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MODIFIED SPUDCAN WITH OPTIMAL PERIPHERAL SKIRT FOR

ENHANCED PERFORMANCE OF JACKUP OPERATIONS

Field of the Invention

[0001] The present invention relates to a modified spﬁdcan with optimal

-peripheral skirt for enhanced performance of jackup operations.
Background of the Invention

[0002] A jackup rig is widely used in offshore exploration for drilling wells and
gas/oil production. With the increase of demand of energy, the offshore exploration is
moving more and more toward the locations where hazards-are present. Therefore, the
operability range of a jackup rig is critical for its performance. |

[0003] A jackup rig usﬁally comprises a floatable hull with a deck or working
platform, and three or four legs, where fhe legs’ bottom is coupled with footing(s),
providing support for the hull in elevated conditions. After the jackﬁp rig arrives on
location, the legs are lowered until the footing(s) touch the underneath seabed and rest on
the seabed soil. A preloading is then carried out to simulate the anticipated vertical
footing load during design storm and to proof test the foundation soil. During preloadiﬁg,
the jackup is erlevated to a minimum clearance above the water and ballast water is added
into the hull to impose more gravity load onto the footing. The footing will keep
penetrating the seabed until the soil bearing capacity can equate the preload imposed by
the footing. After a stable penetration is achieved, the ballast water is removed and the
hull may then be jacked up using a jacking system to raise the working platform above the
water, making the jackup rig safe to be operated in environmental conditions which
impose additional loads on the jackup. -

[0004] The legs of a jackup rig are commonly tubular columns or trusses, each
truss leg comprising vertical chords connected with cross braces that aré normally
diagonally disposed. The legs normally terminate in a jackup footing fhat rests on the
} seabed. The footing provides an enlarged bearing area so as to provide an adequate
bearing capacity and reduce the pressure exerted on the seabed soil. Resultantly, this

reduces the penetration depth of the legs that is required by the foundation to support the
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jackup rig, allowing the jackup rig to be operated in a greater variety of locations and soil

types with the available leg length.

- [0005] ‘ Modern jackup rigs are typically equipped with individual footlngs often

- referred to as “spudcan”, which are connected to each leg of the jackup rig. This allows
* the jackup .rig to be supported on uneven seabeds or slopes or in the cases whereby the

| elevation of each leg is needed to be independently adjusted relative to the other legs. As
shown in FIG 1, a traditional spudcan 10 is typically having a generally conical upper half
11 cbnnected to the leg A and a generally conical lower half or base 12 for contact with
the seabed, where the conical upper and lower halves are usually coupled directly at their
peripheral or through a spudcan side wall 13. The conlcal base helps ensure some
penetration into the seabed, even in hard soils, so as 10 provide some anchoring of the legs
into the seébed. Alternative to the conical shape, the upper and lower half can also consist
of three or more sloping plates. The spudcan 10 further cbmprises a central tip or spigot -
14 that is located at the bottom of the lower half 12. The central tip or spigot 14 is
designed for providing a shear key for penetration in soft rock or hard soil. The conical or
sloping bottom, rather than a flat base, is to help ensure the support point as concentric as
possiblé for partial embedment case in the anticipation of not perfectly flat seabed.

- [0006] - During spudcan touch-down, the central tip and conical bottom will
encounter gradually increasing resis_tance in both vertical and lateral direction as the
spudcan penetrates the seabed. This is favorable as the gradual increase of resistance force
allows for greater penetration into the soil, increasing the ability of the soil to absorb
energy without producing large reaction forces. In addition as the spudcan penetrates
further, the additional hull buoyancy is mobilized, providing an additional source of
energy dissipation and further reducing the peak impact force experienced. Despite its
robustness for installation, the traditional spudcan may not be able to pfovide f_he
maximum fixity (the amount of rotational restraint provided by the spudcan) in dense
sand or hard soil due to the conical bottom nature and the limited amount of preload that a
jackup can impose. In this case, the spudcan full diameter cannot be fully utilized and the
partial contact results in much lower fixity. }

