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A MODULAR SUB - SEA (LEVEL) STRUCTURE FOR SUPPORTI NG
AN OFFSHORE PRODUCTI ON FACI LI TY Rel ated application
W(aladoall{)@@aﬁl] The present patent application clBCTS8G2002000026

ApObUR BUB’L@HAQ[EVEUTS!‘RQCTME FOR SUFPORTING AN
er 60/ /82,766 filed on March 2006, entitled

Subsea suppor t OFFSHOREPLROPUGTION FAGILYYS
processing platfornf, the contents of which are hereby
incorporated in entirety by reference. Background

RdI8RA poliaatidxi aagnt i nvention relates to the fi eI d of
offshore structures, and nore specifically,

[0003ddher nraserte patandy pplicationc claiwst dre sle&imﬁlitta% piprity of US

pr \fl%lgﬁgfés%lpéggg"{cﬁd&ﬁﬁgf @5/7'8 ??eég k24 (ﬂ‘l 1§°M¥1F€Ha286@| entitied “Sub-

ucti as ol

seBluppolt stfuctael for bihesil, arfobga§pmu@semgqﬂatfsmﬁpmd eahtbytsaof which
structure known as a " substructure The

ar@@ﬁiﬁ%'@ﬁ@!ﬂ%@@dr'@GF@FEWQM%@&G%@Q -ucture” will be used
t hr oughout this application to refer to such a
structure. [0004] These substructures are generally
Baukgedundct ed from vertical or near vertical (battered)
and, r

| egs_which are stabili d ai_n series
[0a92] &*@:Pfﬁﬁe”ﬁé@‘(@‘é’ﬁner Hes g t h@.f@%w q?%hpé“g?ryﬁfé'r%%f"d more
spgefﬁ%l'ri}g o C%JJI&”E b-sk¥P lé@élhktﬁf chiB! &% supporting an off-shore
erperndi cul'ar to eac ot he ree or nore planes.
pr&dilesctioag’acdatﬁend fromthe seabed and conti nue upwards
past the waterline of a body of water and support any
topsi de structures, such a platformunit, for exanple.

[oomg @d%nhﬁﬁh“bﬁ%&éeprbﬁﬁb% FaciRfesRlGR G 6N Hndugas Production

are generally installed as a conplete structure.
fagiliiess] foThexaraple, barer sunpoRedthya sticiwe kegwrn aﬁga ‘jacket” or

Sl g ARRAS B EhE BIGRRE wn e usen

thﬂonu@h@a’dtﬁéé zvien lto adientp stotdastiysturec | oads) are
al so borne by the | egs. The hydrodynam c | oads are
greatest at the crest and trough of the wave. Said

(o0 B RS SR ohal SAUAIPIroR Aol 6F her vorical
(battered) legs which are stabilized and restrained by a series of bracings between
each two neighboring legs thereby forming braced frames, typically oriented
perpendicular to each other, in three or more planes. The legs extend from the
seabed and continue upwards past the waterline of a body of water and support
any topside structures, such a platform unit, for example. The substructures are

typically of welded construction and are generally installed as a complete structure.

[0005] The legs bear the vertical forces resulting from the weight of the topside
structure and the equipment arr_anged thereon. In addition, forces induced from
wave loading (hydrodynamic loads) are also borne by the legs. The hydrodynamic
loads are greatest at the crest and trough of the wave. Said hydrodynamic loads
create horizontal (or shear) forces on the substructure. These shear forces resolve
into axial (vertical) forces within the legs due to the braced frame construction.
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into axial (vertical) forces wthin the |l egs due to
the braced franme construction. These shear forces, when
wa@xooalibep44 esol ved, are additive to the verti cabPCl/eaziong0026
t i [ r | @/n : :
T%%%?ﬁg%??ﬁﬁ?%nﬁ%@eaéﬁﬁa?%%w& %&SHHE}@(@ thed WYRical loading
fczmbst;omribmted by ﬂﬁﬁ)ﬁ:]psktasm'ucbtum“rand dlais m@renké ini maghitude towards
étlc forc‘b(?? ﬂgthelegs of the substructure, the
he,hage ehtheUbsfruciiie aves, when the wave directions
are normal to the planes in which the bracing franes
lie in, also cause out of plane bending forces to be
5 [0906hApart omatraatingeddiiohabverticalnforéasgis. theHege of the stibstructure,
| ane ndi n rces in turp create ernal stresses
t Sfifar ToRees PLiBovENen. el ot hRZh Quietiohd are ForRar e planes
irl WeidH &7 brabih@ fran®ad fie ah! SREYcRIRY b@ldopplatnléebéﬁtﬂﬁg d8rces to be

unit and the hydrodynam c | oadi ng as nmenti oned above.
clezted jn saiddracingdrames and legs me puheli plgneikendingfasees in turn

E??ﬂi% “’fefé”?%' SR WA R Fetna et S R e o g (vertica

10 agiafl [gasatirensy byditedIbyythecteopside thit @nﬁmﬁepﬁwr@d%amhﬁloadmg as
frame. Joint displacenents and rotations that take

nmerdiesedixeve. t he pl ane of the frame give rise to in
pl ane bending (i.e. bending within the plane of the
frame) and create further internal stresses, which are

[080% D Imddditibr eto tout i plane bemdihg) sl alsovieuhd ¢hat whén hydrodynamic
shear% and out of Pl ane bendi ng forces al ready
fqgg%%la g RXerde >cpntahg frgxmp ﬁgﬁwﬁgbséwqq{@ Jjoint displacements and

15 rcftﬁfi’%fsr ﬁéﬁgﬁe ﬁf do&&ﬂo&thfﬁw p?ﬂ%{ﬁé Eiattfaé’r’fr Jéf?ﬁso?%)lééé’rﬂénts and

out o ane due to t
rathtiens that dale plaaedmttxn dhe ﬂamsfe@e(fdametgwebuse to fire plane bending
(\égrtiﬁﬂ%?{q !g@ ‘ljrlg: (’Slﬂ%andl?é\?% (;ﬁ r %ﬁéﬁa&re%%g%'ﬁqe% itr)#érhgl stresses,
whidpshreUglsHr RIditRaP R R éytemam@éd@(\farﬁéél%rnd HREAr) @nvgl &t of plane
said structure. This build up of stress concentrations

berding ferses Alnegdy eIXﬁet'lﬁ@CQdeb)ﬂ die b@ﬁr&mi memdaye ofdwnsubstructure.

20 adj acent franes, the frames and the | egs and/or the
menbers (bracing) of the frames, thereby creating
[omakmhssccbmbtrmOnV@fr stréssedbfsdmuint plleaeacmhdif@g' dJ@tadf pkane bending

atastrophic fail . [0009] One exanpl e of
(e Eree heasdaesa na%axwtsyeﬁa% &@J%tweﬂs&e vertical [bading and

ap%ﬁ?ég 'tfpg:r?%E et g;% : GQBWA;?;{ ipediridy ROheRRFSIRM $ifoughout the
substructure, especially at perpendicular junctions of said structure. This build up of
25 stress concentrations produces fatigue in the welded connections between
adjacent frames, the frames and the legs and/or the members (bracing) of the
frames, thereby creating weakness in the overall substructure and may lead to

catastrophic failure .

30 [0009] One example of a modular offshore production facility having a sub-sea
supporting structure is described in European patent application EP 1 666 669 A2.
The substructure is made up of a rigid trapezoidal base support structure and an
upper pyramidal support structure. Both the base and the pyramidal support
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The substructure is made up of a rigid trapezoidal
base support structure and an upper pyram dal support
wa@tooaabame. Both the base and the pyram dal PCT/SG2007/000026

STIORE 78 4514 b MBS BB 1% BB B e, P
coiteGoBSbr thet suilsstrictiredektepth frtve BrRABESb&E YNt ke waterline to
waterline to support a topside structure (platform

SupRer} a tppsidegBGtuet (Platforit HoidkesThe sy R IRENdAY a framework
hé\‘?iﬁp fggrcﬁa‘%eﬁwﬁé?élﬁ eﬁéﬁ I?%éé‘ﬁ?ﬂ%f fr%rtﬁ%\n)‘o[rl@'i'@&gfr I%Od 6% horizontal and

zont a braci n

did@@ﬁmt%bracim}g? niembersp daweiar, siUeutot tuaﬁezmdalhanﬁatalrmef the frames,
the directign of the waves is still substanti

I
theodlirastianoot Kie wexeeds stll sHbstgntahh QOfm%Jn@sthgf tplagfs of the bracing
fratHdO ftsa% %HP%&J‘& Strubfiré thbWtExEPéfSreséﬁlf élg@% Yiee tb 'hs?%nﬁ@ant levels

S|gn| i cant vel's 'of stress being gene

of Seesaupgingtgestratet within [HH40)pokt stoucture! vy, there is
still a need for a sub-sea structure (or substructure)
for supporting an offshore production facility that is

[094 Wc Rflh%f%b?@lé“ FQ%@@%Fa sgibout > u%’t??;éngﬂ substructure) for

occurrence o pl'ane an
sbppmﬁmg art bfishdre mroduaﬂtdrefm:ﬂdy dihatsisngelpabde nf beating dwydrodynamic
t cost effective to

t ) t,hi . .
fies by MAVineCe R auiedditauttancd i plaasndant Ot HBhE tepding. that s
p8RdbRSarfte b ﬁﬁﬁ)lé RohSPUGRRERSE t t%dﬁef@&ﬂémnhm:ture In this
aforesaid difficulties. Description [0011] The nodul ar

respectea Sllegen) sisyctues wfethsf prérentrivyention,naedt agrdefined in the

N A

triangul ar frames are arranged around or about a
central |ongitudinal axis where bases of the
ar frames are connected to each other to form

[Ogg ?g"rhéorﬂbablaF [ é‘é)p‘Bg | Rcurg! cﬂ‘;@ g)rﬂeggﬁ}aelnﬁbﬁ%cludes at

inafter al so desc as a
Iastnrie fizmed rmodaleg Ulher ﬂfarmmnhdslealm:;:kmaad leastaffere triangular

et03|dbase The apex,of each triapqul ar, e 1
iR IERe 150 R00R P oSN SMaNGe ACelas o GhGRt Sceriiig) fongitudinal
aﬁu@ \Pﬁer‘éoﬂﬁﬁé‘st abtife trargyufdtt Fr&ﬁ@grﬁé%n\ﬁ%b’ée@(td)&aé‘ﬁ‘@tﬁ@fto form a
cl osed Pol ygonal frame belonging to a subsequent frane
hanmntel rameacmmpsslag leedlosed medygorahiisg chesinafiryl glgp described as

q??r%e&]owtl %E???erﬁg’en éc'éa@%glgg%\J ﬁ%ﬁ‘l?r bglﬁe%n g?se and an apex

obb@éﬁést@%ai‘dhlﬁaéélbﬁwlaﬁék dfredoh triangular frame of the frame module is
connected to or adapted to be connectable to a corresponding vertex of another
closed polygonal frame belonging to a subsequent frame module, if any, stacked
thereon. This closed polygonal frame of the subsequent frame module is likewise
formed by connecting the bases of the triangular frames of the subsequent frame
module to each other. By stacking frame modules one above another successively

in this manner, subsea structures of varying heights can be formed.

