MODULAR HEAVY LI FT SYSTEM BACKGROUND OF | NVENTI ON The present invention
relates to the technical field of offshore rig construction and nore
particularly to the integration of the topside of arig to its |ower

supporting hull structure for drilling or production operations. The

t opsi des concerned substantially depend on the drilling and production
requi rements. Two najor parts of an offshore rig are: 1) a topside, which
houses devi ces, equi pment and crew acconmodati on unit needed for drilling

or production of oil a”ﬂa@ﬁﬁﬁﬁ%@YilFWS whi ch provides the

necessary buoyancy to support erig at an offshore site. The topside and
hull of the rig are usually fabricated separately for many reasons (e.qg.
cost, schedule, capability and availability of fabrication facilities). The
topside and the hull are g aperesthed deneveRTiong site (usually required to
be well protected from heavy traffic and weather environnment) and

i ntegrated together through attachnent . of_ the togsi de onto the top of the

hul | . Tradi tThsmasseyt inyepsiop selaieyie theteehpisal ifishl ofiaflshensaigironstructian gishe ei t her

at the ' j g i mrdules at a qua
site. Ilﬁ{nfg ra{c?ﬁl()a?\l&%ﬁﬁéﬁ%@ abgﬁ %%tggﬁﬁdggkggl’glt?%%éﬁfgg weatuﬁer Wi ndgw %/n

whi ch  tdtiectuenfor dolmeg ot atodocii dpemhions T tdpsedrs ygiceredshbaantiallg af e oper ati on
and the ava4 | abi ldihﬁ of hedavt¥ lift. ves SeI s tolift the topside and pl ace
it on t3BENFOT 1S dFtime g RIS FIHSHUTCTE S or at i on al so requires a | arge

| ogi stic support including transportation barges, offshore tugs, supply
vessel s and Bwetnagjor pansiél angpiishers rigaT d) a t@fsidshwhish hneseg demti¢asn i s

technically very. chal |l engi ng..and the cost exposure is..al very high.

| nt egr a‘?qiu%“einﬁm}/ds%ﬁ‘fvlag?on%%‘gdlﬂgrslu%tEnaetﬁlg(g%%rid%gl%f%oréjé?délf t“gnn(c%ito(fﬂe/%sfl &pendent on
t he weadndey) ﬁc@ﬂ&}uium;iclbp;gvideemahe&swjubudymh@gmatxpmﬁhecigmnacti ons and hook
ups anong.the no es)..an onmnj ssi oni ng s at_ height. The availability
of quayl5Pee Sftﬁc:?rﬁ? Hpé‘ée?%d]%iﬁ]s‘gtr{l}%’fl? arql}sﬁ?lrfe%gnﬁt?ﬂege&f% OhBEM¥ types of

t opsi deehddh ey AlbQNscHBIIQ QhaBditf Snd AR aNBB L UBR R atiorl facilities). The

topside and the hull are transported to a mating site (usually required to be well protected

from heavy traffic and weather environment) and integrated together through attachment
of the topside onto the top of the hull. Traditionally, the topside integration with the hull

is done either at the offshore site using lift vessel(s) or in smaller modules at a quay site.

Integration offshore is restricted by limited good weather windew in which the
environmental condition is mild enough to allow a safe operation and the availability of
heavy lift vessels to lift the topside and place it on top of the hull. The offshore
integration also requires a large logistic support including transportation barges, offshore
tugs, supply vessels and anchor handling tugs (AHTs). Offshore integration is
technically véry challenging and the cost exposure is also very high. Integration in
smaller modules at quay site is safer and less dependent on the weather condition, but
requires sub-integrations (connections and hook ups among the modules) and
commissioning works at height. The availability of quay site facilities is also very

limited.

Five common basic types of topside integration methodologies have been used:




O fshore float-over. This operation involves subnerging | ower hull using
ballast water at a pre-selected offshore | ocation with sufficient water
depth. Wen in position and ready to receive the topside, a heavy-lift
barge carrying the topside is towed and nmaneuvered into position for the
| ower hull to be de-ballasted and mated with the topside. This is an
intricate operation and hi ghly dependent on the weather condition. It
requires a large logistic support including heavy-lift transportation

barges, off S@ﬂﬁlﬁ)lr% HOovat RBlsY ﬂ‘éﬁgﬁ ﬁlv%lve%é‘%lgg fow &M Abiny BhlYasexper i enced

crew with specrally trained s The cost an offshore float-over
oper at i watei & aee-yelbitghoffiioe: lotatwhfvationéihed watdridepthy Woee in poFiiion oper ati on

i nvol ves the, use of of f.shor.e h lift .ve I i.ch.is basicall
crane O?Pdd'e?qyégf?ﬁ‘?ge%%@gfﬁ?’B‘&P@V 'ﬁﬁ){’ﬁ:@elcwg ﬁ%ﬁ?pﬁl sel 1(5:1595‘?{3% E}D?/Siorcgugzt at 0

i nst al | abhRRere@ b P@ﬁti@i foh etfe 1byerdinll 18he\deball@ved ahtendtaiweith thaltbpside. f i r st
positioned at its final position. The topside is then lifted by the

of f shor Bhip ésapintricpte opratien andighly dspeadens ondhs weathgwepdiion-| 1t res¥8ehdi ng on
the tot L [d&,. i SS€lhose & W1y, the
i nt egr altal{gg\rqﬁ%g qﬁgﬁ?%%g}uggféfﬂgg&gﬂﬁrﬁ %I%%{;&{b%ar%%hé i r(]) ongegfﬁmﬁ:e fol |l ow ng
manner sveskdls, tATEl'd dnflta teapatvéry copergneidrgtve withfspeojadbystedinashekdisddhehe wei ght  of

t he whol e t opsi he whol e topside j.s, lifted by the single Iift vessel
and pl a%oéﬁo%%c%gwgffogg@{erﬁa?rﬁ%mrﬁsVte ehla%i ght of the whol e topside exceeds

