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-1- DRILL RI SER BUOYANCY MODULES FIELD OF | NVENTI ON
5 The invention relates brgoadly to the repair and
reinforcenment of drill risdr buoyancy nodul es.
BACKGROUND 10 In offshore drilling operations, a

drill riser p i ' rill string
and drilling h%@§f§%we;&%%g%0¢)pggg to the rig.
The drill riser is made fromcarbon steel, with a
nunber of ancillary |lines attached to the central
drill riser. The drill riser has significant weight
FIELD @BUNVENTIONhI s wei ght has to be supported by the
floating 15 drilling vessel. In order to reduce the
wei ght that the drilling vessel has to support, the
dr iTHe nveetionstelateg’ Boakty ghtthd repsirt and reinforduead obyirill riser
addi Qlﬂ (ghscr ete buoyancy units called Drill Riser
buaxg ®H'¥bdul es (DRBMs) that are fitted along the
l ength of the riser. The enables drilling at greater
woul d ot herwi se be possible. 20 DRBMs are
BA%@%@P sem -cylindrical, usually 4 to 5 neters
| ong, corrpri sing hollow spherical filler nmaterial

d i bi nder.. . Th . .
ot PR (PG SPeratRo S ch G Jrer Bk & R i 4 ) rne
andeﬁiiefg flidafromtiths coedreflodko the sg.MEeedHlir iy igmads from carbon
MR R ST N e R
hasSsigeifi &nofweidm i Waksr ridpidis wailskt bigs fohiee sUmEoTtefi t?,etheEEnatmg
e| nf or ced

b
e SRR R e e, R Pt P ARy wfee] SHLRuESSh, e
drill ﬁmacﬁagggiﬂ«s@ﬁ imaathr ivrdueddibingdding tiacete Blfthibnasunlts called
ecks ner ner.a
orifer 8L Y MadslraMEE Al 35! e, o Rl g riser.
The\eridbissdriiihg it greaite deptiethas matdammiwtse bebaadsking:. Wi t h
heavy steel assenblies and who do not nmake all owance

for the different nature of handling of such nodul es.
DREBNE dﬁa@byeramdserhadi}sihdmﬂdjmhm fo Simetdrsdo ey, @:bm@r’isiag hollow

ar t fit- SO _contribute tao S .
sorfgitgfer bisthsal p8form SRRl i o bRl Fotu Pick ¢ g entir
mixture & mtel\;}allbteﬂcddérgwﬁﬁiga diralsk suendkibaMaigasiterXkin is made from
glass reinforced vinylester/epoxy resins or commonly termed as ‘fiberglass’.
Typically, two DRBMs, one on either side/s of the riser pipe, make u'p the riser pipe

buoyancy assembiy.

Out at sea, plastic or reinforced plastic materials are unable to withstand repeated
impact against hard, unyielding surfaces such as steel decks or rotating machinery.
Generally most damages to a DRBM would occur from rough handiing by workers
who are more accustomed to dealing with heavy steel assemblies and who do not
make allowance for the different nature of handling of such modules. The hasty and
harsh conditions, which are often a part of rig fit-out, also contribute to a DRBM's

damage.
Damages to a DRBM are usualiy classified into:

1) Leading Edge Cracks and Damages
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2) Surface Degradation 3) Transverse Cracks 4)

Longi tudi nal Cracks 5 Surface Degradation and Leadi ng
Edge Cracks & Damages Dama“g?e“to | eadi ng edges from
repeated i npact agai nst hard surfaces and surface

g tiqn fromweathering are the nost conmon forns .
o sEfaek Dby

t hese danmages may initially have
\Kery'rénst/edseceéélect on the performance of the DRBM
exen when. hel.d for long periods at their maxi num
s‘érgf’ﬁ%ﬁggﬁfhfa “%“he overall integrity 10 of the DRBM
may be conpromni sed when exposed to repeated inpacts.
Transverse. & Longi t.udi cks Cenerally, DRBI\/B
Sulfpth Wgﬁ%*\i’é‘raé‘é’ 8&5‘95@%&% ? PafisP8tted to a ' drop
Datrege' to tieadirttp bdyasi fﬁ&n&tepémd)m Inepat abaiast hure suﬁaces and surface
S ere

'C lete' fractur
degBIATG P, HERTHT 2ol SEk FATRIOD  HES o femagprepfhough
thes Slatiages amaycinitiphetdie \ferrmﬁiereef,ect ot thal d)drfohﬂaﬁi%eﬂetﬁe TRBM
o RS ERTE nS he BRER el RBky BB SRy Rl ety
of the[RRBM niaygay etngssmizbd whehspodduety reps@tewiﬁfp:bbfﬁs! ed as
having a 'conplete' fracture. 20 Furthernore, besides

damages, certain structural flaws may arise during
Trarlseersm&rgttmwmétmamS a DRBM These flaws nmay weaken

t he st i,ntegrity of cause
CelP@i: BREME, Rty BSHksS lfons e TRLLPigRyare 2, de test fo
defielraine ad €co|n1||;ﬂé’lerﬁmtt:hr¢ vve/akccdn;ﬂeﬁeOfrbEtereVS tspWI@ér?Hﬁe %’RBB!@ are

str as. nee reinforce
el i i O BRI PiePes koM iateire ot GoBRRL facture,
ltmﬁlbbqadeameheaaum\hc&hbfmr begpad répag. or rei nforcing

DRBMs that seeks to address at | east one of the

above problens. 30 SUMVARY According to a first
Lomgifaeital afackfeonpaebRBM any elbicanas tméﬁucesbler@vwgmdarepaur

oo e iR T 5 iRatER S ayid & cplgRi B o ¢y

of cracked pieces of the cracked nodul e, cuttlng out
re,35 cavities ed cracked pieces

ot B S0ahr Sabfln PEir darB oY e es the

maacizoksing ¢ 20DRBM. dhesadlkwk i Mes webksettel st@ictung mtegrlty of the
into

| nforcenent ne terial
OREH), B oS Al R RIe S Sty Dot Tl e fipay thet are
inhewitly ivessak dBe to their profile. These structurally weak areas need to be

reinforced to prolong their service life.

A need therefore exists fo provide a method for repairing or reinforcing DRBMs that

seeks to address at least one of the above probiems.
SUMMARY

According to a first aspect of the present invention, there is provided a
method of repairing a cracked drill riser buoyancy module, comprising the steps of
aligning a plurality of cracked pieces of the cracked module, cutting out one or more
cavities in the aligned cracked pieces for positioning one or more reinforcement
members across one or more crack-lines, inserting the reinforcement members and a

filler material into the cavities and buiiding a laminate across the filled cavities.
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The nodul e may be severed into separate cracked
pi eces prior to the alignnment step. 5 In alternate
enbodi ments, the cavities ate preferentially cut out
up to half-way of a thickness of the nodule. In
ot her enbodi nents, the reinforcenent nenbers can be
made of fiberglass reinforced plastic. 10 The filler
ThEBhEdUIQImaY 168 eBastbd ahtbYscpRrEE ichRke® PRoc@E prdF €0 Ghe angnment
roup consisting of resin, Aerosil, talcum powder
stehnd M crobal | oons. In other embodiments, the |aminate
conprises one or nore of a group consisting of a 15
a woven rovi ng |ayer and a

d d
In E{]?B eeer&t%qrq?"r’]?%ggﬁhe C%(‘f'@%? ArnrerseiRtY 1gEY oWt halhway of a

thiédnebd6f tRE @RINle. | Nnvention, there is an apparatus that
is repaired by inplenenting any one of the

af orenenti oned met hods. 20 According to a second
In WCémnéd.maﬁtspﬁ@éeewdrwﬁéﬁﬂ PBmMbEREESN i RiN¢ BEHbdrglass
reinforcing an area on a drill riser
rﬂ%@ﬁ?ﬁﬁ litpdul e, conprising the steps of cutting out
one or nore cavities in the nodule for positioning
npre rei nforcenent nenbers, inserting the
The @ﬁﬂf%témfe'ﬁﬁﬂﬂ@r@%@e%%? P BPIER{RdPUP CORFIng |gg resin,
At thicBf powddr, RiadMitd8afodnam nate across the filled
cavities. 25 Further, the area may be inherently
structurally weak. In al ternate enbodi nents, the

in StAENéMABSENBAL. ﬁ@ﬂ@ﬁlﬁ&tewmﬁ?@eﬂaﬁ@o%ofé dreyr @‘bé‘§§on313tmg ofa
rei nf orced Iastlc 30 I n other enmbodi nents, the

