 H e3eG'D<X| 6 T".2 BRACE ASSEMBLY FOR TRUSS LEGS OF OFFSHORE STRUCTURES
BACKGROUND OF THE | NVENTI ON The present invention relates to offshore

structures, and nore particularly, to a brace assenbly f g.
Leg-supported of fshore structures are extensively used f3|||m|mwmmﬂ||mm
exploration and production. Convention truss |egs conprise a,,%y%;*em of
hori zontal and di agonal braces. The |egs are raised or |owere y an
el evating system for instance a self elevating jacking systemthat

cont ai ns r ac BRACH ASSEEMBEY FORARYSS LEGSOEQFFSHORE STRUCJWRES t r uss

| egs, there are a total of nine jacking assenblies, three assenblies per

| eg, One jacking assenbly is nounted at each chord of the |leg. Each jacking
assenbly unit has four tBACKGROUNDOFWHE INVENTIONSE and supported on
bearings. A series of guide plates is installed above and bel ow t he jacki ng
mechani sm The gui de system consi sts of upper guide plates, mddl e guide
plates and | owghe WrlkntRh@nGSn SRS 1 GHURT sBibnflEs, Bha hfste g)gﬂic[ﬁﬁ. \ f%rf
pre-determ ned to ensure snooth transition 1n rarsing an owering the

| egs. | ni brage pssemblydfor a trassgdégai ons support the entire weight of the hull
unit, the differential |oads on the pinions cause a vertical nonment couple
during the jacking up process. Under environnental |oads, the unit tilts

and the rack tEeg-buppesied offsteré Strudtiies @t ehitendivalye ased THe minbdE eYledaiién act as
horizontal restraint for the drilling unit as it deflects under harsh

envi r onme ARG PrRAYHERT: !%ﬁ‘_é"?mtpﬁi guss Jegsy emagyisg & swstam of hopzeniel i diegqnaht es
al ong t hepghgy drigngdgd raf!eh Faﬁgeg: %efbgsiewaeb? Qb a‘%hﬂ% g?ﬁgmd 'f(ﬂ'gﬂl'gﬁhceb%as%ﬁ-s' The

differenti al ['oagjs 'n the ¢ ates’ cause a i zontal nonent couple to
be devel opledatingsjacking jsastkinnatu poraing earks aodt pinioes , Int & dypicd dystameusing

i ncreasin E?EE e r ertical ,to a hqrizontal nopent couple. The
devel opme%%a)ﬁg\El ! egsﬁ%gsi ?‘8‘%&3& (;%ct)%ﬁlf tte““%éﬁcé(%angtaﬁ%ew%élﬁs’g&emﬁmpﬁ? R?b e and

| ower gui @ne jackingsassemisdydd monntad abieagh chenidoftfe teprBath jatkiug abdRmbhy akies

bet ween the er .and. | ower, .gui de pl ates devel op conpressive and tensile

f or ces. Agas‘[ﬁg‘ptlorsﬁégm’lo%\sﬁ‘é‘#bmﬁ 6 28 sWﬁ?ff?“z 1885 and di agonal braces,
the 1 braces tend to fail under conpressive |oads, which is built up due
to the horizontal nonment couple. Higg conpressi ve | oads are undesirable as

they result inApgHRS efrgyidsrpleteeistingialled abarkeandssloyw thedankingoneabanisin. The

condi ti ongy; . Nﬁg:@ €] f . nch t hrough

situati onat(l)lf1 5%%%3{? elsgsbﬁd aﬁglzlilfi ¢ ? }?Z£bé1§(£ﬁ%§u 1? ﬁéﬁﬁe‘%iag&sl?‘f’%'e%eair ﬁ’?‘l *Sol d

