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MODUEAR 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
requirenments. Two maj or parts of an offshore rig are: 1) a topside,

whi ch houses devi ces, equi pment and crew accommobdati on unit needed for
drilling or production MOEU'LA&(‘TIIEJSF:@YLEIF‘T Aspepower hull which provides

t he necessary buoyancy to support the rig at an offshore site. The topside
and hull of the rig are usually fabricated separately for nmany reasons
(e.g. cost, schedule, capability and availability of fabrication
facilities). The topside pExEheNblopmeviarsported to a mating site
(usually required to be well protected fromheavy traffic and weat her

envi ronnent) and integrated together through attachnment of the topside onto
the top of tH® merent inysnian rslyanio the tephpical S5k folishire igLOnERCHPE A4 he hul |

i s doneyglthficullytdmethkaRREPoftht Yk B8a hgftct itV RIRE bbri Hufl Sl ler
nodul es at "a quay site. Integration offshore is restricted by limted
good weshubigre fai ddlbing ionprekigtontaperagiong. ridwriepsidel cometietlisapstingialy | d enough to
al l'ow a, saf £ _oper,ati on_and the avai.lability of heavy lift vessels to lift

t he toﬁEPﬂEﬁgﬁﬁeSPg%‘a? pgﬁmgggrglnFﬁgnﬁUIl. The offshore integration also
requires a large logistic support including transportation barges, offshore
tugs, suppl wessiel partsd anofilere hgrad: il hg tapaigs, WiNETBYusedvidesr e i nt egrati on
very. chal |l engi.ng and t-he.cast.. exposure.is al.so . very high

| ot egr af pent ey B PRSPt e o BB R o RURB G Y et on
t he weahbe) a tovd ihhiil dhichpibvideghe hasssanbbuoytegrtatigos theadgaest i ons and hook

ups ano t he, modul es), ,and, c 1 Ssi.onin rks.at height. The availability
of q_uaf?%b?r@ S]ft%lcﬁi'q fopde frrg”&’ﬁ)lg%p Urgrg e RFAlEdabTisirg SSRAHER [BHERY types. of

t opsi deedsBhL@IALd® RcRRILROEAYBTHEM NAURIIRS B WhSdation facilities) FHfeshor e
float-over. This operation involves subnerging | ower hull "using ball ast

wat er depsileping thediudloare rawppeigrbloe maiatsite swhihrequirdd teiberveclhpeleelediept h.  Wien
in posid]j . AVE: carrying
the' T o AR S QuicEER RS sl PRRSETeq BNl bl BERR T YLD
de- bal lofisteadpsadechbnitmthe dopwwfithe hile Twapsiodaly, Teitepside iategtanbn wdthttke loper at i on and

hi ghly . endent gn t weat her nditiqon..lt requires | arge. | ogi stic
Suppor & SEreary o Rt ipe Rl ReredRsin sad GEboaER: dafedRiune” cuppl y
vessel s, AHTs and a team of very experienced crew with specially trained
ski |l | s. The Integration offshore is restricted by limited good weather window 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 very 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:




cost of an offshore float-over operation is very high. Use of
of fshore heavy lift vessel. This operation involves the use of an offshore
heavy lift vessel which is basically a crane on a floating vessel (barge).
The lower hull is usually brought to installation |ocation either by dry or
wet tow. The lower hull is first positioned at its final position. The
topside is then lifted by the offshore heavy lift vessel and placed onto
the lower hull. Depending on the total weight of the topside and the lift
vessel 's capgfiiiofe ﬂBQ%vbﬂtI‘ﬁﬂ;rcﬁ:Ha%n mvoidagsﬁb%pe%¢iﬂg1év9erﬁlnﬁn§sﬂgb iRy be done
in one of the follow ng manners: I'T the Tift capacity o? a single
lift vewstet atexreedscithefishorgihtatioh withesulifiotrd watgp diepth, Whbe ingsitent opsi de i s

