O fshore Foundation Systemw th Integral Elenents for
Prel oading and Extracting Field of Invention [0001]

The present invention relates to a new foundation
system for offshore structures having integra

el ements for both preloading during installation and
extracting during renoval . Background [0002]
Foundati ons of permanent and nobil e of fshore
structures have been undergoi ng evol uti on over the
paSfishove Foanaltion Shetcus withf Iiweaval Bldneass for Peeloading
mat foundations for platformstructures in the early
peri ods of offshore oi lamhBxizasting | | i ng have clearly
shifted to the depl oynent of caisson or spud-can type
foundations. In the last two decades, the latter types
are becom ng nore popular ile jack-up rigs are
depl oyed for oil/gas dHﬁFF?ﬁEan production. [0003]
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[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 currenis 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
antictpated 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



[ 0004] Despite devel opnent of various established
foundati on types and proven prel oadi ng nethod, in sone
situations, existing foundation systens cannot offer
technically and economically viable foundation
solutions for nobile offshore 2 structures. For
exanpl e, mat foundation systémis comonly used to
support a nobile offshore platforminstalled on soft
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[ 0Q05] The conventional preloadi ng nethod al so poses
Jendalset ential risks, particularly when a nobile
of fshore pl atform supported by spud cans is prel oaded
on irregul ar seabed surface or punch-through prone
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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 [imitations, 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 franslates to additional loads on each leg.
However, when large loads are required to ‘prooftest’ 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,



[ 0006] Apart fromthe potential risks associated with
conpl exity of seabed conditions, the conventiona

prel oadi ng net hod al so has sone fundanent al
limtations. For exanple, foundation prel oading for
jack-up rigs is typically achieved by punping sea
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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 foundati on system t hat
is viable for any seabed condition, in particular soft
seabed, yet offering ease in installation/renoval and
stability during operation. Wth the industry shift to




4 and deeper waters, there also exists a need to equip
the new foundation systemw th integral elenents which
woul d enabl e prel oading without reliance on ball ast
tanks and facilitating renoval of the foundation,
Summary [0010] The follow ng presents a sinplified
summary to provide a basic ufderstandi ng of the

present invention. This sunmmary i s not an extensive
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detail ed description that is to follow [0011] In one
enbodi nent, the present invention provides an offshore
foundati on system conprising: z) a reaction base in

the formof a hollow slab, which has an upper surface
and a bottom surface, theSuppery and bottom surfaces
defining a thickness of the reaction base; and iz) a
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the bottom surface of the reaction base, such that, in
use, there is a gap h between a top of a soil plug
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[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; i) submerging the
offshore foundation system so that the suction compartment(s) penetrate into the
seabed under substantial self-weight of the foundation system; #i} 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



5 respective suction conpartnment so that a negative
pressure differential with respect to the anbient
hydrostatic pressure at the top of the or respective
suction conpartnment generates a force to push the
entire foundation into the seabed; and v) continuing
with the suction-induced dri¥ing of the or respective
suction conpartnent into the seabed until the bottom
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until the associated reactwn base 1eaches 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.



[0015] This invention wll be described by way of
non-limting enbodi nents of the present invention,
with reference to the acconpanying draw ngs, in which:
[0016] FIG 1 illustrates part perspective of an

of fshore foundation systemin accordance with an
enbodi ment of the present infention; [0017] FI.G 2

il lustrates a cross-sectional view of the embodi nent
shown in Figure 1;Bri@t8dripEbiset thdPradhgsl | ustrate
installation and renoval processes of the foundation

shown in E in cordance w t,h ano
HEBE T Brop it EF Sspef ot %ﬁwnelmtmq %ﬁ%lmﬁt@@f the
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the foundation systemshown in FIG 1 in accor dance

Wi th yet another enbodi nent of the present invention.
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alternative enbodi nents present 1 nvention

eGP iace adth on pabodinert of &feemsn@emteonqrhe att ached
draw ngs. It shall be apparent to one skilled in the
art, however, that this invention nmay be practiced
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not be described at |l ength so as not to obscure the
i nvention. For ease of reference, common reference

mmmn:r &I Gs. BA-3Rrillesraef insdi@ioal eﬁld\#einbveb réteeds fohlrtﬁm gh@addtion
t ane or sim
fsgsj? v esﬁ.ﬁ@ﬁfqtlg?r{ %écrolfr Bglﬁé g'gth aeno%her embodiment of the present

invention; and

[0018] 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
{0 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