[0007] Skirted spudcan is normally used to increase the bearing capacity and
hence fixity in dense sand compared to that of the traditional spudcans (without skirt).
The skirt effectively provides an “embedment” effect which could have been achieved by

forcing a flat-based spudcan (without skirt) to the same penetration level as the skirt
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depth. As shown in FIG 2, a spudcan with a typical skirt 20 is similar to the traditional

spudcan for having the conical upper half 21 connected to the leg A, a lower half with a
single or doublé sloped bottom 22, a spudcan side wall 23 connecting both halves 21, 22,
and a central tip or spigot 24 with additions of a peripheral skirt 25 and an internal skirt
26. For circular spudcans, fhe skirt height could be uniform around the entire perimetef if
the spudcan bottom is of conical shape or vérying 1in height when the lower half is formed
of multiple sloping plates. Nonetheless,‘ the lowest tip point of the normal ékirt is .
typically lower than or at least flush with the lowest point of the céntrai tip. |

[0008] Despite its advantages in increasing the fixity for sandy seabed condition,
the relatively long skirt can impose problems when the jackup encounters soft or hard
seabed. For example, in soft seabed, the relativély long skirt may create leg ef;traction
problem due to the increased frictional resistance of the skirt surface and suction effect.
Furthermore, the spudcan with relatively long skirt is not suitable for hard or rock seabed.
When the skirt encounters a hard layer without having the spudcan base in sufficient
contact with the seabed, the skirt tip effectively becomes the support point. This would
impose very high stress and potentially damage the skirt. In addition, unless the hard
'seabed is perfectly flat the peﬁpheral skirt tip may only partially contact the hard layer,
creating eccentric load on the spudcan. This situation is undesirable as the bending
moment created by the eccentric support at the spudcan level rﬁéy ifrlpose substantial
initial stress at the leg even in the static condition before withstanding the design storm.
[0009] Another potential disadv_aﬁtage of the spudcan with relatively long skirt
could occur during lowering the jackup legs at very stiff or hard clay. Roll or pitch
motions of the jackup will result in both vertical and horizontal motions of the spudcan as
it impacts the seabed. Compared to the traditional conical-bottomed spudcan with a
central tip, the skirt will attract a much larger horizontal resistance. Since the laterally
projected width of the skirted spudcan is constant as it impacts and penetrates the seabed,
the resulting horizontal resistance becomes large. The horizontal resistance may then
become the controlling aspect for the utilization of the leg holding system capacity. The
skirt may also damage upon impact on rock seabed. |

[0010] In order to increase the stability of the spudcan for a specific soil
condition, Keppel has disclosed a spudcan comprising an elongated skirt with openings at
the top half of the skirt (PCT application, PCT/5G2012/000075). The tip of the elongated

skirt is lower (i.e., longer) than the tip of the bottom central protrusion. Such a spudcan
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has advantages for installation particularly at soft clay overlying hard stratum as it allows

the trapped soil to flow out through the side openings on the skirt and ensure sufficient
skirt embedment into the hard stratum. However, for other soil conditions, this concept is

not an ideal solution and the relatively long skirt may limit the jackup performance.
Summary of the Invention

[0011] One aspect of this invention is to provide a modified spudcan with
optimal peripheral skirt for enhanced performance of jackup operations.

[0012] In one embodiment, the spudcan with optimal peripheral skirt comprises a
spudcan top part, a spudcan bottom part, wherein the spudcan bottom has a central tip
protruding from the central part of the spudcan bottom; wherein the top and bottom parts
are coupled at their peripherals to form a hull structure, and a peripheral skirt having .an
upper end being coupled to the spudcan bottom part and a lower end extending
downwardly, wherein the tip of the lower end of the peripheral skirt is higher than the
distal end of the central tip. |

[0013] In another embodiment, the spudcan further comprisés a spudcan side
wall disposed between the spudcan top and bottom parts so as to connect the spudcan top
- and bottom parts to form a hull structure. |

[0014] In another embodiment, the top part has a ﬂat surface or a conical or
multiple sloping planes configurations. In yet another embodiment, the bottom part has a
flat base or conical or multiple sloping planes configurations.