f oot i ngs. Gaps betgwerd guide plawsl andi mclnate méfdeeimintd t@snsubespedth tahsitdomigh
conpressi ve.l oads. | ocat ed .mai nl, et yween the upper and | gwer edge, pl ates.
Thi s cons{d'{8 @réds lowerpe fherlegs ﬂ}"@& W\Iﬁg%ﬂ’lei?ém%&)“@ﬁ?ﬂ ﬁ‘epﬁnEFFaWﬂB’ét qfdbe
buckl'ing &iill L, the aiRreASBIIBRIsYorPIE PinicHs| cHuRGOHIical HdfeRPERBI durfif thd1e
drilling unit to maintain stability and strength during working conditions

i s det er niaskiggip preeesextadar envisompental doadse theuwit tite and dhet ragk [tesdltigeachr ough
h ¥ _ _ _ . . ) ' el
ot feas BPA 8% iR, THE g0 paf 8l & Hollabf Eellne M0 (R U BRE it 29 11 18
convent i oftadefles igdes hatsh enbirecnmentah cenditiorsn Fhis eenctatoy a wedctign an ltier gidde

di anet er l ar._or, a thi.ck-wall. tubulap. Wth ch.designs, it i

di 11 cul tbgﬁ% %??%ﬁhecﬁé?rlflya@cl)\%%?txx/g’nt fs g%‘fzé’ﬁ g GiagaBa beces Thke 1o ¢ he
hi gh cost diffeveakiuleidadsrin dRiHuide pistePchibisdd BeizoRRDMBRMES: colfle IEHY d&RlopbE brace

menbers, the rig would have to be towed to a shipyard, where the bent
section of the leg has to be renoved and repl aced. The expense associ at ed

with work stoppgge jﬁé(iig{lfis pxt%esﬁ ROARUETRRY 10845 Jr@%cmgf?qrﬁ%ﬁg&’ﬁf)gﬁg Si nce

retrofitting the |éqg, he requiréd manpower 1s often Very
t he braceyertiea te pdopigerial| merkert souple Theatestlbpmeny of theuldrinontal ¢duplepcaasent

i nvention im nation of . dr cks .assogci ated with prior
desi gns aﬁhgqgé %\%e?%gﬁeoﬁﬁﬂfm@g&h%‘ﬁerogmqe ,@%’g?%éusgﬂg % cl?et"g‘“gfm?'ﬁﬁmbr aces
t o handl eThagythebbradesi beowdenahts .upBer and lower guide plates develop compressive and

tensile forces. As the truss legs are composed of horizontal and diagonal braces, the
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‘SUMMARY OF THE INVENTION It is an object of the present invention to
provi de an inproved design of a brace assenbly for a support |eg of an

of fshore structure. It is another object of the present invention to
provide a nmethod of retrofitting existing brace assenblies in situ. These
and ot her objects of the invention are achieved through a provision of a
reinforcing sleeve neans for positioning over a pre-determ ned portion of a
brace nmenber and for increasing structural resistance of the brace nenber
to hori zohrages tendentfeil under eampressivsi logdss |vducte isvbuiltsup duerib theeborigedtatecur ed

in a surr i | af 1,0 i t..the .eri 0o race:. . The

t hi ckness o?‘g £ Egmf gei' g‘%%hr cﬁ%gsss ﬁ}égé\s'/ags ﬁa{é}a‘ﬁ@é}aga%!ae n é,tgé(yn e?‘ﬁtegpbé&@ilﬁ(fﬁﬁé

requi r emebtagesdiinde seviesaehvirommenigl coagitions. ot Badmpleisihdher Ag Buffered severé he

particular | gcatiop of the overall structure, The reinforcing slgﬁ@f may be
|98

made of aPPRly BFqueh Spation o whens the,snud eantat the Brreofty Wil shdfeintaiald one of
the sult aldingRlLHid ghide bisefbBPts noR BRICRAL, Aie Béeft &P IR TohBrestile logR €7 1 al -