[0021] FIG 1 shows a part perspective of an offshore
foundati on system 10 according to an enbodi nent 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 conpartnments 60. The reaction
base 20 is a substantially fYat holl ow sl ab. Each
suction conpartnment 60 is substantially an open-bottom
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8 to achieve higher bearing capacity of the entire
foundati on system 10 by confining a | arger vol une of
soil and transfening the soil bearing stress to deeper
soil, which has higher shear strength. [0026] The
bottom si de of the reaction base 20 has a plurality of
jetting nozzles 26. Pressurifed water ejected fromthe
jetting nozzles 26 facilitates foundation renoval by

rte cidigibveghighis thering d’h@latﬁ@d)fahe tdige Bndedhdesieth ItOhtf%r conﬁnmg a
e, course of extractln 026

reacti gn base [0026]
RS IO AT Sh TR InGON G 3 A gl e sol, whith has
nu@&igkﬁlgﬁhgﬁ di stributed within or along periphery

of the reaction base 20. As shown in FIG 2, two

suction conpartnents 60 are di sposed within a

ti5¥BE YBE so%a&ﬁfsﬁd Ut R rdalior

[ g teach th af t he %op Ilﬁggggﬂsuc ﬁ%%g£81<k£%%€%?MS26
é@qu‘#re?}eé otader gledicd tancibe Httingoncezlthas iamuemufdmdaﬁon i'mmoval by
e R RAF Pt ARG Sl b TRRRERLa 320 1 HSoue o
@mhpamgnent 60. The upper |nterior parts of each

suction conpartnment 60 are provided with interna

bul kheads 64. Al though not shown in FIGs. 1 or 2,

u_lqme]r Tax tsactionr comfattﬁleﬂf 6@ 60 b uﬁ“tsh%e 60 ﬂﬁﬂﬁﬁl&%ﬂtts f@lﬁ}hbuted
0 be provided h stiffeners shown in FIG

r‘%t ot ang pETley ¢ othe rerciombasaed. A6 searhin RlGra éwlswm
ReipaeRciNe) LEak és@@wﬁﬁﬁea t?agsxéfbg séc@i%n?@?ﬁﬂe\‘c%cﬁ?&%és@ 0. FIGs.

conpartnent 60. These radial stiffeners
drand teachithat thesinp PEpach suchivn wompbasiment 6@ prajrstrendistanced above

V& Ind@SideQr Stﬁer EQ{QFOH%Q%% RBGH @ dﬁ’\lienggﬁ: Iﬂi %oég%%m portion of

conpar t ment to the reéctlon ase
&t widl olepthob fo the audtios wotriperimes Mpa Therepper6ifiteiias partpofimch

855 on 45 TR Ok BEBRATERRLL B3 ot o

uoner si
g E]fBr $iobP.aippermuteBizr g ﬁﬁﬁﬁ&hﬁhﬁdoﬂpﬁuﬁ@ﬁ infag alsBibke pEAided

nted on the ex iqQr t of _each sucti on
gﬁ#ﬂ%ﬁtA€O}5W@ 5?3%30% '@ﬁngQ&BVSUﬂb@Fi@HW“@SrﬁSWWh
ilﬁel&cﬁﬁﬂ\&feimﬁ} khd eeai@dbeB &WR@}E@Ct[V@e§§(ﬁﬂon (ReHpaSReNNs0.
E t he flqgfes I n anot her enbodi nent, th
ér Birerdprh it eReiE O gdlownidresss briransien baiisen éheu (9 ¢Amongys, as
el a§ O bi@drBen Wil T RIPLRL 1&}1%91% E‘Egt YW Bk Sonction base
ers o %1e

Roy). The 'specification and nu wer5|
é@np 82 required for each suction conpartnent 60 is
dictated by the volune of water inside the suction
conmpartnent 60 after initial self-weight penetration
[0624 nthexsealeplofvariciucieedsniaambe dilachangpgoaB0.ExRpenp

}3(911; &6 lesactognec%%feltg 0 sinSeist Efe)ul\{lmp tglj Irrll o}up gmgodmenot,n 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



9 conpartnment 60. To provide continuous nonitoring of

a nunber of separate paraneters during foundation
positioning and installation, the nonitoring units 84
are equi pped with various instruments for capturing,

for exanple, inclination; orientation; punping rate;

wat er pressure inside the sution conpart ment,

position of soil plug and associ ated penetration
@empmmqm @0 sk 1m‘nv1d66msiﬁu(ms ofoniitheseof nﬁﬁrmufmné;ﬁra%d’ p'arameterb