Ch%%?ﬂtﬁtfégd'ﬁ?féaﬁﬁt a ygrerppving ‘%'@“MWUB‘PC%"E{"H?Wn ess of
t he nDduIe The filler material conprises one or
roup conS|st|ng of resin, Aerosi

nor e
ACRIHEERT o ST RT G S PIRS T Tvenion FhETE. i gpparatus that

is rephiesdi BEMpfemdriifg laAoRa bEthe ARaEMSAforRBendhodPr € of a
group consisting of a chopped strandmat, a woven

roving | ayer and a surface veil |ayer. According to

Acdtaing 86 atebesh Aepelct @ché Reesehem@ttioh NMeRrt ik PRoviddaed Metrdd of
ra%ﬂgn arat us t hat is reinforced accordin

to an
5 BlE2cart SH HES oS! R SRTAENagh. Stepe o cutting

out one or more cavities in the module for positioning one or more reinforcement
members, inserting the reinforcement members and a filler material into the cavities

and building a laminate across the filied cavities.
Further, the area may be inherently structurally weak.

In alternate embodiments, the reinforcement members can be made of fiberglass

reinforced piastic.

in other embodiments, the cavities are cut out up to half-way of a thickness of the

module.

The filler material comprises one or more of a group consisting of resin, Aerosil,

talcum powder, and Microballoons.
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BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Exanpl e

enbodi nents of the invention will be better
understood and readily apphrent to one of ordinary
skill in the art fromthe foll ow ng vvritten

escription, by way. exanpl e only, and
In @Hﬁ FRbRER: e aiting SRTBRISES PRE Qhnere of a“-srgup £angigfing of
a oaomﬁ’dsdt@@t{m‘éﬁ aW@WnabviAg Iala&l\ém 4 burtacdaamgsdr sur f ace
that has been 15 repaired. Fig. 1 bis a

cross-sectional view along the section A-A of Fig 1

Acaordlﬁggo addth&héhSocie SBTBsH B@@ént%veﬂtld:rﬁll'hé?éﬁ@ar@épparatus that
in a DRBMwith a

?FH ass ei nf or ced cgl astic (FRP

is r&@ ACAr %@.arﬁucﬁ‘? s %“°°fa?"t5‘-‘é1F% einjrcipg Siptdsy
DRBM havi ng | eadi ng edge cracks that have been 20
repaired. Fig. 2b is a cross-sectional view along the
section B-B of Fig 2a. Fig. 2c shows an enbodi nent

BRIEF DESCORIFAIEONCOFFRfE DRANINGSI S a perspective view
of a DRBM having a transverse crack that has been

repaired. 25 Fig. 3b is a cross-sectional view al ong

t he EgxgBible @nedimets fof ﬂwe’vaentiahgmn 86 HefePin@$i86d8Hd readily
vi ew of area 350 of Fi per spective

PRATER §10n2 SRERPRRVIL AN GHrT dhes OB R IeRieskagton, by

waPeen ekflabr oy, FhBd #P donjaiticn| wrigetheVi @dwPhs, in  which:
section 450 of Flg 4a. 30 Flg 5is a

cross-sectional view of a reinforced DRBM Figure 6

Fig. Sadsfd pyrspbaivk vidw WHtd BREBVI WiR& 88Raged BOfadef th@t has been
net hod of repairing a damaged surface of a DRBM

rengigd- 7 is a flow chart illustrating one enbodi ment of

Fuga1ﬁ%téwa@ssléecfﬁ%ﬁaﬂ\rémgiohgm Sttio®AgeolCFigaks on a DRBM
is a flowchart illustrating one enbodi ne

8
ngo? ¢ %amBPd'Fl?ﬁ%\P r3 REtaiaAsIReTaess Einiered BiAste (FRF)ina

DRERBMth a%amfaig8d sOrfage. @ flow chart illustrating one
enbodi nent of a. net ho% a| ri ng |ongitudinal
thc £3 5@ PgrsPrgctivepigw ef 8. F%jvl aviRg f9a9\9grgECracks that have been

repalrégistrat i ng one enbodi ment of a nethod of
Flgrsl nforcin

bisa CI'OSS-geCtIOI’IE[\)[F\:IIBeI\\{'lV along the section B-B of Fig 2a.
Fig. 2c shows an embodiment of a laminate of FRP.
Fig. 3a is a perspective view of a DRBM having a transverse crack that has been
repaired.
Fig. 3b is a cross-sectional view along the section C-C of Fig 3a.
Fig. 3c is an enlarged view of area 350 of Fig 3b.
Fig. 4a is a perspective view of a DRBM having a longitudinal crack that has been
repaired.
Fig. 4b is an enlarged view of section 450 of Fig. 4a.
Fig. 5 is a cross-sectional view of a reinfo'rced DRBM.
Figure 6 is a flow chart illustrating one embodiment of a method of repairing a
damaged surface of a DRBM.
Fig. 7 is a flow chart illustrating one embodiment of a method of repairing leading
edge cracks on a DRBM.
Fig. 8 is a flow chart illustrating one embodiment of a method of repairing transverse
cracks on a DRBM.
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5 Fig. 11 is a flow chart illustrating one enbodi nent
of a nethod of coat painting a DRBM Fig. 12 is a
flow chart illustrating armcther enbodi ment of a

met hod of repairing cracks on a DRBM Fig. 13 is a

I h h of
Flg”ggs\rl]vg o@r gllllqg%%t&]%%g%m noti S nbOdh\n{E‘tgepalrmg longitudinal
cra@EsS@Rhl?)ﬂgm Fig. lais a per spect ive view of a DRBM

desj gnat ed enerall as reference 15 nuneral
F'gld‘é’ ISy tfﬁg"agﬁhﬁ@'étﬁa gy ¢ 8”@8&"%%9“ 2 MeHiodthgls relrfersing a
DRBMpai red and an undanaged original surface 104. |t
i s understood that any nunber of dapmged surface . .
Fige i 18 i Bovglam diusialingheng AMpRgiMest ©f 4t methed [sRspps Painting a
pDRpEMface. Fig lb shovvs a cross sectional view al ong
the section A A in which the 20 damaged
Figs (¢ 1553 Bow 0art iu”itbaé'"g §“P%‘65?'F‘Bﬂd'6¥?”"a@‘vaa'ﬁ?‘£‘§€@uﬁpﬁ""”g cracks
onfal[bpkp_;mg the cavity up with a |layer of filler
preferentjially Ii htWEI ght putty 108 and
F'gt Hér*%éffioé“f chart dustrafing asiothef | H@O&Wé%’% O?é, TRethPE &f reinforcing a
pREMaSti ¢ (FRP) 106 is di sposed above the putty |ayer
108. The lightweight putty 108 may, for exanpl e,
conprise of one or nore of resin, aerosol, talcum
DETRMOED DEdcRIETION| | oons. The | am nate of FRP 106
may, for exanple, 25 conprise of a plurality of
chopped strandnmat (CSM |ayers, woven roving | ayers

Flg( WB) |saé16el%idé&ﬁr§6\néwldf d BREBM 10T GeslgnatdtP¥enatBily as reference
nbodi ment of the |am nate 106, desi tqnat ed generally