In the case of the conposite ber materials, e reinforcing sleeve is
adhesi vel Jocated umaiely ibatwaeh tthepipper adelosvepedge plates. plhis ¢amstitfes taHecdd faibre menber
wher e reigfafC S i I i T j i | eeve may
be i nstal P%%[notﬁggﬁger&é,lx g% Halﬂgg %)g%lsgtﬁfﬂgﬁ %fgl?éolfra%%%geﬁ bg* Q{')e(r?lhl?aIHQ gf’%"ﬁs' by a
sinple retrofit process of existing brace assenblies. BRI EF DESCRI PTI ON

3
OF THE DRAW N Wth reference. to the drawi n .Figure 1. is .an outboard
ot Tear e hg Caplolhr ot the A fling Yk IS st et SRRt it eneth, BuBE MRS £ qur o
2 is a pl abndificy is _H@I.‘éinlilﬁecpﬁ?? tHel éxfer® thet BiBcds RES subjectedl t8ith® ballPthrbighRheat f or m
| ayout and schematically illustrating j a%? ng assenblies, Figure 3 is a
%élﬁf)l

detai | vi SwdsfplalesyRit todthe gopstainds s Sampiof weieht 1sad g dt is natdeasitlede ure in
ST ARt e APl W 0 St EBSIROBAATAL 1
ext eri or efrengthened dynesilga. larger diameter tubular or a thick-wall tubular. With such

designs, it is difficult and often costly to improve the strength of the braces due to the

high cost involved in replacing all brace segments. To replace the brace members, the rig

would have to be towed to a shipyard, where the bent section of the leg has to be

removed and replaced. The expense associated with work stoppage as well as

replacement of the damaged section and retrofitting the leg, plus the required manpower

P

is often very high.

Since the braces are the weak link in the overall leg structure, the present
invention contemplates elimination of drawbacks associated with prior designs and
provision of a method of improving the capacity of the braces to handle high buckling

loads.



‘Figure 5 is a detail viewillustrating positioning of the reinforcing

sl eeve on a tubular of a brace nenber. Figure 6 is a cross-sectional view
of a portion of a brace nenber wherein the reinforcing sleeve is forned
froma conposite material. Figure 7 is a detail viewillustrating position
of the reinforcing sleeve made of a conposite material on a tubular of a
brace nenber. 4 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT

Ref erence will now be nade to the follow ng detail ed description, taken in
conjunction with the acconpanying drawi ngs, wherein |like parts are

designated by like nunerals. i vating jack-up unit.
The jack-up unit is a nobil e@%&@?ﬁ@#ﬁ&@ws used for m neral
expl oration and production. A typical jack-up unit | s prOV| ded with a

lurality of t uss |.egs whi ch extend thr h,o S, |n a floatable
PulT 14 ot *t neleiS ot ke PRt NRHOR M PTID B IDHFoYgsisR gt BB ad t o
suppor t t hesemblyl foi 4 suppBft 1ég SfURloMBRGOBrRkEROSES, the jack-up rig shown in
Figure 1 has three such legs 12. The legs 12 are formed by a system of

hori zontal and di agonal braces. As the legs 12 are "jacked," the hull 14 is
el evat ed abovey r
expl oration an qg?&glﬁ%ghﬁ?{mhe éér%a %%%’gﬁng %01{11%#'&?? ,]I[I aEgtructures,
such as t kxisfisghracemssambilies &ir dtuequi pped with a derrlck 16 nDunted on the
hul | 14. The derrick 16 nay be al so nounted on a cantil ever structure 18,
whi ch extends outwardly fromthe hull 14, as shown in Figure 1. The derrick

16 may be posi Theseeasdfdtherabldcts dfele lidfetich aROACRI¥RET tHrSughCE PFOVRELH 6f a

reinforcing sleeve means for positioning over a pre-determined portion of a brace

member and for increasing structural resistance of the brace member to horizontal
moments. The reinforcing sleeve means is mounted and secured in a surrounding
relationship about the exterior of the brace member. The thickness of the reinforcing
sleeve means depends on the particular requirements of the load bearing capacity that

must be achieved at the particular location of the overall structure.