[0015] In another embodimeht, thevheight of the peripheral skirt is correlated to
both the diameter of the spudcan and vertical ‘height of the spudcan bottom part, and
- wherein an angle between the slope from the distal end of the central tip to the tip of the
lower end of the peripheral skirt and the horizontal line radially extending from the distal
end of the central tip ranges from 2 to 25 degrees. ,
[0016] Another aspect of the invention is to provide a jackup platform. In one
embodiment, the jackup platform comprises a platform on which accessories are disposed;
a plurality of legs for supporting the platform; and a plurality of spudcahs with optimal
skirt, wherein one spudcan is attached to the bottom end of one leg; wherein the spudcan
with optimal skirt comprises a spudcan top coupled to one of the plurality of legs; a

spudcan bottom part, wherein the spudcan bottom has a central tip protruding from the
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central part of the spudcan bottom; wherein the top and bottom parts are coupled at their

peripherals to form a hull structure; and a periphéral skirt having an upper end being
~coupled to the spudcan bottom part and a lower end extending downwardly, wherein the
tip of the lower end of the peripheral skirt is higher than the distal end of the central tip.

[0017] The objectives and advantages of the invention will become apparent
from the following detailed description of preferred embodiments thereof in connection

~with the accompanying drawings.
Brief Description of the Drawihgs

| [0018] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like

elements. ‘

[0019] - FIG 1 shows a cross-sectional view of a traditional spudcan in the pridr
arts.

[0020] FIG 2 shows a cross sectional view of a spudcan with a typical skirt in the - -
priqf arts. | |

[0021] FIG 3 -shows cross sectional views of a spudcan with optimal skirt in

accordance with the embodiments of the present invention. |
[0022] FIG 4 illustrates the exemplary situations where the spudcan with optimal
skirt of the present invention is used.

[0023] FIG 5 shows a side view of a jackup platform employing the optimal skirt
spudcan (a), and an isometric view of the coupling between a leg of the jackup rig and an

optimal skirt spudcan in accordance with one embodiment of the present invention (b).
Detailed Description of the Invention

[0024] E The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[6025] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by referénce, in their entireties,
into this application in order to more fully describe the state of art to which this invention

pertains.
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[0026] ' One éspéct of the present invention provides a modified spudcan with
optimal peripheral skirt for enhanced performance of jackup operations. Briefly, the -
bottom end of the skirt is higher than the bottom end of the central protrusion/tip. The
optimal skirt spudcan is versatile at various stages of jackup operations. The height of the
skirt is dependent upon design requirement for specific application; the factors that could
be considered in designs include: 1) spudcan diameter, ii) overall height of the spudcan
bottom which also includes the central tip, 1i1) skirt tip height from the maximum bearing
area, iv) a slope between the éentral tip and skirt tip, and v) the corresponding: spudcan
bottom bearing area at the skirt tip level.

[0027] Referring now to FIG 3, there is provided a cross sectional view of a
spudcan with optimal skirt in accordance with one embodiment of the present invention.
The spudcan with optimal skirt 100 comprises a spudcan top part 110, a spudcan bottom
part 120, a spudcan side wall 130, and a peripheral skirt 140. The spudcan top part 110
can be conical or multiple sloping planes configurations; when utilized in a jackup
platform, it is coupled with the leg A of the jackup platform for supporting one leg of a
jackup rig. The spudcan bottom part 120 can be a flat base, or a conical or multiple
sloping planes configuration with a downward slope; In one embodiment, it has a déuble-
sloped configuration. The spudcan bottom part 120 has a central tip 150 protruding from
the central point of the spudcan bottom. The spudcan side wall 130 connects the top 110 ‘
and bottom 120 to form a hull structure. In certain embodiments, the spudcan side wall
130 is omitted, so that the spudcan top 110 and bottom 120 are coupled at their
peripherals to form an outer edge. |

[0028] The peripheral skirt 140 has an upper end being integrally coupled to the
spudcan bottom. The skirt and side wall are typically flush (FIG- 3a), but the coupling
point between the skirt and spudcan bottom can be varied; for example, the skirt is placed
slightly radially inward as shown in FIG 3b. The peripheral skirt 140 also has a lower end
being downwardly projected so that the peripheral skirt 140 encircles the spudcan bottom
part 120, wherein the distal end of the central tip 150 in the spudcan bottom is lower than
the tip of the lower end of the peripheral skirt 140. The height (H;) 141 of the periphéral
skirt 140 is correlated to both the diameter 122 of the spudcan 140 and vertical height (H;)
121 of the spudcan bottom 120. The angle (a) 124 between the slope from the distal end
of the central tip 150 to the tip of the peripheral skirt 140 and the horizontal line radially
extending from the distal end of the central tip 150 ranges from 2 to 25 degrees,
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preferably from § to 25 degrees, and more preferably 10 to 20 degrees. The minimum