I.n. each. res nonit ori uni t

S Foifict sigosE LR %Wﬁﬁ%ﬂ&%@ 514 cipped
|Vﬁt}dweahaﬁshﬂ1bﬂnﬁném fak lcapwﬁrige iFdr dx@inple€MBlina@bd; QJEwﬁtElﬁ:m urnpmg
foundation system.installation is conpleted { f
A PRGR, PHSHE e N8 AT SPPetopenta pesitino oF deil péwg and
tabRcik@ peotia@bh QEptRr arfiddd . RALHs sp %b@ﬂlsﬁﬂﬁ@ﬂ%r&m%ted in
60 to let, air trapped i nside the suction conpartnents
68l Eespectip aneiigring ysite nEadntsubmespibles pumep i8Asinde assheiated
Sl @ik ﬁrﬁfr@@@ A8 HnS10Q LG R} i’e%&gl W0 O | foﬁlgdaPon system
initial foundation penetration. enbod
opptllaidnos compleled vent hatches and valves 72 is
executed by ROV intervention. |In another enbodi nent,
operation of the vent hatches and valves 72 is
i[eoegir Inocklanywdnh haipies atd oglvel 72 fie passdediaathe dop, exterior or cap

si.bl e et_anot her, enbodi nment
%g%aggf“%lﬁ“ SoRPRERDERR tole P g hy 819D c?r%n’aymt?ﬁts 60 to
bahpe HANo dreders AR HEdsRr & inlidB thd k& &%ﬁ%medt@&?@&am building
Durin fQﬁ{}é?l on installation, after sone init

g duut whrstipm PrRstatien. dnsaneqngied embaqp@%@n o%@he vent
Biehes Nd DAl d@M0ofs ERBuELBGLROY B?é@en%@n & édath%P@&@s&mem

with the seabed, the suction conpartnent is
epsion; Qfefhy sk haighespandpvalyeswdl ds imserockeds mith nagicrion Ivé the

SUGLAON 5 El(ﬂ: t | af? [}Jﬁf raéé(gtg%%?@o%me a(}éa:g%é%a ion of the vent

ressure

E@td?ca@mchvalms (2 egy on botb RV aal submesibdd prowp iawripest ment

60. Due to this pressure differential, the suction

conpartnent 60 penetrates into the seabed and t he

Eoaze] rigufigufidaddtion isyslgon, kienoMes irlMWER@EhE paisirittn of a

thﬁ | ower arééﬁa%{he reaction base 20 to further

PpeHEt PP U dplem of i ysation Pata Hg's foerndst Mih the

sBdde MeldctidresonpyrGenas atesivel esx‘éaﬁékf Pulipidedrdi RN ﬁ&'ﬁemsmc
ottom of the reaction base 2 hereby creating a

E’Pé?%’ﬁa CABPETREE PO IS eisales b upkiive @wssglgxsdxﬁwml with gsbarg to

hidbiBRi it RkALM pﬁé%ké oisid @ gﬁﬁ{oﬂlcﬂﬁ ari: e@%’ 1 %nis pressure

pressure or a predeterm ned penetration

diggeenea. thensustien cerhprtoiant] 66 egbnpirastso ad rtige mahttdl mﬂeﬁlesamtne

h
PR3 5 90l SRR 0 LGPl .85 550 e 2
@nidutbei penplraty inio nbakebet]. t Her ginatratinkOfouhdO3Okyskat i10 thdreby

et ion co nts' ect ar eas nd re ction

LS PSSR BATEE 8 LY hE e i B vl Boviy i o
mi@&hﬁgi dﬁfecﬁ ke thopfotidatife siiedi Om PQIHEﬁétlm&ﬁta@le lihtil a

%%ICIth enerate desi gned soil_ bearing pressure,

;FOI §’cgalﬁf’ﬁs‘éﬂeW aupEdsT s edcReae trotipn demih Acicached.

Tﬁl?sd@ﬁbﬁ el dré18adiRAGhliARs BERRE 20 sucltlen %%‘a%tgilned Qxd there is
ratio of 0.5 i's adequate for soft clay, however,
HgP abetivean the fop of dhecesrcribg Sb@ty@opoamag!@arﬁ@dd s plug contamed
Hoagi tion, arrangenent and the depth of the suction
conpartnments 60, anongst sone other paraneters. Wth a
predeterm ned reacti on base 20 area, determ nations of
several paraneters, such as suction conpartnent 60
di ameter B and depth D, maxi mnum gap hei ght H, maximum
appl i ed suction, and punping rate, are based on
site-specific information. Determ nation of these
paranmeters will ensure effective soil preloading yet
preventing potential failure of the soil plug inside
the respective suction conpartnent 60 in the course of