““'&@“’# dP8r ¥R @ dampeshsuTags, C%WNcW%% fpep8 depgfed and an
unda&5edObrigit dHagde f 4 aved uhyersided Itﬁyteénpfnunfb@r AR dhfaged

di sposed above it, further follo anot her | ayer
SU’S?CSC%M“?EI M2y berpsEsqns op ARy BaL Af tQBcRFeB"é §|181 Surtagfer s

108a and 110, followed by a surface veil |ayer 112
di sposed above the |layer 111b, The CSM and WR |
F'ga?‘ésﬂ%% ae\%ﬁ?so%cﬁﬁ@%l"iﬁw gloggnihe fPeten A pleFignta, '” Wh'Ch the

daPEéPERTARIdaviyayEr !slrépéiriéﬁ BB LY OL&IySﬁnmgtthé ehvity Lipewith a
total thickness of .the |amnate 106 is th

layshofrfligt matesiny pieteientiall sigRwgians Uity 108 giag %é‘%?tﬁie(/é Iappiggje of

fib&rhiads mﬁﬂ&c?ealplaﬂﬁzsommﬁ@d @%mb@éd Mbé\ﬁe fhef ;ﬁ!ttgﬂéfér 108. The
200, with one of its | eadi

"QWG'EETgP‘H%Qq E@Neﬁ’r?ﬁﬁ?‘a@e@@@ﬂ? OP%"E 9 Eﬂﬁ’r? RhfesHiapgrosol,

talQUBe IpowaBRiah8 dviictdbaliSorién deeskpmehid RAtFRIMYI0BURBE! fdPfexample,
cracked surfaces with differin SI zes may formon

compysq ghdi Piyalo¥ SiPPRES GHENdPat %hm%lwoven roving layers

(WR) and surface veil layers.

Fig 1c shows an embodiment of the laminate 106, designated generally as reference
numeral 150, which may comprise one layer of CSM 111a followed by one layer of
WR 110 disposed above it, further followed by another layer of CSM 111b that is
disposed above said 2 layers 108a and 110, followed by a surface veil layer 112
disposed above the layer 111b. The CSM and WR layers are each approximately
0.8mm thick, while the surface veil layer is approximately 0.5mm thick. The total

thickness of the laminate 106 is thus approximately 2.9mm.

Fig. 2a is a perspective view of a DRBM 201, designated generally as reference
numeral 200, with one of its leading edges 202a having two cracked surfaces 204a,
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Fig 2b shows a cross-sectional view along the section

B-B of Fig 2a, in which the 5 cracked surfaces 204a,

204b are repaired by advanttageously filling them up

with a layer of filler material, preferentially

twei ght put 208 and thereafter a | am nate of

ZOﬁR%aéba"% ge]l %eﬁaé% ILis JAndetstRodilial 3 eher sH grackek surfaces
with d@RFHIg 58BS mi ?thér)h SP8nyeNding @lige 28ZAIPOE of ¢RIDRBYE2(S.

one or nore of resin, aerosol, talcum powder and

M crobal | oons. The Iarri nat e of FRP 206 conprises, for

FigE X5 8Rbws aacrsééJéeeanw \/Qafw GOy th€ skaner 8-B Mﬁlbaaéenﬁ whRR the
surface veil ers gaIZC shows an enbodj ment

cracked P‘éﬁfﬁ‘ﬁﬁt?@“@f cf"-"F’?Par?O'G treSPY AdYaRiAageHely diiing ﬂé@g up with a

IayéleéﬁlﬂIt@ﬂﬁ@te{h@mﬁl‘eﬂéreaﬂéiw i@ﬁﬂm@kb%ﬁttfgﬂ?@éhc§ﬁle?ed$ﬂe% #rhih¥te of
of a ernat e

FRO 1% 1 Fiose0 SPovO NISGl ReT AR, [y detiweight putty 208 may, for
exangia/ Zbditidd 2ef 29md ort Rithe abe ratih, LRr&detNiaidirh yk/?wder and

di sposed bel ow a surface veil Iayer 214. The CS
M'W?"&?%ﬁ s hgrlaminatg. ff %%%@Qﬁl%’ﬁtpé'ﬁ?s oA, SKPIuiRHy| of CSM
laybREWRI [ aGtindiutatayarlayegs appr oxi matel y 0. 5nm  t hi ck.

The total thickness of the lam nate 206 is thus

approximately 7.7mm Fig. 3a is a perspective view of

Figt2 OBRM 391 enfbR8intihd e thelRRfMAE lof FRP 25, Qe8hAfed %@nerally as
nuneral 300, having a transverse crack 302t hat

ref@fgBre PUHSTA Q80. WiNEN mRogpTise ﬁavue@veé\?s%reateiwﬁo%ed CSM

|ay§}sumiavztmb@f1 o&@ﬁ)@dym% BhEPES laybis D124Er12bR10EP R, tiﬁz!&eare all
caused by the crack 302 and_to additi onal

e"%‘r‘ﬂ'ﬂ’cﬁ"b@s?ﬁé’emm sypfece veil jlayepodfteMpe SN rag WR 'ah¥ef5 are

ead&ﬂ prbxifn¥%te®/f 0. Bﬁinﬂfl’ﬁlﬂ@ Wﬁﬁé‘fhe"@i‘ﬂﬂé@é eil I@S’yﬁgbgﬂ%ﬁHﬁtMy 0.5mm
rei nf orcene pultru3|on r ods 4e are

‘h"F‘h; E? fotal th'ﬁ'ﬁ'@sﬁ H’é“@F@M“@!ﬁ Qi Jaus QW@WQ‘@W Afpm. 25
The rei nforcerrent rods may be of any suitable
di mension. Fi g OWS_a _cross-sectional view al on

Fig 1@ '§e%PP'E§ﬁe@§'V€ ‘6$W qu ¢ BRBM f0hnresionated oprerpliy ps yefgfence

nuimBral Be ﬂ”fé@fr@ed@éﬁsvﬂkﬁetdré@d K154 ﬂhﬁﬂﬁasﬁ% repSR4E TAE DRBM 301
inserted into the DRBM 301 to reinforce the sane. 30

may| by SeVesprRHie énP'EFﬂ['fé(r‘bfe?Pp@Faé%vpéﬁce§ el PTERM testePalr the gamage

cadied Hynthsher£dk 3dzeaﬁoef63édailtl&ﬁam,afé$nfoﬂc@ tﬁé‘WR(BM 80 PUNE dréRrred
crack are filled afiller materi a

tha . fRIpralfy| 8 Ir?'”iof‘iﬂ‘ﬂ%l ’Qﬁ’ﬁ‘beﬁutﬂ}’a@@geoqﬁw i Heipfpgecement

puIﬂUEIBN &%83@@ dizspe ardinkekeinto tRNDRBVEI®S adrBE $tGrack 302.
The g}tv\mght putty 308 may preferentially

Th%&?ﬁ‘fPf@ &5t rog enayrbeef Ay SpitaRIS Aienaidnosi |, 35 tal cum
powder and M crobal | oons The | am nate of FRP 310
conpri ses, for exanp a plurality of CSM I a

Fioi DR § CAPT-S55H P & e PION e PEton C-Crior B4R, abich the

pfuﬂi![tfRP Fﬁborénﬁo&bﬂ‘iehﬁbuﬁrﬂsﬁh God€ .30d8Sl B0Ad efb GRBRERIIMY the

refere
DRBM 301 to remforce the same.

Fig 3c shows an enlarged view of section 350 of Fig 3b, in which the remaining gaps

‘in and/or around the crack are filled with a filler material, preferentially lightweight

putty 308, in which the putty 308 is disposed below a faminate of FRP 310. The
lightweight putty 308 may preferentially comprise of one or more of resin, Aerosil,
talcum powder and Microballoons. The laminate of FRP 310 comprises, for example,
a plurality of CSM layers, WR layers and surface veil iayers.
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numeral 250, which may conprise a plurality of
alternately di sposed CSM 210a/210b/210c/210d/210e
and WR 212a/212b/ 212c/ 212d 1ayers, that are all
eventual |y di sposed bel ow a surface veil |ayer 214.

