1 O fshore Foundation Systemw th Integral Elenents for Prel oadi ng and
Extracting Field of Invention [0001] The present invention relates to a
new foundati on system for offshore structures having integral elenents for
both preloading during installation and _extracting during renoval.
Background [0002] Foundations of pernaﬁent and nobil e offshore structures
have been undergoing evolution over the past five decades. The use of
gravity base, pile, or mat foundations for platformstructures in the

early peri o3ffshopé Tduridatioh Syvteapwith Thiégial ElémensdorPrelbadigd to the

depl oynment of caisson or spud-can type foundations. In the last two
decades, the latter types are becandExteactimgpul ar when nobile jack-up
rigs are deployed for oil/gas drilling and production. [0003] The
foundati on of an offshore structure is typically subjected to conbi ned

| oads due to its self-weight and environnmental forces; the environnental
forces include lateral and over - tigldioA§nvestion created by wi nd, wave, and
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proof -1 oaded to ensure that the foundation can provide the designed

bearing caf®9%@les with an adequate safety margin. As is in practice,
preloading is typically carried out by inposing static gravity | oads,

bei ng equivalent to the anticipated maxi numload, on the foundations and
mai ntai ning the | oads for a certai n Baskgioood of tine until no further
settlement of the foundations occurs. Such a direct preloading nethod has

been proven to he effective and is currently practiced, [0004] spite
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of f shore for platform structures in the early periods of offshore oil and gas drilling have clearly
shifted to the deployment of caisson or spud-can type foundations. In the last two
decades, the latter types are becoming more popular when mobile jack-up rigs are

deployed for oil/gas drilling and production.

[0003] The foundation of an offshore structure is typically subjected to combined loads
due to its self-weight and environmental forces; the environmental forces include
lateral and over-turning loads created by wind, wave, and currents acting on the
structures; seismic loads; and so on. To anticipate the expected maximum foundation
loads that may occur during the structure’s service life, the foundation is normally
preloaded or proof-loaded to ensure that the foundation can provide the designed
bearing capacities with an adequate safety margin. As is in practice, preloading is
typically carried out by imposing static gravity loads, being equivalent to the
anticipated maximum load, on the foundations and maintaining the loads for a certain
period of time until no further settlement of the foundations occurs. Such a direct

preloading method has been proven to be effective and is currently practiced.

[0004] Despite development of various established foundation types and proven
preloading method, in some situations, existing foundation systems cannot offer

technically and economically viable foundation solutions for mobile offshore




2 structures. For exanple, mat foundation systemis commonly used to
support a nobile offshore platforminstalled on soft seabed by spreading
the working |l oad over a relatively large bearing or contact area. In spite
of the resulting |ow bearing pressure under the foundation, the mat
foundation still suffers frompotential2tilting, possibly due to |oad
eccentricity and differential soil settlenent, as well as potenti al
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the rigs which translates to additional |oads on each | eg. However, when
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bal | ast tanks solely for preloading purposes may no
any of the legs under preload can impose eccentric loads on the platform which in turn

may create excessive bending moments on the legs and braces; this often leaves the rig

operator with insufficient time to respond.

[0006] Apart from the potential risks associated with complexity of seabed conditions,
the conventional preloading method also has some fundamental limitations. For
example, foundation preloading for jack-up rigs is typically achieved by pumping sea
water into ballast tanks located in the rigs’ hull. These ballast tanks contributed to
additional deadweights to the rigs which translates to additional loads on each leg.
However, when large loads are required to ‘proof-test’ foundations located in harsh
offshore environments or deep waters, increasing the volume of ballast tanks to meet
the proof load requirements may not necessarily be always acceptable. On the other
hand, for other types of independent offshore structures, such as minimum platforms or
subsea storage tanks, providing ballast tanks solely for preloading purposes may not be
an economical solution; providing for external ballast tanks may not be economical

either.




an econom cal solution; providing for external ballast tanks may not be
economcal either. 3 [0007] Thus far, mat foundation systemis normally
adopted for nobile offshore platforns operating particularly in soft
seabed. Sone mat foundations have been nodified to overcone somewhat
probl emati c seabed conditions or operatPonal constraints. For exanple,
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seabed. In soft seabed condition, however, relatively ssive reaction
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of the supported structure is not in contact with the seabed. In soft seabed condition,

however, relatively massive reaction members may be required to resist the design

vertical load.

[0008] The relatively large area of a mat or reaction members required to provide
stability for its deployment on soft seabed remains an unresolved main drawback of
such foundation systems. In addition, the conventional preloading method, ie. by
adding ballasts in the mat’s compartments and platform’s hull may cause uneven
bearing pressure or differential settlement due to potential lateral variability of the
seabed. The dependency on ballast tank to facilitate preloading may also hinder known
foundation systems from being deployed in deeper waters or when ballasting method is
not technically viable due to specific constraints such as that associated with total

weight or stability of the structure.