[0012] The diametric dimension of each frame module is typically larger than that of
the subsequent frame module stacked above it, so that the subsea structure gets
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nodul e to each other. By stacking franme nodul es one
above another successively in this manner, subsea
W(smou/a(muaes of varying hei ghts can be fornmed. POD$G}007/000026

fossh Wg {rgglééei"r fB'%Y%?rHQ tog)actﬁﬁ?féb?még}ggg@ absoverall tapered or

cmmdakﬂnﬂﬂweked above it, so that the subsea structure
get sprogressively smal | er towards the top, thereby
achi eving an overall tapered or conical structure.

[06QQ{lﬁweTﬁ@nddléﬁﬂghhb%rofféa%ﬁeﬁﬁarﬁ& n?@&hefnﬁﬁrﬁe'm{% ﬂ"ﬁ%(d) towards

I'ted (Tnclined) towards the centr ongi t
thexeentead langitudina) gsisaof the podygoniat framiee \Aameuoeczfpeemﬂeach triangular

[ia ular fra S to,the cent
fr:%nawgl ¢ r%qseggfoﬁﬁ %ethF?j E}ggg dwf 1At ban the base. With this
arka h GéE 8AE RlachaAGiduad Frahftl Alodulea PBcamEY 'tﬁpéﬂ%@qmrds the top end
tapered t owar ds t he top end of the frame nodul e.

0 e&@rﬁﬁa@wmedy@dulmmm@wembﬂdmtnsum @ tramer lmgdule comprises

tngbgﬂ%gﬁ@lﬂ%g Iﬁ#zeffa rﬁ;?g% mc? <§J giﬂ aﬁ l | n%?q gq}%arﬁs the central »

axi® & kies framearr@un@:um endifgctightfiim Qh@&mea%d@rﬁl frah®Mrmed by
formed by the respectlve bases to the respective

thgpesspsclive bRges itp dhguiespetiiverapexes oétth@rtnamuigr frames. In other

T S e T

cén‘tm‘rﬁbongjtildh@l ads bhite framd madelgyeduhet tise fra®y B@dule is tapered
s the top. [0014] Instead of bei ng tilted, the
toi"ﬁ -frames in each frame nodul e may al so be
arranged vertically, i.e. the plane of the triangular
frame is parallel to the central |ongitudinal axis
[DGWﬁna’gaadwmfob@'hgttiltedpthettelangﬁlar frentes inzesdtafragieonedule may also
nodul e.  Frane

oo BIrABES e BT i the miars BT I ¥ PRGuler frge Seialiidorthe central

loRgRYdiNG axisaRening throRRBattd Icehtat 6F tHd Ho*f'lkéntal closed polygonal
_ enbodi nent, the uni que requirenent that each

fr@uss@db@rftamean@dubdlﬁremﬁaquues\/@wmpnwgo\femcaj tiangdldr frames

BRI 60 0B SubAEa LS W amppmen, o
uriigué reguirement ¢sait 8ach Bebssgusickame neldvls mak! #e. vdfiees of its

reason for this is that the di stance between the
C'%%i@@'y@ma frapn cobnectag doather apexas Ph the tranguiapnframes of the

fra#rrﬁg@dﬁlﬁ:Hse\‘ucegﬂgééss‘iﬂtﬁéﬁﬁ@lpg@ng"lu [y ﬁ%ﬁ@@ﬁgw@%@&gé’él%ly smaller.
THe seasomofdu tieistis thatvibeadistance between the apexes of adjacent triangular
frames in a frame module is naturally smaller than the base of each triangular
frame. This causes the triangular frames of the next frame module to have a
smaller base length, and when they are connected together, they would form a
smaller closed polygonal frame. In this manner, each closed polygonal frame
becomes naturally smaller than the closed polygonal frame of the frame module
beneath it. As the closed polygonal frame of each frame module becomes
progressively sméller, a tapering or conical profile is achieved in each triangular

frame in a direction from the base to the apex thereof, towards the central axis.
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smal | er base | ength, and when they are connected
together, they would forma snaller closed pol ygonal
wo e@maocokh t his manner, each cl osed pol ygonal PCESE&2007/000026

AT, 9 e I 850 e oo
hpuingg® nambler afwerticesasdrdspaneingodithe manbersf triangular frames of a
sk Teavae oS UaWPIG RlayUPasorHY 4 frame napdle wepnding on the
cfré%{ég\grig] THEQ) t %‘P&éo‘ BS[)@%&\I R %?(laﬁwgﬁt %‘Bmﬂr% es beams

axi s e 'Sub-sea structore also 1nc
cohnacting the! ppexes ofrwu:b telbagealar freame ngf wldlucrbfmtl)stfframe module.
vertij correspondi ng t he nunber of triangul ar

Essehife e il D goraleDg P BN v OpRroyidey a structural
shBSorft iR t@?;)degt ﬁ@ﬂ%qﬂbﬂﬁle@udﬂﬁa éﬁ@é@rﬁ?ﬁe %angular frames
use). The closed pol ygonal frame t conprise
of)@aldstqmmmettframge tnhedule earesnalf leélaum\sescruraduglmaaref wrmected to the

s VEORsgane itiad Bobisbna GamkcRmshs, buaddiion. the dlosing
péﬁy@éﬁélurf@méuélﬁﬁ{éntt Qg hﬁeﬁﬁ&ﬁé@%arﬁénﬂr@sﬁoﬁ#ﬂ\ﬁde@@ means for

that the apexes of the triangul ar frames of sa
cmpeqm\gtthe fissteplunadityl of sleevasoto thefsubtsesestouatdred ut are
connected to the respective vertices of the closing
pol ygonal frame elenment. In addition, the closing

[00a6Y ThBaubt ssuTBir@dtarealso iAslufBs b ﬁ%ﬁ??luﬁﬁﬁi/ bEElee¥e§ Owherein each
provi des a neans for connecting irst  plurality of

S@%@v@s conegied s@oilé%aplg@ngcpglivson@lomaa]e Element- ged at least a
céﬁé%ﬁ&@%ﬁﬁgp% gﬁ/b:‘éﬁ% co r%%‘%:‘%tgd%ﬁgrgh Eéprg gl%%\?ee\é? ¥aid second

wher'el n

knmdalug ofigleel/eamecenmasntad to tlclobed adigonat frameseotheiffiine module
wherei n each sl eeve of

?dpg g{) raI| of sl eeves,

8 9%| &G Q%}n%fpt&}'@m?ésfr@@ec@ﬁmtemtqih@rhévords each

sI%bOéQﬂ' tﬁ@'%@ﬂé'p&ﬁf@yopglﬁﬁs i5 EE’Q Bottom most closed
cl os rame e

di stant from sai I ng polygona ement .
polygenalvivarde, ofcthersull-sea stroctura e The corespondingi $I¢evx§s of said first

eeyv [ sqepnec to the batt S |.osed . . .
a5 T ERflES o Wedas, Al B3b I Bhasbig gCeive, in a pair wise
me@heE SPPINEAIRY of bRsY, @hich eﬂﬁéldséddré‘thé‘@db%%@clﬂﬂjcture to the seabed
pluralities of sleeves are adapted to slid

o Rrg¥ideea maans FHEUPPRItEG arniepsidesstpuctbeg. i t y of pi | es,
whi ch either secure the sub-sea structure to the
seabed or provide a nmeans of supporting any topside
[061 Tkt Weternifing7thd mutheibearr of Ifrarget Mo dulsEb esquifed f@NMBhe sub-sea

strucqlljj}eesoiraeer%l’flbrngld ;Ia?'gmte?grssg? osreacondltlons under which the sub-sea
structure is operated may be considered. Specifically, the depth of the body of
water in which said sub-sea structure operates in is important. In one embodiment
of the invention, where the depth of the body of water is considered to be shallow,
the sub-sea structure may comprise a single frame module such that it forms the
top-most frame module. Under other operating environments where the depth of
the body of water is greater, two, three, four or more frame modules may be

utilized to achieve a desired height without a fixed upper limit.



structure, operational paranmeters of or conditions
under which the sub-sea structure is operated may be
wa@ongilaened. Specifically, the depth of the borgT/862007/000026

85T BB BBk, BRI, BRTEARord gk ome frame

mddeu@lemeh fefmé heodoky aeftheatery itep cefm el alriie tasdeenbled sub-sea
?I’h%llo Fe sub- sea structure maly rise a single

siructiee.Weich & Yipigally the freme eodkie ﬁéatét%uabl@@lovvrtbwaterlme of the
t t

g@g;étf]%%a%tgp oggy Fe ‘Pc?rb% {H&%%d g)rea%f)ﬂﬂﬁ{ét O\Hpﬁé;.gg,c;hee exemplary

water I's

5 efnbxndmenhdhe tcbp-mrfst rrzohaé eﬁoc}iIHg tgﬁmimhtés lbekdmt m[eggilatefrmﬁ?e, or more
W t I xed upper_limt 1 I n

S@%‘Bﬁ %n?hféo%qr]bT%‘@i oft ecwgve. Hals iy h@ﬁe@c'@Lgﬁcause the

h?c?]}gdﬁ/ﬁém?c foRELd %{ﬁ gl?ast%%taiﬁethg‘%ﬁé@& z8he tl&%{’%gﬁ faY otr(?féapfthe surface

entire asse sea structure
of thei walerine. iy mirdmizing the suinbeabédilgsist bbamsvthahextend above the
is considered to

w%ﬁeé '5%6% Of t bo&%gﬁ Q\é%ﬁwﬁ ofthe WRNES %ﬁcinot havmg the top-most
10 frﬁm’éothGLﬁ‘lb He'h@trbf&’ %Stwétéﬂf{ﬁ%cgﬁgmfﬁghfrﬂ@dﬂﬁﬁ&% b ‘?H‘é forces

the waterline, or nore speci ow t troug
exparigincet! hyHberubesearsiryctiies maydfd aclaévdzrb.c ause the
hydr odynam c forces are greatest in the wave zone
| ocated at or near the surface of the waterline. By

[0019] In mewgmbbammbﬂrth@fstr@b{@é HAvirkea Plurdist (t\ﬁét&'?ﬁ'ore) of frame
above the waterline and extend through the heig

mogdlaga e heighd of sach &f ithey resmeow@fme madiies thaiu‘o@n the subsea

s SRR 155 40 Sl F LB "B L A 8HF Bl Bpertona

reagtiremesds. Tlﬁﬂﬁﬁt fﬂamé heodudogthieh rtypiellly ftﬁnﬁi theChakee(as shown in
ity (two or nore) of frame nodul es, the

,haV| % ﬁ'@gr aL
Figurent) of the,sHbslrugtiee. (reapea .suepwg@eatmm@cﬂmecured to the
sééﬁe@ Jhﬁnééﬂyé,e&a}ﬁﬂgcture may be equal or unequal

dependi hg on design, |ocation and operati onal
requi renents. The first frame nodule, which typically
n Fi ure 1

20 [0QZERISEBGVEY” 1h8° SO andlc Sanbnportetl 1ty dtares module

adaptédietos AaEEnbYs R Igfavity Pasexaiittre [HO0L@icient mass capable of
Al'ternatively, the substructure nay be supported by a

registing th@oﬁ]ldwgaéﬂﬁt@@%nmgnf@membmgimt@mmtw eswaves, thereby
be;f’é m}gérchggcag Cths%agggs capabl e of resisting the

overturni ces brought about by the
waves, thereby

25 [0021] In either case, whether the first (bottom-most) frame module is directly or
indirectly secured to the seabed, the second frame module is stacked on the first
frame module suéh that the apexes of the first frame module connect with the
respective vertices of the closed polygonal frame of the second or subsequent
framed stacked thereon. In this exemplary embodiment having a plurality of frame