the capacity of a single |lift vessel, the topside is built and brought to
t he instal | at/scorf offsherehmavydiftivessel abids eparttionodvdlecs the nsefafed offghtrag t he

single Jift. vessel., This 0 ation requires connectinNg ing up the
ool ooty ES St rBRET ik le b kiR VoM Ak SRR B, (P
Peavy |ﬁ§u&119#|81|$)&g|1t8:0 iRtagatisRtdtionhithethyadry ar fvicxed. Thy lovwat Bull isfestef or e,

onger installation tinme neans high caost. |If_ the i ght of the ol e
t opsi dePYHIBEHS HHEAL BFE );H’ﬁftol%?‘g hree lﬂfﬁeﬁbym, reﬁ?‘?@"y B?S\é\gt opside is
lifted By JIMRdOhoTRE Rl bl VBEsSlmgah thoR i Wk bie dfiRlAGafk 1Nt O the

| ower hull”. The operation is very intricate and reaw res verﬁ/jsl arge

| ogi st i vessalspepacity;Tthe integsationstf thehiopsidplorthe dhmiay ba dews ipeny ohthgh. O her
di sadva&ﬁlgggé rﬁ%n‘é?sl ng of fshore vessel lift vessels relate to the
requiremnen & )

If the lift capacity of a single lift vessel exceeds the weight of the whole topside,
the whole topside is lifted by the single lift vessel and placed onto the lower hull.

If the weight of the whole topside exceeds the capacity of a single lift vessel, the
topside is built and brought to the installation site in modules and each module is lifted
using the single lift vessel. This operation requires connecting and hooking up the
modules on site. The process takes a longer time than one single lift. Heavy lift vessels

are usually hired at a fixed day rate; therefore, longer installation time means high cost.

If the weight of the whole topside exceeds the capacity of a single lift vessel, the
whole topside is lifted by two or more lift vessels at the same time and placed onto the
lower hull. The operation is very intricate and requires very large logistic support. The

cost of this operation is also very high.

Other disadvantages of using offshore vessel lift vessels relate to the requirement
that the lifting points be built into the topside structure. Also, due to limited heavy ift

vessels in the world, vessels need to be pre-booked in advance, which makes the

2




that the lifting points be built into the topside structure. Al so, due to
limted heavy lift vessels in the world, vessels need to be pre-booked in
advance, which makes the 2 scheduling of the installation even nore
difficult in addition to the weather condition. Ofshore |ifting may be
further limted by crane outreach and vessel stability, resulting in the
lift vessels' maxinmumlifting capacity not being fully used and nore |ift
vessel s may be needed for the installation. Integration using heave lift
dEVI ce ﬁ o?'tﬁeqnst%gnoﬂgvé Olle%ﬁﬂ{lﬁ‘%{ ﬁ?}lt JﬂE’cQY}Ye \lvéaftﬁer C&%ﬂl&? S are
usual | y huge ranes that stand on groun | ower hull floats in
wat er  Offshdre liftinfgtmajehe mﬁhedlnm@ddjyrrgmmutﬂq@Mqhssebﬂﬂ@thZESdﬁng e topside,
t he heayy.l.ift devic eit i on t he ,topside has to
b br oA tresel Byl i oL o B Bt e R RBE b, e
Crane' shopdceBfn tiedpagidiynand wei ght. Integration on Iand wth use of
strand jacks. This method of integration requires a |arge open space wth

strong | oad aring gro tlon requi.res nchi apacity.
The constr uc{%l(E tlé’g ”glﬂgﬂﬁ%vﬁéffg(zevéﬁcf ﬂ%%sﬂteﬁﬂ?mg 815%%%1061 b fe %@tm | ocati on
in  preddelee b iedipast tiaasthaGrarr @l dryund Wikild thverwdn bl floats aswetabl ed around
the topside to mnimze skidding distance. Wen_all corrponegt S are

conpl et By the hidt degiss; Aepepding éEPé]%f‘dW%}EIFt andsize 9f Bgriepsige; thohraVs s dSAosst r and
j acks tﬁ@r 113%{ infBhe lhf?&"t@éiﬁ)gsﬁgﬁfsrtﬂ %@%Fbu%ﬁt hREverliQRSIAR, BRCK. Once in

posi tion, eck 1s lowere lete the integration. This nethod of
i nt egrailnginhﬁeqliirgeé}shlaltgtbbﬂthe@mebewrw@l qgpwitdndmgightr ge | and space since
both the topside and the hull have to be constructed in the sane |ocation.

The use of S Lo Yon YSRGS usell strilf A0 Tkis n{eﬁﬁﬁ%fﬁ{tgnge@lhre%@ec' alty

vessels in struction I n various parts of the worl They all have
varyi nglalgmpall i pmhIStrsmg)lwdésaﬂrxgcm@mdeﬂhQ locativa rp@angy allgunchipgssel s. These
speci aIt ssel s a f. O i C support
and are aée fyh%ge epen @é?&%%d%lg@%’ﬂﬂtgdﬂneﬁ {] lgg%ﬁﬁtnj(l)ffshore

Sonme of xﬁhbﬁemmea @e:klﬁormasaeﬁmﬁey Mbwmchulm assambled afamt] phid topsidé we of t he
deck, |lft lﬂgdtadwm t.

minimize skidding distance en all components are complete, the topside is raised off

the ground with the use of strand jacks and the lower hull skidded undereath of the

topside deck. Once in position, the deck is lowered to complete the integration. This

method of integration requires a good load bearing ground and large land space since

both the topside and the hull have to be constructed in the same location.

The use of specialty vessels. At the moment, there are several specialty vessels in
construction in various parts of the world. They all have varying operation philosophy as
compared to the heavy lift vessels. These specialty vessels all require certain level of
offshore logistic support and are weather dependent while carrying out the installation
offshore. Some of these vessels may have restriction on the footprint size of the deck, lift

height and weight.

