 3D printing
technology. For example, one exemplary 3D printing system is the Electron Beam
Additive Manufacturing (EBAM™) technology offered by Sciaky Inc. (Chicago,
)(www.sciaky.com) under the brand names EBAM™ 300, EBAM™ 1500,
EBAM™ 110, EBAM™ 88, and EBAM™ 68. The EBAM system is a 3D printing
technology that is capable of producing high quality, high value, large-scale metal
parts and structures (e.g., up to 19 feet in length), out of, e.g., titanium, tantalum, and
nickel-based alloys in a matter of days, with very little material waste. These systems
all combine computer-aided design (CAD), electron beam directed energy deposition,
and layer-additive processing. For example, with the Sciaky EBAM system, one
starts with a 3D model from a CAD program. The EBAM electron beam (EB) gun
deposits metal (via wire feedstock), layer by layer, until the part reaches near-net
shape and is ready for finish machining. The Sciaky EBAM system also employs the
IRISS™ (Interlayer Realtime Imaging & Sensing System), a patented closed-loop
control that provides consistent part geometry, mechanical properties, microstructure,
metal chemistry over the course of operation. Gross deposition rates range from 7 to
20 Ibs. (3.18 to 9.07 kg) of metal per hour, depending upon the selected material and
part features.

[00114] Additionally, with an EBAM dual wirefeed system, one can combine
two different metal alloys into a single melt pool, managed with independent program
control, to create “custom alloy” parts or ingots. One also has the option to change the
mixture ratio of the two materials, depending upon the features of the part that you are
building, to create “graded” parts or structures. Furthermore, one can alternate
between different wire gauges for finer deposition features (thin wire) and gross
deposition features (thick wire). These benefits may be provided by the Sciaky, Inc.
EBAM™ dual wirefeed process.

[00115] According to Sciaky, Inc., parts and structures up to 19 ft. x 4 ft. x 4 ft.
(5.79 m x 1.22 m x 1.22 m) — or round parts up to 8 ft. (2.44 m) in diameter — can be
produced with Sciaky’s EBAM™ machines. Although the EBAM™ system is ideal
for large-part additive manufacturing, it can also be effective for smaller-scale parts
and applications, too. In general, parts starting around 8 in.3 (2033 mm) and larger are
the best candidates for the EBAM™ process. The best material candidates for

EBAM™ applications are weldable metals that are available in wire feedstock. These
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materials include: Titanium and Titanium alloys; Inconel 718, 625; Tantalum;
Tungsten; Niobium; Stainless Steels (300 series); 2319, 4043 Aluminum; 4340 Steel;
Zircalloy; 70-30 Copper Nickel; and 70-30 Nickel Copper.

[00116] Use of the EBAM additive manufacturing technology has benefits,
including: reducing material costs, lead times, and machining times (as much as
80%) vs. conventional manufacturing; the fast, cost-effective additive manufacturing
process in the market for producing large metal parts; the Sciaky IRISS™ Closed-
Loop Control Technology ensures process repeatability and traceability; the Sciaky
technology offers a large build envelope for 3D printed metal parts and a wide variety
of commercially available metal 3D printing systems (in terms of work envelope
scalability). The EBAM system’s dual wirefeed process allows one to combine two
different metal alloys into a single melt pool to create “custom alloy” parts or
“graded” material parts, as well as switch between fine (thin wire) deposition features
and gross (thick wire) deposition features. Unlike powder additive manufacturing
processes, the Sciaky EBAM™ system works with refractory alloys and it produces
significantly less material waste — plus, wire feedstock is not highly flammable like
some powder feedstocks.