30 modules, the uniform tapered nature of the triangular frames in a direction from the
base to the apex thereof, and slanted towards the central axis of the polygonal
frame results in an overall sub-sea structure that tapers towards the topside (or
towards the waterline).
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being indirectly secured to the seabed. [0021] In

ei ther case, whether the first (bottomnost) frane
wore@aliesoks directly or indirectly secured to tPer/SG2007/000026

seabed, . the second frane nodule is stacked on the .

first frame nodul e such that the apexes of the first

[Jo220 A dtB e hglyC Odth &y }f!’ohh bithd SIMEChEYBL VG the esubidfructure, the
t he cl osed poiy onal frame of the second or subsequent
combiratios af: KRR t@m@rnrma glong theniheighk exfpther strestbsdiandrthe polygonal

T 8 TR v —r

nmetyndegmdsaﬁf) the direetiow X thdzref A finthep effateer tHeRpeFng is that
the central axis of the polygonal frane results in an

th siametris gimensian ofieechesutisedueapBame piasiule deseeases along the
hgtbtpﬁ Oﬁ&e(gthtlétg%/@rds the waterline).[0022] Accordingly,
a 0

ny poin ng sai d height of the substructure,
t he conbination of the tapering along the height of
t tructure and t he pol ygonal nature of the frange
[Oﬁgﬁﬁ@ opesxemplary emppd thenglesingrpalaanal frameyelement may be

iXFBBY \Kl inni rl%é‘?g Eaﬁgﬁla% @Qelrﬁtﬁgqés?)ré thieﬂf%rm “inscribed”

wave. urt er e aperin
nteaanseﬂwat the:lclmemgl miygtbnaﬂafcd‘me Ldtsraqu’em efficlosed twda.ﬂdeﬂts inside the

@ﬁ ht 0 structure. T[OOZ
%r&rag?ﬁnélﬂ? NG f e(flc i) pBUQ%@'n& mﬁr%ﬂ@ent similar
t&'tﬁ@em%cr"@éfd Qﬁ‘oénﬁé%él?&&w%ﬂeﬁghﬁ ) B %gncgisban%hﬂ the closing

frame. In this respec term"inscri
trtamularrfearnecm m@llpm ﬂgsﬂemplanyeembedmnEntl, sltboggwdleal diameter of

o 080 b S S bR AT S e o

pblygbhal frane obake QPreséditigPPameondduld ®EReBBY tBe closing triangular
enclosed within the closing triangul ar frame as well .

frame; nyihineyvgh theyclesipediategnnal éwme@memiesdmmr la)fyplcally of

o 5 A8 SR80, AT ER kol Y 81 th proccin
framecraddolg. f r ame nodul e beneath, the cl osing triangul ar

frame, within which the closing pol ygonal frame
element is inscribed, is typically of a |larger

IOBPATR SRS S2a il DY SR yRRNAANP 11 888 anautr
fr@ls(@nrprau bet ¢quidklantto that of thensloeed pblyigoaatfrasienof the frame module

s't a4 gyan? from the closing polygonal frame element. In this illustrative
embodiment, the first plurality of sleeves connected to the respective vertices of the
closing triangular frame, and each of the corresponding second plurality of sleeves
connected to the respective vertices of the closed polygonal frame of the frame
module most distant from said closing polygonal frame element, are arranged and
aligned to allow each pile that is received in a pair wise manner by a sleeve of the
first plurality of sleevés and a corresponding sleeve of the second plurality of
sleeves to be parallel to the central axis. In other words, the first plurality of sleeves
which are connected to the respective vertices of the closing triangular frame of the
are positionally matched by the corresponding second plurality of sleeves
connected to the most distant frame module, so as to enable the plurality of piles to
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frame may be equivalent to that of the closed
pol ygonal frane of the franme nodul e nost distant from
wo b@7abesd ng pol ygonal frame el ement. In this PCT/SG2007/000026

1l ustrativ di pent, the fi.rst plurality, of s
ok AR B WEEY ool it B8 tcadd Gpoppd pluraties of
slekgegsng triangul ar frame, and each of the

correspondi ng second plurality of sleeves connected to

the respective vertices of the closed pol ygonal frane

I mst i t | d..C iy

19835} ASehFABYIAY. 0BG oAl S8 MRS e @ cosea
palyjonaleframepwite dault of itsrrespeoti@ vértise®dohnetkd MABOGRESponding

by a sl eeve of the first plurality of sleeves and a )
ae%ﬁ%%fp'gﬁdpﬁgﬂ%ﬂé‘me arodye. ladhisnalteynaiive pmpogiment of the closing
S b | : [ r .
pSHESHEFTRE LSRR IR o PoBBRATtaRl Serkdy e nciuce
beamsexttending fidme the spspddtive veeticescof thef clobed gobgjomal frame such

oS A b B St PPl §35 50 rame f e
PROBHFE Pn e Tt oliva T e BRygnrame o o

~framet madulevraast distantettom tthe rclesing polygonalnframec efeinent. In this

alfertafve, Sodhordat. “esiet alaliv Ohslpevi! ek inectiss o the beams
extehdBgndoni ABECHSER BAIGHoRAI Frafnd eo‘%‘péﬁéh V&o¥iﬁggt)8%onal frame

connected to corresponding apexes of the top-

elema. nodule. In this alternative enbodi ment of the
cl osi ng pol ygonal frane el enent, the closing pol ygona
franme el ement may al so i ncl ude beans extending from

[0026] AsspeaitherealahbtivsSegéh bhenes Ifpsieglupdity IFrsievdsaiRiy also be
such that its dianetric dinension is again greater

synrpsitachiy @ ekl f orspybermswhare o @h@epﬁh&%@eﬁgra argngonnected
oS E U i kool Pl PR 0B romatnin

bedmds mgnpetteddna vertexef ¢heclosed polyddna famenfi#ie frame module
e inent, . fhe first plurality of sleeves is

d'Eeg‘R&g@In(g‘ﬂ S?Bjt gﬁ@"%eams extendi ng fromthe cl osed
pol ygonal frame of each cl osing pol ygonal frane

el ement. [0026] As a further alternative, each of the
[0027]sAs gnentionad, above,| eashe framey naddude beclsdep @ttleastbipree identical

o B G50 18Rt b i PEe e, The
triangiiae hamds mew ) ikoBtdles aslilbbstal, &@@aigheN dight, obtuse or acute with
each triangular frame being radially spaced (or arranged) around an origin (central
axis) such that their respective bases combine to form the horizontal closed frame
around said central axis.

[0028] In one exemplary embodiment, three triangular frames are used in the
fabrication of the frame module. The three triangular frames are arranged around
the central axis such that a horizontal closed triangular frame is formed. In another

exemplary embodiment, six triangular frames are used to form a horizontal closed



beamis connected to a vertex of the closed pol ygonal
frame of the frame nodule directly bel ow said sl eeve.
wQ 0@2/ipoAs nenti oned above, each franme nodul e POTBGZI®Z000026

Bl oy, BB e Sl s s

triangelag dtamied Wilhiss desotited ingpear estaiksslbat er al
scal ene, right, obtuse or acute with each tri angul ar

frams be| ng r adi aIIy spaced (or arranged) around an

[092 I%It‘lo?{r%r 51’?mrl zon{@t cé'ﬂe?elﬁnp%ir@ bﬁﬁ}?%? of Yriangular

5 fraraesl alednheabeand lsnnt[t@@ﬁ@huhbsaraﬁ sideadiite emzedi poNdonal frame
three triangul ar, frapnes are used in the fabrication of

M d1aviea k€. i (OEZORtRE Cloged PalYIQRY desme maymbs aunesided polygonal
fré%'héapl%%ﬁ'n g&g;ohaﬁfrﬁﬁ'@ﬁ mé‘é’r r{‘n éﬂlof'iSId?s is advantageous

hor | zont tri angu r ned
aartbehmrceseﬂmtaase eaxecdd ment thslwtisreaarngbwref dageto wave and

o e o S VoA B A s
10 d|§ﬂrﬂ§uie”d eog'ubarar éra blé'l’ i tﬁﬁn@ﬂércﬁ‘apr‘raéi‘.l {/\Pchﬁ"lr 88LR frame module.

detai|l bel ow. I'n genera

Flﬂrﬂwﬁmfecwavepped hydmdyrtannltﬁeadmbsr alsb t&dmguharthe changing
1Ls nce no limt }_‘ nunber of sjdes that
el TR Sl 8 Wiy prodiest b pheder@er minSan ! iUt frames in

eévhrfréﬁiét ﬁiod@l@@@@s RﬂitY;ﬂﬁgéht ércﬁ‘ﬂ‘ﬁmﬁﬁyla%aﬁﬁ%rﬁ ﬁ%‘ﬂ is completely
po onal frame. Having a polygonal frame havin
nqrmaé the see dfedtionesei &%ﬂlbmbeag‘émmamst Maehca was'e is normal

t a Q subs a struct
15 tord oo U RubeHa Bulstis At B RN Rl BFVinbcaboliaepal frame
witmamgﬂwmmbbaaﬁsidés‘lcture are distri but ed over a
| arger nunber of triangular franmes within each frane

nodul e. Furthernore, wave and hydrodynam c loading is

m‘gjol %&E}(ﬁgg‘%‘g@@ dﬁr%ﬂectﬁaf‘ ar 3 ﬁu%é,gcé?f(g(?%d)%gwé%pgl frame of the

r&fmanmsdwla inclote$ raamaasmtlndeemdimduaﬂdcieamesﬁntheaemﬁmmant where
ane t to th

20 th%?rlj I%lp Jfrallrne lsf}?)ﬂ‘gealj et ejn%lé cﬁj%&eqmna rs,tdo@qugal beam
m&P batd Bé?seabééﬁe(t%fse§ henhs L#Qm%ﬁﬂn?t&vk%%é‘érﬁﬁc@él‘hhbﬁﬁve one of their

m ni m zed by having pol ygonal Tranme wt
engdgngéimnesied itgeeither owd)]ofetéxehbam ebﬁgum,asucth athat tfhmtremalnmg two

beaﬂ{sngxt%%tthgﬁeﬁor?ﬁ %8 nggpeoc?|v¥%§1ta| encrjéa,l %‘? sald rehr%alnmg two beams
intersect opposite said base thereby forming the apex of the triangular frame.

25
[0031] Alternatively, each individual beam of the triangular frame, such as the base
beam for example may also be formed from a plurality (two or more) of further sub-
beams, which in combination, still connect together to form the triangular frame, as
described earlier.

30
[0032] The cross-sectional shape of the individual beams that form the triangular
frame also plays a role in minimizing the wave (drag) forces experienced by the
substructure as a whole. In this regard, beams with inwardly increasing cross-
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frame nodul e includes at |east three individual bearns.

In the enbodi nent where the triangular frane is forned
wo canmitodonee i ndi vi dual beans, a first indivi dupCT/B62007/000026
sBBiorRf Fehé m S : r i N§-NG beans , .

eachﬁavg oﬁ]zalgi)% t %éé‘?(? %%es' %'Xn@??&@'\’@“@%ﬁ@?ﬂseﬁdﬂ@rt“angmar
freneshmay beaf) a saross-sbatoridheareg R i gircwar bﬁ’%’ﬁ@ula,r,d rectangular,

xt.end t herefrom , The respecti ve distal ends of sai
eﬁ'éhgé}rﬁrr?d’yt‘?%”%@ﬁﬂ%” ﬁ?ﬁrgP tEX3MI8i t e sai d base
thereby form ng the apex of the triangular frane.