[0009] It can thus be seen that there exists a need for a new foundation system that is
viable for any seabed condition, in particular soft seabed, yet offering ease in
installation/removal and stability during operation. With the industry shift to the use of

mobile structures for offshore oil/gas drilling and production in harsher environments




not technically viable due to specific constraints such as that associ ated
with total weight or stability of the structure. [0009] It can thus be
seen that there exists a need for a new foundation systemthat is viable
for any seabed condition, in particular soft seabed, yet offering ease in
installation/renoval and stability durifg operation. Wth the industry
shift to the use of nobile structures for offshore oil/gas drilling and
product i onahd dbdpes Mers hereOASBBLiSts 4 nc@Bdo Qﬁﬁi%eﬂh_e WRhefotinddtidR' §stemSRitR X1 StS
a need to equip the new foundation systemw't integral elenénts which
woul d enablinegsaledleraents yyhivht would enable preleadimg pithbutseliangalon baast ténksiahdt at i ng
renmoval of .t he fou ti S [ [0010] The followi ng presents a
sinplifiedﬁ?ﬂ*ﬁﬁﬁvgﬁﬁvgﬁgvP%gﬂggﬁ%§%c understanding of the present
invention. This summary i s not an extensive overview of the invention, and
is not intended to identify key features of the invention. Rather, it is to
present sonme of the inventive concepts of this invention in a generalized
formas a prelude to the detailed d ihtion that is to follow [0011] In
one enbodi nent, the present invention provides an offshore foundation
system conprising: i) a reaction base in the formof a hollow slab, which
has an uppgo10]s Thé &6l vaRg peestts tagsimplifid Bsifamiryeo YRedte adsib ahliastafdihg aces
defining a thickness of the_reaction base; and ii) a suction conpartnent
in the forAf8r pesspbiveapion This syapamds nehen exfansiyeoewiviewpidhe invertiaml | y

el ongate s ; ' i [ Nt 1S 0Bt | L.y, f W th
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per pendi cul ar . to tge prton1surfg%f of the reaction base and the cl osed-top
proj ects athfidstailgd desqriphey thaf KdoBoHQ%m surface of the reaction base, such
that, in use, there is a gap h between a top of a soil plug inside the

suction conpartnment and the closed-top. [0012] In another enbodi nent, the
present i nfeemt]i im ope cmbsbelsmentrehd pebsémr invarstioal pravides an offshore foundation

system comprising: i) a reaction base in the form of a hollow slab, which has an upper
surface and a bottom surface, the upper and bottom surfaces defining a thickness of the
reaction base; and #i) a suction compartment in the form of a substantially open-bottom
and closed-top cylindrically elongate shell; wherein the suction compartment is
integrally formed with the reaction base so that the open-bottom of the suction
compartment opens downward with a longitudinal axis of the elongate shell
substantially perpendicular to the bottom surface of the reaction base and the closed-top
projects a distance H above the bottom surface of the reaction base, such that, in use,
there is a gap A between a top of a soil plug inside the suction compartment and the

closed-top.

[0012] In another embodiment, the present invention provides a method for installing
and preloading an offshore foundation system, the method comprising: i) forming the
offshore foundation system according to any one of claims 1-6; ii) submerging the
offshore foundation system so that the suction compartment(s) penetrate into the
seabed under substantial self-weight of the foundation system; iii) closing vent hatches
and valves associated with the or respective suction compartment; iv) once water inside
the or respective suction compartment is sealed, operating a suction pump associated

with the or respective suction compartment to pump water out from inside the or




and prel oadi ng an of fshore foundation system the nethod conprising: i)
formng the offshore foundation system according to any one of clains 1-6;
ii) subnerging the offshore foundation systemso that the suction
conpartment (s) penetrate into the seabed under substantial self-weight of
the foundation system iii) closing venf hatches and valves associ at ed
with the or respective suction conpartnent; iv) once water inside the or

respecti ver&pedtive suctididésrhpiiient So #8:@ laqfkgatPREpraésuROdiffefenfibll With BASFBCt to
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relying on additional or external .ball ?}éﬁ(l’,s,. [[0013] IP ﬁp enbodi nent of the
f oundat i on“¥YB ntrerpains, withoyt & Pp additiopd opexsmel ballasisyral ity of
suction conpartnents. I n another enbodinent, the foundation conprises a
plurality of reaction base/suction conpartnment foundation systemunits,
wher ei n sal0@13)f buarlembedimgni efshefasndatinmesysteth, bye sucfiaigéongpastment tampsseso f or m
an integral base. l.n__another enbodinent, in.each reactio ase/ suction
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surface of faundationg gnits Arepeermeeted fhyc bridging stmeturesgtonform am infpgrel basst duct ur e.
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foundation installatioon and prel oading . )
another embodiment, the offshore foundation system comprises a frame structure
disposed on the upper surface of the reaction base to facilitate mating with an upper
structure. In yet another embodiment, the reaction base comprises bulkheads that
separate the interior of the hollow slab into tanks, which are operable as ballast or

storage tanks.

[0014] In an embodiment of the offshore foundation installation and preloading
method, suction-induced driving of the or respective suction compartment is continued
until the associated reaction base reaches a predetermined penetration. In another
embodiment, suction-induced driving of the or respective suction compartment is
continued for a period of time until no further substantial soil penetration occurs and
the soil underneath the foundation system is consolidated. In yet another embodiment,
the offshore foundation system is operable for extraction by pumping water into the

gap h when the vent hatches and valves are closed.