The CSM a ayers . ar .each approxjmtely 0.8
The IRTEITaR TBPURS BT 219 2F ag e Garesaiint aprence
nueM250, hivdleh ?H"a@t tclaih@hsé hé cinessy %f sikendtay a@b@se%l(tsm
S appr e ersp ive
214372103 P o 16n iR, Pivelz e e 2 ABers Bk e
eveéHiEly adispHed Héaw E%L@fab@%lltléy@r mal, ThedemM GAdtWeat lahas are
alre 0 nag be severed into _a
ea%l QR%P’F'F‘? Ml%ggssurfpp%v higyerHe @eprraximately 0.5mm
thicknrBé a4l thWs@fof FRGAMMatASD ithUs dpproi@natbl) O7HRr toO

repair the damage caused by the |ongitudinal crack
402 and to reinforce the DRBMs 401 structure, the

Figl %a]?r@@el@B&Mt véQAn%ww Dsawd ab1, ae nm%iRgéyerﬁliyf as reference
reln nmen me ers aava reji nforcin

numeLy é@‘g jﬂﬁ’mg a ‘&@Q!Wd"‘ébﬁa&‘&ﬁa%a%&g %/‘?r] eapirght BeLDtEM 401

md?lb@fs%ﬂfgrréﬂluﬁb|aYpiur‘eﬁtDb\7\/§ép§ﬂ’ﬂétemléde¥ HQ&W.H&)\J\.% ahEemarged view of

sectBE BBl 6. fai A6t o roRAGe Samgge 5t Byifee ongitucinal crac

407 ah@fdarreﬁﬂdsfe@thenblasnﬁs A@M@trdcturamhb fopire@ MRBMI 4D ABb®prises of

2 S BRE PL AR eELBTEE. AT asHERE Goigip plates 404a -

404’56‘fsQﬁ"bhndédabgtﬁnﬂﬂék\/\ﬁ@tenaanﬁreq‘érélﬁtﬂiﬂ?\'IigﬁﬂféﬁghtTMy 406 and a
| am nat e of 408 conprises, for exa

laminale Af iFRP E&ihat 5, RyIE Ungrer éhfefeépﬁﬁﬁf%gﬁf%%eéj ¥eps, eg. 409

Thé a¥iffofcemdnt ipfatét0i B4h-1 Ay beloftdhg Rrhige GRAenEicHY TOE 1@Btweight
partion of the | am nate of FR

section 45 onl
pu%%éfi PR ef‘ﬂﬁ'%t?@fflpaﬁe ef eng erymoreipl resiiiAeErsl. iglcuprpowder
and ficrbsalidbid. ITae IérﬁlnEteg)fZIRP fﬂwb@ﬂ@iség flﬁéb@nﬁilé Ya @Srality CSM
r ef nce numner 250, whic
IayBTSUSIg irfug;er%]engﬁ_l ?F\%t"@'l,{ yay&rss dbg,e%otgi?srlghpat in the enlarged view of

sectibRay/58 16My 3 PoaioR 1P tHeldRmatnef AP 202 R/ shdwhfd In2piePdigsty.

| ayers, that are all 25 eventually di sposed bel ow a
surface veil |ayer 214. The CSM and WR | ayers are

TheashinaRPEOFRPBLE ¥ SinfiEmMid |EFI|§ e, u&u@r@tédwge'%]téﬁyaﬁe nleference
e fota

il appr oxi mat el
nupEaL Rl s whlch, AV, SRIRERS. 3 0BLTADE RhoBiesaton daperes CSM
21Ga/fi’]gnﬁlz10&{a@dlzt1o@narﬁd3 \Wire zma;:zngm@b@'{z@asaygag tr{é@garg all
Su clL.en r I areas, , Cracke
everipgl E[c‘é%m&? d faglovHauriass V&I‘%ﬁ@"t]?ﬁé %F%@%?‘f‘ iapd WBolayers are
ea€H Sppreahatdly 0 anatmdkamne th'gbﬁ{r[%aé ]y@nlr: tg;g)érh@ a@ﬁrﬁ??até’ly 9.5mm
e o e | S

re cl eaned .
ichThe T8 FRERRRS of e TRRIBRIIG08 SinbeFPRAKTHEEY E4RTbe
fI i pped over to its other si de and sufficient repair

as on the |inside and ar he crock |ine 402 can
In B WRoniedeintreed sps SV%d"%é fﬁ?‘?'%t "BRRILRERSG-Aat Bl On the

cra@ked:BE’rfac%@ dfitle ORBM @mkaﬁ@tﬁ@@tacﬁm% 400 aW PourkieB¥IMo a
taper ?Therea Ieg ncgé g%agener H are c;lerar?efde gnecp a ?amlnate of FRP e.g. 413 is
built up. Next, the DRBM 401, after curing, can be flipped over to its other side and
sufficient repair areas on the inside and around the crock line 402 can be grounded

off, followed by built up of laminates of FRP.

Fig. 5 is a cross-sectional view of a DRBM 502, designated generally as reference
numeral 500, having a plurality of areas 504a — 504b that have been reinforced.
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numeral 500, having a plurality of areas 504a - 504b
t hat have been reinforced. -8- These areas are

i nherently structurally wedk due to their circular
profile and are prone to premature failure. O her
structurall ar eas

ThéaBcHa0. atb (MBS HEL AN WeRGA1UE, By el yerculaP brofie and are

propil faChrematry famak. wtt@sStfmwralyswealararé?a% siughet DRBM may be
manuf act ur i n?nfl aws rei nforced areas need

PreTBRt 36l SR FRHPIGY BotRe AROHBHAI, PRUrp oypaK areas may aiso

arisBPA RGhAHUFurfgoniRvs: Mofddvee rSIRTORIEY fedd R AGt bk %ﬂructuraiiy
out wherever stren thening is desired. Reinforcenent

wegle figsr $M5Hdem Bas ‘Z'}Wé’%lﬂ Wed PRIERNSI CFA) g aried out

whéRel ﬁféhbﬂfeﬁ?@ i esifed RémiorcaRédit m&Hbérd S0 EB0BLNEe placed
space arqund the reinforcenment nenbers is fi ed

in KRPt"PF"%lWrPét“‘e\Pr reamf%ceﬁ&ﬁf S ﬁ%“aa“ﬁpf“P épd tha Eerfi‘%i'ﬂf”g space around
thepre@rﬁfs:rc@ﬁkhﬁln%em&érghswmé@m.tmut ﬁmte'ﬁaﬁaomﬁ ,a A @aterial,

Pr%%%t‘a”y B@iﬁweﬁﬁ‘gxp'ﬁi?ye‘?oéagh§(?3§| Ry eéﬁ%'f‘?‘@é’f E\R 0%@307 S70b! The

I|gHmé|gh10;Butfye§OHé, 5685 @@ay prefeaéménv @Qf\“vﬁﬁée 8Néhe or more of resin,
M crobal 'oons. The | am nate of P 510a - 510b m may

Aefagsi, t@B?HWpH"é"’deéé‘HﬂrM@@bé"?ﬂ”ﬁr ahe {ESF“'B?"G cERPay s~

forleRXApE, dbrisdld BGRIINIFICIMLSES, WRTIRGers 2iH RakScOfeilf:

Or51Oab- 510k;n i's ésll mitl#ar to ]é?g 2c, ag% desi gnat edQI wPers.
generally as 15 reference numer al 250, which may

Thé MRhbIsfFRF 516d L5 0Bfis aintiar ftﬁFg'B(: dh§ I@J@§ngﬂat@ nerally as
210a/ 210b/ 210c/ 210d/ 210e and WR 212a/ 212b/ 212c/

referges BUMBTRL2SEG Mgl May SPRTRIER R RiUTaKty ;5’6%?1’”6"@3/0‘#%39" CSM

21@&!2’f(ﬁﬁ210¢@1bdﬁ2¢(‘1@ra@lMRT@ZQQW@EchmﬂdaY@eﬁs affat are all

oximately O 8nmth|ck whi e the surface
e"%‘r’?"yl %}19?