One common disadvantage of the above integration methodologies 1s that the
weight of the mass structure is supported by a small/limited number of 1ift points. Each
lift bears a very large load, which would result in high stress on the structure in an area
around the lift point and strong structural reinforcement is needed to avoid damage during

the lifting operation. If one of the lift points fails during the operation, the load it bears




One common di sadvant age of the above integration nethodologies is that the
wei ght of the mass structure is supported by a snall/limted nunber of lift
points. Each [lift bears a very large |oad, which would result in high
stress on the structure in an area around the lift point and strong
structural reinforcenent is needed to avoid damage during the lifting
operation. If one of the lift points fails during the operation, the |oad
it bears 3 would transfer to other Iift points. Because of the small nunber

of 1iftypah sfeltﬂa%the?fﬁ'ﬁﬁﬁfﬁtégﬁecgﬁset&%é Q2 hie8s8n BhintsNer emai ning i ft
poi nts woul d be very significant and nay cause another |ift point to fail.

The | oaperomtigeef theraadiinpgadei ot thersinmmingbli ipdintiweuié be verpisieaient andsul ting in

a chain reaction:, all. the |i.f. oj nt;s ul i f er and the

St ruct uPeY B P s o Gk ARSI el PRt AREEEEL BN 1

avoi d tercaghadstiting ac4 tlein rehdtiont il thepidi puists Mostd fai oneafidranctber andt h very

| arge safety margin. The _cable /roll;:es used to |ift thﬁ_ st r].gc ure nust al so
oy 8y PIgit

be chos®s siqtprehomglifeveuld eystyally drlhcavsiisa sepeusfecidenti Taeroidititt use of the

struct ugal, BRI Ak 3ifaRthtd b RAshforcdd W RITAY 1R Wrlth nikdE] endift using one
single I'ift vessel/device in a protected area certainly has many

advant agbbestomss userd toilifl the strigtare griat dlembe dwparcwih b jergesddis earginrdati res a
shorter_ti a i r i J probability of failure.
As oil %%@gg‘]ﬁsl&qgéﬁﬁsgf) f@‘ﬁ%ﬁ%ﬁ%@%ﬁ%@@f%ﬁ@%@s@g{% deeper and deeper water
and desired production rate increases, the wei ght_ and size of the topside
of a rig (neWwtdguitiod voth sasle/bit ybiog pn¢ sngld sy essplfencaplaipraipged ficeant | y

i ncrease, . The. topsi | O ITRY: e u £90S,; hi gher .
Today, ?ngrﬁl P%Se@%ygﬁ%?] %ﬁ%g%g %P?rgr{l&%}g@s/@%%% h%p%?lﬁéjeggge a P@FI%E ¢ apacity of
14, 000 sHoewstid/eet @mplefopahtign, addhkasdaweagirbyabdfty bhifailher gestil @xdigsi ng heavy
lift deviH?e for qua site i ntg ration, avail abl e frodei vm'tt O‘{shore
Ser vi ceSPYRHERPIY q“ﬁﬁ?‘_é%‘?edé? S '@%%,‘6’%6 anil g‘ﬁér.e R’EO%B? S8R, no single
lift i n{eRhak] 08 wemhPARSIR & thdtopdilld off KRS (1e-baidcbay 6 foih@krp 14, 000
tons with the existing heavy |lift vessel or device. New heavy |ift
devi ce/ wytst witbsigwnificantinindieassr Foe toppifle phyich sigaedan yeigh wp F?e@d@ﬁ@ 1PBY Ofsi ngl e
T T PSREALTRAT. Bkl bR sl e WERARL A1HRAPAGS dY4RbIP! Y scal fng
up the egigésft |1F1csg?ﬂ ’nﬂels u“c;igsnot be eé%rllor#ecac? > b - ’

tons (Meerema Thialf). The capacity of the largest existing heavy lift device for quay site

integration available from Kiewit Offshore Services located at Ingleside, Texas is 13,000

tons. At present, no single lift integration is possible to lift topside weighing more than

14,000 tons with the existing heavy lift vessel or device. New heavy lift device/systems

with much larger lifting capacity are needed for single lift integrations. Building the new

lift vessels/devices by simply scaling up the existing ones would not be economical

because the size and weight of the new build would dramatically increase and require a

larger operation space and a dramatically larger logistic support. Besides, building such a

giant lift device itself is a challenge and very costly. Such larger lift vessels/devices

would also be much more difficult to mobilize.
SUMMARY OF THE INVENTION

Accordingly, it is an objective of the present invention to provide a heavy lift
system with lift capacity larger than the largest capacity of the existing heavy lift

vessels/devices for topside integration for offshore rigs.




because the size and weight of the new build would dramatically increase
and require a larger operation space and a dramatically larger |ogistic
support. Besides, building such a giant lift device itself is a chall enge
and very costly. Such larger lift vessel s/devices would also be nuch nore
difficult to nobilize. SUMVARY OF THE | NVENTI ON Accordingly, it is an

obj ective of the present invention to provide a heavy lift systemwth
lift capacity larger than the | argest capacity of the existing heavy lift

vessel s/ devi g gSybifer LR of el frlRA iRl dn@Bn fé(%ro@i‘d_te %Qli:ifeg‘i?ehﬁéa% lift?*étém i s anot her

obj ect of the present “invention to provide a single heavy lift system wth
hi gh nowith high ractdlityase cok ofssemblingtpat dratbeceastadeneite on danden offshae.on | and or
of fshore. It is a further objective of the present invention to provide a

single heavyyldfg, heYot Snbese Rl’és&{t LR GAPRYrbVidE ABinPR HellergRsed

relatively easy. It is yet another object of ‘the present invention to
provi desyatemewhod lidfingaspeityl dan e imrdasorptel atigelstepsyct ure using a single lift
system capabl e of handling significant mass of a topside of the floating

structure. The )%%ﬁﬁﬁér\qsgcpcﬁfm@gepén%ﬁﬁeﬁﬁdngggjgaﬁm ALBoA6PieMARIHN T ough a

provision of a” heavy [1Tt system conprise nodul ar units, each of which
conpr i sefoaingatmctofe ussigppangle h sysgs capattlecoithandlingestsnéfidvsabmessedar ed to t he

| egs thﬁpugh }ha$kq9 dgvice that allow the beamto be noved up and down

al ong t 8$'%8§.e RISt systemis transported and erected on site
where the heavy lifting task is to be perforned, such a dry dock or an

of f shor e | oc&he objgctives of thstparses imrentien tigsachiopssi thwuph a peoviveorcelitbi ned wit h

the hul]l of..a floating structure. The |.e e iLd dj acent the

bt oo L‘ﬂt%ﬁ%l?’%mipgs% ol wp Sl oo 2RAFLE EOBNC L1

t r ansvegsippoldingidesahd e dahsvioRd bean seontdd toehd 1ags throughjzem dévie thitopsi de i's
dt t t he hul | ft whi ch id ttach t,