met hod, suction-induced driving of the or respective suction conmpartnent is
continued wuntil the associated reaction base reaches a predeterm ned
penetration. In another enbodi nent, suction-induced driving of the or
respective suction conpartnment is continued for a period of tinme until no
further substantial soil penetration ocfurs and the soil underneath the
foundati on systemis consolidated. In yet another enbodinent, the offshore
foundation systemis operabl BritPDeg¥iptiof bf tHe wiigdpi Ng water into the gap
h when the vent hatches and val ves are closed. 6 Brief Description of the
Drawi ngs [0015] This invention will be described by way of non-limting
enbodi ment P05l This inperdivarwvill bes described byi way pfhendtindting embbdinmotscofphayi ng

drawi ngs, in i.ch: .[ 001 | G il lustrates rt.perspective of an
of fshore f rueﬁéc,\fgtlrilv(?ﬂué?/sv{”glﬁe?%encgv]:tgg?eaacfﬁ‘é’@peﬁyf?gp Wé‘%ﬁd&i‘ﬁﬁ?h' of the present

invention; [0017] FIG 2 illustrates a cross-sectional view of the
enbodi ment _shown in Figure 1; [0018] FIGs. 3A-3D illustrate installation
and renmpval00psloFE3sds ilfystratgs  pastimestieetive ©f sareraféhorwn foundatian system in

accordanc i i f_the present invention; and [0019]
FI Gs. 4A- 4%&#%2?%?%&%@38%%%%]t%ipcr)‘%lseg la}l%ngltogfi stics of the foundation
system shown in FIG 1 in accordance with yet another enbodi nent of the

present inventi Detail ed Description [0020] One or nore specific and
al ternati v@%ﬁbgg@-r?e siraies & frasspyestienal view ehihe smbegdiment shewnyae Figwge di bed
with reference to the attached drawings. It shall be apparent to one
skilled in the art, however, that this invention nay be practiced w thout
such speci [00t8] HEG=i3A-3DSdlwstrate ihftelld@nhaadds remyvah prodessesl@f ahé Hedhdatioh engt h
So as not to ob;sﬁure th i nvention, For gease t%fsrgref erence, cQnmmon

reference BGFSR SNEWE,1ng EW’E% B acrondangs svifh |anothge, ebedimant fgHhsupresens

figures WhgReht®di€Ghd N0 to the sanme or simlar features conmmon to the
figures. [0021] FIG 1 shows a part perspective of an of fshore foundation
system 10 according

[0019] FIGs. 4A-4B illustrate load-penetration characteristics of the foundation system

shown in FIG. 1 in accordance with yet another embodiment of the present invention.

Detailed Description

[0020] One or more specific and alternative embodiments of the present invention will
now be described with reference to the attached drawings. It shall be apparent to one
skilled in the art, however, that this invention may be practiced without such specific
details. Some of the details may not be described at length so as not to obscure the
invention. For ease of reference, common reference numerals or series of numerals will
be used throughout the figures when referring to the same or similar features common

to the figures.

[0021] FIG. 1 shows a part perspective of an offshore foundation system 10 according
to an embodiment of the present invention. As shown in FIG. 1, the foundation system
10 is made up of a reaction base 20 and four spaced apart suction compartments 60.
The reaction base 20 is a substantially flat hollow slab. Each suction compartment 60 is

substantially an open-bottom cylindrical shell with a length or depth D. Each suction




to an enbodi mrent of the present invention. As showmn in FIG 1, the
foundation system 10 is nmade up of a reaction base 20 and four spaced
apart suction conpartnents 60. The reaction base 20 is a substantially
flat hollow slab. Each suction conpartment 60 is substantially an
open-bottomcylindrical shell with a |edgth or depth D. Each suction 7
conpartnent 60 is aligned and connected substantially perpendicular to the

flat reactb@parttase &0 isutiantdaindacédesed sBRamiallyhBepbsdibdlsy ¢@NRAMaTENt 60
is a distance H froma bottom of the reaction base 20. Preferably, the
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94 to faciljitate positioning or mating bet n the foundation system and
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a subsea storage tank. | n another enpodl ment, t rame structures 90 are
oper abl e t 40 dod ko wppdr struciuhd (nyt phowrs inthe figurgsp diack tiragendro the enlung92 a
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shown in Ff(ﬁndéﬁont%gﬁm&h@ﬁpmgﬁu&&eand suction conpartnents 60 are
fabricated as an integral unit. The hollow interior of the reaction base 20

is equipped with bul kheads 22 to provide strength and rigidity to the

reaction b 20 | | t rking..l oad 1o e soil.underneath the
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24 may be ysed for floating stability . )

the frame structures 90 are operable to’dock with matching parts of an upper structure,

such as a jacket platform or mobile jackup rig.

[0023] FIG. 2 shows a typical cross-section of the offshore foundation system 10
shown in FIG. 1. As shown in FIG. 2, the reaction base 20 and suction compartments
60 are fabricated as an integral unit. The hollow interior of the reaction base 20 is
equipped with bulkheads 22 to provide strength and rigidity to the reaction base 20 in
spreading the working load to the soil underneath the foundation system 10. The
bulkheads 22 also separate the interior of the reaction base 20 into closed
compartments or tanks 24. Some of the tanks 24 may be used for floating stability
during towing or controlled ballasting during initial stages of installation of the
foundation system 10; some of the tanks 24 may be subsequently used to store raw

materials (such as crude oil), processed materials or intermediate process materials.