[00117] In addition to the Sciaky EBAM™ systems described above, other 3D
printers on the market may likewise provide suitable manufacturing capabilities for
the component parts of the jackets disclosed herein. A non-extensive listing includes:
the VX4000 sand casting process by Voxeljet AG (Friedberg, Germany); the Objet
1000 polyjet process by Statasys Ltd. (Eden Prairie, MN); the Lens 850-R laser
process by Optomec Inc. (Albuquerque, NM); the Project 5000 multijet printing
process by 3D Systems Corporation (Rock Hill, SC); the M400 laser process by EOS
Gmbh (Munich, Germany); and the Arcam Q20 electron beam melting process by
Arcam AB (Molndal, Sweden).

[00118] The above-referenced 3D printing technologies are incorporated herein
by reference and are thought to be well-suited for use in the rapid, cost effective
manufacturing of the component parts for the jacket designs disclosed herein. In
particular, it is envisioned that a 3D printing facility could be located proximate the
point of final assembly of the jacket (such as, for example, near a seaport where
jackets are being assembled onshore for transport and installation offshore).

[00119] Also, it may be advantageous to provide such 3D printing capabilities

on a mobile unit, such as one that could be taken offshore to print component parts
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“on site” as needed for the desired jacket assembly. In this embodiment, the raw
materials would likewise be transported offshore so that the mobile offshore 3D
printing facility could manufacture the jacket component parts on an as needed basis.
[00120] Thus, the component parts for the template jackets can be mass
produced in any location, and then shipped by conventional means to a desired
location for final assembly of the jacket structures. Additionally, the jacket
component parts could be manufactured in the same location as for the final assembly.
Such final assembly can be onshore (with the final templates then floated, barged or
otherwise transported to the offshore location) or the component parts can be
delivered to the offshore location for final assembly offshore. Additionally, as noted
above, the entire jacket manufacturing and assembly process could be offshore.
[00121] The jacket templates themselves are of a lower overall weight than a
traditional prior art jacket template; therefore, this alone provides cost savings in
connection with the material, manufacturing, assembly and transport costs.
Additionally, mass production of the parts, 3D printing of the parts, etc., lowers
waste, improves fatigue performance and increases environmental protection.

[00122] Furthermore, the jacket structures of the present disclosure also
provide for faster, more cost effective installation than with traditional jacket
structures. For example, with traditional prior art jackets, installation requires use of a
heavy weight certified lifting crane vessel to pick up the heavy jacket structure and
place it on the surface to be installed (e.g., seabed for offshore installation), and to
then install all of the permanent piles (e.g., driving multiple piles into the seabed) to
secure the prior art jacket in place. This in turn occupies the use of this heavy lifting
crane, which itself carries a much higher day rate cost to operate than a lighter weight
crane vessel, for the duration of the jacket installation process thereby increasing day
rate costs.

[00123] Because the jackets of the present disclosure are much lighter in
weight than the prior art jacket structures, initial cost savings can also be enjoyed in
that a smaller crane vessel may be employed to pick up and place the jacket template
in place. However, owing to the unique design of the new jacket templates described
herein, there exists further cost savings in the installation, particularly the offshore
installation as follows: First, a low cost pile driving vessel can first install into, e.g.,
the seabed, a first location pile (using standard pile driving techniques). This pre-

installed location pile will be installed at a pre-determined desired location (using a
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low day rate pile driving vessel), and will serve as one of the, e.g., four permanent
piles used to secure the jacket in place (e.g., to the seabed). As such, with the pre-
installation pile in place, the crane can then be used to install the pre-assembled jacket
template over the pre-installation permanent pile, for example, by lowering the jacket
template with can sets (20, 70) and can axis 24a aligned with the preinstalled location
pile. Once so lowered, the jacket template design permits the jacket template to
remain stable and in place over this single location pile until a separate, lower day rate
pile driving vessel completes the securing of the jacket to, e.g., the seabed by driving
in the remaining, e.g., 3 of 4 permanent piles. Therefore, the more expensive day rate
lifting crane vessel, after lowering the jacket template over the initial location pile can
then be freed up to efficiently perform other crane work, such as installing yet another
jacket template on yet another nearby pre-installed location pile.

