.BRACE ASSEMBLY FOR TRUSS LEGS OF OFFSHORE STRUCTURES BACKCGROUND COF THE
‘| NVENTI ON The present invention rel ates to offshore structures, and nore

particularly, to a brace assenbly for Leg- supported of fshore
'structures are extensively used for nin%mammﬂﬂmm@maﬂion and production

Convention truss |l egs conprise a system al and di agonal braces.
The legs are raised or |owered by an el evat i*f§/*System for instance a self-

el evating jacking systemthat contains racks and pinions. In a typical

syst em usi NgBRAGRASSEMBLY FOR TRISSS LEGSORUFSHORE STUCTURESCKI ng
assenblies, three assenblies per leg, One jacking assenbly is nounted at
each chord of the leg. Each jacking assenbly unit has four to six pinions,

whi ch are house and SUppE’At(ﬁ@GRQ) : rdlnggﬂg ﬁ‘ﬁﬁNﬁﬁgOf guide plates is

i nstal |l ed above and bel ow the jacki ng nechani sm gui de system consi sts
of upper guide plates, mddle guide plates and | ower wear plates. Gaps

bet ween gui de pl ates and rack are presdeterm ped to,ensure snpqth
transition in ﬂ}ea r§feﬁ‘§"hvﬁa“‘|"b6$§%ti”n§’ ?fﬁsg'ofeeﬁ%u.cpulr?ﬁ TR pﬁﬁli'éwaﬁ}‘retopq ni ons
support thecentdniey &ighiss@fg. the hull unit, the differential |oads on the
pi ni ons cause a vertical nonent couple during the jacking up process.
Under environnental |oads, the unit tilts and the rack teeth react against

the guide pl at@e@su};t;@n&ium&opé A-RSurel hredd RV BOMMeR! fof Sh&dl Blpid@fiod he.
drilling unit as it deflects under harsh environmental conditions. This

gener at esard preduedtionn Convanien gulssidegsptoapsise al systpnt € herizondalaand diaghinekct |y on
the horiz I i agonal ,br T, i ent i l.oads..i n the.-gui de
l?r%e%. Tﬁ@qegs()%{ga{g?sed oral%%%regp% a?ol%\éﬁ}&g %t A1, f-r w%ta?(ﬁea.self-

pl ates causé a hori nonent Co oped’ j7acki ng up
process cdevatinggsckindeydt@ndhatacantdime raeks iand | pinibiisanaf e nypechl fsyavmausinger t i cal

to a horizontal nonment couple. The devel opnent . the horizontal couple
cause th&ap mHBFgE@ﬁtgﬂﬁaUﬁb@FdaﬁH“F &ﬁﬁ%ﬂ&%%é@@%a¥smEW§ﬂﬁrﬁga | ar ge

bendi ng NORBHcking BREMBING RObARES abQIMRRG I dTehd RIZE Ead@fdckiR¥aSse Bl ydghip! at es
devel op conpressive and tensile forces. As the truss |egS are conposed of

hor i zont ahasdpif teixgumans, bhigdese hause and supported on bearings.

A series of guide plates is installed above and below the jacking mechanism. The
guide system consists of upper guide plates, middle guide plates and lower wear plates.
Gaps between guide plates and rack are pre-determined to ensure smooth transition in
raising and lowering the legs. Initially, when the pinions support the entire weight of the
hull unit, the differential loads on the pinions cause a vertical moment couple during the
jacking up process. Under environmental loads, the unit tilts and the rack teeth react
against the guide plates. The guide plates act as horizontal restraint for the drilling unit as
it deflects under harsh environmental conditions. lThis generates a reaction on the guide
plates along the chord and indirectly on the horizontal and diagonal braces. The

differential loads in the guide plates cause a horizontal moment couple to be developed.

As the jacking up process continues, the loads are increasingly transferred from a
vertical to a horizontal moment couple. The development of the horizontal couple cause
the leg between the upper and lower guide plates to sustain a large bending moment.
Thus the braces between the upper 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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.braces tend to fail under conpressive |oads, which is built up due to the
‘hori zontal nonent couple. Hi gh conpressive | oads are undesirable as they
result in buckling of the braces under severe environnmental conditions.
‘For exanple, when a rig suffers a severe punch through situation or when
the spud can at the base of the unit slides into old footings. This guide
assenbly is not efficient, as the generated high conpressive |oads |ocated
mai nly between the upper and | ower edge plates. This constitutes a | ocal
failure Whtditnd e fsiyshédn commesivatioids, mheal isbbudklipngueoio tHeehdirzanmel