[0024] The peripheral skirt 40 serves to ensure complete contact between the bottom of
the reaction base 20 and the underlying soil by containing the soil within an enclosed
area. In addition, the peripheral skirt 40 helps minimize any potential scouring around

the reaction base 20 caused by underwater sea currents. Deeper skirts may be provided




during tow ng or controlled ballasting during initial stages of
installation of the foundation system 10; sone of the tanks 24 may be
subsequently used to store raw materials (such as crude oil), processed
materials or internediate process materials. [0024] The peripheral skirt
40 serves to ensure conplete contact beBween the bottomof the reaction
base 20 and the underlying soil by containing the soil within an encl osed
area. In agdhdhi®R hiphe HRefihesRlty Dfithd efifte hshrnﬁuml By 4tbeh €1 02BY OBy b al
scouring around the reaction base 20 caused by underwater sea currents.
Deeper ski targerripjumnpe op pajl, preik rassferring 4hé pail, beaning sénesshteadeepey sodlpwhichyhasf t he
entire fou 10 by confining a |larger volune of soil and
transferriﬁgﬁ%%%ggﬁ%% %ﬂ;rlng stress to deeper soil, which has higher
shear strength. [0025] The bottom side of the reaction base 20 has a
plurality of éettlng nozzl es 26. Pressurized water ejected fromthe

jetting nolPpds The bpem, sidephther isaction base 20dws aplurlity o driting gozrlest3ton
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uni ts di st redocingdsuctiort mduced agltlengndeesidploénle efactibre baeat0 iin ﬂh@@&ﬁs@@f AS
shown in FIG 2, two suction conpartnents 60 are disposed wthin a
transver se®SEHEN of the reaction base 20. FIGs. 1 and 2 teach that the
top of each suction conpartnent 60 projects a distance H above the
undersi de of the reaction base 20, where the dinension H constitutes a
portion of [0026]e Thotsattiate pothpdtroéntt 6k cew diei mﬁlsinghepanr mdtiyple Gohits Tdistribytpé r

i nterior paLts of each co rt Oare d.with internal
bul kheads SA1TAP% AiGRG HPGHB][BJ“% H’g rytipy d?‘s é‘lo‘ﬁb :Fﬁgx%e‘i"’foo?ucﬂﬁ?t s of
each sucti géin t$ G did%sal WRhinG tpa[nQVérQeeé%cuaﬁ bhs kédcliGn Bhse-20ABIGIown i n
FIG 2, radial stiffeners 30 are provided at each intersection between the
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reaction begetotal@epth D of the suction compartment 60. The upper interior parts of each
suction compartment 60 are provided with internal bulkheads 64. Although not shown
in FIGs. 1 or 2, upper exterior parts of each suction compartment may also be provided
with stiffeners. As shown in FIG. 2, radial stiffeners 30 are provided at each
intersection between the reaction base 20 and respective suction compartment 60.
These radial stiffeners 30 allow stresses to transfer between the two components, as

well as to strengthen connection of each suction compartment 60 to the reaction base
20.

[0027] An exterior top of each suction compartment 60 has a pump port 80. Each pump
port 80 is connectable to a submersible pump 82. In one embodiment, each submersible
pump 82 and associated monitoring unit 84 are mounted on the exterior top of each
suction compartment 60 and are connectable by umbilical cords to a power pack
located on a support vessel (not shown in the figures). In another embodiment, the
submersible pump 82 and associated monitoring unit 84 are contained within a
remotely operated vehicle (ROV). The specification and numbers of submersible pump
82 required for each suction compartment 60 is dictated by the volume of water inside
the suction compartment 60 after initial self-weight penetration into the seabed which

needs to be discharged at a rate to create suction pressure within the suction




[ 0027] An exterior top of each suction conmpartnent 60 has a punp port 80.
Each punp port 80 is connectable to a subnersible punp 82. In one

enbodi ment, each submersible punp 82 and associated nonitoring unit 84 are
nounted on the exterior top of each suction conpartnent 60 and are
connectabl e by unbilical cords to a pom@r pack |ocated on a support vessel
(not shown in the figures). In another enbodi nent, the subnersible punp 82

and associ abmpartmentitor Togrovide coddinass éritoring odf aMEﬂoﬁeF&&Wt@@er at ed
ep

vehicle ( . The specification and nunbers of subnersib unp . 82
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punping rate; water pressure inside the suction cohpartment, position of
soi | plug meditorieg ynit fdeld Jstacbablaito alodetbein; rewivstalsafteprthe Samdeation systannese

I nstrunent g e.l ocat edli n, each respective nonitoring unit 84. Each
subner si bl E‘S%@ﬁ%"‘h‘ﬁ QR eé%%oci ated nonitoring unit 84 is detachable to
allow their retrieval after the foundation system installation is

conpl eted. [0028] In addition, vent hatches and valves 72 are provided at
the top, el002#l b} additiom yenilhatehes iand yebvien A2 @ompravided et thettop.cextestor aircap r apped
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f oundat i onegeapeiridatoi peevent Wateh pre3siio thsiteithe s@RRhaoIPArtdents 80 HidA buildiag ches
and valves 72 is executed by ROV intervention. |In another enbodi nment,
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some initi gs!socslgtlezi s\{l\grlngrhssblg %rlllrer;[pr .I I(r)lnye(% an%ther embodiment, operation of the vent

hatches and valves 72 rely on both ROV and submersible pump interlocks.