The reinforcing sleeve may be made of a plurality of materials, preferably non-
corrosive materials. One of the suitable materials is steel, another may be a composite
fiber material. In the case of the composite fiber materials, the reinforcing sleeve is
adhesively secured in multiple layers over the portion of the brace member where
reinforcement is particularly desirable. The reinforcing sleeve may be installed on shore,
during construction of the rig, or in situ by a simple retrofit process of existing brace

assemblies.



‘well. drilling in a plurality of |ocations w thout changing the position of

the legs 12. The jack-up unit may be al so provided with auxiliary

equi pnent, such as cranes 20, pipe racks, heliport, crew living quarters,
etc. Each leg 12 is provided with the jacking assenblies 30 for noving the
|l eg vertically with respect to the hull 14. The jack assenblies 30 are
retai ned agai nst vertical displacenent by the hull 14. The legs 12 nove
froma raised position, when the jack-up unit is in transit and the legs 12
are supported by the hull 14, to a |lowered position, when the |legs 12
support the hull 14. T 11 LSl din Figure 1. Each
leg 5 12 may be pr ov?&gﬂmm§@n+§2 MS&%‘@‘@‘??W agai nst an ocean
fl oor and for supporting the jack-up unit. Turning nowto Figure 3, a
portion of a l truss structure is_shown in re detail, A segnent of the
brace assenbl y%ﬁg”aéf‘?“ﬁ% 'E‘?d%‘i"‘%pgﬁg“ﬁ' is 2B qpthparg prefile aEadaek-up anit 9f | oyer
hori zont akher@ggaﬁgin%ﬁiog“ﬁ@hr@{ss}éggti cal chord nenber 26 and a second
vertical chord nenber 28. Extendi ng between the horizontal and verti cal
brace and chord nenbers is a plurality of angular, or diagonal brace
menbers 36, 38pg; g L e [ I 38
extend fromt hglé%r?ﬁkggﬁ%ghﬁé\gssﬂgéﬁxg@%gﬁ Egvﬁvzer %gé;ﬂ\%hat%%gqgé% él?t of "t he
upper hor layouttand stheawticatbnitlestrafifig jatking assembiieand t he fourth di agonal s 40
and 42 extend fromthe vertical chord nmenbers 26 and 28 downwardly to neet
at the center of the | ower horizontal brace nenber 24. Mddle portions of
the horizontal Figagt 8iiaaodedil RieIE 86 s¥iicht DT ABrab® al@mBIyOBE tHeOsuppoidileg or
buckling. To reinforce the critical areas of the brace nmenbers, the present
i nvent i on SYEIEWE dpaccprdangeruith the pessentdnventoni ng sl eeves that are nounted in
an envel oping relationship on the mddle portions of the horizontal and

di agonal braces. A reinforcing sleeve 52 is nounted about the central
portion of theFigoped isoz iczesisedtionalaviewnefriaeporfign sfaanibravg toembarewithne cl ear
span, node.. node. A reinforcing.sleeve 54 is nounted about the m ddl e
portion o?el{'fﬁrecnfq Sﬁ%etvemegdﬁgﬁ%ﬁ‘eﬁﬁgggr A MENbEX o nforcing sl eeve 56 is
nmount ed about the m ddle portion of the second di agonal brace nenber 38; a
rei nforcing slﬁeve 8 i s, munt ed, abouyt the,ntddl? portion of the third

di agonal br aceFigifoR s Adletpil wewrilpsiraipe sputicring of fthe reitfercing sdesyaton: he

m ddl e pokfbuRP oP4 biaPE€mbRYEL h di agonal brace nmenber 42. A reinforcing sleeve
62 is nmounted about the central portion of the |lower horizontal brace
menber 24, simlarly to the sleeve 52 spanni ng between one cl ear span, node
t o node. The. rej af. ' 2.0 .54 .56 .5 60. and 62 may. be nade
froma vari et yﬁgp&ngﬁgé%&r}g@?&&@g&gﬁ? b O G griom of ?g’ﬁ erﬁ?@?ﬁra‘f' e.relp—%?e