| f

lifted by, the single Jift .vessel ar | aced .ont.0 .t he, |.oner hul,l

the. vei R B %R bbb Eno R oRe R R BRRR et W e o 11 1
vessel , mhiemvéred &itél foditorDivk tHe 1aWel Hullab ®Bdebolldsted ahd siatdd with ©8 tSgsidR. i n
nodul es_and each nodule is |ifted using the single |ift vessel, This
oper at | BHS Beégunirisde epsalet edighiy dersafen gn ity VeRhorsendiden. dhreguirgs a The
Processpf iR uBPGemCiIR HelA/Mi R BEnSoAMich Bardds: ofFBBMMubd Elippypssel s are
usual |y r%@lrﬂg%s at B fixed gigy ???é; th%'roef ore, %o’n%er Ll\%lﬁsl%éﬁpgtfon tine
means hicgielsc 41Ts and a tean 61 veneexperighted ofew Wih whrsladlyttopeiddkillexdkeds t he
capacity o i nal I l,..the w%fle topside is lifted by two or
nor e Ii%%t%%§§§%@gg O%h%kgé%%%cpﬁévgﬁén ‘aced onto the lower hull. The
operation is very intricate and requires very large |logistic support. The
cost of thi Jspéplshanbéayyaifisessebripitwnghation involveSthvarse of smadfishorages of

(USTNG. GLLSIRR SOl LthlicHEAREhS. 481 ALS O LIPLLRU FENBRL LAL the

“Mifting pol

s
I

e bui opsi ructu limted
heavy lusfidlimessgit & inftallhiniodaidn eies ¢ldsy meee tbw. 1 Ipwver ok €gti N advance,

whi ch makes the. schedu)ing_of the instal]ation eyen re difficult in
ada t | RO GuEE It ieBnant fagide & shtke by e pf«’f_@h%”ﬁe%_‘?ﬁuw rlimted
by crangd ke taRNSw¥eRIe DpLARKE bh Yhe tBt‘éIS'Mléitghﬂﬁ thdkopfie hd the VitSSel s’

maxi mum |l ifting capacity not being fully used and nore |ift vessels may be
needed VEsel’§ parasits the intgeragan of the topside to the hull may be done in one of the

following manners:

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 lift

vessels in the world, vessels need to be pre-booked in advance, which makes the
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I ntegration using heave |lift device at quay site. During the integration,
heavy |ift devices are usually huge cranes that stand on ground while the
| ower hull floats in water by the lift device. Depending on the weight and
size of the topside, the heavy lift device can either nake it in one |ift
or the topside has to be brought in several nodules. The single lift is
largely limted by the crane's outreach capacity and wei ght.

Integration on land with use of strand jacks. This nmethod of integration
requir e§ch@dL}Iﬁ1r %t%ﬁ&al%ﬁ%v&i ﬁlb%%ﬁﬁﬂﬂ il 9&%&%&}#&%&5&‘&&?@ gipe |ocation
requires a launching capacit e construction o & topside and | ower
hul | |sOﬂ@muehﬁughmn§ambﬁh@danmmﬁbymmmwmﬂ@eﬂemﬂwngﬂl$Mmh@wmmﬂnn§hmeraIIy
the 1o rI ul | s assenbhrd arounp tpg ﬁﬁf o ﬁlnlg%% i ddi ng

di st ance’ "eﬁs H}gscaB?CéY&S 7% Yt”ﬁ% Tgaegdt ‘éessr‘* %‘6 off t he
ground Muﬁ&uwdﬁbrﬁ&ﬁn@ﬂkﬁmﬁand jacks and the | ower hull skidded underneath
of the topside deck. Once in position, the deck is lowered to conplete the
i ntegration., Thi

db d
and Vo ge | ARG B Red iR A bR AR Rt o B B oo 0"

const r ugdvds bt ustia]ySaiIre claBeésthhiOfand on groundWglcUB€lodfer BB Abak tywiessel s. At
the nonent, there are several specialty vessels in construction in various

parts &%”#ﬁ@ﬂ“EVFEJDqﬁ%@H&PFﬂﬁ@W€QWéP9FW3OgﬁﬁﬁﬁﬁF%nmﬁh?mbﬁébﬁvuﬁs conpar ed
to the hgayhed hdide nyﬁ%%@'h% or IRESFsi@PREHAbL Mro\\ggﬁ%ﬁkafegﬂ IndaGRUIFife certain