[0029] During foundation installation, after some initial self-weight penetration of a
suction compartment 60 and the bottom of the reaction base 20 is in contact with the
seabed, the suction compartment is effectively sealed. Pumping water out from inside
the suction compartment 60 thus creates a negative pressure differential with respect to
ambient hydrostatic pressure outside the suction compartment 60. Due to this pressure
differential, the suction compartment 60 penetrates into the seabed and the entire
foundation system 10 moves downwards causing the lower part of the reaction base 20
to further penetrate into the seabed. The penetrating foundation system 10 thereby
generates pressure build-up on the bottom of the reaction base 20, hereby creating a
preloading effect on the foundation system 10. Pumping is maintained until a
predetermined soil bearing pressure or a predetermined penetration depth is reached.
This suction-induced preloading continues so long as suction is maintained and there is
a gap h between the top of the respective suction compartment and soil plug contained

therein.




suction conpartnent 60 and the bottom of the reaction base 20 is in contact
with the seabed, the suction conpartnent is effectively seal ed. Punping

wat er out frominside the suction conpartnment 60 thus creates a negative
pressure differential with respect to anbient hydrostatic pressure outside
the suction conmpartnent 60. Due to thisl%ressure differential, the suction
conpartnent 60 penetrates into the seabed and the entire foundation system
10 noves doo3oRasiocaflsidipnt bempanaEntPapiojéted Bfeas @adt icaftid?abese2Breat B
further penetrate into the seabed. The penetrating foundation system 10
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areas and reaction base area is selected suc g%at the pushin own force
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ratio is determned based on seabed soil condition, arrangement and the
dept h of t Reseduen isterspenifi rinfopmation. dcterminatgn of dhese opdrametpmsr witbteaswe W t h

a predetern react | se .20 area et.er m.nat i of.. sever al
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ef fective dfallafem| oadi ng yet preventing potential failure of the soil plug
inside the respective suction conmpartnment 60 in the course of suction
operation during installation. [0031] Despite the working vertical |oad
natural |y gdoatledehgitevhe workiag veaichl load hatallzGhared between the reaction base 20

and suction compartments 60 during in-service stage, it is prudent to design the
reaction base 20 per se to carry the expected maximum vertical load. If the vent hatches
and valves 72 are completely shut after installation of the foundation system 10, the
water cushion filling the gap / remains confined and is able to carry part of the load on
the reaction base 20. In other words, the suction compartment skin friction and bearing
resistances are not negligible and their contribution to total resistance of the entire

foundation system 10 provide additional safety margin.

[0032] In an additional embodiment of the foundation system 10a according to the
present invention, the foundation system 10a is made up of three spaced apart circular
reaction bases 20, with adjacent reaction bases 20 being connected by bridging
structures 21. Each circular reaction base 20 is associated with an annular suction
compartment 60. Preferably, the annular compartment 60 is concentric with the
respective circular reaction base 20. Similar to the embodiment shown in FIG. 2, a top
of the annular suction compartment 60 projects a distance H from the bottom of the

circular reaction base 20.




and suction conpartnents 60 during in-service stage, it is prudent to
design the reaction base 20 per se to carry the expected nmaxi mum verti cal
| oad. If the vent hatches and valves 72 are conpletely shut after
installation of the foundation system 10, the water cushion filling the
gap h remains confined and is able to c]érry part of the load on the
reaction base 20. In other words, the suction conpartnent skin friction and
bearing r [9B3jt Angeianather ambodimghi HPHbRtha plesehteinvertion] the Hudiridation eystepi al
resi st anceé@lf2 the entire, undati on, system 10 provide additional safety
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conpartnentt)a}ssg}é{ﬁéltiogl(%rg E@Pﬁggtd to forman integral foundation, nay be
advant ageous on uneven seabed or where considerable lateral variability of
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conpartment unit. | ] FIGs. 3A- ustrat sequenti al ope I on
process, fsysten slsval inadfliGen3A63D are simplified for illustration purposes. The description

given hereafter emphasizes geotechnical aspects during preloading and extracting

processes because associated marine operations are known to persons skilled in this art.

[0035] In FIG. 3A, installation of the above foundation system 10, 10a, 10b is initiated
by water ballasting the reaction base 20 to submerge the entire foundation. To enable
controlled submersion and to compensate for increase in hydrostatic pressure as the
foundation system 10,10a,10b is descending, compressed air may be supplied to
selected tanks 24. Prior to touch down, the descent rate is reduced with the reaction
base 20 and suction compartments 60 vent hatches and valves 72 opened to minimise
water trapped below from disturbing the seabed soil. After self-weight penetration and
closing of the vent hatches and valves 72, initial penetration of the suction
compartment 60 seals the interior of the suction compartment 60; preferably, the
bottom of the reaction base 20 comes into contact with the seabed. At this point, the
suction compartments 60 are sealed from the outside and penetration into the seabed
can be checked from continuous monitoring of the water pressure trapped therein. An

ROV may be used to additionally monitor this initial phase of installation.




extraction, in accordance wth an enbodi nrent of the present invention. The
foundation system shown in FIGs. 3A-3D are sinplified for illustration

pur poses. The description given hereafter enphasi zes geotechni cal aspects
during preloading and extracting processes because associ ated mari ne
operations are known to persons skilledldn this art. [0035] In FIG 3A
installation of the above foundation system 10, 10a, 10b is initiated by
wat er bal | ANQ eacki@niRa ' e ti;he. foundation. To
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outside and penetration into the seabed can be checked from continuous
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addi tional | nitor thi.s initj hase of installation. 12 [0036] As
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of the vent atches and val ves 72 and t he subnersible punps 82 nounted on

the top of seithBlugsentigyes te gispdpvaisdatthe B ofr the pasoristadesictin coghartment| G0 al

cables wt . CO S | ppart, vessel (:nof sh |0t
figures). g\}l ?gﬁnﬁéé{gny%sa%%&%%@euégdg% ﬁ olg 18%3(?%: ees'% ee{()pv%ﬁmh%stq%#e}gd and
val ves 72 kictibheompmtméattsohles tieorelisepgapds 72 are designed for renote
control operations. Apart from buil ding-up pressure on the bottom of the
reaction base 20 and penetration of the entire foundation system