: gg\g/?n. a?lmr:qe ‘%p b%g@igmgm @aianﬂecéwl Cﬂg'\tlg%}e%gsllhe%egvy l?f(t: SYS er1]n 1spr ocess can

transported and erected on site where the heavy lifting task is to be performed, such a dry

dock or an offshore location, for instance where the topside is to be combined with the

hull of a floating structure.

The legs are positioned adjacent the hull and the topside is suspended from the
transverse beams. With the transverse beams of each modular unit moving in unison, the

topside is moved to rest on the hull, after which a topside attachment process can begin.

BRIEF DESCRIPTION OF THE DRAWINGS

For a further understanding of the nature and objectives of the present invention,
reference should be made to the following detailed description of the preferred
embodiments thereof, taken in conjunction with accompanying drawings, in which like

parts are given reference numerals and wherein:
Figure 1 is a schematic top view of the heavy lift system of the present invention.

Figure 2 is a schematic side view of the heavy lift system of the present invention
used in a dry dock, with the hull supported by skid supports from the bottom of the dry
dock.




For a further understanding of the nature and objectives of the present

i nvention, reference should be made to the follow ng detail ed description
of the preferred enbodinments thereof, taken in conjunction with
acconpanying drawi ngs, in which |ike parts are given reference nunerals
and wherein: Figure 1 is a schematic top view of the heavy lift system of
the present invention. Figure 2 is a schematic side view of the heavy |ift
system of the present invention wused in a dry dock, with the hul

supported Dygisfid sy Qcﬂﬁﬁ{aﬁc (ffe%ﬁtﬁ'@h&@% ‘hﬁ@ﬂgmtolf'ﬁle%ré’sen@ﬁggmmﬁ Figure 3 is

a schematic view of the heav ft system of present invention

i 11 ust riflutraging e uss of the SVMenslys tie/ndmh, wiitly thy h@iﬂ(bkmg\huﬁmlbl@oﬁtwmedbel ng
buoyantl¥¥£ |t|oned in the dry dock. Figure 4 is a schematic view of the
heavy Rk @y of t he present invention used in an offshore |ocation,
with the Iegs supported by enbedded footings fromthe sea bottom Figure 5
is a side viligursdiieasghicoalit yicw ofilbe heavy i systemiof the prgssncinyepdiongsed anspor t ed

L oneeindh ofistlle iadt Wit e S AMBORLRY) dhBGILARMRECRSRTN Quovansy Tn, fne

open waters ure I's as trc ustrating the lift
syst em lafttotrthe present i nvention being transported as a whol e on a barge and
towed. Figure 7 is a top view of the system of the present invention

di sassenbl edeib 3 i8a ofib Y1 dchdm@calTP AL HE BrlspALHBLAG SAHgRAGS! On beans,

connecting be egs positione ge an Figure 8 is
a schen@@wmbusemmok,WﬁhﬂgyxﬁemquKhme&pneesmtybuwﬁmtyhnheommrwﬂ@med as a
sel f - propeIIed vessel . DETAIL DESCRI PTION OF THE INVENTION In the follow ng

description, pRUIRIONS;dGtA) Acﬁeﬁaﬁaﬁgﬂh u[se thof thOLiRT g&&ﬂ%fee préRfler st andi ng of

t he present | ntiron. However, 1t e understood by those skilled in
invention bemg transported as a whole on a barge and towed.
Figure 7 is a top view of the system of the present invention disassembled into a
plurality of modular units including suspension beams, connecting beams and the legs

positioned on a barge and towed.

Figure 8 is a schematic view of the system of the present invention constructed as

a self-propelled vessel.

DETAIL DESCRIPTION OF THE INVENTION

In the following description, numerous details are set forth to provide an
understanding of the present invention. However, it will be understood by those skilled in
the art that the present invention may be practiced without these details and that

numerous variations or modifications from the described embodiments may be possible.

In this description, an exemplary weight of the topside is assumed to be
approximately 15,000 metric tons. This weight is presented for illustration purposes only,
and it will be understood that the system of the present invention can be used for other
topside weights, as well. It should be also noted that in this description, the following
groups of words are used interchangeably: “system” and “structure”; “vessel” and

“barge”; “platform” and “rig”; “horizontal beam,” “suspension beam”, and “crane beam”;
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the art that the present invention may be practiced w thout these details
and that nunerous variations or nodifications fromthe described
enbodi ments nmay be possible. In this description, an exenplary weight of
the topside is assuned to be approximately 15,000 netric tons. This weight
is presented for illustration purposes only, and it will be understood
that the systemof the present invention can be used for other topside
re:ghts, as well. It should be also noted that in this description, the