| evel of offshore Istic support and are weat her dependent while carrying
out t hesigishifiliy latgelyrﬂunm@lnm@ cragoeuifachivepsity esd weightray have restriction
son the footprint size of the deck, lift height and wei ght. One common
“di sadvant agqne[grahbﬁoﬁlnﬁmwhmsegfa}ang aametmgi&leﬂaea @ﬁln&%batmtrecm% yei ght of
the mass structure is supported by a small /11 mted nurber of fi poi nts.
Each | ilptge loper spage wish yirongrlged besaidg gwivind. hThﬂdg¢2¢i0n e@lu[rt:s 4 huhghgig st ress on the
structur strgng. structural
relnfogbZﬁgtfwég%ggl%'Qggﬂgbpﬂﬁ%ﬁ#“&%a'SPH%&) |QP%%]%Pation.lf
one of pr&deteivhihedpisitictsf@énesligithe ﬂtgwe‘.rfmml@s)ﬁlsahblednarohﬁtethle@@mdetto bears would

transfer. to oth lift points. Because of the small er of lift points,
t he peﬁ@&ﬂ?la@,élﬂgﬁlimg fistape ViRl GRERORIY e CP'@HEF%FW?@‘)HSF <tis FateAd woul d be

very sighbbis@mith %[@:d,ls%ﬁt%ﬂ?&kéﬁﬂi 8 Nowdrfnlul RRIdAEd ﬁrﬁleﬁféhﬂh of fifte | oad on the
remaining lift points would further increase, resulting in a chain

react i é@PSlC&I dock. Kance i pospiiing the daguisdowered torrannigte ghe integration. Bhid t he

struct | t Lay ccident. To
avor d dhaerittaeplakby WU UEIUR ok Lo U B B BT Vr
| ar ge $aﬁehyKWEMQamjmwmaﬂ@ahﬂ&ikmomﬁsw&de@ﬂmmmhehtmﬁ@e structure nmust al so
be chosen with a large safety margin This nmeans an inefficient use of the
structural L eLd lsSe A0 POl G08cinomeny, theﬂe%ee&eggi Lol Desliog e 11T

usi ng one single evice In rotecte ea Certann y has many
~advant agmssructicer inmativis-parth bf thetvegidaThomll laﬁzpefaryaig opelxgioapigosophy &qui res a

N
oot e e P RS P e 0 A e LSRR 6o Cper vt o

and desifkiede RpRGdUcH dpp@)ﬂ dhdtafe WORH®@ ASESdeitiMehiRhBhg 3DCHS ikillgfiod he topside
of ari (nerbU|I or conversion) for deep water will significantly

i ncr ea8BshorpSomsidthsse Bessdaeny bay weaiichen @hthﬁﬁo(t@fé@z@@@ﬂle&ﬁ@k &t hi gher .
Today, h&%%dn ragsh of fshore lift vessel in the world has a lift capacity of
14,000 t Meefema Thialf). The capacity of the |argest existing heavy
lift device for quay site |nte9rat|on avai l able fromKiewit O fshore

Servi ces | oPat eem@en divgdwgiage ol theeheveigtegmtion methedalogiss isghatdnt | no singl e
lift i t 14,000 tons
W th t RS TRy RO Bl el by b shAR R SEE Geilifts; A

devi cehﬁ)bsmreerwew ltuige escdhwhizh genld iefulf indr ghageess ¢enytha seuatere de o fmaa single lift

integratio the new | ift. vessel s/ dev b | y. scaling up
e S bbRh e ol s st MR R Sl SR T RS ot o
t he neie bﬂﬂﬂlﬂgtbpéﬁuﬂﬂod o RRIF tealft Yoihtd CAiRamEng il dpeAUbA @hdlok@it@RirsOper ati on
space and a dramatically Iarger | ogi stic support. Besides, building such a

giant lift device itself is a challenge and very costly. Such | arger lift
vessel s/ devices woul d al so be nuch #more difficult to nobilize.