[00124] This installation process is particularly cost effective when a large
number of jacket templates must be installed, e.g., in an offshore wind farm. In such
scenario, a series of location piles would be installed ahead of the time when the
heavy crane would be used to lower the jacket templates into place. This series of
location piles would be installed by, e.g., a routine pile driving vessel. The heavy
crane vessel could then be efficiently used to lower a first jacket over a first location
pile, then move to the next location to lower a second jacket over a second location
pile, etc., until all such jackets were placed over the applicable location piles. A
separate pile driving vessel is used, following behind the lifting crane, to complete the
installation of all permanent piles on each jacket. In these installation scenarios, it is
envisioned that logistical planning would account for anticipated weather conditions
so that the follow-on pile driving vessel’s work would be completed for each jacket
previously lowered in place by the crane vessel prior to any weather conditions
arising that could potentially adversely impact a jacket that had not yet been fully
secured with all permanent piles.

[00125] As such, the new jacket template design of the present disclosure
provides cost savings in terms of material, manufacturing time, assembly time, and
vessel/crane day rate and time.

[00126] In view of the above disclosure, it will be apparent that once
successfully installed, the new jacket template design 10 disclosed herein offers a
number of benefits and efficiencies through its service life and extending into its

eventual decommissioning and either re-use or disposal.



WO 2017/011417 PCT/US2016/041815
-24-

[00127] In-Service Inspection/Repair: Unlike a conventional, prior art jacket

structure, the 3-dimensional nature of the jacket framing design disclosed herein
allows access by un-manned inspection tools referred to as Remotely Operated
Vehicles (ROVs) or Autonomous Un-manned Vehicles (AUV). The underwater
vehicles can access all the structural connections (joints) in the jacket framing for the
purposes of critical in-service inspection as part of the life-cycle integrity
management of the structure. This is not normally possible in a conventional jacket
as the ROV or AUV is at serious risk of entanglement within the confines of the 2-
dimensional framing walls of the jacket. The modular, open structure also lends itself
to easier in-service repairs.

[00128] Decommissioning/Reuse: At the end of life of the jacket structures

disclosed herein, the very same features that made the installation of the jacket so
efficient also contribute to the ease of its removal. The lighter weight opens up the
market for smaller lift vessels. The avoidance of grouting or any other underwater
connections allows for safer and more rapid removal of the structure. The ability to
cut the piles below mudline with internal cutting tools allows for the efficient removal
of the piles and the jacket structure itself, making reuse of the facility (jacket
structure) at another location a real and attractive possibility.

[00129] As such, the novel jacket structures disclosed herein provide
advantages during the entire lifecycle of this type of structure: at the manufacturing
stages, during the installation stages, during its intended use, during inspections of the
structure throughout the duration of its intended use, during removal of the structure
for decommissioning or reuse. All references referred to herein are incorporated
herein by reference. While the apparatus, systems and methods of this invention have
been described in terms of preferred or illustrative embodiments, it will be apparent to
those of skill in the art that variations may be applied to the process and system
described herein without departing from the concept and scope of the invention. All
such similar substitutes and modifications apparent to those skilled in the art are
deemed to be within the scope and concept of the invention. Those skilled in the art
will recognize that the method and apparatus of the present invention has many
applications, and that the present invention is not limited to the representative
examples disclosed herein. Moreover, the scope of the present invention covers
conventionally known wvariations and modifications to the system components

described herein, as would be known by those skilled in the art.
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We Claim:
1. A vertically-oriented structural building module comprising:
a. a central core member aligned along a central core vertical axis, the