10, 10a, 10b Clal : ' . E 1.aS. tion
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reached. The foundation system 10,10a,10b is also designed so that the expected

maximum penetration does not exceed the thickness of the reaction base 20. In other
words, the reaction base 20 is not buried by the surrounding soil when the designed soil
bearing capacity or foundation penetration is achieved. In addition, at the end of the
installation process, the presence of the gap # between the soil plug and the top of the
associated suction compartment 60 allows subsequent removal of the foundation. After
remaining suction inside the suction compartments 60 is released and the vent hatches
and valves 72 are closed back, the submersible pumps 82, monitoring unit 84 and the
umbilical cables are retrieved, and the foundation system 10,10a,10b is then ready for
operation. The installation process may continue in cases whereby the foundation
system 10,10a,10b is to be integrated with an upper connecting structure above the

reaction base 20 through subsequent marine operations.

[0038] At the end of use of the offshore structure at a site, the foundation system
10,10a,10b may need to be relocated to another site. As shown in FIG. 3D, extraction
of the foundation system is initiated by exerting some pulling force on the foundation

system 10,10a,10b by means of barges or other support vessels after detaching and




soil plug continues to rise towards the top of the associated suction
conpartnent 60. Suction operation is stopped before the soil plug reaches
the top of the associated suction conpartnent so that there is a gap h.
[0037] As depicted in FIG 3C, the installation and prel oadi ng processes
are conpleted when the designed soil bEaring capacity and/or designed
foundati on penetration is/are reached. The foundation system 10, 10a, 10b is
al S0 desi gRgHbvifl klAlorhBReUPIRA SRMcm XYL ASRELR I A RAPES, dmcpYGged the
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not buri edpbmpt8Reisscommectaditogasiviassostated pivep desi §hebh smither dnatardimentcapaci ty
or foundation penetration ig. achieved.. In additio at the end of th
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structure SHBFEORhWater dgtingolingsamay 2t eddigonmlys sunpbigd dat theeiet mezaeseat i ons.
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As shown in FIG 3 D, extraction of the foundation systemis initiated by

exerting some pylling force on the foundation, system 10, 10a, 10b by neans
of barges 03¢ %‘ér"?’é‘ubﬁoﬁeﬁn g elhe %Ot"%_r&d‘érﬂ%ﬂﬂ@i g adqntege qfe%vp%e_rﬁny
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punp 82 is connected to each assocl ated punp port . anot her
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generates a force to push up the entire foundation system

system may be independent of the upper structure, it is easy for a mobile drilling

platform to be removed and re-deployed during periods of harsh weathers. In addition,
installation does not rely on external ballast tanks, which are conventionally provided
on the upper supporting structure. Further, installation and/or extraction of the
foundation system 10,10a,10b involve lesser dependence on supporting surface vessels.
In terms of stability of the foundation system 10,10a,10b, the presence of suction
compartment(s) 60 distributed at various locations within and/or around the reaction
base 20 area allows better controlled penetration; that is, by pumping water out from
inside different suction compartments 60 at different rates, differential soil penetrations
can be accommodated. The suction compartment(s) 60, which extend downwardly
from the reaction base 20 form internal skirts, and these help improve the foundation
system 10,10a,10b stability by providing rotational resistance, which is often caused by

load eccentricity, as well as horizontal resistance.

[0040] Apart from the ease of foundation system installation and preloading, the
present invention is also advantageous in extraction. Extraction is carried out with

equal ease by substantially reversing the installation process.




10, 10a, 10b; this is in substance, a reversal of the installation process.
During extraction, water jetting lines may be additionally supplied to the
jet nozzles 26 disposed at the bottom of the reaction base 20 to help
accelerate the extraction process. [0039] As can be seen fromthe above
descri ption, an advantage of the present4 invention is that suction-induced
prel oadi ng of the foundation system 10,1 Oa,10b is carried out
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the foundation system 10, 10a, 10b according to the presént invention. A
ci rcul ar skasetsegeripheral skirt 40 height. Upon further loading, the foundation penetrates

further until the full bearing capacity gy, is reached. With suction preloading method of

the present invention, when suction is applied within the suction compartments 60 after

initial self-weight penetration, the foundation system 10,10a,10b penetrates the soil
(corresponding to dg) with much less resistance (corresponding to gs) than that during

direct preloading. In this instance, the applied suction is regulated such that the
resulting soil pressure at the reaction base 20 equals the anticipated maximum working
pressure, thereby, literally simulating a preload. After reaching a final penetration depth
and the suction pressure was then released, the foundation system 10,10a,10b was
loaded to verify its bearing capacity; the loading of the foundation system 10,10a,10b
shows that the ultimate bearing capacity at the final penetration depth is substantially
equivalent to that achieved by direct preload. In other words, under undrained soil
condition the above two installation methods generate similar virgin soil bearing

capacity curves.