0&)0031] Al ternatively, each individual beam of the
[00BBhAgunentignethearliendheamibt$en Smsetukeaksof includsspiiret and at least

| f d_f ‘ural i f
a]{@} Eﬁ%@?ﬂgﬁﬁbse%?g‘% B\'Hfag'ﬂ]y Sﬁ% 5 a?lwfﬁlp tg@gédigﬂoe%g)rmgcﬁrst plurality
of efrivBemh Eérd@?hléétédf WRAGH ki J&%Wg@%ﬁt‘fﬁéﬁg%emem, and

earlier. [0032] e Cross-sectiona
PlioxiMied trlthe ecaniral heatis.f bemwithin tthe aclgsingr pblygoralaframe element.

; L0 nnim zi ng the wave (dr faorces
SR, i R Thend e Desnpedd Seoand trafty disiesves are aiso
coregted withinbevdléded pmy ' \ ' i

areas_ may be Ssed. peci@?!‘%lg{’ﬁ?%fﬁﬁe@?ﬁﬁ{e\?ﬁgggfét‘gggﬁ@stantfrom
ther closing mokiegarhiframanelemen). Botfthe firsisand esddondapluralities of

ARGt el | o
SI86 s, WAED' Corflectet) 3ok ROt epms it b ecufiisanty space-apart
refddB8hipAsomesvierp Deér eitdvieasT théi Pespdtive PIGrhlitied ur e

al so includes a first and at |east a corresponding
second plurality of sleeves. In one enbodi nent, the

2415, wadi, t fe n ted within the

OG0 300 SRS TRY A5 A BB cocond

Plerality af sleeves maye bevidriniestdden drdsdyondPpleygdidher) A8id closing
in this enbodi nent the

| . Siml |
Pe ‘%@E@H&é %@é‘&%“f‘f&d &”U?%B?Y‘%Fdofhes PeERkerynfethgl desed polygonal
frapae nf ahe dramhé fﬂhéﬁdl@,eréép‘é%ﬁ??lgobé%&‘)e ftlﬁé‘@%e‘?fesé&ﬁﬂgp respective

frame nodul e nost di stant m the clbsing polygo
plyraliies arealenin apaqguidisiant andtspaced-apartmelgtionship. t i es
of sleeves, when connected to the structure, are in an
equi di stantly space-apart relationship fromevery
L0085} Shes biremgemient beithe [AoaRE iascdbatlad bbste, 043¢ lsuch that it
Al ternatively, the first plurality of sleeves and Its
pegyits é@ﬂ%ﬁ'@?ﬁés $e slidrplyraseivet i apai wiseewansgr, eeplurality of piles.
In ' Ly..of said. closin .
OO egar (19 Rt e of SRGREL LAY R kol esPPhdinGiesstpngmuraiiy of
slesves roay | lus edrtimally gigaled with each other. In such an embodiment, the
piles received by the respective pairs of sleeves are also vertically aligned with the

central axis.

[0036] Alternatively, the plurality of piles may also be received, in a pair wise
manner, with the piles being oriented at an angle from the central axis. The piles
may be received such that they form a “teepee” configuration. An example of such
a configuration of the piles is defined and described in US patent application
2006/0237600 A1, for example.,
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frame of the frame nodul e, respectively. As above, the
sl eeves of the respective pluralities are also in an
weoquwrdi@sant and spaced-apart rel ationship. [ORGBERGHI0@000026

t .of th I d bed
(0B ZERE G RPerlls smbpdiiante tis, FuEKES /baY (B SLAF cages piles that are
sI‘i Y&ceiléd dyPer sih-S8a EMARRIre. fn Iﬂ*\lﬁré’}hbbw nfnt FWH\&% three piles
In this respect, the first pluralit sl eeves and

are @ceotede@ﬁwﬂd/ieﬁ&gcaily@@n@ ap‘tteﬁmaa”togant};gur@meevﬂr@ grnyirai@ of the three

P Bhfi o o 1 3fle 6ok B eBh] Framisle EBF T Poms, modecs) are

c@nﬁci@ibﬂev'ﬁﬁlsafe@tmeséllow farcilel secrlldroasd uMifobmt Ibading of said three
central axis. [0036] Alternatively, the plurality of

veyiticakpilasy Asidgiongdy.ria dis\arabodiment, RN ong.s¥ atesfiibp three piles may
be‘”dﬂ'loeﬁ hﬁtoﬁhle%ﬁeﬁ@& nlgla\? l'n %Hé?gp %os@ @ée%/ ﬁn&f ‘{Hné{%%{%me modules

traI e recei such

of mmtmctmwﬂeblmiﬁamrt@tthe piledninethimispeof, itshouldbe noted that
configuration of the piles is defined and descri bed in

typisalyc dhe hgiom -&rmtofﬁameomo@z?mcﬁ; tke, fragie module resting on the
| t
SEAE, i} Y SEhnofied fBlGH & A RGIRR ko o BISt LS b €

t he sub-sea structure. In t hi s enbodi ment where three
are r cel ed ei the rtic or_in
[083#}9 F’“gQPH?T nat et"f’ét O8Rt P'Eﬁ 8? tﬂﬁga fli(r%fepHﬁ??r é&éajﬁg r??%VGd pair
w%re' %pr’ch@fﬂréth&'lc? kes&H gmtréﬂﬂ[%'%i d sffléé\Féas( Ras fséc'ﬁSnftﬁér‘é%f protruding

e(s) are coincid eature allows for
thre@h andaadending cabmvtadh&w@edhesm supgurbtopsides imilmes This is in

iS5 WRGHnErErERREa! fimtAna he BCHHRD o AlRS SR S fEgfiding above
tHeoRHichithd, R ddyripegtearifr. wnererg smmﬁy R bF ﬁ‘a@SPe) of piles protrude
nodul es of the structure sl i dably engaged to t

afm\raethe waterkine sedd plugality jof p&mareja@eptﬂdtt@dnqaﬁatsubstantlal amount

01]I¢ %irg*m% { |6£bfin§ Q}Jeofg ﬁdeef é{d;@igg?ﬂ%@o IH K& nB{eed[ théit the frame

ule"Testing on e connec
miodule idosednet beagiathynaumstantial vévtical lesl b[uOQBﬁbaﬂn is adapted to

eneral , at | east one pile of the pluyralit
sdystenially beardalaral Igagsrand e rapgmitreald laterdl g dgea@i'u along the
R o B B RN S e okl lenpog, T s possive
as dhe u:ppooft the);sebem stracluire i(bs. thEhickosing iframé r&iement) terminates
t.he t?_ﬁnce t of m

Lm zi he nunber pile
ooPl: AT 486vad helofi i Ipfieh 16T e dhe RianSe b g opect, and
siMBe tise dyBradynlahiiY folces e Y Max@huRi bEtdERFacEIef the water line,
significant reductions to the forces experienced by the sub-sea structure are
achieved, as the number of piles or beams penetrating the waterline and extending

through the height of the waves is minimized.

[0039] As mentioned earlier, the sub-sea structure may be formed from a series of
individual frame modules stacked one atop another or as a unitary structure.
Accordingly, where the structure is a series of the individual frame modules, the
individual frame modules are fabricated in a releasable manner, where the apex of
each triangular frame is adapted to be connectable to a corresponding vertex of a

11



above the waterline, said plurality of piles are
adapted to bear a substantial anount of any verti cal
wo o@dit4due to topside facilities. It shoul d PeT/aG20T000026

e fr ul e es not bear any,substanti
rbefohdr oidsa” peshE Bkl A1cble bl SORLRG: Bxpmples of a
releasablat giadhet O~ EBNABELIG indldds Bottingidt Aldr8a@ely,0f@Suse of self
axjally along the individual beans of the triangul ar
'@thW@sC%ﬁ@CtOéﬁfafpagxam@leseabed. This is possible as the
top of the sub-sea structure (i.e. the closing frane
el ement) term nates bel ow the water |ine and bel ow t he

5 [0048) Hitelrratblelnf whbee heestrudtard he sfoffegeas , a aneltasy N&tfucture, the

.the hydrodynamc forces are at a maxi numat the o
'@tﬂwﬂa 'efrr%m'\étfﬂ%d yigs are coprected 4o pach sther yiecior®ras single entity, i.e.

thé f?néiQiH&%F fEnRe fmS@Lﬁnggngf &%iﬁ?e%&‘é’d S50 LY & ﬁ%-releasable

achi eve e nu es or béans pene
marmeratrethis mespect, ewheawibasgbichmarglers v dopingbtiowfindlide swaging,

es is, mnim.,zed. [0039] As nentioned earlier, the
V‘Eﬁ%!‘g@&déqrrgfemw%c%%%xwp rmed froma series of

10 individual frane nodul es stacked one atop another or
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as a unitary structure. Accordingly, where the
[09dA ] dn ancillustrativeeernbedinierttiod thagiresehtahvémtione the dwbdidar sub-sea

R A 1B supPoTGr €% (TRl pratuetaeh i higelves fve frame

mdduEs. | Badt @i nhdd e &ﬁﬁﬁﬁé‘ésaﬁkeid‘éﬁfié?lcﬂfahﬁﬁl%ﬁ’"ﬁjérﬂgs, wherein
vertex of arespective closed polygona rane~in a
epeh &angliagr freinadas Ehasplond aif apex eppasitdhtesaidrbase. Fhe bases of

' ' | t] I tivel t
U RA AT TS B oBfecth B SBERTDREF a7 R to form o
hétizentalatlosed Yiexagsiat fidhte. EadHtiahguia? ffzh&®H1RSfrAme module may
unjtary structure, the individual frane nodul es are

beoifife b AN eceiR RNl dewyds $1e wentrel Jongitudinal pxip, of the frame
mod®ie, [drGt W é @Hﬁlcaﬁl\zl%gfggggﬁuﬁ'ﬁé %fe“?( W%Q(?rﬁl{rga%gwar frame of the

each other 1'n a non-r e manner. _ _
framspmot ulen snadapted Salive corneetableofo a wonesspoadingnedrtsleof another

swaqi wel di ng and/or grouting, for exanple, [0041]
e oS Porsbri A heh suBTSquet fabes Miodule Stackéd therson.
i nvention, the nodul ar sub-sea (level) structure for

supporting an offshore production facility includes
[OﬂﬂgﬁThiSa strative eembpdirhetr afso rindiutles canplosings heixagonal frame

AL L S ST T —

tridhgularsemef wherein the apex of each triangular frame of a top-most frame

module is connected to a respective vertex of the closed hexagonal frame of said
closing hexagonal frame element. In addition, the structure also includes a first
plurality of three sleeves, each sleeve being connected to a respective vertex of the
triangular frame of said closing hexagonal frame element. The structure further
includes a second plurality of six sleeves, each sleeve being connected to a
respective vertex of the closed hexagonal frame of the frame module most distant
from said closing hexagonal frame element. The sleeves of the first plurality (all

three) and three corresponding sleeves of the second plurality are adapted to
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the six triangular frames are connected to each ot her
(end to end) to forma horizontal closed hexagonal
wo c@nmaocolach triangul ar franme of the frane nodedESEEN7/000026

i . at .an_acute.angle towards t central L ,
SRR rhERNET 16 240 St Thfne Tialas! Tofes gy spig plles being
oN&rtet Grirblel a6 tifne@stral EBx@s.apex of each triangular frane

of the frame nodule is adapted to be connectable to a

correspondi ng vertex of another horizontal closed

OBASPIREVr RS e sEPRE S0k AL RS oF <BEE may et
reinmasih st ptyeorciheyi may Ireotad aabitiohanpiled 8128 Hre GPRRA R0 e seabed.
a cl osed hexagonal frame inscribed within a horizontal

The jadeifianal MileanBowar enay ek aexgend dillveaver the antiel length of the

OR: [P A : ae . .