core structure comprising an upper end, a lower end, and an outer surface;
b. three or more upper structural arms each having lower and upper ends
defining an upper arm length, the lower ends of the upper arms being fixably
attached to the core outer surface in radially spaced relationship about the
vertical axis, each upper arm extending outwardly and upwardly from the core
its own vertical plane at a desired angle 9, relative to the horizontal;
c. three or more lower structural arms each having lower and upper ends
defining a lower arm length, the upper ends of the lower arms being fixably
attached to the core outer surface in radially spaced relationship about the
vertical axis, each lower arm extending outwardly and downwardly from the
core at a desired angle 64relative to the horizontal;
d. upper tubular cans attached to the upper ends of the upper arms, the
upper tubular cans each comprising an outer surface, an annular interior space
oriented about a can axis and having an inner diameter, and upper and lower
ends defining a can length, each of the upper tubular cans being attached to the
upper arms in a substantially vertical orientation to align the annular interior
space of each of the cans at a desired can angle 6. relative to horizontal; and
e. lower tubular cans attached to the lower ends of the lower arms, the
upper tubular cans each comprising an outer surface, an annular interior space
oriented about a can axis and having an inner diameter, and upper and lower
ends defining a can length, each of the upper tubular cans being attached to the
upper arms in a substantially vertical orientation to align the annular interior
space of each of the cans at a desired can angle 6. relative to horizontal;
wherein each respective upper arm is aligned within the same vertical plane
with a corresponding one of the respective lower arms to form an upper lower
arm pair, and wherein the upper and lower cans of each of the respective arm
pairs is aligned about the same can axis to form an arm pair can axis.

2. The building module of claim 1 wherein at least one arm pair can axis is

substantially parallel with the core vertical axis.
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3. The building module of claim 1 wherein at least one arm pair can axis is
substantially vertical.
4. The building module of claim 1 wherein each arm pair can axis is substantially
vertical.
5. The building module of claim 1 wherein there are three upper structural arms
and three lower structural arms.
6. The building module of claim 1 wherein there are four upper structural arms
and four lower structural arms.
7. The building module of claim 1 wherein there are five upper structural arms
and five lower structural arms.
8. The building module of claim 1 wherein there are six upper structural arms
and six lower structural arms.
9. The building module of claim 1 wherein the core structure is solid.
10. The building module of claim 1 wherein the core structure further comprises

an annular interior space having an inner diameter.
11. The building module of claim 10 wherein the core structure comprises a
tubular material.
12. The building module of claim 1 wherein the upper arms are all of the same
length.
13. The building module of claim 1 wherein the lower arms are all of the same
length.
14. The building module of claim 1 wherein at least one of the upper arms is of a
different length from the lengths of the other upper arms.
15. The building module of claim 1 wherein at least one of the lower arms is of a
different length from the lengths of the other upper arms.
16. The building module of claim 1 further comprising two or more adjacent
central core members horizontally spaced apart from each other within the same
horizontal plane so that one adjacent core member has an adjacent face facing an
adjacent face of another adjacent core member;
wherein the upper tubular cans of two of the upper arms extending upwardly
from one of the core member adjacent faces are connected to the respective
upper ends of two of the upper arms extending upwardly from the adjacent
face of the other core member so that these upwardly extending arms share

common upper tubular cans,
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wherein the lower tubular cans of two of the lower arms extending

downwardly from one of the core member adjacent faces are connected to the

respective lower ends of two of the lower arms extending downwardly from

the adjacent face of the other core member so that these downwardly

extending arms share common lower tubular cans, and

wherein the upper arms sharing common upper tubular cans are aligned with

the lower arms sharing common lower tubular cans, and

wherein each respective upper arm sharing common upper tubular cans is

aligned within the same vertical plane with a corresponding one of the

respective lower arms sharing common lower tubular cans to form to form a

shared upper lower arm pair.