O 1 Ot s, 97 AHRRif | T 49 Y RupREE: HALBRE BANESaGhiking $¥&hEHhdand
"structur%; ess %$ﬁgnd ?kaﬁye% ”ﬂlatgornf ﬁ n éM "hori zont al :
beam " adswmsmmsnﬁa‘ﬁﬁbn@mf’ “mmalrﬁ@tlb@sar‘ﬁﬁonsﬁwﬁ alflt'll gi “fa@ﬂﬁrﬁﬁéﬂtl ng | egs"
and "j p | Lo jackiin evi ce. " ki ng systent and 'j acki ng
nechan|§ﬁvc°n§%ﬁ 1&aﬁ30&ﬂmﬂgﬁ if 3¢ J?%lﬂ% construct,” and "build";
“fabrication" and "construction”; "nodular units" and "nodules." As can be
seen in the 4s eanegeen tntbe ﬁiaﬁmngy@mélﬁ: syftemind theyressent IVeRfgALS on i s
deSI gna ed b nurrer a{;?li@ heﬁ%t SI&I’IIC pl‘l%Eg gn%@%o%@ﬁwﬁﬂﬁr 1tSan[Cﬁ EY'DdU' ar

units, rlse a pair opposi ng spaced- apart supporting
| egs 12wﬁi&ﬁ c&ﬂapn&s&@ﬁ&iﬁ%p@&mg&@%ﬁdi@aﬂSu@mmfgﬂhgﬂ?lmmtlhem SﬁgElﬂlﬁn and 14.

The horjzontal] beam 16 can be a tru m ndi ng on a
par t i cuPem hisisrereried Ry e leatld #y @egg{g‘]’rﬁmﬁ E(?S‘é@ebft eb%ﬁ@ 20 of the
hor|zon@a{wggag&ﬁqkygﬂgngon§Eggggaf kifigndevice 22 is secured to an end 24

of the beam 16. The j acki ng devi ces 18, 22 facilitate anenent of the beam
16 vertically  along the |legs 12 an tfor ide 30 (or any
ot her heavy ‘Xlﬁ"ﬂlﬂrﬁrqei"%?leé)g 1 gecgﬁgﬁgﬁu%é Zfor%ﬁ]i‘et ZB@Q@? ‘g?t abl e

sus pensgéaenc{%aaﬁ% dévicddy ﬁfae&ééu tla%n%n&m 6f {hepearans. Ttreqaéunls@devv&e ngore than
one nodular  unit is used, a pluralit connecti ng beans 34, 36 38 and

39 connd facilitae meyamertrof dre hesmalboy e@n:@ﬁy alopg #he legsel 2pdtldnuditiosmis
synchro Ip%} V\g szﬂ%ﬁr ﬁl‘éhgf'ﬁea% elr&clg)f 1ig|§s§?19iedtﬁtz§n e be:aﬁX 8 tbg Ruikid s S h own in

Fi gure e positione pposi ng sides of a
dry dochkuspéhsidnmédns 32 axlanhobz&], betxowhre tappsind the like. When more than one
modular unit is used, a plurality of connecting beams 34, 36, 38, and 39 connect the

modular units and ensure that the system works in a synchronized manner.

One example of use of the lift system 10 is shown in Figure 2, wherein the legs 12
and 14 are positioned on opposing sides of a dry dock 50. In this example, both topside
30 and hull 52 are fabricated in the dry dock 50, with the topside 30 right below the crane
beams 16. When both of them are ready for integration, the topside 30 is lifted first to
about a desired height by using the jacking systems 18, 22 and moving the beam 16 up or
down to accommodate the size of the topside 30. Then the hull 52 is skidded on the skids
56 to the position right under and aligned with the topside 30. Finally, the topside 30 1s
lowered onto the top of the hull 52 using the jacking devices 18, 22 and integrated with
the hull 52. The dry dock 50 is then flooded and the rig floats. The integrated nig can
then be floated out of the dock 50 and transported to the offshore site.

Figure 3 illustrates another application scenario in which the topside is fabricated
in the dry dock 50 right under the lift system 10. The hull 52 is either fabricated in the
same dry dock 50 or in a different location. In case of both the topside 30 and the hull 52
being fabricated in the same dry dock 50, when both are ready, the topside 30 is lifted up




30 and hull 52 are fabricated in the dry dock 50, with the topside 30 right
bel ow the crane beans 16. When both of themare ready for integration, the
topside 30 is lifted first to about a desired height by using the jacking
systens 18, 22 and noving the beam 16 up or down to accommpdate the size
of the topside 30. Then the hull 52 is skidded on the skids 56 to the
position right under and aligned with the topside 30. Finally, the topside
30 is lowered onto the top of the hull 52 using the jacking devices 18, 22

and i ntf%%@&&%&\h&?ht s tﬂé’jalcklﬁgde‘;m% 167 %2 ctth@llfth'é%y dodkBoris flbe@dad and the

rig floats. The integrated Tig can hen be floated out of the dock 50 and
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50 or in a different |ocation. In case of both the topside 30 and the hul
52 being f albrdassefdbe hwil $hecinmfabriegtyd mgckifeont lapaignpe Rulhmastedénit  t he
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fl ooded an Is open to allow 52 to float in.
After gthetialslfldaRdiost of thedbtk Fomdiengesicd tothe affshpreditasi t h t he t opsi de 30,
the topside is lowered onto the top of the hull 52 and integrated with the

hul | 52. Finglidyd %as!er}#l aRkGH Flgt%}J y%é‘troﬁsﬂié § LRA&DbAbriQfedlih® dock 50

and transported to the o hore Si ove case Illustrated in
Fi gur e &otlidnelacopsi deat3lingethe dockadhehembt isdiftcd Uy ihe lithsysteret0.glhaee and

fl oat ed,i 5 ifted e stem 10. Then
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Figure 4 illustrates the use of the system of the present invention for integration in
open water. The lift system stands on its legs 12, 14, which carry footings (such as
spudcans 15, 17) on the sea bottom 58. The topside 30 is towed on a barge (not shown)
into a position under the crane beams 16. The topside 30 is lifted to the desired height
using the beam 16, which is clevated by the jacking devices 18, 22. The transport vessel,
such as the barge, is moved away. Then the hull 52 is towed into a position under and
aligned with the topside 30. The hull 52, being a buoyant body, floats in open water. The
topside 30 is then lowered by the suspension beam 16 and the suspension means 32 onto
the top of the hull 52 and integrated with the hull. The integrated structure is ready to be

transported to the offshore site.