[0043] FIG. 4B illustrates the behavior of suction-preloading according to the present

invention by allowing soil consolidation during suction operation; this is also called




reaction base 10 with a concentric suction conpartnent 60, simlar to that
depicted in FIGs. 3A-3D, was installed in normally consolidated clay. In
addi tion, another foundation system using conventional, direct prel oading
met hod usi ng deadwei ghts was installed to benchmark effectiveness of the
suction-induced prel oading. The penetrHtion-resistance characteristics of
the entire foundation system 10,1 OCa, 10b observed in the experinents are
shown in FHfﬁ‘inedAfﬁr ifpB WItR SR&f! 58! bnsdiRbtio Highd ?ﬂjace and fehRsdatb@adi ng
conditions, the Tatter condition corresponding to soil being fully

consol i dat sgitlethéfi42¢rrekporstingvo di) wWhetsudtfon is igaintained dbr Speripel ¢fftimme)ghert!| at i on
by direct preload results in a sudden increase in soil bearing pressure
after the Boiltiggiegse wilregung apasiy @vethat ofrardrpined censhiticre (Theilndreashd soi |,

literally at. e ' th ua| the reactiopn., base' s .peri.nhera
ki rt - a0” nai BeRERCLAALLP Refie G e HRubP i G0l B e BRFert BRREPT )
until the #pprbadhesitiangcldeveachyt direpd prélsading e sad¥ tsbil Hedirigoptestuad aade ng
met hod of the present jnvention, when suction is applied within the
suction coffFahe 33 painiined;for thejsamg dugation. wei ght penetration, the
foundati on system 10,1 Qa, 10b penetrates the soil (corresponding to ds)
with much | ess resistance (corresponding to gs) than that during direct
pr el oadi ng[oo#4] Whik ispatific)cembddimempphaed teact desoribesl raaduilhiseatedudh it hat
the resulti sojl. pressurg at the reaction hase 20 equals the anticipated
s, wo PRI O, (R SRR <R ebyodieagpR PaRTS| A1 AGmATBOIOIMICORT | or
reachi ng achlidde BAE!HH At WPedaPitenfiDs \;vitﬂg)u% Webh@h Eﬁ'ﬁ'ﬁsﬂ% &clBS ofNAE

rel eased, the foundation system 10,1 Qa, 10b was Io% ed to verify its
beari ng capwentign. Kdnecxiamapt, sgmefofi the badlastdtankom slyes reantidi0) ba@a2( Gy bbiows
that the ulti.mate aring capacity.at the final penetrati epth is
subst ant i aF‘preéiqmqgé’IaLVﬁ? apd numns 198 iMRRERE e qug‘?é’&ve ﬁah?sggﬁ‘ﬂ(sl #&otbjﬁ’ér
wor ds, undgillinghHéd iwigta®Obdmi-i08dbdd sprbbr8scapmeridlyo i nstal | ation net hods
generate simlar virgin soil 'bearing '“capacity curves. [0043] FIG 4B
illustrates the behavior of suction-preloading according to the present

invention by allow ng soil consolidation during suction operation; this is
al so called 15




drai ned preloading. Wth sone soil consolidation taking place and the

associ ated settlenent (corresponding to dc) when suction is nmaintained for
a period of tine, there is an increase in soil bearing capacity over that
of undrained condition. The increased soil bearing capacity resulting from
t he suction-prel oading of the present iHvention approaches that achieved
by direct preloading if the same soil bearing pressure at the reaction
base is majlggwed for the sane duration. [0044] While specific enbodinents
have been Tescribed and illustrated, it is understood that many changes,
nodi fications, variations and conbi nations thereof could be nmade to the

present inyentiqn w.tho departi from.the scope of the invention. For
exanpl e, sXma o%"t%ﬁlﬁ%ﬁ%f)ﬁ%‘fa%f’ﬁﬁkgg?r‘fo?lﬂ?@smgacfti on base 20 may be equi pped
Wi th val ves andaped¥asn bade AL YoraDof HRoNSH REM! w&h%slaﬁ%ipg{ngﬁ}fﬁ%@%’dshe”

filling themw th raw, sem -processed or processed materi 16 CLAI Ms:
1. An of f sheftem senigrgathe appenanddottonnyurfasisrdgfinmgracthickiess off egeaation thasef, or m of
a hollow s , Which has an upper surface and a bottom surface, the upper

and bottomsurfaces defm ng a thickness of the reaction base; and a

suction conpar t aBaétidncdrigarfngdnini® theafosmbstt Afibs@hlilyosssh- Aok A EAGsel 0sed-
top cylindrical lér el on(]Jate shell; wherein the suction conpartnent is

i ntegral | ytapowhedricgllyielengatershalls i on base so that the open-bottom of the
ston comat oy EHES AR A o P

el ongate shell su perpen omsurrace

reaction bémetlerupehit@ttomosiettie tsagiopr @ingatttent dpct AotawdrdRtie lbhgddddal om
surface of the eflpgtion ba% such in use, there is a gap h between

, that, in
a top of a®§diqf BF IR aléel(eﬁ‘é”t%‘ﬂél_tly g’ﬁ%@%ﬁlﬂ i@ rfhe detomnairfaceddheop. 2.
An of f shor g faundatiAn tﬁé’?l%?é{ﬂ—@?jﬂ@?é@g diQarfee 3 Thdve, 1 BhiibA shffceS4eht On

conpartnent conprises a plu sucti1on conpart nen
reaction base, such that, in use, there is a gap # between a top of a soil plug inside the

suction compartment and the closed-top.

2. An offshore foundation system according to claim 1, wherein the suction

compartment comprises a plurality of suction compartments.