17. A multi-tiered, vertically-oriented structural building jacket template for
building a vertical structure comprising:

a. a bottom tier vertically-oriented structural building module having a lower
end capable of resting on a foundation and an upper end opposite thereto,

b. one or more upper tier vertically-oriented structural building modules each
having lower ends and upper ends, the lower end of a first of the one or
more upper tier modules being fixably attached to the upper end of the
bottom tier, the lower end of any additional one of the one or more upper
tier modules being fixably attached to the upper end of the module in the
tier immediately below;

c. wherein each vertically-oriented structural building module comprises:

i. a central core member aligned along a central core vertical axis, the
core structure comprising an upper end, a lower end, and an outer
surface;

ii. three or more upper structural arms each having lower and upper ends
defining an upper arm length, the lower ends of the upper arms being
fixably attached to the core outer surface in radially spaced relationship
about the vertical axis, each upper arm extending outwardly and
upwardly from the core its own vertical plane at a desired angle 6,
relative to the horizontal;

iii. three or more lower structural arms each having lower and upper ends
defining a lower arm length, the upper ends of the lower arms being

fixably attached to the core outer surface in radially spaced relationship
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about the vertical axis, each lower arm extending outwardly and
downwardly from the core at a desired angle 64 relative to the
horizontal,

iv. upper tubular cans attached to the upper ends of the upper arms, the
upper tubular cans each comprising an outer surface, an annular
interior space oriented about a can axis and having an inner diameter,
and upper and lower ends defining a can length, each of the upper
tubular cans being attached to the upper arms in a substantially vertical
orientation to align the annular interior space of each of the cans at a
desired can angle 6. relative to horizontal; and

v. lower tubular cans attached to the lower ends of the lower arms, the
upper tubular cans each comprising an outer surface, an annular
interior space oriented about a can axis and having an inner diameter,
and upper and lower ends defining a can length, each of the upper
tubular cans being attached to the upper arms in a substantially vertical
orientation to align the annular interior space of each of the cans at a
desired can angle 6. relative to horizontal,
wherein each respective upper arm is aligned within the same vertical
plane with a corresponding one of the respective lower arms to form an
upper lower arm pair, and
wherein the upper and lower cans of each of the respective arm pairs is
aligned about the same can axis to form an arm pair can axis;

d. connections connecting the lower cans of the lower end of the first of the
one or more upper tier modules to the upper cans of the bottom tier; and

e. connections connecting the lower end of any additional one of the one or
more upper tier modules to the upper end of the module in the tier
immediately below;

f. an overall height defined as the distance from the bottom of the bottom tier
to the top of the topmost of the upper tiers;

wherein the upper and lower cans of each of the respectively attached module

tiers remain aligned about the same respective can axis from the top of the

jacket template to the bottom of the jacket template, and
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wherein the central core members in each of the module tiers remain aligned

along the central core vertical axis.

18. The structural building jacket template of claim 17 comprising two tiers.
19. The structural building jacket template of claim 17 comprising three tiers.
20. The structural building jacket template of claim 17 comprising four tiers.

21. The structural building jacket template of claim 17 further comprising
additional structural material on the top of the top tier for interfacing with additional
structure to be mounted thereto.
22. The structural building jacket template of claim 17 wherein the interior
diameter of the cans is sufficient to permit passage of a pile therethrough.
23. The structural building jacket template of claim 17 wherein the foundation is
the seafloor, the ground, a concrete pad, or another structure.
24. The structural building jacket template of claim 17 wherein the building
module further comprising two or more adjacent central core members horizontally
spaced apart from each other within the same horizontal plane so that one adjacent
core member has an adjacent face facing an adjacent face of another adjacent core
member;
wherein the upper tubular cans of two of the upper arms extending upwardly
from one of the core member adjacent faces are connected to the respective
upper ends of two of the upper arms extending upwardly from the adjacent
face of the other core member so that these upwardly extending arms share
common upper tubular cans,
wherein the lower tubular cans of two of the lower arms extending
downwardly from one of the core member adjacent faces are connected to the
respective lower ends of two of the lower arms extending downwardly from
the adjacent face of the other core member so that these downwardly
extending arms share common lower tubular cans, and
wherein the upper arms sharing common upper tubular cans are aligned with
the lower arms sharing common lower tubular cans, and
wherein each respective upper arm sharing common upper tubular cans is
aligned within the same vertical plane with a corresponding one of the
respective lower arms sharing common lower tubular cans to form to form a