The heavy lift system 10 can be transported to a location as a whole or in pieces.
Figure 5 illustrates a case, in which the lift system 10 is transported (towed) as a whole
using a towing vessel 60. In this case, the system 10 floats on the crane beams 16 and the

connecting beams 34, 36, 38 and 39 which are built as water-tight box structures to




descri bed above. Figure 4 illustrates the use of the system of the present
invention for integration in open water. The |ift system stands on its
| egs 12, 14, which carry footings (such as spudcans 15, 17) on the sea
bottom 58. The topside 30 is towed on a barge (not shown) into a position
under the crane beanms 16. The topside 30 is lifted to the desired height
using the beam 16, which is elevated by the jacking devices 18, 22. The
transport vessel, such as the barge, is noved away. Then the hull 52 is

towed ipi9id@ s@@ﬁieﬁi R yvHRAeFodBbler AldiGNRH dtnbe ﬁﬂ%%)él@eﬁﬁin%‘f tGystéie hul | 52,

bei ng a buoyant body, "floats in open water. The topside 30 is then | over ed
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case, the lift system 10 is trans eb towed) as a whole wusing
a tow n@"‘ §‘§ [onglas trangperitien VeSS totr%axg%a{cgm §8"Poat s on the crane beams
16 and the connecting beans 34, 36, 38 and 39 which are built as

wat er - ti ght Bigurest schiahatically fliusfatpy moilde csanfifle of eantspdtioy drecysteidl) f ast er and

| onger - di stance transportatjon of e ystem may be

pl aced Wy igbpis d@@é%ﬂ%f SR ﬁ%ﬁe dﬁgt%é\é@félltye% Xeppgale

schemat Liegliy of & hféama@qhﬁﬁi Astafrb@iKed i thellrdwinahé ¥gpdnsidntRambobe system can
be transported by a self-propelled transportation vessel Upper portions

of the twgsctingyisemspeséndt aml 3% aed Broaersiate feerpriu s d996oPlasad B vessel to
remain 7 SC t détﬁ@%ﬁ 1 not her
exanplegogé??%%g%g%$bkaE%%e§§%§]%m 1%”%§%§5bgﬁﬁh§?t . nfﬁhﬁgngkanple t he
syst em &Btens 18} Saaﬁb]mbepbn1Mmfahqoﬂeg naldintey lﬁtarsepaha@gag@il witlethes of a
nodul ar _uni t caTébe seen in the drawi ng, the suspension beans 16,
connect?ﬁ@aﬁggﬁ§m§ﬁ,'36, 38 and 39, and the separate | eg nodul es 19 are
placed on a barge 64 and towed by a tow ng vessel 60. To reduce cost and
save tine, thﬁlﬁaﬂkﬁmgmmdysféwsyﬁﬁnoﬂﬂwqmﬁemdmﬁmﬂpmﬁuﬂuﬁsﬂﬁﬁmﬁhaﬁ¢eg

modul eSS 1\7&9116(1:"&{1] tl{ees em l%ng%ufa%eg asa self propelled heavy lift system 70. The

system 70, composed of connected modular units similar to the system 10, stand on two

huge floaters 80 (simple shaped barges or pontoons, or ship-shaped vessels with
relatively low resistance for long distance transportation). The floaters 80 arc cach
equipped with a propulsion system 84 so that the whole heavy lift system 70 can relocate

to a job site using its own transportation means.

The jacking systems or devices 18, 22 used in the heavy lift system of this
invention are well adapted to handling large loads; they can lift up to 20,000 tons, and it
is relatively easy to increase the lift capacity without significant increase in cost and
difficulty. Many jackup manufacturers, such as those yards of Keppel O&M, have
already the ability to build larger jacking systems.

One of the particular advantages of the present invention is the use of modular
structure concept for the single heavy lift system. The modular structure allows the
system to be transported in modules to different locations and easily assembled them at a
job site. The modular structure also allows easy change of the system’s lift capacity by

simply increasing or decreasing the number of modular units in the system.




suspensi on beans 16. Still another exanple of the system of the present
invention is illustrated in Figure 8, wherein the system10 is

manuf actured as a self-propelled heavy Iift system 70. The system 70,
conposed of connected nodular units simlar to the system 10, stand on two
huge fl oaters 80 (sinple shaped barges or pontoons, or ship-shaped vessels
with relatively |low resistance for | ong distance transportation). The
floaters 80 are each equipped with a propul sion system 84 so that the
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support the beam 16 at the two ends. The beamis equipped with a jacking
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The mobility of the heavy lift system 10 can be achieved in many ways:

If the horizontal beams 16 are made such that they can provide sufficient
buoyancy to support the whole system, the whole system can be towed to different
locations. The beams and legs can be transported separately and assembled at site. The
beams may be towed (if buoyant) or transported on a barge. The legs can be transported
on a barge. The beams and legs can further be made into smaller modules. These smaller
modules are transported to the desired location and assembled at site. Transportation in
smaller modules allows use of smaller transportation vessels, especially for land
transportation in case there is no special road for heavy vehicles and heave cranes

available.

The heavy lift system 10 of the present invention can also include a movable base
on which the legs of the system stand on the moveable base so that the whole lift system
can move on a horizontal plane. The movable base can be carts with wheels which can
move along track rails on a solid foundation, or a floating dock or barges, even vessels

with propulsion systems similar to those illustrated in Figure 8. The movable base allows
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built for use on land or offshore depending on where the integration wll

be conducted. The space between the major nodular units and the | ocations

of the holding points where the suspension nmeans 32 are secured to the
beans 16 can be adjusted to accommobdate particul ar topside for optinma

| oad distribution so that the lifting capacity can be used as closely as
possible to the fullest extent. Additional nodular unit can be added to
increase the lift capacity if needed. The nobility of the heavy lift system