St 898 sfhofrb SRAEe et ARTRA 1185 e BRERSHPlock Rofferely securing
theafrane aabdgleh éxtigstatorfir e cbdmn‘?rﬁexa!gmnaddidm@nelemt to the

structﬁhe al_si) includes a first plurality of three
seghad, eihepraidlvs9rads @ sligehle ergagammert.- t o a respecti ve

vertex of the triangular franme of said closing

hexagonal frame el ement. The structure further
[0044] indbe abovedtustrabive renhbadimeht siaxingl feeviesmeanobiules, the first and

sl eeve bei.n opnected to a respective vertex of the )
Sea%‘?e‘ﬁuwi'%ﬁg ShsleePs s pnpRetefaliag M aPEPheRtand at the vertices
gt @ bofoIHes bfRQ f t
O e o bR KEA0g el e, SERIFR, and e closed
hexegpeshtiatienfurtiestirem tfe closingebexapaialifranid glement, respectively.

BN, ) 080 B e e R e o SRS ot i

eduidistamtigespacad &ydre relbﬂ@ﬂs'ﬂi?mﬁerﬁ @BRhBERE folthReclosing hexagonal
sl eeves of the second plurality of sleeves may eitheér

franageglemenb epd dhe taispdragxaganal dienel of the framepmastule meest distant
. . tianal bles
frft i Blokl bk R M s BPEUNEER: i Pe Tangt n

of the sub-sea structure. Rather, the additional piles
e restricted to nerely securing the frame nodul e _
W‘%ﬁt&%@%% ASRPEhE! epﬂ‘?ﬁ?"%é%&%@?&] relatasetiepENRiithare production
failig. TRBRSShofe gﬂf‘ducfibﬂ'fﬁéib{tg%cl\ﬁﬂéf % HbUARRsBb-sea (level) structure
0044] In the ab e

engagenent .. | ove ITlustrativ
hayingb dileentandaai platibime uhitandhereitu thes , platierni i urst isndounted onto

soBSRHL P M LTl SRR Gh B B e Wl hement,
thebiledeubbmtialy bexogsrtiahl 166887 (1 PrEROrm @fiflahé FrafsAishid loads
to the seabed.

[0046] In this aspect of the invention, the sub-sea structure as described above is
substantially independent of the vertical axial loading from the topside facilities
such as the platform unit, for example. The vertical load passes directly along the
piles to the seabed but not via the sub-sea structure. This separation is achieved
by ensuring the that the top-most unit of the substructure provides only lateral
support to the pile by means of the sleeves that closely contain the legs, in a
slidable manner, as described previously. As such, the transfer of vertical forces
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hexagonal frame furthest fromthe cl osi ng hexagonal
frame el enent, respectively. In addition, each sl eeve
w@boorhesofid r st and second pluralities are al so PONREmDEK00026
in ap equidistantly spaced apart re| ationship when .
fre%*nné%ttgdsg%ﬂméura 6% | Subsiushirial P dfeall BRiHY Peamitied. The
cdrﬁ’céct‘-‘ér@é%tﬂ@éﬂ%é‘%leév@aé@ ik gilkg fafﬂéﬁ'ﬁi Finl®dkr to minimize
di stant fromthe closing hexagona rane el ement,
theeksarafer o€ bgndinGombments filoen tiwes pegrto tHe stibstpuateenand vice versa.
i.nvention relates to an aff.shore producti.on fagijlity. .
THieSehe Vi Gk SIe¥e: | Sa5PFRCA ualdng Giile) spbbort and is
5 dési§naeaucheialt )is SAdaL gt Go W hPidpiifty tBNfladsl &rf Ridkive axial
uni't, wherein the platformunit is nounted onto
(vedinal)daecastintcher isomdbempiless iesbagtivedpve the waterline
of the sea. In this arrangenent, the piles
substantially bear vertical |oad of the platformunit
[004T] [ 66 RxEmParg erABEGinicht idiehs ro@sLtionORe iy, [tAe toMtform unit is
aspect of the invention, the sub-sea structure as .
adrided te earmiuld @il ands gas exatoratiany 1 ki mxemplaryoembadiment, it is to

' ' I ' ' acilities .
10 b B56keRl i Mo cPAMAIE P b S, AREDEE B Hhbdqyiment, and
pipe ddngisg efeadur€s in drdek e aitr eupits Besighatdiefupetdesl but
not via the sub-sea structure. This separation is
achi eved by ensuring the that the top-nost unit of the
r r OV I : jJ
[OPASRY elel B, ) S5 LB RGP BP e YBrRLS At of the
preseat #vetdibhe thanfodlowiras exesplatye eénfboelrnents yare Alustrated in the
such, the transfer qf vertical forcesfrompjle to .

15 achiHanying, EsRos apdare despdbed naeatardiatal belaw inapiyich:
permtted. The contact area between the sleeve and the
pile is also mnimzed in order to mninmze the

[0949]nEituire df shwisl emperapedtivesviéwaharhexanaplary entbediment of a frame
m§a§ fructure and vice versa. This connection, via the
ve, is in essence a "sliding guide" support and is
desi gned such that is does not to have the ability to
transfer or receive axial (vertical) forces into or
20 [093Q)nFighEe 1A showsea puicelraapynerppedtive vigwoaed sidenyiew yof a frame
di mrent of the production facility, the platform
unit’is adapted to carry out oil and gas exploration.
In this exenplary enbodinent, it is to be expected
t_the platformunit may be equipped with drilling,
a0 %Hﬂﬁ?,#aﬁm"ﬁ (Fe PREFRAGUNG w_@ws&?? 0 ieHeBIRiY pebotiment of a
sUbREGYeUrarhk mE8Te ¥dRheE U8 Y hVous frame module:
25
[0052] Figure 3 shows a perspective view of an exemplary embodiment of a

closing frame element unit;
[0053] Figure 4 shows a perspective view of a plurality of piles;

30

[0054] Figure 5 shows a perspective view of a generic platform unit;

14



[0048] In order to aid in the further understandi ng of
the various aspects of the present invention, the
wo edoavdomy exenpl ary enbodi nents are il ustratedr/sa0ntve00026

anying draw ngs and are described in greater
W@%Pi?:p shewshiec iPersrrsdive Hieyuraf ansass@mbly sequence of an

enbodi nent of a frane
B RE St B o SR BRIl CE e per spect | ve
vi ew and side view of a frame rmdul e; [0051] Figure 2]c
.a perspective view of an | ary enbodlrrent 0
10088 Bidifich SF Vs Ser B r i YR CatB RSP TEbIgR SWeBIRAry Smbodiment
5 of A2B-d@ROsthstule052] Figure 3 shows a perspective view
of an exenpl ary enbodi nent of a closing frane el enent

unit; [0053] Figure 4 shows a per spective view of a
sho

o575 Bl B SRS 5 kP TEhof sPrguBiepy epodment of ar

oﬁgm%rgdgmm@"@prspect ive view of an assenbly
sequence of an exenpl ary enbodi nent of a sub-sea

structure; [0056] Figure 7 shows a perspect|ve vi ew of

10 0BBpTETGHRE & B S e orda Sy Spiramdi ot Flburs uring use

in2d bed e P hater: enbodl ment of an of fshore production
faC|I|ty 10[0058] Figure 9 is a side view of the
exenpl ary enbodi nent of Figure 8 during use in a body

oBbst iy 195hefig e ok B0 MR- MR LRt P raure o
dufingvasein adodyh WwAe§@ndFi gure 11 is a top view of the

exenpl ary enbodi ment of Figure 8 [0061] Figure 1
15 shows a perspective view an exenpl ary enbodi nent of

oBBOETRA 1 P’ SR8 By AASHAFS Fldre
made up of three individual beans nanely, base beam

[0&&’?] ?{lﬁ.re 1 shows a perspective view an exemplary embodiment of frame

module 10. The frame module 10 includes six closed triangular frames. Each
20 triangular frame is made up of three individual beams namely, base beam 11a and

two other beams 12 and 13 extending from either end thereof. The two other

beams 12 and 13 extend from both ends of said base beam 11a to form an apex

16 (singular vertex of a triangle opposite the base beams 11a — 11f) thereby

completing the closed triangular frame. The base beams 11a — 11f of the six
25 triangular frames are arranged in a horizontal closed hexagonal structure with the

apexes 16 of the respective triangular frames positioned substantially vertically

above their respective base beams 11a — 11f.

[0062] Each apex 16 is adapted to be connectable to the closed hexagonal frame

30 14 of another or subsequent frame module 20 (not shown) stacked thereon. The
diametric dimension of the closed hexagonal frame 14 of the subsequent frame
module 20 (not shown) connected thereto is smaller than that of the closed
hexagonal frame formed by base beams 11a — 11f.

15
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20 [0867hhigaurea’os
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two ot her beanms 12 and 13 extending fromeither end
t hereof. The two other beans 12 and 13 extend from

whoedaoh/1eqeds of said base beam 1la to form an ape®T/362007/000026

(singular vertex of a triangle opposite the base beans
11a - 11f) thereby conpleting the closed triangul ar

Oﬁ)%g‘ﬁ'\g gu i ShePLRamRe hdtule ]@Elf,lﬁfag '3 §éé‘v > 15, Each, of the six

tri rames are arrange or1 zon closed
sleexagdrﬁalls soated wat ea wotrespbediag evertex1 6f die tclused hexagonal frame

R EL S e A e SR OSB3 bl o P
tl'i’elélee{/@Q@]engéQﬁ t@@%s%%éa?n@%ﬂttﬁg dtﬁelbﬁe&ﬁgnfécéﬁ@'ﬁ meet at a

to the closed hexagonal frane 3 anot her or
junetioe ubith isrtheweresunfehe algsast hekag&m)al sﬁnaamk)eahd said sleeve 15 is

SRR el 15 oheS R bWE RReRedine #ufhe BRLpears 12 and 1.