assenbly eventual | ccurs. The capacity of e drilling unit to maintain
stabilit ymawantsqoﬁaf\égﬁr%%oﬁ?mrw%?q@idﬁ@re %mﬁab{é@ﬁéhqysre%& iBrweiing afyhe he

extent thga&isamas R ereHPirSith&faltcBndinbnd P8dskahiMOWEN NG s Ettrdg sl €s. Due
to the constraints in ternms of weight and drag, it is not feasible to

desi gn t heunsh geieyghnisttention sarywhanbtheaspud een japtlte basa dfohe aniti dided indesidns, the

braces arg_..st.r t e S| I i ks lar or. a; thick-wall
t ubul ar. Pﬁés'sgc% ébﬁ%s%&%%‘{blyl l% ralgtsé]f F%P?%Ef% %ﬁg&gefdtﬁe‘ﬁ'pggrgfjfe§151¥eolofa%r ove
t he st r engtdtedmatnhe bltnaee thedippet andt loaer bdgghplates tThisnsonktveds iafodat idimed ng al |

brace segnents. To replace the brace ne rs, the ri woul d have to be
towed to WA F@a?‘%lobaé%aggét%?gﬁ%é?cetaﬁ%”]b CYFRRIALH OIS 1 enpved
and repl aced. The expense associated with work stoppage as well as

repl acement of the damaged section and retrofitting the |leg, plus the
requi red manpoliercappgtygtiitehdsylipng upit ghmaigiaie stabiley andseersthderiphworkdek | i nk
In the OY&fnﬁltéonL ?sgc\i,\el‘gérfrﬁr?etd% thej[etl?enp{h%.so? S a{ens\ﬁﬁﬁtsfeﬂ% ?Pﬂ:nltoggg)gh%ugﬁ the

el imnation of drawbacks associated with prior designs an provision of a
met hod of glidgplwsnPut he tioapacirhiptsoin teimes bf aceht tind ldeagdliteishiogHedsibdk kd ng

![ gagfbviz d%?%ﬁ%ﬁ%sggﬁt&le}g\ggg%@aéls%?tﬁdo%éaﬂl go?!vgr%onglf det:slf]g%sp {h%Sbechtes ial;levent hon
strengthened by using a 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

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.



.assenbly for.a support |leg of an offshore structure. It is another object
-of the present 'invention to provide a nethod of retrofitting existing
brace assenblies in situ. These and other objects of the invention are
‘achi eved through a provision of a reinforcing sleeve neans for positioning
over a pre-determ ned portion of a brace mnmenber and for increasing
structural resistance of the brace nenber to horizontal nonents. The
rei nforcing sleeve nmeans is nmounted and secured in a surroundi ng
rel ati onshi p about the exterior of the brace nenber. The thickness of the
reinforcing sleeve neans depends on the particul ar requirenments of the
| oad bearing capacity that MMARY OF E NﬂEmﬁgoﬁarticular | ocati on 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 siteenobmsbeltbe preagnt reventigowposvidean ifripbeved dasign pBd bragn t he case
of the co I fi ri_al inforcing sleeve is adhesively
secured i%gﬁﬁwg?%Fﬁgﬁ@§ér?%EégPﬁ?H%Q§8%ﬁ#§n of the brace nenber where
reinforcenent is particularly desirable. The reinforcing sleeve nay be
installed on shore, durin onstruction of the rig, or, in siftu by a sinple
etrofit procdl bk ildtig Mo meent BuBBABi mEY dga Bigiod CESSATE ON OF THE
DRAW NGS MiidihghelceagRa®litintshe. drawi ngs, Figure 1 is an outboard profile of
a jack-up unit of the present invention with truss legs. Figure 2 is a
pl an view showi ng position of the legs in relation to the platform | ayout
and schematic I j i i S i - i LS: tal
vi ew of segneﬁ?k%?hghgﬁggngggéﬁgﬁihggm éﬁgﬁ%%§§¥'Egg&hgiaﬁgﬁﬁﬁégﬁh
accor danceintprcimgt sleever msanst farnpesitiondtg. o¥érgarpee-detesniaed ipoginsef i omed vi ew
of a portion of a ?race menber with a. .