i nst ance, reinfotoiigg sidere s formabfigun aicompbsiteanateridler i al nmay be enpl oyed for
formng the reinforcing sleeves. Figures 4 and 5 illustrate position of a
rolled steel sleeve 54 on the first diagonal brace nenber 36. As can be
seen in the drpiguRIPis 4 8&ait VROVBuSLbtIRE YBSifloR oPMelrbiffbrahg SREveadogE £d brace
menber 36. The sl eeve 54 is nade of two sem circular secCtions 55, 57 joined
t oget her SPMAPQSEP Magpriat omp tubulgppfa bragomember. The interior diameter of the
sleeve 54 is equal to or slightly greater than the exterior dianeter of the
brace nenber 36. The thickness and I ength of the sleeve 54 will vary
dependi ng on the particul ar buckling capacity of the respective portion of
the truss structure. The physical dinensions of the reinforcing sleeve wll
al so depend on the length over the dianeter ratio of the brace nenber. The
sane design may be used for the horizontal and di agonal braces.
Alternatively, the reinforcing sleeve nay be made of a conposite fiber
material. Figures 6 and 7 illustrate position of such a sleeve 56 on the
brace nenber 38. To position the conposite material on a section of the
brace nenber 38, the exterior surface of the brace nenber is properly
prepared as for application of an adhesive. Then the designated | ength of
the brace nenber 38 is coated with a bonding agent. The nmaterial of the

sl eeve, such as finely woven fabric, is wapped around the designated area
in multiple | ayers. For nost applications, it is believed that 5 - 10

| ayers of the material should be sufficient, depending on the strength
required. The conposite nmaterial consists of fibers that are laid a
different orientation at different layers to obtain the maxi num effect of
the fiber strength in the bending direction. The bonding material may be a
resin that cures in a relatively short period of time. The shrinkage of the
resin, when cured ensures that the reinforcing sleeve becones bonded into
the steel surface. The conposite material is nuch |ighter than steel and
has the added advantage of |ow drag and thickness. The stiffness at the

I Y § e . - M [T Y I Y 1 T Y Y "




‘conpositions that can be used for the purpose of providing enhanced

structural strength to the portions of the brace nenbers subject to the
nost stresses. The introduction of the reinforcing sleeves significantly
i nproves the overall efficiency of the rig by strengthening the bracing
menbers of the | eg assenblies. The increase in the resistance to buckling
reduces the tendency of the brace to fail at the nost stressful initial
condition. The reinforcing sleeves may be positioned on the brace nenbers
during construction of the rig at the shipyard or applied to the existing
structure by retrofitting the trusses in situ. The anount of steel used,
when steel reinforcing sleeves are contenplated, is nmuch | ower than would
be required foDETAILED DESCRIPTEON OF THEPREFERREDTEMBODIMENT! i onal
advantage of retrofitting the existing leg structure in situ is that the
normal drilling operations can continue while retrofitting takes place:
Furthermore, tRefetdnde Sillufdw R MRS & YRR LHIRIWIRE WRiallSd TBEiptibE BREE in O Y
m nor changes are made in the design at relatively |ow cost of the materi al
and the i genjungtignivith themecompangiag sawings, ovheredy like gattoard designatedyby tiaci ty
bet ween t?ﬁn ace nenbers outwei gh the added cost of the reinforcing
sl eeves. e Cur r ent capacity of the leg can be nmade nore robust by an
effective use of the relnforC|ng sl eeves |nstalled at strateglc | ocati ons
to allow the | t.ake on her buckl.i . s envisioned that
the reinforci ngﬁlf e]eW“ﬁr?‘cFe glingjeck-pR “P‘ﬁglg’ﬁﬂ? ‘fde“trPﬁﬁ “B’t?‘ agtfabofr%r
rei nf or ci BEuddire @hatlls ASKI fﬁ?mﬁéxﬁl éflﬂbr&ﬁdﬂl&{dlﬁﬁhu&ioﬁnﬁ §1c§1u tieGp ubR i is
hori zontal npnpent tendln%nto bend the brace nmenb esign nay