ed Selovh B sUriRae dB| lRysE it The G8M eRe Wt layers are
ea&l‘hé;?df@;@ﬁuﬁteﬂfo em traid mn@tr{élé&aface il Qaerné% ab;lsruﬁmate]y 0.5mm

[?_rxma 7mm 20 Fi IS | ow chart

th"?kl- I U%fqt%ltth'ﬁ'g"eéﬁ & bereainats? f— % %% Hwa apa@glr@afaw e mm-
generally as reference nuneral 600, of repalrlng a
damaged surface of a DRBM The nethod begins

Figyrs r@d?%@ By hedadiugiatingecnf mlhodinagiitr ofce 'BPthPHe deﬁg'ﬂﬁte‘j

ge®Bly asTiRRr&et RimerbNE0CS Uf fcpERing Bafan’l?zgéd *@.@ﬁébe%f%ﬂsm The
is cleaned with copf'%r essed | r and brushes 60

mefagk beapseWiin @iBHing T BfeRE of § U F3BPeed SYNRGSt Of ‘%‘ELB%%M 602.

Thér@aﬁé’refﬁecﬁhia&e meﬁzﬁas HeBR gPolirkias & @I@ﬁnedT\hi@rﬂ corﬁEl%ssed air and
ace which is now uneven, 1S resh ap ed

br L\SI"?'\T 604 Next écpione g5y @F'@ﬁﬁP'&?qiﬁls?'Y%ﬂW%’m’ pamicplly clean

theGQ&facaf fe@epmhéry tl’@)éurf&@é e Sow Qﬁé%’nl @r&hapémntﬁra filler
resin, , .tal cum powd

ma,i;ﬁr@} @B%fﬁreﬁwg’ i'QWW@‘%’E PFE%@OS v}ﬁ‘i’iedwﬂy ﬁ%’ Wéﬁ)‘%@%‘ﬁ comprise of
oné 85 MR ES rekih, AaRsdf daftOkh W%BMC@&QEOON@WM ﬁfﬁéce which

dust on the 30 DRBMis cleaned with conpr essed

nas RQWPRRSHESh RS, 1 RERdEE PR SmoRiened i Joiexl @y st pg the
DREN AN Eavidt RitlRcBhPRsed afBhdObideesSeH 4 atHepoaftel, RS reshaped
614. Alamnate is built
surface is cleaned with acetone or any other suitabie soivent 614. A laminate is built
across the reshaped surface as follows: a CSM layer is disposed below a WR layer;
the WR layer is then disposed below another subsequent CSM layer and a surface
veil layer is disposed above all three layers 616. Next, the laminate is smoothly
terminated at its edges complete with the surface veil layer so that any abrupt

change on the DRBM’s surface is avoided 618. Finally, the DRBM is fully cured for at
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across the reshaped surface as follows: a CSM | ayer

is disposed below a WR | ayer; the WR |layer is then

di sposed bel ow anot her subrs9equent CSM | ayer and a

surface veil layer is disposed above all three

S 616. Next, the lamnate is snooth|y

*eaﬁ*em%f apd gpati Rainting dy CaEBMBNIdE 2 tshrepaE w prathe DRBM is
reqaﬁeégeig@yer so that any abrupt change on the DRBM s

surface is avoided 618. Finally, the DRBMis fully

cured for at -9- least 12 hours and coat painting is

Figlid 17l @aomwléha&ommmmge@m lerVisddlngt éhe MEBWHI Yesignated
requi red 620. Figure is a flowchart illustrating

gerrialNeah BRigTeRER NYfMer r?@PthdfePaE'QG é‘??é%’”&df-‘d@ @Rk ar IayDRBM
Thasnétﬁédeé gg@ﬁgw a;legmqmtrpgnmcﬁ?abﬁlda@ dreadlivits 488y foam
V

cracks on a he net hod ant ageousl y begi ns
angalsh aRasRIPHY BYerleadino griam cragks ROy Iderssier. & reéﬁ dhat have
bed §RUANSREreIOAHE Wiltecdistdidtd £U8R1 BiLaRdsS700 Next, acetone or

Thereafter, the areas that have been grounded are
a”%Pf@Sh%ﬂtawetsr?*"@Bﬁﬁrt@%&C%W'C%JWCF*%“J%@§3?(7@6 Nastt, the areas

wﬁﬁ(ﬁﬁééﬂfgefogh ariithe QFdHRrariHdL tAE |Ie%dfr%| éb%@tcréc‘ks uReBlieHWith a filler
chem cal ly cl ean_t he_areas he areas 10

majgriah RipSEhG PHBAPENdNE Wéﬁ&ﬁ%ﬁgef%rﬁﬂiﬁ{‘é! \ohBvaigd Andgmay, for

exRAge, soraslss orerfrhbread rudif, M@oéul ltélﬁfm pBRLE! AR Mlcroballoons
referably put tgr 708. The tt referenti_al

Then, dhe EFash tvhighd r?a‘gﬂe"FBrareerﬁﬁ AP Ry gHé- %F‘e areas,

whiFRh@ve how ®skR resﬁ%ﬁ@@'dre sélﬂie@l«tmdw&ﬁﬁ{enéﬁ F12. Next, any dust on
M_cr.obal | oons t he areas, which are unev

the DREM SR affednas #ihs spmPTsasady air 8nd tushease 444 T{mr,egﬁer the

reshay&j REVSDERN CIES/LARGH, a@héheS 3NER &Hé# Simdlhengsht 716. A
Next, any dust on 15 the DRBMis cl eaned with

'anﬂ%ﬁfﬁr'%&%‘é"da%wﬁs Hrarenhare areppsas fglawead PV gy is disposed

belb®SAFE thyaf; @AY tAk Qe hRED %@er\mg b @feecgnﬁd.%os@axbef&mhsnﬁe WR
sui t abl e solvent 716. A am nate i s ilt across

YPLS s AN AEr THBiRs"eh a0BR PEYLAVLS dRepRLaboS the

altdInhiy BSMRadAWET Jayard Fﬁrlialﬁ alshﬁaé@b@t Iawrersld?qoo@ted QBBve all
osed bel ow one WR further continued

CSM di s[:') %%
ning layegs 7SR aedAmMIngle jspno mtwgyr@tecﬂ &t iy epgrsesp that any

ab@pp\tﬁaﬁdéeoﬁ&eabm@ué dgc%ea@drfm Is2%@diGed FROAFnYNyY, the
surface veil |ayer i sposed above all ni ne

isrfullyzqured fenat, bﬁﬁﬁé%ﬂ% Goqat PAIRYRY I SATTiRY AvtibPegore

rep%trWdrISoﬁﬂLﬁa@RlM it Rjuira@y22.abr upt change of the DRBM s
| eadi ng edge surface is avoided 720. Finally, the