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.
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.reinforcing sleeve welded to the exterior of a brace nenber. Figure 5is a
‘detail viewillustrating positioning of the reinforcing sleeve on a’
tubul ar of a brace nenber. Figure 6 is a cross-sectional view of a portion
‘'of a brace nenber wherein the reinforcing sleeve is formed froma
conposite material. Figure 7 is a detail viewillustrating position of the
reinforcing sleeve nade of a conposite nmaterial on a tubular of a brace
menber. 4 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Reference wil |
now be nmade to the follow ng detail ed description, taken in conjunction
wi th the accompanying draw ngs, whereipn |ike parts are designated by |ike
nunerals. Figure 1 sho&ﬁ%@&ﬁ%ﬂ@‘@ﬂ 98 Ff%@lp-%wdﬁliqs. The jack-up unit is
a nobile offshore structure that is used for mneral exploration and
producti on. A\&ygical jack-up unit is provided with a plurality of truss
| egs 12, whi chWeRrefagneghiodheyfrapiesi lFigareilds an eutbeardpradile ofld jacktup ohit phe
j ack-up upni : of legs may be used to support the hul
14, for i F§§?$g§$%ﬁgghgg§§§§ﬁ9§%e jack-up rig shown in Figure 1 has three
such legs 12. The legs 12 are forned by a system of horizontal and
di agonal braces. the legs 12 are "jacked," the hul| 14 is el eyated above
an anti ci pat egl's‘&}éré? ‘SaacP'iaBg(“i“b skQipe Pesitip obthedrgy @ rél?ﬂPBF%fheoWa MY or
product i opyQR@h@tdhematcAH9NN@RbiiRNAkkin@hdehpl&. structures, such as the
jack-up unit, are equipped with a derrick 16 nmounted on the hull 14. The
derrick 16 may be al so nounted on a cantil ever structure 18, which extends
outwardly from;: : : i ! d i.C be
posi ti oned foﬁhgaﬁiﬂﬁ%éd&%%kg%gfgﬁﬁggk@hgfgg&gg%%%%ﬁggﬁg?nke PgﬁFi ing in
a pl ur al i styucofe ineecedridans wikht the ptesah arvgntign. t he position of the legs 12. The
jack-up unit may be also provided with auxiliary equi pnment, such as cranes
20, pipe

Figure 4 is a cross-sectional view of a portion of a brace member with a

reinforcing sleeve welded to the exterior of a brace member.

Figure 5 is a detail view illustrating positioning of the reinforcing sleeve on a

tubular of a brace member.

Figure 6 is a cross-sectional view of a portion of a brace member wherein the

reinforcing sleeve is formed from a composite material.

Figure 7 is a detail view illustrating position of the reinforcing sleeve made of a

composite material on a tubular of a brace member.



.racks, heliport, crewliving quarters, etc. Each leg 12 is provided with
‘the jacking assenblies 30 for noving the leg vertically with respect to
the.hull 14. The jack assenblies 30 are retai ned agai nst verti cal

'di spl acenent by the hull 14. The legs 12 nove froma rai sed position, when
the jack-up wunit is in transit and the legs 12 are supported by the hul
14, to a | owered position, when the legs 12 support the hull 14. The

| owered position is illustrated in Figure 1. Each leg 5 12 nay be provided
with a spud can 34 for bearing agai nst an ocean floor and for supporting
the jack-up unit. Turning now to Figure 3, a portion of a leg truss
structure is shown in nore detail. A segnent of the brace assenbly is

defined by an ppp&RILBADESCRBTIONOF TRHINSERERRED EWBODIOEN PNt al  nenber
24, a first vertical chord nenber 26 and a second vertical chord nenber

28. Extendi ng between the horizontal and vertical brace and chord nenbers

is a pIurallt ng il g 0. and 42.
The first and fﬁg%m%ég@hg%ﬁigédﬁgﬁsp gl lﬁgﬁuggggﬁ%ﬁpégﬁPE%glVé?thal
chords 26coanchc@éh withahdhgcotnpatyisg daeriibgsy méretnhmwmerarhdemgjmretdaiy Iteace
menber 22. Thg second and the fourth diagonals 40 and 42 extend fromthe
verti cal Smenbers 26 and 28 downwardly to neet at the center of the
| ower horizontal brace nenber 24. M ddle portions of the horizontal and
di agonal braces were shown to be prone to bending or buckling. To
reinforce the %EW@HG%PWEPéﬁ&e@ﬁmﬂﬁ@aﬂﬁﬁb@“hﬁhﬁﬁﬁgUPWﬁé'b?é@éW%0ﬁ$WVEnt|on

provi des C r N

envelopln%Rl?% g??%ﬁgﬁhfgon tégl%?gh%kﬁq%@ﬁygﬁng o ZRE %%5Hpuap§hd

di agonal froaded witA arpiumﬂnqr cﬁ tmvyss Isgselévwh&:h exﬁendnhnmugld opcbxmgs ih aeflaaeabter al
ortion of hor| race anni,ng bet ne cl ear