[0031] Despite the working vertical |oad naturally
shared between the 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 maxi mum vertical load. If the vent hatches

and valves 72 are conpletely(%hut after installation

of the foundation system 10, the water cushion filling
tiAeth datin efemmiing coophiimeds’ apdjcced abite 4nd @adioy WRE tarea is

he react,i on base 20.,ln qther rds, .
O%Iehisé%c%u?gn hgto 152 PRI 9QWR OF REREh ndhen @Ry \igﬁgtge suction
rc@mpszttaameﬁ() as euﬂﬁoibnmgjch@h@d%s@ﬁ@ %h%eﬁruﬁ@%k%shﬁ%akéi’&ably,
tota re%%stan e gwg%he entlre foundation system 10

srugmnalg 1y, ey of st VEREY él}en otjogp b thg ﬁeagtrxpn base 20. In
aid:dd:rhll analo @O axeffatcabr donec1f;0! %B\Q@Jelﬂ Qﬁh a}g ungla b 308etermined

ccordin to the present invention, tion

TpSRh Tehed el AangBlop B esTE A b deth afshs sucon o artments
raaGloREkt Q@ﬁl@sotg& pa%é?er?dmez{“ﬁrerd@t@l%l %Prcgéﬁ)%hbgsg 20 area,
belng connect ed by dging structures 21

ceferpinationsed seveeh pmglete@osuCi; a8 sewion abmﬂar\mdnh samameter B and
appyl gr 0 Pref erably

anﬂul armg%iglpuélr ?ar?el?étmg&} ﬁg%%%gea 15? Th @ﬁ@umpmg rate, are
hessgdeart ISV@S}aﬂCrﬁ@u!nﬁﬂmamtID&Dﬂniﬁmen 200. (h&k Nfakaidetdr® Willensure

n FlG o) annyl|
suc‘?wg anS%(r:1 npar%mﬁ% Kt B SV%IPB% 88‘?&“6@ f@l‘ﬁ"%‘f éBE@é@ Wik glb‘ﬁn ipfide the
bopenive ofuctiie widpathadt ceadt RN cB@sE o#Osuctibn opbMH8B] during
In Ft anot her enbodi nent 10b of the present
[7A¥9bn, the foundation system 10b has three
reactlon bases 20, with each reaction base 20 having

sucti on congartnents 60 d|s§{sed at two opposite
gqoaas Daspie pe vakineceitival lpashraturalty dharsd be@eeSihair¢agtion base 20
hhe seaRadidmgRt c gaghion, ba 0_are.

connect ed by 6?? %?%bQQ% uggﬁpés %%& %h% E et to®liSign the
&P lm@ﬁ%%penmecr@malmmemwmbtaammmlwatcdmmsf thd Odmt hstches

I he s e
%giagélr%nm%%lggs%% %ce?)f %iﬁl b4 &oft 151%?1 iis é)?@fﬁ gnc%ﬁgn Yy the
wotef omaincarﬁllinmg dgea / fmmdabnﬁm:d al@k DR 13 dMaNHROSOHS 1AM on
yneve b%g r Mhere consi derable | atera
varta If”i‘ i £ IO Reprdsp g Puctiop sprgpatmest skim Bigtign andppeaping
rasistahdsearel Mbt Sedisitsd anetheRNBAEILLERC T ) RASRRLS W tthd Butire
@Wﬁ artnents, the present invention provides easy

HIoR shied @ proyisie gAdiieny efehamapsmet r ati on of each
reacti on base/suction conpartnent unit. [0034] FIGs.
3A-3D illustrate the sequential operation process,

FP%h e additianabambestimsatirdcbe dmndativnaysondeiacecniding @nthe

Ofy, .t S n f oundat
BERagL el e O RSB S T  I1el RER it
ichstipat basts @ﬁ p‘uilhpmdsasnt ﬂ'daetmhebasm R0I ingicverctoe risabiigfing
[ oL.8 hn|c S, during  pr. Ioad| and
SHTRE, 0 el Ol Rkl TH8E 2D 3 ationihte e Suction
m@m&tﬂeﬂhﬁﬂaﬁ’&ef&ﬁiﬂym tHeOal’@lafaiS QR pshéd: e6h |1sn cMUcﬁtrx@r with the
IG. 3A, t|on of the above

R s o bk 30y n o s e e e e vy Ve & fop
dfotht ashilnGsubiéh ERambhen m&‘a@@ d QSR RIG 1 g)otﬁgﬁa' $iGhe

f.oundati on.. To_enabl e control |l ed submersion an

SR FRegH s gt 20 ner ease i n hydrostatic pressure as the
foundation system 10, 10a, 10b i s descendi ng, conpressed
air may be supplied to selected tanks 24. Prior to
touch down, the descent rate is reduced with the
reacti on base 20 and suction conpartnments 60 vent

hat ches and val ves 72 opened to mnimse water trapped
bel ow from di sturbing the seabed soil. After

sel f-wei ght penetration and cl osing of the vent

hat ches and valves 72, initial penetration of the
suction conpartnment 60 seals the interior of the
suction conpartnent 60; preferably, the bottom of the