DRBMis fully cured for at least 12 hours and coat

Fighet 18t ish@ fidw Cabakt mdsteeumgl bnd @niBddfnertt &k mb@bl, @Bsignated
the DRBM.is required 72 25 Fi gure 8 is a flow chart

gengrallysas RSTRYCSOMENYRLBRY: (P RPN AranaY§ieR) cragks Pg RdeRBM. The
trafveRedrboks dBay S4B RINGRIsB WREMed BURacO fThE @RALVEr&cracks may

alsg rsg\pesr\{ﬁer- %%Bclillr %%okg pﬁ.lrllalﬁy g)ngBel\élara-lt-g Sleces. The method advantageousiy
begins with aligning the plurality of cracked DRBM pieces together to abut their
corresponding cracked surfaces 802. Next, all locations where a plurality of
reinforcement members, preferably FRP pulirusion reinforcement bars, are to be
placed on both pieces of the DRBM are marked out 804. Thereafter, a cutting disc
may be used to cut out cavities for positioning the reinforcement bars 806 across one
or more crack lines. The cavities are preferentially cut out up to half-way of the
thickness of the DRBM. Next, a filler material, preferentially lightweight putty, may

first be inserted into said cavities, followed by placing the reinforcement bars into the
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transverse cracks may each conprise a cracked

surface. The transverse cracks nmay also sever the

DRBMinto a plurality of séBarate pieces. The nethod

advant ageously 30 begins with aligning the plurality

of cracked DRBM pi eces get her to abut h pro )
sarlt Fel G5 (g B oo s e e sy Bruirely Hle with said putty
808. omtmms pregsrentialip lighideighy asd mayeion kRameBe8dmprise of one or

r ef bly FRP pul trusi rei nf or cenent
OO0 Tt Ao AP chtFen AR OHRLORRS, AR 70 SEgR repair
arcal dh thdIckfte® dlirffA4 of TREDRBM £6ng atrﬁuéﬁelrgwcrdusmne i§RYounded
cavities for p03|t|on|n

e used to c
off g1 GEni PERPLeTo 06 esio st JR BRsnodToHGTRs B sleRned wit

combieesed difan® awshe@ﬁmn\%xp fa@ét?h@ ok hﬁ‘& bﬁﬁeﬁsu:tamétsdu@nt i@ used
thli ckKness o t

to SramEaey ﬁhsfar%ﬁéﬂeT%{%nW? 5 PR AHASSIR usvegee Joint as

fol BRY: a fogns tiayee id a&pbgeadbémca PR (hyeavhisi @@ma‘t@kéy@vxﬁ@ of one
the re t bars into th

I aC| C -
CSS/KHPSQW e o WL BT T tner ESnLe e dhirg, Thgreafier & final
?éﬂ ¥ cfsdob@@l am\tehhé aiternBtid LSMVBR wﬁ1 Ryerdt tha!l)ﬁ a surface

erenti al I htv\m gh y,. for exanple
Ve'ﬁ F i glsgpsesh ¥ Lﬁ/%é"‘? Nedy 85 famibafp dgamoothly
terPMAEERS attifyl e%é‘sr Qb@ddt @rnysabrmmhange stife B IRBM’S frfBRefse joint

rea on th aces of the DRBM
sufdcirie Boides BTRNOT: e [REH il B ot lsgsnis Bpigs and the
DRBMs filfiedentt @riis dthe stdetird didis SaStolBagrg Fé?é@ﬂs@dﬁbslflnally
cl eaned with %ﬂ%essed air_and brushes 8

the 28BS flly Uy SR for 2t jopabl 2 hedp pBr copsPalng s caried out

no @l tapalrhyork be &k DRBMAS BRitdéd s23he |ami nate is built
across a transverse joint as follows: a CSMIlayer is

di sposed below a WR |l ayer; this alternate layering of

FigoRe 9 SH o paraadilbstAing osre: \Rhdodlnednt | & Eumbth@a des:gnated
con |nue thrice. Thereafter,. a fipal 10 CSM |

9eRRTaIY R ﬁf&?@%ﬁ%?%%f&??ﬁ@g &%ﬁgit%aa'\ﬁﬁeqkaye@sDRBM The
lonGititihdl Yeracks SH&Y 88€h cifiplisd a)pdckes sUHEQOSEE I%H?Mﬁhr@l leracks

ni ne | | am nate i_s snooth
maygpmrﬁg%/ E’E?Bﬁ'ﬁtq §NEH€}E%°&?F‘?F?$? PigRsS- dpeuptthed a%\@@tqsfeousw
bedihe mﬁlRBmugﬁurtgr fHRS BRI SiE joPichicked DREIACpikSeAYYetiRd 18 1dbut the
Next, the MlsfulléB redfor at | east 12 hours

corgRpopead G SUFRGSSpEls-oNert:t 8ll jlpatighmepharpqa aEpity of

reilfbRBmefil hehbefsl reembheprRtrefmfd?édmenti giatks Yare k6 Hehﬁaced on
| east 12 hours and

BMis full red aga nfora
meR dugces Af e E’éﬁi g Marked B0 |4f hergaftgsy @ cuHing; discyisueed to
cutoButt BavitdBRari Bodittshing &tk B3idfordangsht EpiStel Soas. f TIRW ahigsd are
illus ratln one e odlmant of ‘8?5'@ t hod, designated

PrefrepRaly |Gt QUt Lpftg Ralowa ghihe i the, DREM nYext. a filler
matepiagi praftir@iallg ﬂlgﬁﬁfelgﬁfﬂ FﬁxttPRBM( fr&ebe Zﬂsér%ﬂglrﬁdl@lalaial:awtres

F glaﬁ] each conpri se cr acﬁ@ surface. The

follpyE) PY RRERE TG FliRESTE! RalFS /Mo R 3908 AWy semaining space
in tAé dhalidd iy finklysHipavithapi RE9 D08 TR pREYNS Breferentially lightweight

ﬁdvan eop/ly belns W th allgnln the plurality of

an geesp@ pP%’@B se( gré%phg}orq gt 50 Aerrsil, talcum powder and-
cell and Microballoons. Next, a sufficient repair area on the surface of the DRBM
along a longitudinal crack line is grounded off o a taper 910. Thereafter, the area
that has been grounded is cieanad with compressed air and brushes 912. Next,
acetone or any other suitable solvent is used to chemically clean the area 914. The
laminate is built across a ]ongitudinél joint as follows: a CSM layer is disposed below
a WR layer; this alternate layering of one CSM disposed below one WR layer is
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correspondi ng cracked surfaces 902. Next, all

| ocati ons where a plurality of reinforcenent
menbers, preferably FRP reilitforcenent plates, are to
be placed on 25 both pieces of the DRBM are narked
out 904. Thereafter, a cuttin qg? disc is used to cut

further @&queéhrfcsr Thetgaftepnd nip r@SMelaﬁ%ﬂ%mﬁewM@ the

alt&ﬂﬁtmgTbsrvpaNd wf%ay@r@ FiRalef arefataiby tawi |socﬂi§pd§|%dtébove all
he t hi ckness of the DRBM fille

n"\%l?@fﬁ s B?’Sf Becaminate i $fﬂ@?¥hb<é?@ﬁﬂaf5ﬁta¢ gis ﬁage?r BP éfﬂat any
abRPt |cH§rﬁ§'et QﬁtHenDRBWé %ngﬁudlhmqsmt sﬁ@édeohéeéi/ohﬁédpé‘%c'l\ibgd the

t he rei nforcenent ates into the sane,
DREMS f*ﬁ"xﬁgur§9581éat3'ea$tn1% hRure 207 the PREM {5 mamercyoqutp dg other

S|d\é'| drid sigh<do it m P reaé@e@tghbymh§uyp&@‘ BREM is3ilycured again
ht wei for exanpl e onpri se oné or

ht ,
forrﬁiﬁ%a%ﬂqurﬁwa”%é?%sﬁqm“”ﬂdﬁ &@Fﬂeﬂo‘%@éfrnoamﬂ’fe EaRafr verly on the
DR s0Badilo®. Next, a sufficient repair area on the

surface of the DRBM al ong a |l ongitudinal crack |ine
is grounded off to a taper 910. Thereafter, the area

FiguRat1oh@sa ORRN cA&® umﬁ&atm ohkeanBsHiMEehi of @%me%egighated
and brushes 912. Next, acetone or any ot her

gergiplya Bf éef@awenrtum%rahé%@ t§ FGW@‘?FF‘BQWWC [l nveakeatgaapn a
DREM: . If Tihe strbéﬂﬂaﬂ@h%aksar@é“dnt thacmam B AR N8infotid3he DRBM's
joint as fol CSM.| ayer i spose elow a WR
St"l“é&“’é‘f integiit ”ﬁlyt'@r ﬁ%’(f‘@ol"é‘if‘é’??%t%ﬁf n@ﬁé&@ém él%‘ﬁﬁ%’?ﬁﬁ service

iifebel ow one WR | ayer is -11- further continued thrice.