F
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i ndustrie Qﬁﬁﬁ?&u Al 1ﬁﬁﬁ% ui red.
Many changgg\hgnd rrgdl i catlfér%s‘a{r#%{/% léb{ltﬁggf ﬁgy g%sﬁlgggaﬁegﬁyoﬁhﬁ%p@gent

i nvent i on 19 fohilustratiopputposes, fhegaoktuperigssghiomintin Ffwreebhas thiee studhdegsf k2 &he pr ay
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conprising: an el ongated tubul ar nenber; and
As the legs 12 are “jacked,” the hull 14 is elevated above an anticipated wave
action to support the offshore exploration and/or production operations. Conventional
offshore structures, such as the jack-up unit, are equipped with a derrick 16 mounted on
the hull 14. The derrick 16 may be also mounted on a cantilever structure 18, which

extends outwardly from the hull 14, as shown in Figure 1.

The derrick 16 may be positioned for a limited lateral movement to accommodate
well drilling in a plurality of locations without changing the position of the legs 12. The
jack-up unit may be also provided with auxiliary equipment, such as cranes 20, pipe

racks, heliport, crew living quarters, etc.

Each leg 12 is provided with the jacking assemblies 30 for moving the leg
vertically with respect to the hull 14. The jack assemblies 30 are retained against vertical
displacement by the hull 14. The legs 12 move from a raised position, when the jack-up
unit is in transit and the legs 12 are supported by the hull 14, to a lov:fered position, when

the legs 12 support the hull 14. The lowered position is illustrated in Figure 1. Each leg



‘a reinforcing sleeve positioned about exterior of a pre-determ ned portion

of the tubular nenber, said sleeve substantially conformng to the exterior
configuration of the tubular nmenber. 2. The apparatus of Claim1l, wherein
said sleeve is forned froma non-corrosive material. 3. The apparatus of
Claim2, wherein said non-corrosive material is steel. 4. The apparatus of
Claim2, wherein reinforcing sleeve is welded to the tubular nenber. 5. The
apparatus of Claim 2, wherein said non-corrosive nmaterial is conposite
fiber nmat d2imdy b6 prohdedappthraasme cifn 3 fombdaringiagaiastnars acedn rftian famd cong

sl eeve is _adhesively secured on said tubular nenber. 7. The apparatus of
Claims5s, WPQ?%@%—%&EPBPH 'orcing sl eeve conprises a plurality of |ayers of
the conposite fiber material wapped around exterior of the pre-determ ned
portion of the_tubular nmenber. 8. A brace assenbly for a truss leg of an
of f shore st r ucTHFENERAY tofigwre B & portign aka I@Bdwgstn@énwéhw in mereysietaile

assenbly Qo efl Hothe Brdck 'ﬁ&nﬁ%%fs ﬁg{) ba)ggﬂmﬁ;er %éﬁgﬂlgall rﬂ)ga}cie re}]il&lilﬁe;' 3ghsyerse

rel ati onship between a first a second par eg chord; a
second holgveshprzontad migmbee 24, arfitstigrtical chord member 2fcandal setomdnettiqal Herdveen t he

fi I d l. | I bel id fi
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the first pheality efitaagulhy; a¢ diagendlebracensieinbers 36¢ 384t and 20nThH Cfi‘xbsrta@le tgerrber ;
sal secon

and wherein each of .said fipst horizontal brace er

hori zont aF?CBP‘iég‘gﬂ%g an(i 35 8"‘6?‘% from the Vﬁﬁlcéﬁm‘g‘re 523?‘5(:%8 HRwdlystojtae