shared upper lower arm pair.
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25. The structural building jacket template of claim 17 wherein the vertical
structure is an oil and gas platform.
26. The structural building jacket template of claim 17 wherein the vertical

structure is a wind energy platform.
27. An oil and gas platform comprising:

a. a multi-tiered, vertically-oriented structural building jacket template as
in claim 17 or claim 24 having an upper end and a lower end, the lower
end being secured to a foundation;

b. adeck structure mounted to the upper end of the jacket template; and

c. piles extending through the interior annular space of each of the top
and bottom tubular cans that are aligned along each respective can
axis, the piles having an upper end and a lower end defining a pile
length sufficient to extend along each can axis from the upper end of
the jacket template into the foundation to a desired depth.

28. The oil and gas platform of claim 25 further comprising skirt piles.
29. The oil and gas platform of claim 25 wherein the jacket template is battered.

30. The oil and gas platform of claim 25 wherein the jacket template is non-
battered.
31. A wind energy platform comprising:

a. a multi-tiered, vertically-oriented structural building jacket template as
in claim 17 or claim 24 having an upper end and a lower end, the lower
end being secured to a foundation;

b. adeck structure mounted to the upper end of the jacket template; and

c. piles extending through the interior annular space of each of the top
and bottom tubular cans that are aligned along each respective can
axis, the piles having an upper end and a lower end defining a pile
length sufficient to extend along each can axis from the upper end of
the jacket template into the foundation to a desired depth.

32. The wind energy platform of claim 31 further comprising skirt piles.

33. The wind energy platform of claim 31 wherein the jacket template is battered.
34, The wind energy platform of claim 31 wherein the jacket template is non-
battered.

35. The wind energy platform of claim 31 wherein the building module central

core member further comprises a tubular material having an annular interior space
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having an inner diameter and wherein one or more of the vertically aligned central
core members of adjacent modules at the top of the jacket receive a portion of a tower
of a wind turbine.
36. A method for installing a platform structure comprising the steps of:
a. assembling a multi-tiered, vertically-oriented structural building jacket
template vertical structure having an upper end and a lower end capable of
being secured to a foundation, the jacket template vertical structure
comprising:

i. a bottom tier vertically-oriented structural building module having a
lower end capable of resting on a foundation and an upper end opposite
thereto,

ii. one or more upper tier vertically-oriented structural building modules
each having lower ends and upper ends, the lower end of a first of the
one or more upper tier modules being fixably attached to the upper end
of the bottom tier, the lower end of any additional one of the one or
more upper tier modules being fixably attached to the upper end of the
module in the tier immediately below;

wherein each vertically-oriented structural building module
comprises:

1. a central core member aligned along a central core vertical axis,
the core structure comprising an upper end, a lower end, and an
outer surface;

2. three or more upper structural arms each having lower and
upper ends defining an upper arm length, the lower ends of the
upper arms being fixably attached to the core outer surface in
radially spaced relationship about the vertical axis, each upper
arm extending outwardly and upwardly from the core its own
vertical plane at a desired angle Ou relative to the horizontal;

3. three or more lower structural arms each having lower and
upper ends defining a lower arm length, the upper ends of the
lower arms being fixably attached to the core outer surface in
radially spaced relationship about the vertical axis, each lower
arm extending outwardly and downwardly from the core at a

desired angle 0d relative to the horizontal,



WO 2017/011417

iii.

iv.