(not shown) connected thereto is smaller than that of
t he cl osed hexagonal frame formed by base beanms 1lla -
[0064] Fieng®) 1Anshais @i wireframe perspectival view iandl| sudesvnswxof a frame

th |
oREERL3 s e 5L A RSER, U, B ed o
sikariaBgully fiahted GE@:fbﬁerﬁ‘guﬂalréframé lihclud&s $B¥e inlerhBér 1a and two

enbodi nent of Fi 1, the sl eeve 15, ends of two

ofhes eneselars 2mand @ah@xte@@lafm@ztr@h@nq!@fﬁh@tbaae nember 1a. The

s 2B LSS50 5 Bk 8,61 P SHaRIEF AR, ovost
thehbaeeldaenfoetrv\ma bEseh befatiee ahd tidreguddh aniieaake jdedtivhl and are
afragpdatpiidn Sral srscoaains By hel alersastion afibe 569 X and Y-
VENSTBTEY B B (RIS SR 151 1

emma@ey rrenttmdlmanbndhev\xsnot triangudarbefram2s  aard &metma(ted to be
ext eg 3 E)er en o&@ﬁ e base menber. la. The
PRED Pgaf Og\'ﬁ%c efl RO, "88'% or m an apex 6a of the
triangular franme, opposite the base nenber la. Each of
the six triangular franes are identical and are .

gﬁwﬁ ée@ﬁf%leC&XGSVIeWemﬁt ad Byemplary embodiment of

SURSBRE! i ok, EAY FodE o Bl Fotwaes o
tnbngular ﬁamnﬁamhytnan@ol@r franis mblmle@a(bése degmi ﬁa’ny of base beams
Z{qr g-ggif. @gﬁé?té‘e}rﬁg{é& Eez fegapgl_r: dhla(\:/lél tz\a/s;o to’tohetr beams 22 and 23
extending from both ends of said base beams 21a — 21f to form an apex 26
(singular vertex in a triangle usually opposite the base beams 21a — 21f) thereby
completing the closed triangular frame. As above, the base beams 21a — 21f of the
six triangular frames are arranged to form a closed horizontal hexagonal frame with
the apexes of the respective triangular frames positioned substantially vertically
above their respective base beams 21a — 21f and have a tapering from the closed
hexagonal frame. The closed hexagonal frame of frame module 20, as formed by
base beams 21a — 21f is equivalent to the closed hexagonal frame 14 of Figure 1.
In other words, the closed hexagonal frame formed by base beams 21a — 21f is
connectable to the respective apexes 16 of the frame module 10 as illustrated in

16
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[0065] Figure 2 shows a perspective view of an
exenpl ary embodi nent of subsequent frane module 20. As
wa@bwvagcothe frame nodul e 20 i ncl udes six tri anpol/a62007/000026

Flae; TR EDsbh RS0k faEr2d S Sayubegauonaimme module i
a%bfslﬁﬁmhtdﬂl@é{ eohiéctet he 'thé’ﬁﬁ@%esz% 6?‘9162f3a|ﬁé {@BS‘UIBQZJ rom

bot h ends of said base beans 2la - 21f rman apex
26 (SI ngul ar vertex in atri angl e usual I y opposite the

obSBE SRS 3 P4 ISP AL e DB O3t et
dmﬁnéthe darrventsrolnaﬁlgéé@h dubsBBEeR Slod&d m@goﬁél frame ﬁ)frmed by the

cl osed horizontal hexagonal frame wth e apexes o
r%%?@CP\é%B@%ﬁq veams dhdalar11f ands2pasit 2thecig less than the closed

BRI Tidthe Dy ﬁﬂ*a'vf’é@?@*@eé 4 75 SHRERE RS degree in

Figuraghihé aberes 16 Bl 26 @S@dnlﬁ@mﬂgwﬁéreﬂf TR @Etlfréfﬁ'@he structure
base beans 21 21f
'Sgﬁ%evil“é?r@fﬁicg"k'%su& Js%’ui w&k%dﬁacprlbeddnﬁnqw mtambglnve

In other words, the cl osed hexagonal frane forned
b base beans 21a - 21f is connectable to the
[OGQE]oElguree3a$imm al evpddtivel viene olfftatiweﬁ(eiﬂblé?/ embodlment of a
ra

d Fi Th | osed hexagonal
olbpinf b5 clefisut i nfhe, dlesnes e | omesh ahoanadated to be

cafheBHBIE &b 9He tr@sﬂeﬂﬁlv@ 25 &ho JS Fr?ogt {@ﬁg% 'H?g@ls r[%/Rlch may be

[0066] Essentially, rane no
any pigviquscitampt motiale mbeoroﬂm)MrrexambIEpﬂachmuné 3ethstlosing frame

elé}é@%ggpﬁgéhg Stog)ggﬁé ar?ﬁ%cli to Iflef aaﬁ@ﬁg owrzqfr}arqes,module 20 via
a bmedtﬂ"@@gbhél fameesh. hﬂ&ﬁ%‘)@ﬁboaﬁ’éﬁ ﬂfeeEIEQéJ?%éxbgonal frame 31

ccordingly, and as shown to a limted degree
%% Gloé"m fr ame elparat 30ds insgribed avithinuaitfiangdlgr frajmeram
This feature of the structure is better illustrated in-
Figure 7 and will be described in nore detail bel ow

[0Q&B]cTHe FﬁnzgngL&aBfmmzalspesmﬁllw@qL)lllaﬁéﬁfapénanls formed by three
exengL errb d| nt of a closing frame el enent

rmaednith the qlgse&dagxagpr}ab fiigene 31 of the closing
frefl‘fﬁ@réﬁém%h‘t %Ot QUéH“ﬁmétesb%%‘?tthé! Sr&RE*EF b rams HI;{;gl aéurl frame 32 lie

frame nodul e [wh be any previ ous
withim tbe same mlaneei'dile?ph/el]tlce*snoﬁ:t@ucms%dt hexagarsd fiame 31 of the

clJé@E@%'gggrﬁg ﬁg‘o %ED?BE%%Q? qgegrt'lggg}hgatframe 32 with three
sebaveﬁe bRAmd 336Rte3|amd frofthfe& TBARELE B the EBSeA/HEXEFonal frame 31
to rég?’(r%ggggclimg rvaerrrtlleces of the triangular frame 32. The remaining three vertices
of the closed hexagonal frame 31 are coincident with the mid-point of the three
beams that form the triangular frame 32 due to the hexagonal frame 31 being
inscribed therein. It is to be noted that from the described arrangement, the closed
hexagonal frame 31 and the triangular frame 32 share a common central

longitudinal axis of rotation.

[0069] In addition, the closing frame element 30 further includes three sleeves 15.
Each of the three sleeves 15 is connected to a corresponding vertex of the

17



of the closing frame elenment 30 is inscribed within a
triangular frame 32. [0068] The triangular frame 32 is
wes®enovdoad |y equilateral and is forned by threrChear®7/000026

gl e BnuY e amiodiiahe ecsieead aierniegsaly formed with

tHeoriBingOr frapfees 3 of N Eoking ﬁdrﬁé%ﬂ‘uéﬁtf 36.9MR tl%ée{' her noted that

W thin the same plane. The vertices of the clos
inhEis gorkadimesatrthes disianesearchnggmgnt aadealigheranitbet@eandhe three

L t [ I f 2 .Wth th
SR TS R ek B PHRl L TS R AL DRt 0 ottr
wordss efle thrarg sleales MBTBf He Ichosie FRIRORIBMAENY A, | £ EfstYPlurality of
the triangular frame 32. The remaining three vertices

slgevesicand dyeg ¢ictoggeiagres Manef theiframe meidule aeost distant from the

o8y T gL s L5 B ETRaAAF B ity of s
areeverticallysalignedd therein. It is to be noted that from

t he descri bed arrangenent, the cl osed hexagonal frane
31 and the triangular frane 32 share a common centr al

0 ODPOP eyt Al i Sl R0 0 e s

15

20

25

30

404, oflle antiSd0Eacd offsuffictetthicagtis te ks tfeeve tOBRECHAMe module
trtﬁ atﬁco”tﬁmép ndi ntgp Yert ex _of thetriangular frame 32.
furthestiremeths o staa Polygnnal fragecglemenirta 3 pemgsranding sleeve 15 of
2 (R gihicoriah S MGHLRL 3] HTonth eRbmpliy ofiBbdifhent, which s
degeribed rib gieaten detdiklatiers saitcpilesad0and@ivand 40w even have a section
alignnent .between .the thr sl eeyes (15 corresponds, to .
B FPhiRG & icvebevont T slaaagdapaaemeDt Sgnfor Supporting
topside flo&@é.@'\ﬁ/’hei'lhtﬁ%a_t ;5’1[6%%?5,%?’[? %n%154@é laﬁ‘é‘ %oﬁh%ﬂr? gtto‘;]t:hggf‘;éspective

element (i.e. a first plurality of eeves) a
slegvesntS 9 dae diame raedulael 0 anddheudesing rfrasne dilemant 30, piles 40a,

' e t i.e a at |east .
od 80 40, LA S ELEETRI 180n w88 Tho s aca
40ke randc d0kymalyi béeéithérlofc)gsﬁl]eriﬁiygéhgaéedsftﬂ\/\félid?ab_P(1 engaged with the
persgeétuéﬁ view of piles 40a, 40b and 40c. e plLles
COAIESPONgINg-fiee vRsc 1,08 the frapre neideias 1@nijewever, thapilgs are always

slighBeh J egfwﬁh fh@ SR dRAY 5 of 1Hd EB%@@L%@%(B@J@AV@& ilég&nent. The

pol ygonal™ franme el ement to a corres
efigictsrot this immannes| of gngaigementbetivesr the 3les landothe various units will

beGR e TeDaP il SheIowon and 40 cven have a
section

[0071] Figure 5 shows a perspective view of a generic platform unit 50 having a

deck 51. As mentioned above, a section of at least one of the piles 40a, 40b and

40c extends beyond the closing frame element 32, It is on said extended section of

the piles 40a, 40b and 40c¢ that the platform 50 is mounted onto. Thel platform unit

50 may be adapted to carry out a variety of tasks such as oil and gas exploration

services, for example.

[0072] Figure 6 shows a perspective view of an assembly sequence of an
exemplary embodiment of sub-sea structure 70 (see Figure 7). The assembly
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t hereof extending vertically beyond the closing frane
el enment 32 for supporting topside |oads. Wen the
w@Rioedosd@da, 40b and 40c are connected to the rePCpPRGLI0V@00026

SRS e Aemiincs! AR AT BeoTaie MRS | BaeT Jith the closing

fram@agienidit 39, 96 YN8 ilGstrative Sairpyi %ﬁgiﬂ@fﬂﬁ@ffraﬂ@?ncgj’dléﬁo as the
40a, 40b and 40c may be either resiliently engaged or

startingapeint,csthsgateni framehmodulese spoh disnfjameemodsle120,0dre stacked

ohd Bt NP M o bR AL A S B, Finay,
theotlpeipalrameasenfresits pltedeafopcine Rist istdkedtafe Rlodule 20,
agenent between the piles and the various units

en
thgrehy ermplebingithe gubises stagieet7G.o Figure 9 bel ow.