12 [0036] As shown in FIG 3B, suction.preloading is
started after shutting the vent hatches and val ves 72
and activating the subnersible punps 82. Operations of
the vent hatches and val ves 72 and the subnersible

punps 82 nounted on the top of the suction

conpartnents 60 are perfornéd t hrough unbilical cables
with a control station on a support vessel (not shown
if@P3¢Ihén Yat gopthe)embalitvenh Hih ofghy presamt R@vhtios, ths &dintwion system

r SRV es .and yalves 72 if, the. vent ,
ﬁg?gﬁ%§m§%36%§ vé%gggﬂzﬁgﬁbg%%gﬁlguwo%w?é@n&g"@oﬂ??Smen
@p@pmmam:ﬁséio Ajspostd ff om Bp;i»dsﬂ% gi@ey pf fecasspdEtive QBacti]l?@ b%se 20.

otto t he .reactjon base .an enetration of the .
S s, rolRelERE LS oiaree resusn bt Ao Forrogeday dndsing
IsyruqouraP? NG hetc@tbodivtents! @Mk B&IOBuAdAB0S Y& lehOMa, 10b is split into
co rtnents 60 al so, generates a heave of soil plug
TR v A dhet TR oS PR bEes/susEon Remparistentsnunits are

ORIt t OBrrs ARTihBHES fouhRiod Ollay meuﬁivgﬁ%ci)@su% vhdell s8@ed or

towards the top of the associated suctlon conpartnent
ghereserusidgable platerd | eriabilitys pbpprbdd btasr srengtl is gixpegddu gVith
hRAGME Sinfth &t f i LCt | rfment
SRS AR oD B8RS UG LADERTRR WDl
geentidredrpyidesagabia tonsrol af dugioe| mesdim ging peseas@s oBsaeh reaction

g%%@%&%gggﬁgﬁgﬁ%rﬁﬂgesigned soi | bearing capacity

oufidati on penetration is/are reached.
The foundation system 10, 10a, 10b i s al so desi gned so

X t.ed i mum penetration does not exceed

[oieh 8, ARES ISR theoSrapPitil GRSEIOPropeHs G B insiaien to
thiencti@of 4c0srdRas evidQini etabd@imdatisf 86 pRYent R h I BNFiRG ion
soj | §$en,tg§ﬁ853| ned soi|_ bearing capacity or o
ARG T fat &k singplierlifenidlystrafipn perapses- e dageription
iven eBdalr dhghabinst &okhdi i : EIGE '
%he ap h bé?ﬁken t%%f%g?ﬁﬁp@%gﬁgn n? 2ﬁ¥%%ﬁ%fgﬁhgaﬁwung
RISSHs Aceysesaieaciagng reaims apetrtions agokmivindwsersun sldtereintthis art.
renmoval of the foundation. After remaining suction

i nsi de the suction conpartnents 60 is released and the
W83 halGhes imstallatian viabe vatfeurdhideegstxadk, 10NEDD is initiated

' 0s 82, mopitoring unit 84 and . the

eBrE! BB i A KRR Ratrahe il Sgiiropo enabi
eygdil $BmeBanldild bcolpematced k@b QPRf@EsB0 prki@c as the
$p§%@II%tLon gigfqﬁg.ngé continue in cases whereby the

duifidat i*8H*8y Bt ¥ih'Y0, 14 chsorping s campisEed Mttepateduppliey ©
RtclPRfks CANPEGT th BB doal WeSdARAY itd ﬂereﬁlﬁ@&Wit‘]ﬂqh@?eéﬁtion
20 through subsequent narine operations. [0038] At the
Ra 26 pnd stion copririgTonis HErentkatehes andvavesd 2siptred b gnimise
N e j : N 3 el ocatl.ed
eIy BORT ot nd MAn P " 3R L P P na
aepingf ofindat Yeoh teyedesemmd svalyest Tt edtidly pexestionngf shersuction

Rlohiengyf &7 81 ORthe fouRdat ion system 10 %%9,10
means %? @grgég grﬁg?ﬂ%Ppg%h5%??“J%§§@V@mgf eﬂ”dgm&g’ﬂm
tebmodi they reactibn th8e 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.