10 can b greﬁpﬂ%ﬁlﬁt);dlg 1%%?? th0RYRem. 1t hisd B R 2 A8 AlxifIBBTR 1%%3(5& made such

that they can provi Icient buoyancy to support the whole system the
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smal | er nodlhesagy bittsydes pbthiseverdionthes tedpllaring edwuniages buridohissenbl ed at
site. T&@ggfgﬁhatjon in smaller nmodules allows use of smaller

t ransportat V&ssel's, especially for land transportation in case there
is no special road for heavy vehicles and heave cranes avail able. The
heavy |ift sksigertioh@pofatiohesngreasaind duhdenng ahscawons af o yearayidhge a novabl e

base on which the |legs of the system st , I so t hat
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foundation, or a floating dock or barges, even vessels wth propulsion

systens simlar to thoese ill.ustrated.in. Flqur . abl e base al |l ows
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as ot her conponents of arig. It can also neke topside installation

sinpler and gasier. The heavy lLift .S Al S| j t he
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choice of construction location;

There are no outreach limitations as the system lifts the entire topside over and

above the lower hull,

No expensive and relatively heavy ballasting operation on the lower hull is

needed as the system will lift deck up to 300 ft overhead.

The heavy lift system 10 of the present invention also has a larger flexibility in
choosing the number of the lift points and their locations along the suspension beams
(16). The number of lift points of the system 10 can be significantly larger than those of
existing lift devices and their locations can be optimized so that the reinforcement can be
kept to a minimal or even unnecessary. A large number of the lift points would also
significantly reduce the chance of chain-reaction type of failure and therefore require a
smaller safety margin. This would imply a significant saving in the materials and

construction cost.

The system of this invention is relatively smaller in size and weight compared to
conventional heavy lift systems; thus lower cost, as compared to traditional swinging

types of cranes for a same lifting capacity.
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I ntegration operation can be carried out during all seasons of the year
with no weather windowto follow, except in raw extrene conditions such
hurricanes and strong stornms; Operation can be carried out in yard
vicinity thus elimnating expensive nobilization cost of any |ogistical
resources to support the operation; R g conponents can be constructed in
different location giving flexibility and choice of construction |ocation;
There are no outreach limtations as the systemlifts the entire topside
over and ab@yg. iSihaMaYe Bbbdimbas 8XPeMSIhBoRRe e RbRddsyighad WABRVY _
bal l asting operation on the lower hull is needed as the systemw || [ift
deck upspeoili8@@tafls, ibis anterstdod thabvarieaynoflificatiensser hy rcodidy madrbipthestent

i nventiqgn.al.so ha | arger..flexibility. | ' nunmber of the lift
poi nt's SRS yue RURE e Rt D se BRAPTINR B £ YO © per of
lift pohnddsdiablyl ihe ssopetofthcldaimanpiadsd Wrethiicastilinyitedds therdesdimtion hose of
existing lift devices and their Ioc%%%gps can bF optim.zed so that the

r ei nf or BEdRE hersim tyk enqompassey all theingi cdrattrs AT G RESELIRYPEOR | ar ge nunber
of the jiicfliinRQiNtSuie Whithal Sl bSiréd dscRbivaléntsERBIGST bylTose BiaiNe®irof
chain-reactiOn type of failure and therefore require a snaller safety

mar gi n. th§hitdo whidhcghis ppteption pértpirisf i cant saving in the materials and
construction cost. The systemof this invention is relatively smaller in
size and wei ght conpared to conventional heavy lift systens; thus |ower
cost, as conpared to traditional swinging types of cranes for a sane
lifting capacity. 11 Wiile the illustrative enbodi nents of the invention
have been described with specific details, it is understood that various
nodi fications can be readily nade by those skilled in the art w thout
departing fromthe spirit and scope of the invention. Accordingly, the
scope of the clains appended hereto is not limted to the description
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provi ded herein but enconpasses all the patentable features of the present
i nvention, including all features which would be treated as equival ents

t hereof by those skilled in the art to which this invention pertains. 12
We claim 1. A heavy |lift systemfor lifting | arge mass structures,
conprising: at |east one nodular unit conprising a pair of spaced apart
supporting legs, a transverse beam havi ng opposi ng ends, each end being
engageabl e to one of said supporting legs in a substantially transverse
rel ati opghiifmt 0 1 ongitudi nal axes of said supporting |legs, a neans carried
by said transverse beam for engaging in suspension a |arge mass structure;
and a neans for_noving said transverse beam up and down along said

suppor t I-riyheayydift sysiemgylifingilage wassPiaives. SESHE uct ure engaged to said
transverse beam 2. The systemof Caim1l, wherein said nmeans for noving
sai d transvedti@shgrhodulinbit S6Spasiae K piir IEspacal aasughbrixet veea an end of

said transverse beam and an adjacent supporting I%%, saidé ackup device
piRermotsa]

suppor t i n¢FaRTYErse RearB haYipg OPROSHG\FBAS 8aeaith b6Ie pReCeaF e oistifporti ng | eg.

3. The sy%ﬁ@ghg{r% dl%ﬁh@s&?stﬂiﬂf%ﬁ?ﬁﬂnsﬁr@sgrﬁé‘tﬁ)tngl;[fg(f@mﬁéfﬁmax&! dfs@lgi ty of

modul ar uni capabl e of foving transverse beams in unison. 4. The
syst em of s@mmirtmgdegswharcainncasagdbypiaid mdnsyrsobearrpidn brgagingiin suspershit ses a
plurality . of transverse beans ldin a.. L I
el a1 ond e BY OGS end T DEmutt ok e St SRR 2 u B e secur ea 1o
t he transvpngeaibeapmrtig ledd) ehesehgtreoning sald atde mass wheotare Rngaged teyasd em i S
configured wth % pre-determned lifting capability, which is nmade
adj ust abl WPYCEEPEEP{ ve use of the number of nodular units forming the
heavy lift system 6. The systemof Caim1l, wherein said neans for
engagi ng The Surpestilam €omptdis esd eafd fof aloving safd thanktdrsethenmmnber s spaced
al ong tcho?nplriesgsg EE Jlgiclggp &eg?cetsgc?urr]esdvl?ert‘ggenba%%gd of said transverse beam and an

adjacent supporting leg, said jackup device supporting the end of the transverse beam on

the adjacent supporting leg.