D nodutt BPordRR e b BlcBoed 85 SubBons 10 Tt R0 A spot T il o

portion of4, t&8llfidtraén ﬁux@&@:@&he Jalakagelgrﬁamwn Bigured HaQithitOshNgsIherwe 56 i s

mount ed about the niddle portion o )
legs 12 are formed by a system of horizontal and diagonal braces.

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 lowered position, when

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



.second di agonal brace nenber 38; a reinforcing sleeve 58 is nounted about
‘the mddle portion of the third diagonal brace nenber 40 a reinforcing

sl eeve 60 is nounted about the mddle portion of the fourth diagonal brace
nenber 42. A reinforcing sleeve 62 is nounted about the central portion of
the I ower horizontal brace nenber 24, simlarly to the sl eeve 52 spanning
bet ween one cl ear span, node to node. 6 The reinforcing sleeves 52, 54,

56, 58, 60, and 62 may be made froma variety of non-corrosive,

struct ur ald ynagt seop@vivet ewittalasspulfadan i Jas forrsearing agdied #mt &hn AlooE QAP TSI t €
fiber material y he enpl oyed for formng the reinforcing sl eeves.

Fi gures 45YRRFBE HJBSTYRYML position of a rolled steel sleeve 54 on the
first diagonal brace nenber 36. As can be seen in the draw ngs, the sl eeve
54 covers a portion of the elongated brace nenber 36. The sleeve 54 is
made of two sehirgingaawde Figuese B.onporéon of5rleg sussetrucvgeis kegwmmdneveldded. at wel d
points 66 i n i or  di anet f.the sl eeve 54 is equal tog,or
ot ght 1y eeapal e bah Rse b AT Ueined o Murmef Rifionh bisf Hifibel 228 he
t hi cknessloardhdremgtahmefbeii®t, alfeswertiodl avotd menbery26d@p aneéang venichldord

particular b c%%i capacity of the respective portion of the truss

St r uct ur dnerRhes 2y idhe R S A Pre?%@dsq%ea{/@emf)?rf Sl so
depend onpitfAfty btem%ulrhrpmeaiatgml G REBh&HbAraBE03Rf 40 By By aPR: ARIDRY helThe same
design may be ‘'used for the "horizontal and di agonal braces. Alternatively,

t he rei nfeeidndjaginelvid ansly3bhextardibonfthe veriagodprds 26 andr28menveardlalto theri gur es
6 and 7 'éeh{é%mte% ??ﬁﬂotrlz%‘taPi@r SHEDBerSILRYE s ?n{i’ﬁn& Ea% BLALGia efp 38. To
position the conpog e materi al on & Section o e brace nenber 38, the
ext eri or swdrfZaeeaendofromhbe breacel chendeatrenibsrsptopetr 2§ dpweparigdioasedtait the

application of _.an adhesi.ve. Then th signated I ength of the brace nmenber
38 is coa%eaﬁrﬁfﬁﬁ I%V%E‘ﬂﬂfﬂﬁal}é%cﬁtme"%‘?égﬁateri al of the sleeve, such as

finely woven fabric, is wapped around the designated area in nmultiple
| ayers. For nost applications, it is believed that 5 - 10 |layers of the

mat eri al shoulMiddge portions of the horizontal and diagonal braces were shown to be prone to
bending or buckling. To reinforce the critical areas of the brace members, the present
invention provides for the use of reinforcing 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.



.sufficient, depending on the strength required. The conposite materi al
-consists of fibers that are laid at different orientation at different

| ayers to obtain the maxi mum effect of the fiber strength in the bending
‘direction. The bonding material may be a resin that cures in a relatively
short period of tinme. The shrinkage of the resin, when cured ensures that
the reinforcing sleeve becones bonded into the steel surface. The
conposite material is much lighter than steel and has the added advant age

of | ow drag arThetbintdbiagsleeVdses2s bi f 6068 50aknd sremay Beheads Gohi H0ardhy bhe
brace nenbers depends on the nunber of |ayers applied and can be confi gured
to achi ev®N-3osIVecRiiuc iRl bt jiiong aaderialy Fepiisace. solkedrstsph PR FPAPS Edipehe