renovi ng any connected upper structure. Wth the

assi stance of an ROV, a subnersible punp 82 is

connected to each associ ated punp port 80. In another
enbodi nent, a pressure line is connected to each

associ ated punp port 80 wth punps being | ocated
on-board the supporting vessigls (not shown in the
figures). By punping water into the gap h inside each
Sb6z6] R HOTRAN RN 13 QuctRRSHE Y En P i ST L 2t s?xﬁ&ﬁg St{lé) frent
t he anbi ent hydrostatic pressure generates a forc 0
ﬂ@@hﬁﬁﬂ@dtm@e%)r{& fndeactivaiing dtd sobmepibtearanpd 3200petBlons vhihs vent
1Sl [ llagion .. .
Rk BUVEBNPLn it SURLEMe ALk hlpldonthd 88 of gy sygin
adaipairoerdd bY asuppformee] thoough emjbiifcanabkt edith26 cditepestch on a

the bottom.of t.he reaction, base 20 t el
Wbt dRL RSt T Fesh e i sV ReBedp psnee e
seerhafchesmutdhenl e oar deseni RkdheNandamiad 7anta@Rigatd fdigemote
preﬁﬁnt I nvention.is tg;% suction-induced prel oadi ng
SPH QPFBYa P%ﬁﬁ89§w' 4P Perasuien fhe belserm ok Hhedpction base

i20dependenidon @ tht RALMPRERJBEE Yedkdth @ 0ok 88, i ichdh BRated by
supported; this nmeans reducing risks associated wth

PHOPRE |YEH T ot Bpmrisiidrtie iserion yememinnisfilobioeseaetiies a heave of
$6:2BRY iRhd LR shdidh %Hnﬁ'ﬁrﬁr%ﬁ% bb.Rs W REQW | Perhbldntiled, the
short.” For exanple, as the toundation sys en1naylbe
ispidl epyeregatiucp o tisretowpysie thestop wé ther associated sicéasgoniartmant 60,
tl.e jod L1 ved and re- | oyed
SR rCosEdoh [0 SuPbAt DOR 1 BT pLE TR, B ot 1€ oS
ismgion korapartment] scethairtbdre ised gapdn ext ernal bal | ast t anks,
whi ch are conventionally provided on the upper
supporting structure. Further, installation and/or
goosT]aak depicted int €. BoLMe adsiadRich ksl elchBind QrocdfRbs 48 ¥ahMeed
Izﬁﬁg{dgependeqce Qn supporting surface vessels. In
taFpiegresighehiol epring capraladiog disienad dpgdeian penctration isfare
1A ThE Doud daBoP s@RARACI, 106, 181G LIgH deQpmar {ITeARt ) aﬁagcted

distributed at various locations withih and/or aro

FREE BecHAtipndes 20t arceed GF odkmeser ey reegionriobd @Y In other
RORE! Mhatdafb s i ' R EEY -
diff erent. sunc%alg%%() %glﬁ'tpgglte% t's %g%x%{dﬁ{ iS? #gvrh é‘% @rdg%]%{se,g%ml
dedrive rcapacitalor seindatpenmsnetadtioo ns adiived dn addioimmodabeehd of the
] t.i.on part.nen 60, , Whi ch, ext.end dowawardly
PGB MDA CB W AT Rl R TR o e
bdsesgedalcfon opnovenenh@) iloundalisc@rnsymbesnot ChelBandhObn, After

B B BBt A PR o SELTLAIo8R ke

Bt vateest7alard e1ekel ABIE Ghe s&%&lbl&ﬁaﬁdﬁs 2 AhnltbiLAE8PAnd the
ndation systeminstallation and prel oadi ng, the

f ou . ;

BrBlied cablay Bk e vals s e puin Ageend il A bR s ks towdly for

ExXdcaRal MRS ihSalkdbl ipRfeQUhaWMchitigd q?'ca?e‘gsv@hc%{) the foundation

substantially reversing the installation process. G

;08 ] 0. Has b isdo bE isteanaied fritheare ipresr icomstingwsruetucapbivedhe
@t i [ f rn. Australia (UMWA) to

?%@gggF%£§gh?ﬁéﬁ$ﬂﬁd%ﬁ@ﬁ?%ﬁgé@ﬁ%&?%r of an enbodi nent

of the foundation system 10, 10a, 10b according to the

ent .inventd on. circul ar, skirted reaction base 10
BOER A g Rt R oL LS BRI Rahe 6. e tRrndapon gystem
thea, W mhayt redd knbdteldated fo @dthesite. ABSEald BOFIQ) 3D, extraction
qg%ng%%ﬁ_consolldated clay. In additign, another )
PotindAPI B SYeRAT Uiy BorvReserapulliag forey on the foundation
o ar 1 (A 0BESYNREand SIf N 26 36 WRled E\i}?m‘ﬁ%séeﬁséf@} lgedctlifs and
benchmar k effectiveness of the suction-induced
prel oadi ng. The penetration-resistance characteristics
of the entire foundation system 10, 10a, 10b observed in
the experinments are shown in FIGs. 4A and 4B
respectively, for undrained and drained | oading
conditions, the latter condition corresponding to soi
being fully consolidated. [0042] As shown in FIG 4A