Thereafter, a final CSM Il ayer is disposed above the
alternating CSM and WR | ayers. Finally, a surface

Th¥ ?rhéthécﬁﬁl%feréﬁtlﬂy eRgiRe waﬁhﬁé{ﬁlr@' dut td I'b%aﬂlcﬁﬁé%r%rg opiurality of
|am nate i s snooth termnated at its

Ne
reigigEreEegbmerbers Reterably fitP @ﬁ@ﬁq@adfeff re{rfRICHRENI Riates, are to be

pla'c@éﬂ gt thediread td 1 RlinfSEH @Bahé B@M’Hd@ﬂ G orctigdread ﬁ&d not
DRBMis fully cured for at |east 12 hours and the

be aﬁww@lww?%aa svitsr Trsm impanufagieing Hawr —disifarceipentaan be

cartrigd %ﬁNﬁér@vér@H@ﬁélﬁQmﬂgﬂs desirBal Therediae mﬁMg' disd |§|u|s¥d to cut
cured ain for at least 12 hours and coat ?al nting

ouf §a¥3’é\9r5r TFdPeRitonng dee weiniereespaitr mambrrsoi08he heDF@BMt'P% are

pré’feﬁﬁHﬂ:aﬂl?d:uQ%&t uﬂ;otoﬁhﬂﬂ\ﬁiéy%@thé tickree¥ ot NRE IDRBM. Next, a filler
| | ustrating one enbodi ment of a method, designated

maé%ﬁér%@f%ﬁ%@”&‘ Jgaieiate. Rilaremay igobe Bpered Hﬁ%r&?ﬂ%@awfl@s

follslved &Y %Ta@lrigythé\'?élﬁfoﬁfeﬂ%t ﬁférrﬂaer%ﬁ%al& tadift®, and any remalnlng
structurally area on th Mis not reinforced

Spﬁ%emcﬁ%w&'t'e%tsrfmm fiagd wih é@ldi wtyn%gﬂﬁbé“ he Gy dnPeserentially
||g|'ﬁWthhhh§d Ry, Fraskahnthldd SORrisENafd et ef résirf Aerdsll, talcum

The nethod preferentially begins with marking out the
pOyvaRr ﬁriddﬂlgrqnﬁu_chsa Eq(tuflgﬂ@@@,t rgipair area i tiecdshitytof the reinforced

areFERDQ6EnddY 6ff @6 abkapeF RA0BaTBe@BALOthd f&pHi0LE8NMABE has been
gro%kgéc? ISS cigarmeedt vc\.)rlthb?:ompressed air and brushes 1010. Next, acetone or any
other suitable solvent is used to chemically clean the repair area 1012. Thereafter, a
laminate is built across the repair area as follows: a CSM layer is disposed below a
WR layer; this alternate layering of one CSM disposed below one WR layer is further
continued thrice. Thereafter, a final CSM layer is disposed above the alternating
CSM and WR layers. Finally, a surface veil layer is disposed above all nine layars
1014. Next, the laminate is smoothly terminated at its edges so that there is any
abrupt change of the DRBM's surface is avoided 1016. Next, the DRBM is fully cured

for af least 12 hours and the DRBM s fiipped over fo its other side-and steps 1008 to
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pl aced at the areas to be reinforced on the DRBM
1002. Reinforced areas need not be structurally weak
nor suffer from manufacturildg flaws - reinforcenent
can be 20 carried out wherever strengthening is

red. Thereafter, a cuttlngﬁglsc is used to cut
10%?@689?&“?%&0?%':'%@1 PedrinaY 't fidy curedragaieive At Ieast 12 hours

and"BsH Samtid® Rlaridifolt #id he rapfir whik&n@h& DIRBM Is\reGlifed 1020,
out up to half-way of the thickness of the DRBM

Next, a filler material, preferentially |ightweight

Fighkd Y, is @Yol ERArt blﬂsstraﬁrﬁj topd drfibadirentdofC aVinki@8, designated
foll owed by placing the reinforcenent menbers intao

gergiply FRFAfIPRs mﬁﬂ%fabmm SheRFiPAEIDG a L3N asifligqipsed in steps

g26@3miot Bes 92 dideddayaddvel BRe MethbdSsrerbrétifaliy bé@ﬂ@wﬁﬂ@@ndmg
putty |s preferentially _|ightweight and may

a%)@éﬁ?ﬁ VheER S PRIER AT BTGNS Eev% begBy %T'Pd out 1102,

Thér@h&HMhePAUEE BredlfaddChBh abhpreBsed e ¥hd bRlshES QH@ﬁtNext the
repair area in the vicinity of the reinforced

argag 9;5? Slriereatidyrciqaned Wilharetangr ashethaasyiable ?‘H\‘-,e”t 106 A

first RERbI c@eruﬁg dahﬁtmzic}ﬁﬁ'leh%énappﬂfeﬂ Whdee DRBMIseaire sbhde 1108.
conpressed air and brushes 1010. Next, acetone or. any

Subgpayen®h asgreubiu Fdhs eaint issadugfétag?%‘shﬂ?é%ﬁ’f'%%I"I"?e‘é"ﬁfé’évnaﬂef
thel #16t fAPAIND. BBy, 1R Baintl RAER bt Hprox@mateRTolRkeurs Jor it to cure
built across the repair area as follows: a CSM | ayer
1% disposed below a WR layer; this alternate
I ayer| ng of one CSM di sposed bel ow one WR | ayer i s
conti nued thrice. Thereafter, a final

F'9|ugﬁyé? 'ﬁ 3 flgyvghae PO IR afing adnetepthat f%’@mn@gwraﬁ'@w'" riser

bubyd¥ey moduld'akdording 8 Uaraees é’rﬁbédlﬂnémeﬂﬂ\t's$ep¢'1§0@S§Cbiurailty of
above all nine layers 35 1014. Next, the lam nate is

CragkRFOPIRFSP qféiawﬁa's%ma?u'ﬂaée dlsged %"&tth'%o“t AR? ar Meregfyities

arc28lkt URk irf fhangignad ch%ﬁe@B%%§ fcﬁftb’ofsﬁiﬁﬁng SnaWing&d réidibeement
Next, the DRBMis ull%_hcure for at least 12 hours

megRert ALOBRAG PSMOrT BREkHiaRRe At sisPi 1295 thREPINreRMeHdNembers

and bemer HEBial are hdertdd Mo asi8 daeBeatRtidd1808 B Radihate is buit
the DRBMis fully cured again for at least 12 hours
acrgp%thed¥ed GaYI#RS ng is carried out if no nore repair
work on the DRBMis required 1020. Figure 11 is a
flow chart illustrating, one rrboﬂl ment of a nethod,
Fioyes 1415 &y 8hage hr1Olysfraliag mat ECRINOURG &1 arepg: a il riser

bu%%by Bidofel F\gsﬂzgw dfe & Ftdro 2adtiddNast ’PDut PBe nfddie for
922 and 1020 above. The net hod ?r eferenti al | ércemem

POSR]IinES O 1OF AR JEIRECTCEMENaMERDE T &Y Si5R paP4 e BN

menfiehd 8hd 8 MRHBatB AN Grd ARBrEQ I 84ld eiitick] AR step 1306, a laminate
Thereafter, the areas are cleaned with conpressed air

is Byftagpehediiad ewitieRext . the areas are preferentially
cl eaned with acetone or any other suitable solvent