PCT/US2016/041815
-32-

4. upper tubular cans attached to the upper ends of the upper arms,
the upper tubular cans each comprising an outer surface, an
annular interior space oriented about a can axis and having an
inner diameter, and upper and lower ends defining a can length,
each of the upper tubular cans being attached to the upper arms
in a substantially vertical orientation to align the annular
interior space of each of the cans at a desired can angle 6¢c
relative to horizontal; and

5. lower tubular cans attached to the lower ends of the lower arms,
the upper tubular cans each comprising an outer surface, an
annular interior space oriented about a can axis and having an
inner diameter, and upper and lower ends defining a can length,
each of the upper tubular cans being attached to the upper arms
in a substantially vertical orientation to align the annular
interior space of each of the cans at a desired can angle 6.
relative to horizontal,

wherein each respective upper arm is aligned within the
same vertical plane with a corresponding one of the respective

lower arms to form an upper lower arm pair, and

wherein the upper and lower cans of each of the
respective arm pairs is aligned about the same can axis to form

an arm pair can axis;

connections connecting the lower cans of the lower end of the first of
the one or more upper tier modules to the upper cans of the bottom tier;
and

connections connecting the lower end of any additional one of the one
or more upper tier modules to the upper end of the module in the tier
immediately below;

an overall height defined as the distance from the bottom of the bottom

tier to the top of the topmost of the upper tiers;

wherein the upper and lower cans of each of the respectively

attached module tiers remain aligned about the same respective can
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axis from the top of the jacket template to the bottom of the jacket
template, and
wherein the central core members in each of the module tiers

remain aligned along the central core vertical axis.

b. vertically positioning the jacket template structure so that its lower end
rests on the foundation; and
c. securing the jacket template structure to the foundation by installing
piles extending through the interior annular space of each of the top and
bottom tubular cans that are aligned along each respective can axis, the piles
having an upper end and a lower end defining a pile length sufficient to extend
along each can axis from the upper end of the jacket template into the
foundation to a desired depth.
37. The method of claim 36 wherein the jacket template further comprises deck
structure mounted to the upper end of the jacket template, or wherein the method
further comprises the step of mounting deck structure to the upper end of the jacket
template.
38. The method of claim 36 wherein the building module further comprises two or
more adjacent central core members horizontally spaced apart from each other within
the same horizontal plane so that one adjacent core member has an adjacent face
facing an adjacent face of another adjacent core member;
wherein the upper tubular cans of two of the upper arms extending
upwardly from one of the core member adjacent faces are connected to the
respective upper ends of two of the upper arms extending upwardly from the
adjacent face of the other core member so that these upwardly extending arms
share common upper tubular cans,
wherein the lower tubular cans of two of the lower arms extending
downwardly from one of the core member adjacent faces are connected to the
respective lower ends of two of the lower arms extending downwardly from
the adjacent face of the other core member so that these downwardly
extending arms share common lower tubular cans, and
wherein the upper arms sharing common upper tubular cans are

aligned with the lower arms sharing common lower tubular cans, and
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wherein each respective upper arm sharing common upper tubular cans
is aligned within the same vertical plane with a corresponding one of the
respective lower arms sharing common lower tubular cans to form to form a
shared upper lower arm pair.
39. The method of claim 37 further comprising the steps of installing equipment
for using the platform as an oil and gas platform.
40. The method of claim 39 wherein the platform is installed in an offshore
location in a water body having a sea level and a seabed, wherein the deck structure is
located above sea level, and wherein the seabed serves as the foundation.
41. The method of claim 40 wherein the method further comprises the steps of
inspecting the structure below sea level using remotely operated vehicles or
autonomous un-manned vehicles.
42. The method of claim 37 further comprising the steps of installing equipment
for using the platform as a wind energy platform.
43. The method of claim 42 wherein the platform is installed in an offshore
location in a water body having a sea level and a seabed, wherein the deck structure is
located above sea level, and wherein the seabed serves as the foundation.
44, The method of claim 43 wherein the method further comprises the steps of
inspecting the structure below sea level using remotely operated vehicles or

autonomous un-manned vehicles.
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