successf ubhriksesl i@@émfﬂgpm 19 foriBg frRIBhIrGhP leSl BB res 2LaR!s iANdracONPOSi te
fiber are nerely ‘exanpl eS of suitable 7 conpositions that can be used for

t he pur positph o raolladi sieg! slativentdeen be fiost diaganal drace mgmiber 86 Ahenpersténons of
the br acein%gp%%n Ss“ﬁiees%evg %4tc%$errsr%3tort%nr & %eselonTar&gd ibnz;[cg:Oduct;[eir 98 ﬂ];e the
rei nforcing sleeves’signifrcantly i nproves PRE'BEEFar! é???0|enby of the
rig by stslevgtthenmade dihevolseaddinglanssthienss P57 biced wgetAssmadbidldsl. at Wekl

increase in t esjstance to buckling reduces the tendency of the brace to
fail at t%“tﬁggtf’r& T indestos ciamptario hecdisus ?‘?’ 5rF.q“8|*H%°F@igg‘fléﬁrgﬁqa%”?f‘é‘@ves may

be posi tionghr Ahnddd JTHRCEacd BERBESI6IThE BEckn@RSnE YsHiPBr AL skbB@ ¢4 @ilpt the
shi pyard or applied to the existing structure by retrofitting the trusses

in situ. Eiedeprnding anfthe pagiculgs beckling erpasiteef theabspeetivsi pogtie eleihesrusar e

cont enpl I d L f f r epl acement
of the byar T Bl Rl BP e AL R AL dthnd RS S g
| eg st r uclengtk over the Hiameter rdtlvadf thdieracompmberdThd sanregdesipamadyi lensed & tieont | nue
whi |l e retrofitt'ﬁg(ﬁakes | ace. Furthernore, the rig structure
configuraWF@ﬂmPL ifEoRdHahe same. Only minor changes are nmade in the
design at relatively low cost of the material and the installation. The

i ncreased efficiency and | oad sharing capacity between the brace nenbers
out wei gh t he AlirIeaivebs theorinforsingesiasi e may g rBadseafascompesite fiberanatedddpaci ty

of the | EligfRE P& d R ARustrate 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



.nmore robust by an effective use of the reinforcing sleeves installed at
‘strategic locations to allowthe |leg to take on a higher buckling |oad. It
is envisioned that the reinforcing sleeve and nethod of its installation
‘may be wused for reinforcing other brace nenbers and structural elenents
subject to horizontal nonent tending to bend the brace nenber. This design
may find its application in construction, nmechanical engineering and ot her
i ndustries where enhanced structural stability of a conponent is required.
Many changesgpoaitidnsdt Ednclad used Somthy phsposadepronididgeentiesded ntroétutah etrgigehs ent

i nvention w thout defparti ng fr mt@z SF)I it thereof. We, therefore, pray
that our WitRhpYtiens ofirbraceuembers SR [9he BOS|S§PE&d only by the scope of

t he appended clains. 8 CLAIMS W claim |. A brace assenbly for a truss

| eg of an offshore structure, conprising: an elongated tubular nenber; and

a rei nforci ng Thepinrgdudgioaesiethsosinforsing aslegyet sigailicantho impoves eeovgealler mi ned
portion oOfg . I H?ﬁq i ve t.d Y. { t he
pre-deter%lﬁ%lrgggyp{)#ﬁ?or bg? ehetnu utﬂgﬁ)lraeﬁg}ﬁ)ré@}ﬂgﬁréaogﬁég#&i aﬁg%@%%ﬁ ﬁd in
cont act wintieasetiheheectistana@rto bucklmgeedices thheendeydettier bracer fpidnt themost t he

tubul ar nmenber to.prevent buckling of the brace nenber. 2. The apparatus
of "Gl ai mHESSHe i Catthog dB6 e Teor Bt T dioa M BorFbonvEe Haor | al
3. The appambBérydudig &Indiridiidn OMARS @l &t (BAdHipyARNoCHDIiOE iovifle BRAEEH Suciufe St eel .
4. The apparatus of Claim2, wherein reinforcing sleeve is welded to the

tubul ar  beiebefitting thettrussesyp st khs agrout ofistaebusediiuhes; steek einforsng L osi ve
material }g ch?tm(Bﬁl'tJd,e if kREE 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.