[0071] Figure 5 shows a perspective view of a generic

platformunit 50 having a deck 51. As nentioned above,

[0873kElgure of sitowsasat pErspedtivehevigv! &F 408, a486mBRA exemplary
4Ec extends beyond the closing frame elenent 32. It is
ey

odimentah eiRier sriciir M. The figmednadule 1 ohite sbeicture 70

t ' t t Q. .
e R Bk (PHE LR o I, B AT, 0, 4
arslidBcamobishownchayey Ak@hatiwély,othesﬂ'ar(ﬂe}:ﬁﬁ)du;@ﬂOﬂWﬂQ}blb@- a gravity
b%%esoog% |i§ Isglg}ﬁr ?@%Qg]é)ﬁm\’/sya%n er.s egés'};é’fgmo‘” gl}iNcH@g,'o tﬂ?’&f overturning forces
whitPs S rﬁhg‘iﬁé ‘éﬁﬁsgguélﬁeﬂi‘arﬁé%@ulég 10b"'€ 10e and the closing frame
el r the Trane

assenbl ysequence may comrence Wt he
element S0L0The subsequért rhos mpdulesre 0 end0eé 3Ry be stacked in a

his,illustrative e | e, taki the fra dul.e 10
relisBhle 41 HdThiplSanaite ” By PN R Nes igmgter of the
subBtrlcRITe eadute [GRard thes CRIBIRS it A&SRANS8008IE o the uniform

till the required height of the sub-structure Is

tapeting o dhe rpepedtiye trinagulas Stamges oh ke drame moddes deginning with
tast d,.f e, 20 thereb
thBESF tn8 o Hiad 8108 FOHLUHERT T e Figlon S Plement 30,
towaniss saidpelosprerc franre elepnentf 30 & igsebbl sste@x@R@PliRtie exemplary
e di ment of sub-sea structure 70. The frame nodul e
eriBRIBIoN G Wt threardiperes damidhe clpsing diame element 30 are
i J330ee! BriReht BT FRSE CoeRendng FodleR. 14 ¥ fle fumBipodule 10a
frame nodule 10a nay be a gravity base that is

[0%%%%%%%% pg‘f@e\éﬁe%rrh%lfgg atrr%ngggfc’nle% dteggrigelzé ?I’!I Péciat?grgj to Figure 7,
there are a minimum number of triangular frames lying at 90 degrees (normal) to
the wave direction and the forces within the individual beams of the triangular
frames are found (by analysis) to be predominantly axial forces, i.e. forces that are
transmitted along the beam. This leads to a reduction in overall stress levels and
an improvement in the fatigue performance (life) of the substructure. External
loads, such as those imposed by the topside structure, are resisted predominantly
by axial forces within the beams and this minimizes any in and out of plane
bending moments and stresses. This reduction in bending stress leads to an

improved (increased) fatigue life for he beams and joints of the structure.
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whi | e supporting the subsequent franme nodul es 10b -
10e, and the closing frane el enent 30. The subsequent
wo c@maodmdul es 10b - 10e rray be st acked in a reCEsCHI0N/@00026

n-rel abl-e manner, i oned, the dianeter
1o REG .8 RhaRe 5 Borpattut viebal o OlfRaote RrotHghan Gty 80. The
offtRsr_NHrodfdicHYS fé&llttyhgo Li'ﬁ’élﬁ@éé‘”tl?é‘%%b'—%&agfru&t'&?e 70, which supports

resloectlve triangulfar frames o me nodul e
thee glatieirmgunit (59 hadee a)fdechcs1f r/tarrﬁnreedllllee 40 Mhat As shown, the

o, AT 0B, U0 TS 60 % S 308 ot e

5 sle@véélGISQ?fQﬁ@H@”rﬂe et ﬂbatarfé{f thigl &Hélﬁg ?rarﬁ@ RI4rAERE30. In addition,
sl eeves 15 of the closing frame el enent are In

thecFamaiinca plegivas mf the tfrarae meedider tas pta}dbegﬁrmmmm e seabed

oS! A B BERRI 0k 854 ot 58 8 4R a0 or s

sléevémsenayemmmb@llaﬂmsw@a gdof triangular franes
lying at 90 degrees (normal) to the wave direction and

the forces within the individual beans of the

o OTBEERE £ 4558 068 TS ABE EEGhD 10 o o

The :ﬁatslltytaoadclmbes thé bablsearﬁtru&w@ 7T adsich & @ed@éa ‘{éltlfé? dlrectly or
stress |evels and an inprovenent in

Vi @'&égafBLFq dhengraeed 9% ayd drelewethguwateriing QﬂeThe “Tacility 80 also
inBldes btb A dRit Wﬁgwﬂg 4 b8 gl‘? 51%%[%%&;%@&% %Bﬁiére%esé[ructure 70

structure, are resist om nant axi a
vigithai piuteﬂute,/ bt piles 404 + HIOS fhei sirac&areamo mduded thatfrapie modules

15 163 DetSaq FBRE e YmaRt 2hpr oved (i norcased)

fatigue Ilfe for he beans and joints of the
structure. 0075%“’; gure 8 shows a perspective view of
[0Q717]o?\|¢|3wﬁ|’e Ophb tframefmodulesya®Oshawe, bfissthobe noted that more

e LN T AN e AT

lohg a¢i thet firieg eyt & tHE Bub-RCstrdstufdPitenidiss bBro@\ﬁthe waterline of
piles 40a - 40c utilized in facility 80 are sli

20 th éna%?ge Qket PPeRiiiGallyndhe f@pe@f/ébelwbﬁtruch@ef (l@rethfaogélsmg frame
cldRRnANShANIS tEHRRLRY P&@F‘E}eelﬂ%%“ﬁ né And 18‘\?/%%'  f8bgt el of the

remal ni ng sl eeves o rane no
wavesh é\«seeknlamed easieabitds asthegvatdrirse mfvemm Ihgidrcﬁhyhamlc forces are

shorter Ien an that of piles 40a_- 40c or said
atsf I ?f'aéi/ &\errﬁ‘fe&)’eﬁeat é’Fg ri@?g%etﬂe wetertingeare strongest.
A?{Wﬂglyﬁ éﬁeﬁ}eﬁeﬁérﬁﬁla\‘ﬂ/ RMBIdihBAt SIPRAIESS tarkf aE'sBBIA if Figure 9,
25 by minimizing the number of piles or beams that penetrate the waterline and
extend through the height of the waves, significant reductions to the forces

experienced by the substructure are achieved.

[0078] Figure 10 is another side view of the embodiment of Figure 8 during use in

30 the sea. As mentioned above, the sub-sea structure 70 is secured (either directly or
via its weight) to the seabed 92 and below the waterline 91, with only three piles
40a, 40b and 40c protruding beyond the waterline 91.
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The facility 80 includes the sub-sea structure 70,
which is secured (either directly or via its weight)
wo o0ovhaesogeabed 92 and bel ow the waterline 91. AEESG2007/000026

R P R e B L B B2aBedh e & Fom

tHd Wigli 1Yo Ofthé)'dl@éinéoﬁame‘lgi‘emérﬁieﬁtfsUQEéWﬁ Zﬁd the most distant
i ncludes the frame nodul es 15 10a - 10d cl osI ng

hexe@mﬁaérfr@mthegefrom@mpdairomdu@e I@eﬂ:msﬂdar—ﬂﬂane also shown. As

rERibhe) Sfad dfifcuiekis® e B e DBhSGolNAY, FEy NEoonal rame

5 (sependtplogaliBnyf ElRBUBSS serde dPLithclsns MRtbeaRhESEBLS Phse beams
the sub-sea structure 70 renai ns bel ow the waterline

112 -0l thibat makenir saishelesed bakagonal HeamepAsshowe, three sleeves 15

o Y5 RS, Bl B SR HAATE G BB ke PBEYS o o s

plueality obtletheswaves. As expl ained earlier, it is at the
waterline | evel that hydrodynamic forces are at a
maxi mum i.e. the waves at the surface of the

0 AR BELSE 2055 ho R Bkt B 16BN morl
servai toi aidin tthe b&tte‘o&mdéfstahdimg of tHEE@f@sddﬁahv@ﬂl‘tﬂ't r&¢ &such, the

the waterljne and extend through the height of th
prsRt '”‘éﬁ?f&mf'fu'%d?ﬁ 2 ke, 6isRY pRebemcdgnited 1o the described

]
PSR AR HRSE 45 e 1R6 dBEled ciitBltnat follow.
Flgure 8 during use in 0 the sea. As nentioned above,
the sub-sea structure 70 is secured (either directly
or via its weight) to the seabed 92 and bel ow t he
waterline 91, with only three piles 40a, 40b and 40c
protrudi ng beyond the waterline 91.[0079] Figure 11 is
a top view 110 of the exenplary enbodi nent of Figure
8. Fromthis view 110, the closing frane elenment 30 is
shown and the nost di stant hexagonal frame therefrom
formed from base beans 1la - 11f, is also shown. As
mentioned earlier, the sleeves 15 of the nost distant
cl osed hexagonal frame (second plurality of sleeves)
serve as junctions between the various base beans 1lla
- 11f that make up said cl osed hexagonal franme. As
shown, three sleeves 15 of the second plurality of
sl eeves correspond to three sl eeves 15 of the first
plurality of sleeves.
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[0080] It should be noted that the exenplary
enbodi nents descri bed above nerely serve to aid in the
whedwaocowhder st andi ng of the present inventi onPCESG2007/000026
such, the present invention is not to be construed as

ng limted to the descri bed exenplary enbodi nents
but rather, as defined in the appended cl ai ns that
follow Clains What is clained is: 1. A nodul ar sub-sea

Wh@tié\ﬁéﬂiimeﬁtisucture for supporting an of fshore

0 T R A G N ——

¢d5mpﬂsthr angul ar frames arranged around a central axis
of the frame nodul e, each triangular frame having a
base andtdeasimne fspsmadule wheweimeseh fmeemnduleecompnses at

BERCT PR oy AR HraoBtafd AL AR AR hEtrERlime moduie

@écleﬁidmgmar’q‘ﬂwé Havingpamaet drittaih lapeR dﬂwéité tbSsaid base, wherein
'21 3? ed to be connectable to a correspondi ng vertex of
& ¢f heckiapgyipg dresmes pegrsoanecied d@se@qnne@ﬂwer tafierm a closed

E?Fﬂgﬁr‘?all f(t}énrg%{‘ nd itb%;éigeq(né 5(9'? rﬂr{;ar\?,geuﬁ%ro @é@% BPE%ARle module is
adapted po beéi cunricatdiie to arﬂwrespbnﬂ ingavetexesf AfdtABE clebe@ polygonal

st franme nodul e, erei.n each vertex of said
%@'ﬁgag‘?‘ HhsegyRAl f??mérmocéwlsn@@pyi §ta§b@mm€er@an1 o a

respect iyv S s

toplonrosta 1(‘% } ane %@Mﬁ‘m W""W g‘%iéﬁ\reur aﬁgﬁ ﬂpgnebveé.SOf vertices
mrﬂsp&lndmgetdommglummmldngulaa fnamesmf QEf t@p}hﬂbst frame module,
IIaosm Eﬁ‘y el enent ; aaileasta .

EnTRI BaRA VR e, 18 o ng TRl i iafos loaBh s penRsted to
@@pé&n@éﬂ@&éﬁé&&ﬂnﬁn@@h’i %ﬁf&‘gf §¥id Yﬁ%—&ﬁt?%et‘?{?ong‘?%od ule ;

cl osed pol ygonal frane of frame
di st ant affirg waldycafmws;)@aygamva‘ beimg edrevemtied t@advertex of

I in the sleeves of the first
"8?‘9 ﬁ{d}%@;n%é aﬁ% ngﬁ%ﬁdl ng sl eeves of the second
IOI ural i byleaseamms@dnﬂm@eml@ll PuFRiBELT EleeS each sleeve being
piles in a pair wise manner. 2. The

ura
PGE@@ %&@Hﬁépﬁ@dw mrﬁﬁwflthes@lpae%momnaé frame of the frame
hOMRE bR HiS ARt REMYIE I polygonal frame element: and

a plurality of piles, wherein the sleeves of the first plurality and the
corresponding sleeves of the second plurality are adapted to slidably receive said

plurality of piles in a pair wise manner.