SUMVARY OF THE | NVENTI ON Accordingly, it is an objective of the
present invention to provide a heavy |lift systemwth |ift capacity |arger
than the |l argest capacity of the existing heavy lift vessel s/devices for
topside integration for offshore rigs. It is another object of the
present invention to provide a single heavy |ift systemw th high nmobility
and ease of assenbling that can be erected on site on |land or offshore

It is a further objective of the present invention to provide a single

Ihtea_vy L b laSys € %féﬂogﬁtg.ngec%a&ao%ys&mme} DELRASEE gl atively easy.

I s yet another object "of the present 1nvention to provide a nethod of
assenbl pergengagielod dtel logl mtreaetanrtbe emangnglif ipogitewbdilfl be syytsemificaptadnde of

handl i ng si gni fi cant,. ss, of. . opsi,de of the.floating structure.

The. obj BY FOE e BRa T TTHo BRtioBA G Ruts (g BT S hr ovi si on of
a heavyintichde, B%SHBEUCOMI RaciRf AW Bs o Wosld fRAGHe Sferthbil HANPri ses a
pair of supporting |legs and a transverse beam secured to the | egs through

j ackup ‘Beviredurefhging ) wopld geendlmfalbcaysingwseidouspeaidentddemvelddry t he | egs.
The heawy] ddidiiosY ' ; ' : t he heavy
lifting t5§E&%§ﬁfégggkgégé%@ﬂgﬁ?ééggﬁ%gggf§§%%§§3Q@ﬁghE§?¥€ﬁ%$e | ocati on,
f.or i nstahhseopshasal t thid the psicties isist Asdiee chopdni wighda leirgdsatdte mardit. Tofis a

floating structure, The | e re .posjt.ioned adjacent the hull and the
topsidég?%m§ﬁ§5%ﬁ3g5L§?8@#?ﬁgnpggﬁ§§8?§ga%£% W th the transverse beans
of each nodul ar unit noving in unison, the topside is noved to rest on the
hul |, after nkgehoawithpgighelifatsiag bmesingletiicessl/daicehir gipmtected arca

\ certainly has many advantages over multi-lift integration, especially because it requires a
shorter time and simpler operation, and has lower probability of failure. As oil and gas
exploration and production goes to deeper and deeper water and desired production rate
increases, the weight and size of the topside of a rig (new-build or conversion) for deep
water will significantly increase. The topside of such rig may weigh up to 24,000 tons or
higher. Today, the largest offshore lift vessel in the world has a lift capacity of 14,000
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 dramaticaily 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, 1t 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.




BRI EF DESCRI PTI ON OF THE DRAW NGS For a further understanding of the
nature and objectives of the present invention, reference should be nmade to
the follow ng detail ed description of the preferred enbodi nents thereof,
taken in conjunction with acconpanying drawi ngs, in which |like parts are
given reference nunerals and wherein: Figure 1 is a schematic top view of
the heavy lift systemof the present invention. , Figure 2 is a
schematic side view of the heavy lift system of the present i nvention used

in adry docj,, ﬂoiﬂérggi@ctmm . FHARROR iR B/CLFhSURRA! Ay igg\v,gyt&ﬁ bot t om of

t he dry dock. ure |s as enat C vView i ft system
of the mthsh@htmd)biﬁbwmd@meidf lasrsmbang thyt ¢dnebelesetapfont dite os)lrmde:moifﬁsh@'e.dry dock,
with the huII being buoyantly positioned in the dry dock. Figure 4 is

a schemati c %elt(n)%ctﬁ?@}‘ﬁthle pldseRYNATPl dﬁ:ged@%gﬁg%thga\f Veft! on used 4

an of fshore ocatlon egs supporte otings fromthe
sea bot system whose liflsigeapecity dag bammed/ﬁeémivsl@fhesmt ically illustrating the
lift system being transported (towed) as a whole, with the beans providing

the necessary 15@&9% o.bﬁctt &%é’ﬁ%&n‘é‘%@ﬁtﬁm to provide a method of assembling
a floating structure using a single Lift system capable of handling significant mass of a

topside of the floating structure.

The objectives of the present invention are achieved through a provision of a
heavy lift system comprised of modular units, cach of which comprises a pair of
supporting legs and a transverse beam secured to the legs through jackup device that
allow the beam to be moved up and down along the legs. The heavy lift system is
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.