.material. 6. The apparatus of Claim5, wherein said reinforcing sleeve is
-adhesi vely secured on said tubular nenber. 7. The apparatus of C aimb5,
wherein said reinforcing sleeve conprises a plurality of layers of the
‘conposite fiber material wapped around exterior of the pre-determn ned
portion of the tubular nenber. 8. A brace assenbly for a truss leg of an

of fshore structure having vertically extending |eg chords, the brace
assenbly conprising: a first horizontGllAlMShber extending in a transverse
relatlonsa;p between a first leg chord and a second parallel |eg chord; a
second hOFIZ&HPa| menber extending in a transverse rel ationship between the

first |epg @hsack a%mnmpeor&ammbgmraabffaioré siguctlrercdnpekiay sai d first
hori zont al nenber; glurallty of angul ar brace nenbers extendi ng between
the first héPFli’B&%t%q tupplage@emigiBet and the second horizontal brace nenber;

and wherein a‘%é\‘ﬁfbr&ﬁ%%u@lar sl de$d p&@( dn%@%@dt &feﬂ%?oﬁ??@&ete:ﬁﬁhéﬁi 1Nge

hori zontal brace said plurality of angular brace ne rs 'S
provi ded wi the @bylabmeamber, sai rsfe@mswbgtastl@iéfvewnbpmlgeue atzedeteranedrpogtionsur f aces

t hereof , sai eve envel g re d t.erm.ned .po of e f the
br ace rrenber gthgrt]u ulaf niemp eﬁagcg r{dm %outa Cncl)ﬁ ta?WlRl F}l)e Eerlor swn%ge £
surface of tieeprprdetettained rportemh ¢@otht itghulfmenled t@fprewaet bucktieg oﬂﬁmbl&aee. 9. The
apparatus of Cl aim 8, wherein each of said reinforcing sl eeves covers at

| east a poP”teP‘t?ﬁ of an outer periphery of a corresponding brace menmber. 10.

The apparat e Upphaii B8CIaMIEl, el RerERCIPTIes A & F&hidli Ofi6th D n8hREY&ESvd S
formed from a non corrosive material. 11. The apparatus of C ai m 10,

wher ei n sai éhafsidl.corrosi ve material is stee

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 horizontal 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 tubular

reinforcing sleeve mounted about exterior surfaces thereof, said sleeve enveloping a



.12.. The apparatus of C aim 10, wherein said non-corrosive material is
‘conposite fiber material positioned in a plurality of |ayers about a
pre-determ ned portion of a respective brace nenber. B. The apparatus of
Claim 12, wherein said conposite fiber material is adhesively secured to
the pre-determ ned portion of a respective brace nenber. 14. A nethod of
reinforcing a brace nenber of a truss leg, conprising the steps of:

provi di ng apredmémrimédngorﬁbe@\ieaﬂeaﬁmef tracep oeimbes nind gexvandingaatpiue aske irer m ned
portion of the br. Pfo itioning, said rel nf.or Cj sl eeve neans in
a surroundi 8R4 (5]?1%ﬁ’ftf)r 95\/5«5 %“I%F@m' dederayng n%%?fb?k ?‘%H Bbithg Wactr ace
menber, sai ¢hepieeve envel opi ng the pre-determ ned portion of the brace
menber and extendi ng about and in contact with, the exterior surface of
the pre- dt dhficAeaiatipef Chmah Wheeeibpacheofimaidyeinforeing skasyesi sy pis 46 lqag a

resistance Qb g%fgﬁa@grgﬁelrpga@@ diQ BRABRGNL BAYS meter, The et hod of dl aim

14, wherein said rein | eeve ans ormed froma non-corrosive
mat eri al . lOlGhthparatBs hf)Glarj)ﬁ Cvanerein Each el eaidirgin®ading pleeves oy foomed/ omed er i al
is steel. 17. Olf Cl ai m 15, wherein said non-corrosive materi al
i s conposi té'o?"lcgré?swer‘r[&f’tg?' 18. The method of O aim 14, wherein said

rei nf orci ng mhamatn@@ﬁslamm@rwman aailhabh-oWrosiveanAtatial ieaRer havi ng an
interior dianeter slightly greater than an exterior periphery of_ the
pre- det er h-idg aﬁgqrgq%ﬁ)fé_‘flalfrhéo,b\leg‘é@n aigrn-corgsive material is composite fiber

material positioned in a plurality of layers about a pre-determined portion of a
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, said sleeve enveloping the pre-determined
portion of the brace member and extending about and in contact with, the exterior
surface of 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
tubular member having an interior diameter slightly greater than an exterior periphery

of the pre-determined portion of the brace member.