3. An offshore foundation system according to claim 1, wherein the foundation
system comprises a plurality of reaction base/suction compartment foundation system
units, said foundation system units being connected by bridging structures to form an

integral base.

4. An offshore foundation system according to claim 3, wherein in each reaction
base/suction compartment foundation system, one or more suction compartments are

associated with each reaction base.

5. An offshore foundation system according to any one of the preceding claims,
further comprising a frame structure disposed on the upper surface of the reaction base

to facilitate mating with an upper structure.




3. An offshore foundation system according to claim1, wherein the
foundation systemconprises a plurality of reaction base/suction
conpartment foundation system units, said foundation systemunits being
connected by bridging structures to forman integral base. 4. An offshore
f oundati on system according to claim3,hherein in each reaction

base/ sucti on conpartnent foundation system one or nore suction

conpart mens ar e\n afsed &hedatiérl §yseR¢ AcdoRdink it6AnP aH6 of The ﬁxre_c&ﬁﬁé bR,
foundati on system according to any one of the preceding clains, further
conpr i si ng VAieTgin e wactipn base fythep semprisss hullcheadypthat saperate-thednteripeof dact i on

base to fqasilwsﬁamnm%geggvgvlﬂtcgage;@ewg% Bl agctdisd; A of fshore

foundati on system acco one 0 rec ng cl ai ms, wherein
the reaction base further conprises bul kheads that separate the interior of

the hollow slab into nks, ich are operable as ballast or storage
tanks. 7. A net I‘]Ab(ﬁnelﬂqut "?fs’cnéﬁam}}gga%fﬁ@reﬁ?@l‘%ﬁaéprf&fsilﬁreof%ﬁ%f@ Fﬁﬁﬁ%a&‘?on

system th%etmg&%rg orising: formng the offshore foundation system
according to any one of clainms 1-6; submerging the offshore foundation

system so that térmisgithe adffshoerfpendamonsysdm apamnding & anyi orteftchedms éalyed under
substanti al sel f-wei ght of e faqundat.i on syste c] osing vent hatches and
val ves associ at é'dbwrg}?gttﬁg 0%@83%‘@%?}1% S%%%PiSBE;‘até T H\SH{I’P?%WE‘@( ter

i nsi de t he pefietfa@SRGSthk Y@abrd Ghil@RuBRAMRAI LR Mkidht o BB fGthda@REEARlhI
suction punp associated wth the or respective suction conpartnent to punp

wat er out fromclosiigdeent hatehes randpselves @ssgiatdédovitho theaot mespective sundiona
negative prS’?‘ﬁ%&S tdi fferential with respect to the anbient hydrostatic
pressure at Sp’of the or respective suction conpartnent generates a

force to push tbfceRtiet ensidihe k irépedtiieOsuctin copRatentandeat)bperdtingawi t h
t he suction-induced driving of the or respective suction
suction pump associated with the or respective suction compartment to pump water out
from inside the or respective suction compartment so that a negative pressure
differential with respect to the ambient hydrostatic pressure at the top of the or
respective suction compartment generates a force to push the entire foundation into the
seabed; and
continuing with the suction-induced driving of the or respective suction
compartment into the seabed until the bottom surface of the associated reaction base
penetrates further into the seabed so that the resulting soil bearing pressure reaches a
predetermined value and a gap h between a top of a soil plug and the closed-top of the

or respective suction compartment remains, without relying on additional or external

ballasts.

8. A method according to claim 7, wherein the suction-induced driving of the or
respective suction compartment is continued until the associated reaction base reaches

a predetermined penetration.

9. A method according to claim 8, wherein the suction-induced driving of the or
respective suction compartment is continued for a period of time until no further
substantial soil penetration occurs and the soil underneath the foundation system is

consolidated.




conpartment into the seabed until the bottom surface of the associated
reacti on base penetrates further into the seabed so that the resulting
soi |l bearing pressure reaches a predeterm ned value and a gap h between a
top of a soil plug and the closed-top of the or respective suction
conpartment remains, w thout relying onl&dditional or external ballasts.
8. A nethod according to claim7, wherein the suction-induced driving of
the or respect iAvRiethedtacOstdm@TBARY BRABS ichifoNLg, W{éﬂ:n‘ﬂﬂ{el dffshbR RasdtibAt ed
reacti on base reaches _a predeterm ned penetratlon . A net hod according
to cl ai m 8sysigierigjoperable farcextraation &y cuumping Wwater o ﬁhﬁeg&m h wbgp@lm e

suction co n e riod of unt i no_f

subst ant i aﬁ@l@%%s{%ﬁév% e‘zt%rS g.% %!r)l&gt%)uélg{a ﬁ (JSICf \ﬁleep EHTe cﬁ] er A ‘WP {eﬁ%ecf Eﬁﬁ"a ation
systemis ambi’t!ilolhydﬁj‘sfaﬁc Pr8ssufd) at Ahdebhd the GRr fbblﬁ&u{r@ s880bn0 86mpartféii NS
7-9, wherein the offshore foundation systemis operable for extraction by

punpi ng waBeReTatet ¢ feree dapPeshwHBNthener yespectiveasedtion eovapaytmens sandr entiE osed,
so that a ggﬁk@ﬁMpR@&ﬁ§ﬁHﬁﬁhg§£%g ential with respect to the anbient
hydrostati c pressure at e top of the or respective suction conpartnent
generates a force to push up the or respective suction conpartnent and
entire foundation systemfromthe seabed.