Figure 6 is a side view schematically illustrating the lift systemof the
present invention being transported as a whole on a barge and towed.
Figure 7 is a top view of the system of the present invention disassenbl ed
into a plurality of nodular units including suspension beans, connecting
beans and the | egs positioned on a barge and towed. Figure 8 is a
schematic view of the system of the present invention constructed as a

sel f-propel |l ed vessel. DETAIL DESCRI PTI ON OF THE | NVENTI ON In the
foll owi ng deggri.pt:L ' ; t : ide an

under st andi ﬁ%%{é#egtlhg@%}}%gﬁﬁ %\(\)}gﬁ% ?%Eilr‘{? hﬁoﬁlsé%@ro,fftﬁﬁr% e%ﬁngéelﬁl\t?hr}der stood by
t hose sHlubtratiggitire ashef thetsysthatin b dey grebsenth therhpdrieingrbunpantlyeopttiaetd ced

wi t hout. ttFeé% ddﬁ%ai | s and that nunerous variations or nodifications from
t he des@'H¥d ©fbodi nents may be possi bl e. In this description, an
exenplary wei ght of the topside is assuned to be approxi mately 15, 000
metri ¢ tons.Figincd inesgivmalis vismeafdhe kahvy dift systemsy thetpresenpioypdwesiseshl y, and

R RSB B D5 B SR BT LD 7, o 5

for oth& 0 Noted that in this
descri pidt@m. the foll ow ng groups of words are used interchangeably:
"system and "structure"; "vessel" and "barge"; "platforni and "rig";

"hori zont al "o "g| i ' . oL "
oot o HERES is o 942 PRNPLAL, ARAIL 10 BinahE N PG8T biing dlafiffrica |
and " aederaay ageohale] with theHealns peaiding the macusag buryandy thabasganuedters. and

"puild"; "fabrication" and "construction"; "nodul ar units" and "nodul es."

(- Figure 6 is a side view schematically illustrating the lift system of the present

invention being 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

R 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

2,

groups of words are used interchangeably: “system” and “structure”; “vessel” and

% G

“barge”; “platform™ and “rig”; “horizontal beam,” “suspension beam”, and “crane beam;
3
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As can be seen in the drawings, the lift systemof the present invention is
desi gnated by nuneral 10. The lift system conprises one or nore nodul ar
units, each of which conprises a pair of opposing spaced-apart supporting

| egs 12 and 14. A suspension beam 16 is supported by the legs 12 and 14.
The horizontal beam 16 can be a box beamor a truss beam depending on a
particul ar application. A jacking device 18 is secured at an end 20
of the horizontal beam 16, and a second jacking device 22 is secured to an

end 24 ef..th Thes : i ey 22 i L ye) venment of

t he beag$%% ?gpﬁﬁgg%?§sa?g%dggﬁgﬂ#%gsﬁ%gﬁ%g%&ﬁ%.%%&gﬁ%%$%$%1%ﬂ$opside 30
(or any“jetheg medwansm’} Flabacate, ¢ 'mimifscheusd Peodsedct’t auh“bhidd h Efabridaiohy sui t abl e
suspensiqﬂwge nsfSZL“mhiqh ca{”be a wire rope and the like. Wien nore than
one nodifarl CIP%’ugﬁé?aﬁmﬂsuﬂﬁﬂq%&%ELconnecting beans 34, 36, 38, and

39 connect the nodular units and ensure that the systemworks in a
synchr oni zedAseamisr seen in the dra@negsethaiifil systofn aftlee wsenhmveition isyst em 10 i s