15 drained preloading. Wth sone soil consolidation
taki ng place and the associ ated settl| enent
(corresponding to de) when suction is maintained for a
period of time, there is an increase in soil bearing
capacity over that of undrained condition. The

i ncreased soil bearing capacidty resulting fromthe
suction-prel oading of the present invention approaches

tiabviag Riyedttedd (HpEeiictFe WORdh Sslsfantd & 28 REB/ %Qhﬁmcrs1ble
beari ng, pressure at the reaction base is mai nt ai ned

RO Fre ISseFBott b Pash. asgogBipg 1P pert e bt piagher embodiment, 2
erbeet MRy lissccﬁﬁc\!&edoﬁee@cl&j ES68i4DE P ?m gp?: bl dousitd AG beinb 1dited

under st ood t hat many changes, I cati ons,
vadrhoatd e suppating ikl it shesvit the GgresuBy ptmapmmiatet mto the

AP PESAE LN DURA' ORI LA pATRA Sl ATy L SILIE R Tent

he | nventl on
t?afdk)staim prdseure eeotia@n ebzi&ee 26 pej be thewhppetundatibn system

I n umps f tying the.respectjve ballast |
TR DTS o PRGT ot Shitin of 46 NSRSy SfeeSo puring
G:lxtrantlomemted _}df’fﬁﬁ@ﬂlln&l fhay beOadMifchallp s@bﬁieﬁﬁ@ thSjet nozzles 26

disposed at the bottom of the reaction base 20 to help accelerate the extraction process.

[0038] As can be seen from the above description, an advantage of the present
invention is that suction-induced preloading of the foundation system 10,10a,10b is
carried out independently of the upper structure which is to be supported; this means
reducing risks associated with installation of foundation system on problematic seabed
or when installation time-window is relatively short. For example, as the foundation
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
systemn 10,10a,10b stability by providing rotational resistance, which is often caused by

load eccentricity, as well as horizontal resistance.

[6040] 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.



1, An offshore foundation system conpri sing: a
reaction base in the formof 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 a suction conpartnent in the form of
a substantially open-bottomldnd cl osed-top
cylindrically elongate shell, wherein the closed top
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suctigon gonpartnent and the closed-top, and wherein
oy TR CEpees g drowriaATeneArnt 65@@@%@1&, g undrained
8@ GHiRA 18888 conditios) tBd SBOERAFBHREBELAMIRY & ST being fully
according to claim1, wherein the suction conpart nent
GBW$L ¥¥s a plurality of suction compartnents. 3. An
of f shore foundation system according to claim1,
wherein the foundati on system conprises a plurality of
@43t Mo ahdyesie/Rlcthohe pdttab staganahinstdllatiordit diost mylob@rasults in

j sai.d. f | maAnits, bein onnected b
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Rirthe PSRN AR BeMiRaPRAN o REhHRA, WAE 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 ds) with much less resistance (corresponding to ¢s) 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 penctration 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



17 5. An offshore foundation system according to any
one of the preceding clains, further conprising a
frame structure disposed on the upper surFace of the
reaction base to facilitate mating with an upper
structure. 6. An offshore foundation system according
to any one of the preceding & ai ns, wherein the
reacti on base further conprises bul kheads t hat

sirpiacapeeldatidg] Mgy bofie 9bil tcbisoli@dtloaWaBin@hlicBtmd t @ kssociated
whi ch are operable as ballast or storage tanks. 7. A
rettpantieprosprading o dg vaies spitendamiainpined fof 4 piod ef time, there

f. ﬂ@ i.on: n. .th thod, conpri.sing: formng the

RISy 5T SR AT AT P,
chodli besrir- Gpacity resulting from the suction-preloading of the present invention
approaches that achieved by direct preloading if the same soil bearing pressure at the

reaction base 1s maintained for the same duration.

[0044] While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the
invention. For example, some of the ballast tanks in the reaction base 20 may be
equipped with valves and pumps for emptying the respective ballast tanks and then

filling them with raw, semi-processed or processed materials.



submer gi ng the offshore foundati on system so that the
suction conpartnent(s) penetrate into the seabed under
substanti al self-weight of the foundation system
cl osing the vent hatches and val ves associated with
the or respective suction ggnpartnent; once
wat er inside the or respective suction conpartnent is
seal ed, operating the suction punp associated with the
or respective suction conpartnent to punp water out
WHAPTS IAISA8erphs. or respective suction conpartnent so
that a negative pressure differential with respect to
t he anmbi ent hydrostatic pressure at the top of the or
res artent generates a force to
i, /Pl?§‘f‘|£h\6gbnit%Hg&dl?n S gLUFLOmp[lSII%CO the Seabed and
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respe tive suctio } nto the seahed untj
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andpenetrates further into the seabed so that the
resulting soil bearing pressure reaches a
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im7, wherein the suctiagn-induced
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predet erm ned penetration.
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 /{ above the bottom surface of the 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, and wherein the distance / is larger than the thickness

of the reaction base.