. The structure according to claim 1, said structure comprising two or more frame

modules.
. The structure according to claim 1 or 2, wherein each frame module is smaller

than the preceding frame module arranged below it, such that the shape of said

structure is tapered towards the top.
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nodul es. 3. The structure according to claim1 or 2,
wherein each frame nodule is smaller than the
w@e@cadiomy frame nodul e arranged bel ow it, suchCT/kG2007/000026
e of said strycture is tapered towards the

h
4. iE%s CU%QLHS Aordngre ‘ﬁ@'@br?dphé, whegein; theclgsed polygonal frame of
SHEH flafhd Prﬁ)cﬁjlc?%eg &y tﬂﬁ%eﬁtqé EBS@% g{oxl)ggﬂéll ffr]fa"i‘r'f@ of the preceding

nmodul e is smaller than ose na rane o
framepneduleibejowitane nodul e below it. 5. The structure
according to any of clains 1 to 4, wherein each
triangular frame of a frame nodule is tilted uniformy

5. The aftusitré aconrdirgy tooawy 8sclbings §90U" dhefeih Both tl"ierl%ueI?[e fgame of a

ol ygonal franme, such that the frame nodule Is t
Inarmeduledsttited wniformily st an@cuteeangledowands thecestrdl axis of the

pot@ond oot L PR nBPd S tapol o aards the isp.
structure of claim®6, wherein each of the first

ﬁ%;rality of sleeves is connected to a respective
pleuctyre phany poelainas fl itp fn ghereinithamigsing potygenaldyame element
L Al Y2 . . of the closing
I%g%%g@%%ﬂMpﬁgE@§§$@ﬁé@$¥ﬁ§¥%¥%§éstructure according to
any of clains 1 to 7, wherein each triangular franme

ises atf |east three individual beans. 9. The

0 ¢ .
7. erngTr&“EIHEe gt elgine Bn yheseinrgachs ofdhafiret pluteditysof siaeyes is connected

agh bafaul r L Sapf C [ - d I
o8 IRRe BN (Bitek B e bR cfiefifuil Fifhe, R by imdirecty
anrecttidiy a vertdaohihe, closing golygonahframa slephent. beam of
the triangular frame has a cross-sectional area that
is circular, triangular, rectangular, elliptical or

8. TWs \ CORi - ine 1S ‘ I
SOy S e BRING 6 37, pEFaE 1 7o e EabE tithduer frame
conprisiesrallieast tfeepintiyidusll beablsy received, in a pair
wi se manner, by one of the first plurality of sleeves
and a correspondi ng one of the second plurality of

9. Mleestvetures actdravigetd &ty bhelaihdbe sl WABRMY cHRAUFAAGular frame is
.the frame nodul e nost distant fromthe closing
'?Rﬂ%geoﬁn Hoht r angles). sralenerandian enulederell. 12. The
structure according to claim7, wherein the closing
triangular frame is

10. The structure according to claim 9, wherein each individual beam of the triangular

frame has a cross-sectional area that is circular, triangular, rectangular, elliptical
or any combination thereof.

11.The structure according to any of claims 1 to 10, wherein at least one pile of the
plurality of piles slidably received, in a pair wise manner, by one of the first
plurality of sleeves and a corresponding one of the second plurality of sleeves is
attached to the seabed, thereby securing the frame module most distant frorﬁ the

closing polygonal frame element to said seabed.

12.The structure according to claim 7, wherein the closing triangular frame is
dimensioned such that each of the first plurality of sleeves connected to its
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di mensi oned such that each of the first plurality of
sl eeves connected to itsrespective vertices, and each
w@boorhesosor r espondi ng second plurality of sl eerR€ESG2007/000026
conneﬁted to the resEect|Vﬁ%vert|ces of the closed
9 &

poRyG Y]%IVGW% 2 ege CRSERSPEONANG: Saq:%qcb,p(urahtwnq)f sleeves

aligned to all ow each IS rec I'n a
mioskilevenest distgntram @a‘dacloslngiml)fgmai fqahuar alIente;nt,oére arranged and

RAFD, I CabERIE TS bt ER Epar yih sigut @ sleeve of the
fiest lurbBty FhelctviedCand & aé‘ﬁ@é@bﬁbmqq @le8Ve Bf 115 delBnd plurality of
to 12, wherein at |east one the plurality o

sleeves fmbe pasallel i%th%@@”ttmm(h?g above the waterline of
the sea, said section being adapted to support a
platformunit. 14. The structure according to any of

13. Theistreicturé @ctardind & einfy dfft?alfﬂsf $to AU WHéré% & leadteEpile of the
and jts correspondi ng second Blurallty of sleeves are

RIBFHEE Of Pilfist s 2 fiectisy prIdjng Bbove theowniegline of the sea, said
h h f
RRUEH g SRR b SO, e boule.

respectlvely 15. The structure according to any of
wherein the first plurality of sleeves

14. fafﬁﬁj qt'i’-'é’%%ﬁr@(&%@'ﬁﬂl iyaBy Bridamud ala {1y, srheseivethesfinst eplurality of
I
é’?\%%g%g @“c&“re e@éﬁ? gnﬁﬁlur‘éﬂg{a % % (fet%%édaprér&a_p%%ted within
tbe p&rmherpeémqaolwgrgwpd)lygmmtﬁrame tefeméntrandnwitiihethe periphery of
espect e]gg ]](% ﬁ}r ctureﬁ&gcordln to any of
tbp dlp‘? qmBa WB?@ & memadulRoERs ‘éelédapt ed to

bear at |east a substantial anmount of |ateral | oading
and to transmt said |lateral |oading axially along ‘

15. Thﬁjusbruétme ansondingftot aey tof |ca\a|lgw artof A 3rmdereiovdnedBrst hurality of

95808 g e, eSO 55 O, bl L e on o

adsipbete tperipheep oh eaiabbsing Pdlygstdl SERE @Ié}ﬁeﬁﬁéﬁ&bnoér beyond
nothe cl osed polygonal franme 1n_a rel easabl e or

the weriphenseiihe polygenal frane of the iirmedoedule regpestively.
claim17, wherein the rel easabl e manner of connection
i ncl udes bolting and/or self-latching connectors. 19.

16. Thee structuoa Laceoaimg)rtdiarg/ d)foclaims m for 15\ndrezein theeframe module is

non-rele sabl ner ection includes swagi

q@p&qcﬁ ﬁar @idﬁ?‘?ﬂn@ su stan apamount of lateral loading andg 1o transmit
said lateral loading axially along individual beams of the triangular frames,
towards the seabed.

17.The structure according to any of claims 1 to 16, wherein the apex of each
triangular frame is adapted to be connectable to a corresponding vertex of

another closed polygonal frame in a releasable or non-releasable manner.

18.The structure according to claim 17, wherein the releasable manner of connection
includes bolting and/or self-latching connectors.
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20. A nodul ar sub-sea (level) structure for supporting
an of fshore production facility, conprising: five .
wo c@maodmdul es, wherein each frame nodul e conpPCEEE207/H00026

reent rj r. frames,_each triangular fra

19'E§\S/i %fé&(ghﬁetasdgigﬂ]g'l@ntoaﬁéynoBgoﬂﬁleéemoﬂ%%i'Wr‘ﬁ'%%?sn;i"e manner of
ebenastiontinelubles swaging, b\ﬁéldihi}; anaWralting.ames are
connected to each other to forma cl osed hexagonal

franme, and the apex of each triangul ar }‘rams of the

f 0 e a . e
20. 4 BRI SeloRet (808D Sfloh e R SRS 3h GlsBofe, produgtian faciity,

edmarisingsequent frane nodul e stacked thereon; a

cl ?si hexagpnal frame el enent inscribed W|t_h| n a

tri%(ﬁg'%\”&? W‘%ﬁ*ﬂ%ﬁ! wherein the apex of each triangul ar

frame o ' onn .a

respect f‘“@@%@f?%@‘sg?i‘ﬁﬁ‘@% ?h ﬁ]?é%%éoﬂ’éﬁ%'ﬁgﬁﬁ%ﬁngu'ar frames,

saiedch| inighgylanerarge nadvihg aartbaskeardtan apkkr 8pposite to said base,

ral ity of threﬁsl eeves, each sl eeve bein

glo Cel0dhe bases of tha panarlag fR?é’FQ%&"edfO"trW@tQC? toa@ach ather to form

framtosdd BatshdHaPRhRE, Apyagonal frame el ement; and a
second plurality of si'x sleeves, each sleeve being

connect 8t apex ot eack ¢ianglilagframetathe franhe mddlﬁﬁ_@b tada;tated to be

f f the frame nodul e bei ng nost di stan
AR BT Al A SRk o Boe o o rame of a
| egabsdduede froiemodiites@icked E%rébﬁ'eves of the first

plurality and three correspo ng ‘sl eeves of t he _
seBGIRFING hexaganal fesnealgment inscrivled deithiy artéanguiar $ainte, wherein

BRSNS, PR et 3 R R MBS nnecteato &
respectiveneriegi of thernl@ssd e ral fi2eke bF béﬂgélbﬁhgfﬁ%ﬁﬁonal frame
f the frame nodule is tilted uniformy towardS the

RMEPLI  axi s of the polygonal frame, such that the
AT of SR8 T ol AL O et o
cageeponding vertex of the triangular frame of said closing hexagonal frame
element; and

a second plurality of six sleeves, each sleeve being connected to a
corresponding vertex of the closed hexagonal frame of the frame module being
most distant from said closing hexagonal frame element: and

at least three piles, wherein the sleeves of the first plurality and three
corresponding sleeves of the second plurality are adapted to slidably receive said

three piles, in a pair wise manner, such that said piles are parallel to the central
axis.

21.The structure of claim 20, wherein each triangular frame of thé frame module is

tited uniformly towards the central axis of the polygonal frame, such that the
frame module is tapered.
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a section protrudi ng above the waterline of the sea.
23. The structure according to any of clains 20 - 22,
wok@raode4t he first plurality of sleeves and atPtE862007/000026

' I of .t cond plurality of
22 TRE SEuEREE SRR, o 7 £t el SLatomten, Rerthiarpies cach have
@ lsestich pmtagimphbdvetie Whtdritte 6f eides, hexagonal frane
el enent and the frame nodul e, respectively. 24. The

structure according to any of clains 20 - 22, wherein

' J I h ' .
20.Th8 SRS foOh? o ARGER 5, S 5ot praty o

seewsandr at deastettired oorresponidirg) dedves BEthehescon® plurality of
nal .frame of the closing hexagonal

the cl osed hex ) )
TPEYR T FRIoCAT WD fesRerpiRINIcd e algeet hoxagpnal frame of the
TR0 RGP SEhoRen e frnte SRRIbekBeafialy, of

clainms 13 - 19 and 22; and a platformunit, wherein
f or m unj i s rmunlgggi onto the section of the

24. 1% sBUELRS Ao o 5 AT FgiEBooR 1 B2, wheesini e Gt pluralty of
dlésveseandsHe leddt %r%% Zcﬁéﬁép?ﬁgfn&o gfefegx\reg Cof .lfl?é t %%tolnal bitirality of

bears the vertica m Uni a

slequesranescaswiedteldoan odioutsidé $he: petipreery exiliied clo¥ed d@agonal frame
8% Lloshag A raiers Bt ahv Y hSgmmeaplo resnasively.
wor ks.
25.An offshore production facility comprising:

a modular sub-sea (level) structure as defined in any of claims 13 — 19 and 22;
and

a platform unit, wherein the platform unit is mounted onto the section of the at
least one pile protruding above the waterline of the sea, such that the at least one
pile substantially bears the vertical load of the platform unit and transmits said
load directly to the seabed.

26.The facility according to claim 25, wherein the platform unit is adapted to carry out

oil and gas exploration works.
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