~skirt height ensures sufficient confinement for void filling purposes and minimum scour
protection. The effective spudcan diameter at the skirt tip level 123 can vary of the
diameter of the peripheral skirt 122 between 1% and 75%, preferably between 5% and
50%, and more preferably 10% and 30%. Having too small or too big area beyond this
range may compromise some of the performances mentioned above. |

[0029] The optimal skirt spudéan 100 can be made of any suitable materials and
assembled in any suitable manner. The materials and assembly are commlonly known in
tﬁe art; therefore no further details will be provided herein in order not to obscure the
principles of the present invention.

[0030] The skirt height can be configured to facilitate full bottom contact or to
provide “embedment effect” during in-place condition. In other words, the main benefit
of normal skirted spudcan for inqreasing fixity in dense sand seabed canvbe preserved.
Similarly, for installations at very stiff clay, where partial bottom contact would have
“been expectéd» using traditional spudcans, the skirt enables void ﬁliﬁg to achieve the full
contact. This will in turn maximize the horizontal sliding capacity particularly at the
clayey soil as well as the fixity of the spudcan.

[0031] - At the same time, during spudcan touch-down on the seabed, the central
tip and the conical bottom are made to predominantly control the interaction with seabed.
This adopts the advantage of the traditional spudcans as described in earlier section. By
minimizing the contact with the skirt and attracting less spudcah horizontal resistance
during initial stage of impact, the jackup performance during installation particularly on
hard seabed is not compromised by the skirt presence. '

[0032] Having the skirt tip higher than the bottom of the central tip will ensure
most, if not all, of the spudcan reaction forces is taken by the central tip when the spudcan
is sitting on hard soil or rock seabed with very shallow penetration. The optimal skirt will
'prevent the skirt from being the supporting point which could create eccentric loading on
the spudcan. As the skirt tip is higher than the bottom of the central tip, the central tip will
become the support and the potential for the skirt tip reacts against the seabed can be
minimized. This also applies when the jackup is resting on undulating or sloping seabed.
[0033] -~ During extraction in clayey seabed, the skirt is used to improve thé
effectiveness of water jetting system at the spudcan bottom (compared to a traditional

~ spudcan) and the additional friction resistance from the skirt is minimized (compared to a
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long skirted spudcan). Confining the jetting pressure will help ensure more uniform
~ pressure distribution across the spudcan bottom and thus it can more effectively
compensate suction pressure or provide uplift thrust at the spudcan bottom.
[0034] An optimum configuration will help ensure favorable performance of the
spudcan at various conditions: e.g. i) touch-down during installation, ii) sitting on
undulating/sloping seabed, iii) void ﬁIling after installation, iv).scouring protection during
in-place, v) fixity during in-place, and vi) uplift resistance and water jetting confinement
during leg extraction.
[0035] Referring now to FIG 4, there is provided illustrative views showing the
application of the operatioﬁ of the optimal skirt spudcan in various‘situations‘. In FIG 4A,
- during spudcan touch-down on hard seabed, the central tip will react against the seabed.
The interaction of seabed on the skirt during initial stage of impact, which is often the
most critical, can be prevented and thus attracting less impact force. In FIG 4B, when the
ja_ckup is sitting on sloping very hard or rock seabed to a certain degree, it can be ensured
that the central tip becomes the supporting point and the potential eccentric load due to
the skirt tip reacting against the seabed can be minimized. A situation where the jackup is
installed on sand seabed is also illustrated in FIG 4C. Apart from providing a mihimum
scour protection, the skirt also maintains the main benefit of increased fixity resulting
from the full contact area and “embedment” effect. Where required, the skirt facilitates
“void filling to achieve the full contact by injecting barite or other subétances through
jetting lines. FIG 4D shows the spudcan installed in soft clay overlying very stiff seabed.
The skirt improves the horizontal sliding capacity by providing embedment into the very
stiff iaye‘r and increased lateral projected area. If the trapped clay between the spudcan
bottom and the hard seabed is considered stiff enough and confined by the skirt, this
would be able to increase the fixity. FIG 4E illustrates how the water jetting at the
spudcan bottom area can be confined by the optimal skirt during leg extraction. The
confinement of the pressure radiated from the jetting nozzles will help ensure more
uniform pressure distribution’ across the spudcan bottom and thus it can more effectively
compensate suction préssure or provide uplift thrust at the spudcan bottom.
[0036] Referring now to FIG 5, theré is provided a side view of a jackup platform
employing the optimal skirt spudcan (a), and an isometric view of the coupling between a
leg of the jackup rig and an optimal skirt spudcan in accordance with one embodiment of