shown in Figure 2, whergipn t | egs 12 and 14 are positioned o pposi ng

ot des obesitoaEy By gurtes 16, ThalfysERsepitsR St Ride RRE s MaaeRof 5o ar -
fabri caivei@dhicBmbhgesArpird@ekpithg sphddd-dphe stpsiibe a0 7 irghts. Rehgantihe crane
beans 16. Wien both of them are ready for _integration, the topside 30 is
lifted Psapsio peupnssisd b thidsey le?oaqﬁieli‘*gﬁhe lﬂfgm@mahge%kﬁ sacieiapxdpamens 18, 22
and noving.t ; date the size of the topside
30. Thé% thggﬁS?ﬁﬁggé?gﬂgﬁ?%%%ﬁ&%ﬁ%?ﬁg&gﬁggg 56 to the position right under
and aligned with the topside 30. Finally, the topside 30 is | owered onto
the top of théckingdesise J8ivigoymeay fﬁ’(ﬂ@ﬂﬁé of i hosizontel bep Ignand st egrated with
‘the hulde et jadifife @éﬂced&qg ge%}?tlrédscotaﬂ@ﬁh 34 opdedean ‘ij6.t"ll‘hge 6£dé%1&f de9Rks1g The

integrated rig can then oated out of the dock transpdrted to
t he of f¥hioeiditatd mevement of thEibgumd 6 Jettichllisilpag the lepsdlired laphplatfatien scenari o

in which th side,is fabricat .in th ck 50.rjght. der the |ift
oyt om g BRak Sl AP RRIRY 1§ Mopded e KedR bl 66 1 '
di f f er eskpdnsioatieans 32, Whidisean ot abdtdrophend bp sikeleWden angle thhg ohl | 52 bei ng
fabricated in the sanme dry dock 50, when both are ready, the topside 30 is
i fted DU PNt hdusast PIBHLREPIFRnGEna geake’d AbkiSngn it fesctiis 22, Then the
dry dogkodariusiitt hROSIRE Rty sichevdid In S&neRBnRE figaked to the position

under and aligned with the topside 30. The topside 30 is then | owered onto
In case of

the top of the hull 52 and jntegrated with the _hull_52.

the hul | 52 %W’&@%iu_é%?féhe ilﬁ%ést%ﬂlﬁf)é%%‘ﬁtmﬂ%g%a&urf‘o%,‘”'%efrén Mleesnidst be
first thanspRIgRAichEOM biposm@RRet HE4 9N0sk 56 1AM s Wainiie Wisifgad he dry dock
50. When both are ready for rntegration, the topside 30 is lifted to the

desi r edOrail §ull 54 srafgbridated; indha ¢y daedyi & edthitBe topgide AR rightdwedow the ceamspensi on
beam 1 i - - i ded and the
gate of e Pl Shun SRR foRdh of REPkrbith. Bt 00 B HAPRERS e hul'
('5-2 i s hbowighlesiral hdnght pp ssibg dre jadkigestemistlB, 22hadiapanglthe3Bamtibaptoppsi de 1S
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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 rig 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




In the above case illustrated in Figure 3, the topside 30 can al so be
fabricated in another place and floated into the dock 50, where it is
lifted by the lift system 10. Then the hull 52 is brought in. The rest of
the integration procedure is the sane as the one descri bed above.

Figure 4 illustrates the use of the systemof the present invention for
integration in open water. The |ift system stands on its legs 12, 14, which
carry footings (such as spudcans 15, 17) on the sea bottom 58. The topside
30 ist e beans
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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 [ift 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




One of the particular advantages of the present invention is the use of
nmodul ar structure concept for the single heavy lift system The nodul ar
structure allows the systemto be transported in nodules to different

| ocations and easily assenbled themat a job site. The nodul ar structure

al so all ows easy change of the systemis lift capacity by sinply increasing
or decreasing the nunber of nodular units in the system The | egs
12, 14 can stand on each side of a dry dock, or a wet bed, or a floating
dock an | Rped with a
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separ at EfRFIEAN "588etbl ed at site. The beans may be towed (if buoyant) or
transported on a barge. The | egs can be transported on a barge. The beans
and | egs carstillembther exaenphactahe sitsensaftht presem dieption Fhigseasdal Figurerodul es

are tr orted to the desired | ocation.and embl ed at sj
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road for heavy vehicles and heave cranes avail abl The heavy lift
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he | whol e |if
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{ 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.
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a greater flexibility in use of the system It also allows a greater
flexibility in laying out the fabrication of the topside and hull, as well
as other conmponents of a rig. It can also nake topside installation sinpler
and easi er. The heavy lift systemof this invention has the follow ng
advant ages but not limted to these: I ntegration operation can be
carried out during all seasons of the year with no weather w ndow to

foll ow, except in raw extreme conditions such hurricanes and strong storns,
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can be d&dsged fiftmgrbpagity.ak heavytshactutehesd astopsidiesttiaplgedy/ tickdtto tleviocigsntalnd t hei r
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therefore require a smaller safety margin. This would inply a significant