3. The system of Claim 1, wherein said system comprises a plurality of modular units and

capable of moving transverse beams in unison.

4. The system of Claim 3, wherein said plurality of modular units comprises a plurality of
transverse beams held in a substantially parallel relationship by connecting beams that

extend between and are secured to the transverse beams.

5. The system of Claim 3, wherein said system is configured with a pre-determined lifting
capability, which is made adjustable by selective use of the number of modular units

forming the heavy lift system.

6. The system of Claim 1, wherein said means for engaging in suspension comprises a

plurality of lifting members spaced along the length of the transverse beam.

7. The system of Claim 1, wherein said supporting legs are configured for positioning on

land.

8. The system of Claim 1, wherein said system is a self-propelled heavy lift system.
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7. The systemof Claim1l, wherein said supporting |legs are configured for
positioning on land. 8. The systemof Caiml, wherein said systemis a
sel f-propelled heavy lift system 13 9. The systemof Caim1l, wherein
said systemis a nobile heavy lift systemconfigured for transportation on
| and. 10. The systemof Caim1l, wherein said systemis a nobile heavy lift
systemconfigured for transportation on water. 11. The systemof Caim1l,
wherein said systemis configured for positioning on a floating structure.

12 Theo.sYad SMeff o @1infht Lundtbf ARy Aaht SiEHRMdTy dahHigHomtifotd
positioning on a floor of a body of water. 13. The systemof Caiml1,

wher ei nfog siagspodpiporan lagd.| egs are forned of a plurality of leg nodul es
capabl e of being assenbled on site into supporting legs. 14. A nethod of

assenbl j orie fealdfMlaint [, 4eliL sf@dVyshan & Jwbbilctndvalift epsém eonfioargdl i si ng
the steps of: "providing a heavy |ift apparatus conprising at |east one
nmodul ar fontranspedatpm @edatenf a pair of spaced apart supporting legs, a
transverse beam w th opposi ng ends, each end being engageable to one of

sai d suppqitisierh 8981aiRANd wheRARK f9fer 0 Lbitkused fdr héMNSWEI Ga beam up and
down al ong said supporting | egs; positioning said heavy |ift apparatus

adj acenfloatmig@trieiite; suspendi ng the topside fromsaid transverse beam while
aligning said topside wth the floatable hull; noving the transverse beam

al ong t {2 15RPEh bPE14iRAS WABLIPRE dyisRh i@goﬁﬁlﬁmé@ﬁésﬁﬁlﬁtior@ﬂg &ea flodd oat abl e
hul | for engaging said topside to said hull. 15. The nethod of C ai m 14,
wher ei nolsabalymiiatirs positioned in a dry dock and retained therein wthout

flotation while the topside is being positioned on said hull.
13. The system of Claim 1, wherein said supporting legs are formed of a plurality of leg

modules capable of being assembled on site into supporting legs.

14. A method of assembling a floating structure having a hull and a topside, comprising

the steps of:

providing a heavy lift apparatus comprising at least one modular unit comprised
of a pair of spaced apart supporting legs, a transverse beam with opposing ends, each end
being engageable to one of said supporting legs, and a means for moving said transverse

beam up and down along said supporting legs;
positioning said heavy lift apparatus adjacent said hull;

suspending the topside from said transverse beam, while aligning said topside

with the floatable hull;

moving the transverse beam along the supporting legs and positioning the topside

on said floatable hull for engaging said topside to said hull.

15. The method of Claim 14, wherein said hull is positioned in a dry dock and retained

therein without flotation while the topside is being positioned on said hull.

16. The method of Claim 14, wherein hull is positioned in a dry dock and retained in a
floating positioned while the topside is being positioned on said hull.
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16. The method of Caim 14, wherein hull is positioned in a dry dock and
retained in a floating positioned while the topside is being positioned on
said hull. 14 17. The method of C aim 14, wherein each of said legs is
configured for resting on a floor of a body of water. 18. The net hod of
Claim 14, wherein said heavy |ift apparatus is configured as a self-
propelled unit. 19. The nethod of Caim 14, wherein said heavy lift
apparatus is configured for transportation on |and and/or water. 20. The

met hod pf TGk RidMokid MIRT B, wheRiifledtB a0 5aidl Ries BVGhAGuS@TFE réstiapsu aver beam i s a
j ack device positioned between an end of the transverse beam and a

r espect phaboslymbaiatarng | eg, said jackup device facilitating movenent of the
transverse beam al ong said supporting legs. 21. The nmethod of C aim 14,

f ur t her 1 & QR e dAD FIANANST £ phefeirP 0V héhivi b frapphrifud id donfiglired s4ppAf-ti ng | egs
arranged in pairs and providing a transverse beam extendi ng between each

of sai dpippglledamitt he supporting | egs, and further providing a neans for
retaining said transverse beans in a generally parallel spaced-apart

rel ati o hikp nidhdRAFITIAHNE, wh‘éfe‘iﬂ"sa‘id‘ﬁeavﬁﬂliﬁ%}éﬁﬁt_i@ishﬁﬁﬂ?ur@@lfdrng i n unison
when novi ng the topside. 22. The method of O aim 14, further conprising a

step of rppetationgntlans andaxsialstse beam with a plurality of spaced-apart
suspensi on nmeans for suspending the topside. 15

20. The method of Claim 14, wherein said means for moving said transverse beam is a
jack device positioned between an end of the transverse beam and a respective supporting
leg, said jackup device facilitating movement of the transverse beam along said

supporting legs.

21. The method of Claim 14, further comprising the step of providing a plurality of
supporting legs arranged in pairs and providing a transverse beam extending between
each of said pair of the supporting legs, and further providing a means for retaining said
transverse beams in a generally parallel spaced-apart relationship to each other, with the

transverse beams acting in unison when moving the topside.

22. The method of Claim 14, further comprising a step of providing the transverse beam

with a plurality of spaced-apart suspension means for suspending the topside.
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