2. An offshore foundation system according to claim |, 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, satd foundation system units being connected by bridging structures to form an
integrai 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.



IS 9. A nethod according to claim@8, wherein the
suction-induced driving of the or respective suction
conpartnent is continued for a period of tinme until no
further substantial soil penetration occurs and the
soi |l underneath the foundatiyon systemis consoli dated.
10. A nethod according to any one of clains 7-9,
wherein the of fshore foundation systemis operable for
extraction by punping water into the gap h when the

5. venhyhatehesnandqaval Ys‘?ccm a!l[&)t&l ngstsdme/stﬁct&eﬁ] n‘%l e%@(ﬁht I [Eims,

pressure differentia espect
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conpart ment nerates a force to push up the
rwﬁﬂﬁénﬁpn eet'i v S“%ﬂ%fb%%f 8npartnent and entire
foundatlon system fromthe seabed. I1.An offshore

foundatjon system according to claiml, wherein the ap
6. b 141 QUSETF JPUHOR LR FPOHUBE € HEY 6PF <Hdhe preceding claims,

wh@UNELLRN6S ¥ee@Mherl®@mprises bulkheads that separate the interior of the

hollow slab into tanks, which are operable as ballast or storage tanks.

7. A method for installing and preloading an offshore foundation system, the method
comprising:

forming the offshore foundation system according to any one of claims 1-6;

submerging the offshore foundation system so that the suction compartment(s)
penetrate into the seabed under substantial self-weight of the foundation system;

closing the vent hatches and valves associated with the or respective suction
compartment;

once water inside the or respective suction compartment is sealed, operating the
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 compartiment is continued until the associated reaction base reaches a

predetermined penetration.



O fshore Foundation System Wth Integral Elenents For
Prel oadi ng And Extracting Abstract [0045] The present
i nvention describes an offshore foundati on system
(10, 10a, 10b) that is operable for preloading after
sel f-weight installation opga seabed w thout relying
on additional or external ballasts. The foundation
system (10, 10a, 10b) is al so operable for extraction by
reversing the process of preload operation. In one
enbodi nent, the foundation system (10) conprises a
reacti on base (20) and suction conpartnent (60). In
9. anoh hegthod msofdoynidatliion 8sywtiem (htCasti@b)dwedpirivegsfahe or
e ptincen Bty (is KR ot 3Bl RSt o
sublituitthisty Rhetelobr@sut 2h)i. thk nvoyetind@pehiiemhe bitRlation system is
fqund?tion system conprises a reaction base (20) and a
consplidaleri t v of “suction compartments (60). A closed-top
of the suction conpartnment (60) projects above the
reacti on base (20) so that, in use, there is a gap h
10. petAveenthogd acoprdom @ apidne pif wipinm Y eviergu dte dishore foundation

syst%ﬁlgg?E%r?ﬁﬁg?;or(&%ct%ﬂq)yi ptuﬁqp%{go@%gf ftnPOD the [g%:p ﬁ'@\]heiﬂi% ve[ﬂf Riches
and valves are closeél, so that a positive pressure differential with respect to the ambient
hydrostatic pressure at the top of the or respective suction compartment generates a force
to push up the or respective suction compartment and entire foundation system from the

seabed.

1. Anoffshore foundation system according to claim |, wherein the gap /4 is used for

the extraction of the offshore foundation system.
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Offshore Foundation System With Integral Elements For Preloading And

Extracting

Abstract

[0045] The present invention describes an offshore foundation system (10,10a,10b)
that is operable for preloading after self-weight installation on a seabed without relying
on additional or external ballasts. The foundation system (10,10a,10b) is also operable
for extraction by reversing the process of preload operation. In one embodiment, the
foundation system (10) comprises a reaction base (20) and suction compartment (60).
In another, the foundation system (10a,10b) comprises a plurality of units of reaction
base (20) and suction compartments (60), with the units being connected by bridging
structures (21). In yet another, the foundation system comprises a reaction base (20)
and a plurality of suction compartments (60). A closed-top of the suction compartment
(60) projects above the reaction base (20) so that, in use, there is a gap # between a top

of a soil plug inside a suction compartment (60) and its closed-top.

f0048] FIG. 1 for publication.