_S aving int hﬁqe%%%(%rﬂe%bgen%ﬂg m(a:g%? ?r;[oﬁﬁllcalt W9l a%g%ﬁe' locations of the holding points

5,

where the suspension means 32 are secured to the beams 16 can be adjusted to
accommodate particular topside for optimal load distribution so that the lifting capacity
can be used as closely as possible to the fullest extent. Additional modular unit can be

added to increase the lift capacity if needed.
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 moduies 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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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 sw nging types of cranes for a sane lifting capacity.

Wiile the illustrative enbodi nents of the invention have been descri bed
with specific details, it is understood that various nodifications can be
readily made by those skilled in the art wthout departing fromthe spirit
and scope of the invention Accordingly, the scope of the clains appended

hereto gre@f&r ﬂ% ﬁlx Js@ of i S?&élﬁr 1t Bish Qo Pl Q%I'egt%fjﬂ@%;ﬁ&ﬁntf%}g %&?‘to Passes

all the patenta eatures o] present vent i1 on, 1°ncl

feat ur eﬂle\fkbrmlatwmoﬂ the wpside ead kdl, as wel:] uk vtheertngponhes eb4 ripy It rham&ésos k| lled in
the art pls i nven |on ertalns W claim 1. A heavy lift
system OPPﬁ 4 Q?ﬁEﬂWB ETures, conprising: at |east one nodul ar

unit conprising a pair of spaced apart supporting legs, a transverse beam
havi ng opposThqﬁakaﬁsgaehoéﬂdshwmﬂgmdmg&@éamhanga&nm&gafmsand supporting
| egs in. %¥F antlally transverse relationship to | ongitudinal axes of
sai d s ﬁb Yegs, a means carried by said transverse beamfor engaging
in suspension a |large mass structure; and a neans for noving said
transverse bhmanﬂonapdadmmndde@agieﬁajuddmﬂxgmmmmgs b&ihs yedrhvathedsy novi ng sai d
| arge nass, str.u { ﬁngaggd t.o sai transg%rse ﬁ%

weather win o follo cept in raw extreme condifions such hurricanes and strong

storms;

Operation can be carried out in yard vicinity thus eliminating expensive

mobilization cost of any logistical resources to support the operation;

Rig components can be constructed in different location giving flexibility and

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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2. The systemof Claim1l, wherein said neans for noving said transverse
beam conpri ses a jackup device secured between an end of said transverse
beam and an adj acent supporting leg, said jackup device supporting the end
of the transverse beam on the adjacent supporting leg. 3. The system of
Claim1, wherein said systemconprises a plurality of nodular units and
capabl e of noving transverse beans in unison. 4. The systemof Caim3,
wherein said plurality of nodular units conprises a plurality of transverse
beams hel d i g SPHLAR B LhoRAkAKlPlhciflAlbPRA RPYLANRRGHLNY_bears
that extend between and are secured to the transverse beans. . The system
of d ai spedificwletiileiinissailersioyd thahvdrmus onflifpated can bhradipy madebethossmed i fting
capability,. which is e adj ustabl e by sel ecti use of the number of

ot ar il 8 AT e R R b s P i afigbem of Ol i m 1.

wher ei nAs@ir@inBRams stepe FRFAGING apPendtSREBBIiOHotRITRMIS 8% das@iptibal ity of
lifting menbers spaced along the length of the transverse beam 7. The

syst em BPvidedherein buprgosipsssa il themgsaiabledgatiney of Bie gresenifinygoied for
positi Oﬁk%ﬂ?lggllllf@ﬂgres ichRGoutY 88 GO asPofivillehes (HBES Ry I kkisy jf M 1S a

sel f-prop heavy litt system
the art to which this invention pertains.