provi ded erdtét oF thehpPep hériABtat bRRY e E iR REsnd SNl B Btk ufafgail@ﬁm her eof .
9. The apparatus of Claim8, wherein each of said reinforcing sleeves

covers at ank43exigngdiom the vertiogh chard anenghers phend 28 fdownwardlye tpmeeti atghdr ace
menber . chqt&%ft@lﬁwgﬂﬂﬁfzﬁﬁﬁfbﬁe fhdbdg, wherein each of said reinforcing
s torme

sl eeves | roma non-corrosive material. 11. The apparatus of Claim
10, wherein said non-corrosive nmaterial is steel. 12. The apparatus of

Cl aim 10, wheregj.n..sai d. nonzcorrQsiyv terial is conposite fjber materi al
pos: tioned i n Nufiglppy ’i°f‘§/°%"li‘° |h3§}é9”§5£g@magan%ﬂ°&°awgﬂg Awn t‘blﬂ‘? PIgRf a
respect i Veeddifit 6r BRIKIAL. Td BeinfbiR BPRAiEH] Wealfof Ghetbilled temMaR! @lleNprE g

conposite fiber material is adhesively secured to the pre-determ ned
portion Ofnvgnqug}spr@mdps,g)rghqig@ qfaginégreing sleeves that are mounted in an enveloping

relationship on the middle portions of the horizontal and diagonal braces. A reinforcing
sleeve 52 is mounted about the central portion of the upper horizontal brace member 22

spanning between one clear span, node to node.

A reinforcing sleeve 54 is mounted about the middle portion of the first diagonal
brace member 36; a reinforcing sleeve 56 is mounted about the middle portion of the
second diagonal brace member 38; a reinforcing sleeve 58 is mounted about the middle
portion of the third diagonal brace member 40 a reinforcing sleeve 60 is mounted about

the middle portion of the fourth diagonal brace member 42.

A reinforcing sleeve 62 is mounted about the central portion of the lower
horizontal brace member 24, similarly to the sleeve 52 spanning between one clear span,

node to node.



'14. A nethod of reinforcing a brace nenber of a truss |eg, conprising the
steps of providing a reinforcing sleeve neans for positioning over a
pre-determ ned portion of the brace nenber; positioning said reinforcing
sl eeve nmeans in a surrounding relationship over the predeterm ned portion
of the brace nenber, thereby increasing resistance of the brace nmenber to
bendi ng | oads. 15. The nethod of C aim 14, wherein said reinforcing sleeve
means is formed froma non-corrosive material. 16. The nethod of C aim 15,
wherei n sai d ndhe winforsingsleaves 8,i541 56, S8s6%@nd 62 may Heanadetfromia yhrigy af m 15,
wherein sga 0 .l | L.al: The
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Alternatively, the reinforcing sleeve may be made of a composite fiber material.

Figures 6 and 7 illustrate position of such a sleeve 56 on the brace member 38. To

position the composite material on a section of the brace member 38, the exterior surface

of the brace member is properly prepared as for application of an adhesive. Then the

designated length of the brace member 38 is coated with a bonding agent. The material of

the sleeve, such as finely woven fabric, is wrapped around the designated area in multiple

layers. For most applications, it is believed that 5 — 10 layers of the material should be

sufficient, depending on the strength required.

The composite material consists of fibers that are laid at different orientation at
different layers to obtain the maximum effect of the fiber strength in the bending
direction. The bonding material may be a resin that cures in a relatively short period of
time. The shrinkage of the resin, when cured ensures that the reinforcing sleeve becomes
bonded into the steel surface. The composite material is much lighter than steel and has
the added advantage of low drag and thickness. The stiffness at the middle section of the
brace members depends on the number of layers applied and can be configured to achieve
the required stiffness. Of course, other materials may be successfully used for forming

the reinforcing sleeves. Steel and composite fiber are merely examples of suitable
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A" C' D' E" Feomposigions that can be used for the purpose of providing enhanced structural strength

to the portions of the brace members subject to the most stresses.