the present invention (b). FIG 5a shows a jackup platform 200 coniprises a plurality of
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legs (4 legs shown) 210 of which each is coupled with a spudcan 100 detailed in FIG 5b, a

platform 220 being supported by the plurality of legs 210, and accessories 230. A three-
chdrdéd truss leg of the jackup is connected to a circular spudcan with optimal skirt. The
spudcan top and bottom are made of three sloping plates with a central tip protrusion at
the spudcan bottom. The peripheral skirt is coupled.to the spudcan bottom immediately
Bel_ow the spudcan wall. The tip of the lower end of the peripheral skirt is higher than the
distal end of the central tip. _

[0037] While the present invention has been described with reference to
particular embodiments, it will be understood that the embodiments are illustrative and
that the invention scope is not so limited. Alternative embodiments of the presént
invention will become apparent to those having ordinary skill in the art to which the
present invention pertains. Such alternate embodiments are considered to be encompassed
within the scope of the present invention. Accordingly, the scope of the present invention

is defined by the appended claims and is supported by the foregoing description.
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CLAIMS

What is claimed is:

1. A spudcan with skift, comprising:

a spudcan top part;

a spudcan bottom part, wherein the spudcan bottom has a central tip protruding
from the central part of the spudcan bottom; wherein the top and bottom parts are coupled
at their peripherals to form a hull stracture; and

a peripheral skitt having an upper end being coupled fo the spudcan bottom part
and a lower end extending downwardly, wherein the tip of the lower end of the peripheral

skirt is higher than the distal end of the central tip.

2. The spudcan of claim L, further comprising a spudcan side wall disposed between
the top and bottom parts so as to connect the spudcan top and bottom parts to form a hull

structure;

3. The spudcan of claim 1, wherein the top part has a flat surface or conical or

multiple sloping planes configurations.

4, The spudcan of claim 1, wherein the bottom part has a flat base or conical or

multiple sloping planes configurations.

5. The spudcan of claim 1, wherein the height of the peripheral skirt is correlated to
both the diameter of the spudcan and vertical height of the spudcan bottom part, and
wherein an angle between the slope from the distal end of the central tip to the tip of the
lower end of the peripheral skirt and the horizontal line radially extending from the distal

end of the central tip ranges from 2 to 25 degrees.

6. The spudcan of claim 5, wherein the angle is between 5 to 25 degrees.
7. The spudcan of claim 5, wherein the angle is between 10 to 20 degrees.
AMENDED SHEET

IPEA/AU
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8. A jackup platform, comprising:

a platform on which accessories are disposed;

a plurality of legs for supporting the platform; and

a plurality of spudeans with optimal skirt, wherein one spudcan is attached to the
bottom end of one leg;

wherein the spudcan with skirt comprises:

a spudcan top coupled to one of the plurality of legs;

a spudcan bottom part, wherein the spudcan bottom has a central tip
protruding from the central part of the spudcan bottomi; wherein the top and
bottom parts are coupled at their peripherals to form 4 hull structure; and

a peripheral skirt having an upper end being coupled to the spudcan bottom
part and a lower end extending downwaidly, wherein the tip of the lower end of

the peripheral skirt is higher than the distal end of the central tip.

AMENDED SHEET
IPEA/AU