S
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9. The systemof Claim1l, wherein said systemis a nobile heavy lift system
configured for transportation on land. 10. The systemof Claiml1, wherein
said systemis a nobile heavy lift systemconfigured for transportation on
water. 11. The systemof Claim1, wherein said systemis configured for
positioning on a floating structure. 12. The systemof Caim1, wherein
said systemis configured for positioning on a floor of a body of water.

13. The systemof Caim1l, wherein said supporting legs are fornmed of a

pl ural ity 9fi,). eg nodul es capabl e of being assenbled on site into supporting
|l egs. 14. A nethod of assenbling a floating structure having a hull and a
topsi de, conprising the steps of: providing a heavy lift apparatus
conprisrﬁbhﬁﬁyﬂﬁgﬁﬁﬁ%ﬁ@rHﬁ@@ﬂ@geﬁﬁﬁiﬁﬁﬁﬁﬁﬁi@E@”@ﬂ%é pair of spaced apart
supporting |l egs, a transverse beam w th opposi ng ends, each end bei ng

engageabl e tQ |@BCoRfim&RiIlA usiRPAPEiNG 2 bEO ST spABE BafBaporfiRy 1epDWI Ng sai d
transverse beam up and down al ong said supporting |egs; positioning said
heavy | i f {r2Byisee beam ha‘(jp&@gmsngﬁlgs, l§aghy end being engageable to one of said

supporting legs in a substantially transverse relationship to longitudinal axes of said
supporting legs, a means carried by satd transverse beam for engaging in suspension a
large mass structure; and a means for moving said fransverse beam up and down
along said supporting legs, thercby moving said large mass structure engaged to said

transverse beam.

2. The system of Claim 1, wherein said means for moving said transverse beam
comprises a jackup device secured between an end 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.

o

o 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 !, 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.

13




suspendi ng the topside fromsaid transverse beam while aligning said

topside with the floatable hull; novi ng the transverse beam al ong t he
supporting |l egs and positioning the topside on said floatable hull for
engagi ng said topside to said hull. 15. The nethod of C aim 14, wherein
said hull is positioned in a dry dock and retained therein w thout
flotation while the topside is being positioned on said hull. 16. The

met hod of Claim 14, wherein hull is positioned in a dry dock and retained

in a flearh0gRASHE Irbi shi | dRobFe Rel PERRGSbI ap said
hul | . %7. Tﬁg ne?ﬁ%@ﬂggf%?%%ﬁf%gﬁyﬁﬁg?%?ﬁmg%%h g? sa?da%§8§§$§ configured
f or r esfadrtrgnsportatidd @olandf a body of water. 18. The nethod of C ai m 14,

wherein said heavy |ift apparatus is configured as a self-propelled unit.

19. Thegrepods@f, cﬁcﬁéiﬁ]all,‘%vhe%ﬁ&ﬁh Oy<h Sk NGaM Heby iARPREALMsiduSeconf i gur ed

for transportation on nd and/or water.
for transportation on water.

11. The system of Claim 1, wherein said system is configured for positioning on a

floating structure.

12. The system of Claim 1, wherein said system is configured for positioning on a floor

of a body of water.

;/m ™

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 huil;

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

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

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

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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20. The nethod of C aim 14, wherein said neans for noving said transverse
beamis a jack device positioned between an end of the transverse beam and
a respective supporting leg, said jackup device facilitating novenent of

t he transverse beam al ong said supporting legs. 21. The nethod of C aim
14, further conprising the step of providing a plurality of supporting |egs
arranged in pairs and providing a transverse beam ext endi ng between each of
said pair of the supporting legs, and further providing a neans for

retaini g 1§RInki JPIISMERS 64, RARME LKA 980 RIRld dnRBhRY k&'res%ﬂag%ﬁ%-fﬁ)gﬁr t
rel ationship to each other, with the transverse beans acting in unison when

nmovi ng ehebadypdivdéer. 22. The method of O aim 14, further conprising a step
of providing the transverse beamw th a plurality of spaced-apart

suspensi{ 9 hEBdHd @CISHS RENHREh $En 00 $indSparatus is configured as a self-
propelled unit.

19. The method of Claim 14, wherein said heavy 1ift apparatus is configured for

transportation on land and/or water.

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

o

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

fransverse 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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