The introduction of the reinforcing sleeves significantly improves the overall
efficiency of the rig by strengthening the bracing members of the leg assemblies. The
increase in the resistance to buckling reduces the tendency of the brace to fail at the most
stressful initial condition. The reinforcing sleeves may be positioned on the brace
members during construction of the rig at the shipyard or applied to the existing structure
by retrofitting the trusses in situ. The amount of steel used, when steel reinforcing sleeves
are contemplated, is much lower than would be required for a full replacement of the
bracing members. Additional advantage of retrofitting the existing leg structure in situ is

that the normal drilling operations can continue while retrofitting takes place.

Furthermore, the rig structure configuration remains much the same. Only minor
changes are made in the design at relatively low cost of the material and the installation.
The increased efficiency and load sharing capacity between the brace members outweigh
the added cost of the reinforcing sleeves. The current capacity of the leg can be made
more robust by an effective use of the reinforcing sleeves installed at strategic locations
to allow the leg to take on a higher buckling load.

It is envisioned that the reinforcing sleeve and method of its installation may be
used for reinforcing other brace members and structural elements subject to horizontal
moment tending to bend the brace member. This design may find its application in
construction, mechanical engineering and other industries where enhanced structural

stability of a component is required.

Many changes and modifications may be made in the design of the present
invention without departing from the spirit thereof. We, therefore, pray that our rights to

the present invention be limited only by the scope of the appended claims.
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1. A brace assembly for a truss leg, comprising:
an elongated tubular member; and
a reinforcing sleeve positioned about exterior of a pre-determmed portion of the
tubular member, said sleeve substantially conforming to the exterior configuration of
the tubular member.

2. The apparatus of Claim 1, wherein said sleeve is formed from a non-corrosive
material.

3. The apparatus of Claim 2, wherein said non-corrosive material is steel.

4. The apparatus of Claim 2, wherein reinforcing sleeve is welded to the tubular
member.

5. The apparatus of Claim 2, wherein said non-corrosive material is composite fiber
material.

6. The apparatus of Claim 5, wherein said reinforcing sleeve is adhesively secured on
said tubular member.

7. The apparatus of Claim 5, wherein said reinforcing sleeve comprises a plurality of
layers of the composite fiber material wrapped around exterior of the pre-determined
portion of the tubular member.

8. A brace assembly for a truss leg of an offshore structure having vertically extending
leg chords, the brace assembly comprising:

a first horizontal member extending in a transverse relationship between a first leg
chord and a second parallel leg chord;

a second horizontal member extending in a transverse relationship between the first
leg chord and the second parallel leg chord below said first horizontal member;

a plurality of angular brace members extending between the first horlzontal brace
member and the second horizontal brace member; and

wherein each of said first horizontal brace member, said second horizontal brace
member, said plurality of angular brace members is provided with a reinforcing
sleeve mounted about exterior surfaces thereof.

9. The apparatus of Claim 8, wherein each of said reinforcing sleeves covers at least a
portion of an outer periphery of a corresponding brace member.
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respective brace member.

13. The apparatus of Claim 12, wherein said composite fiber material is adhesively
secured to the pre-determined portion of a respective brace member.

14. A method of reinforcing a brace member of a truss leg, comprising the steps of:

providing a reinforcing sleeve means for positioning over a pre-determined portion of
the brace member;

positioning said reinforcing sleeve means in a surrounding relationship over the pre-
determined portion of the brace member, thereby increasing resistance of the brace
member to bending loads.

15. The method of Claim 14, wherein said reinforcing sleeve means is formed from a
non-corrosive material.

16. The method of Claim 15, wherein said non-corrosive material is steel.

17. The method of Claim 15, wherein said non-corrosive material is composite fiber
material.

18. The method of Claim 14, wherein said reinforcing sleeve means,comprises a hollow

member having an interior diameter slightly greater than an exterior periphery of the
pre-determined portion of the brace member.
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