1106. A 10 first run of coating paint may then be
It Vﬁbﬁ?@é’@f‘?ﬂ‘ﬁf%éy BREESN alitiet i @gr%@ét RYrpgrous variations and/or

modHiR&RsHeanhY Ye n@ediaefbot'h@ greger®linvehforPad Blhovr in the embodiments
advant ageousl y ap i mredi at el %rftafter the fi

witheit depgiing fi9ya @ %PII’IttCH'eSCBB?ﬁ)'_f thes invenptionsas, broadly descrlt;ed The
emBBEiI AR Slh¥rdidrd! tosilEdhsidebed ih dll PedpetR to be illustrative and not

restrictive.
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1112. 15 Figure 12 is a flow chart 1200 illustrating
a nethod of repairing a cracked drill riser buoyancy
modul e according to anot hef3enmbodi ment. At step 1202,
a plurality of cracked pieces of the cracked nodul e
are aligned. At step 1204, one or nore cavities are
CLAMSout in the al i gned cracked pieces for positioning
one or nor e relnforcenent menbers across one or nore
crack-|ines. step 120? t he relnfor$ﬁnent menb ?
1. Sonedbvrfl of YPP?'P%G arFé@‘-‘é‘PF' Sl Hper QUENYYIRCTHE FoEINging the steps
of-cavities. At step 1208 a lamnate is built across

the filled cavities. gure 13 is flowcpart 1300
i |1 Bligning:3 ﬂ'@r%crf&aa%ﬁd IsCR3 8f @?ﬁ&‘céﬁd mogddleon a drill

ri SElitind HRYSHECHT BRUEFitieAlin HeeRighsd SrackEE Eiébeé‘f&fr%os:tsonlng
cavities are cut out in the nodule for

ong, gPTegRINFRICYRRNISRERBETE 2FOSH PBF LR Cfﬁ@'&iﬁ%ﬁss. At
st episddiRg thd ReinfordaMct GRImIErs BRERETiIfer aRgteRalfihtol &1id cavities;
material are inserted into said cavities. At step
and 306, a lanminate is built across the filled
cav pliiichfy a lamindte lack@s aRpriIegicatiggk by a person skill ed
in the art that nunerous variations and/or 30
nodi fications may be made to the present invention as

2. Smévmeihadtd&eo@nﬁorél dERL 5, whérbinaHé neeR® Isi FefddOMoBseparate
a&g irit or scope of the invention as broadly
Cr:

FP'?%OP”"TF@“@HB@B?W% are, therefore, to be
considered in all respects to be illustrative and not
restrictive. -13- AIMS 1. A nethod of re

3. Ty methpdggeprding E%?'a'ﬁhéy‘é{'ﬁ%r?'”ntﬁ% lﬁ?iefor%frﬁsvpa' . n? Ree made

ofﬁ’de??%s @frforedpiasiii. Ng a plurality of cracked pieces
of the cracked nodul e; cutting out one or nore

cavities in the aligned cracked pieces for

4. 'Ptﬁl—',sinbth%ﬁlafdgordﬁﬁQo Qa8 FhéRinthe caafidNareRber p BHalSfay of
ne or nmore crack-Iines; inserting the reinforcenment

ath‘é‘f*ﬁ?é?g*@ﬁd“%{jlﬁl ler material into said cavities;
and 10 building a lamnate across the filled

cavities. 2. The nethod accor di ﬁ%{go claim1l, wherein
5. he Meihed @crdingyiar &aim At wherggh ler 6‘?%%&%&061%‘8%% one or

 mdpé bPs 8|togptcﬁﬁ'5|§ﬁriggdﬁﬁ@§irﬁ A4, taldundpovidi®, Rt tirebballoons.

according to claiml wherei n the reinforcement
menbers are made of fiberglass reinforced plastic.

6. The method according to claim 1, wherein the laminate comprises one or more of
a group consisting of a chopped strandmat layer, a woven roving layer and a surface

veil layer.

7. The method according to claim 1, wherein the laminate is built as follows:
a first chopped strandmat layer;
a first woven roving layer above the first chopped strandmat layer;
a second chopped strandmat layer over the first woven roving layer;
a second woven roving layer above the second chopped strandmat layer,
a third chopped strandmat layer over the second woven roving layer;
a third woven roving layer above the third chopped strandmat fayer;
a fourth chopped strandmat layer over the third woven roving layer;
a fourth woven roving layer above the fourth chopped strandmat layer,

a fifth chopped strandmat layer over the fourth woven roving layer; and
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4. The method according to claim1, wherein the
cavities are cut out up to half-way of a thickness
of the nmodule. 20 5. The m#4hod according to claim 1,
wherein the filler naterlal conprises one or nore of
a grou conS|st|n resin, Aerosil talcun1pomder
and? W%?‘E?o‘ﬁ"l'%ﬁﬁ@ ‘@"h?ﬁ'gh FReRnsd shiapdpa | AFto claim
1, wherein the | am nate conprises one or nore of 25
a group consisting of a chopped strandnmat | aye
RS PRGN P PSRN EFPATER APERIEIND 8.3 MPgR S ckimefldn any
ond'BtdMchsaqceqr ding to claim1l, wherein the lamnate is
built as follows: a first chopped strandmat | ayer;
30 a first woven roving |ayer above the first chopped
9. RiARSHBL dif¥@ihg arPars8 &Rl dﬁlhﬁwﬂﬁlﬁéﬁ@ﬂﬂﬂ&ﬂe | @¥frising the
over the first woven roving | ayer; a second woven
stepp9f ng | ayer above the second chopped strandnat
| ay &litting dut Bhé &r GRAPRAGLSS A tHEMRbdlIaYer p&IRIniddEne or more
second woven roving layer; a third woven roving |ayer
reinfprse@epy8eMReSd chopped strandmat layer; 35 a fourth
chomas&hngttﬁ@m@lﬁ%héme meMSrs ©AG d filldr nABNA NntoO3id) aavmes
| ayer; a fourth woven roving | ayer above the fourth
anQ:hopped strandmat |l ayer; a fifth chopped strandmat
| ay Bliilcihges 1ahhiSate QbfokS tHeoved ce@ieédg | ayer; and -14- a
surface veil layer above the fifth chopped strandmat
| ayer. 8. Adrill riser buoyancy nodul e, repaired
10.2¢KO EHtASH %@c&dlﬁgttﬁoﬁalﬁﬁgch»ﬂbm the afddy is PAEreRfly structurally
clains 1 to 7. 9. met hod of reinforcing an area
wegh a drill rlser buoyancy nodul e, conprising the
steps of: cutting out one or nore cavities in the
nodul e for positioning one or nore _reinforcenment
1 nEBehiod AGCerHing P i ShhpEimingreBiRssRM SR MRETRErB ALE made
ofﬁtjelré|§§s RS E@plattt 0 said cavities; and building a
| am nate across the filled cavities. 10. The nethod
according to claim9, wherein the area is inherently

12 StehpkiHoa de¥ordihg 1WRMHIM 9, wherein the cavities are cut out up to half-way

of a thickness of the module.

13. The method according to claim 9, wherein the filler material comprises one or

more of a group consisting of resin, Aerosil, faicum powder, and Microbalioons.

14. The method according to claim 9, wherein the laminate comprises one or more of
a group consisting of a chopped strandmat, a woven roving layer and a surface veil

layer.

15. The method according to claim 9, wherein the laminate is built as follows:
a first chopped strandmat layer;
a first woven roving layer above the first chopped strandmat layer;
a second chopped strandmat layer over the first woven roving layer;
a second woven roving layer above the second chopped strandmat layer;
a third chopped strandmat layer over the second woven roving layer;
a third woven roving fayer above the third chopped strandmat layer;
a fourth chopped strandmat layer over the third woven roving layer;



11. The nmethod according to claim9, wherein the

rei nforcenent nenbers are made of fiberglass
reinforced plastic. 20 12: '"¥he nethod according to
clain19 wherein the cavities are cut out up to

hal f - of a thickness of the dule. 13. The

met ﬁé‘?P %@ea.rﬂ@ng Vel 3ayedhe %H@BEP?PR%@”@?‘PW@F layer;
mat gHiftR khéspEa Fsﬂtr%ﬁ&m@ﬂﬁyé?roveﬂmé %mfh »ﬂo@fnqaﬂn% eyt shiing
of reS|n Aer osi | um powde and M crobal | oons.

25 334 ﬁ??e“%%ﬁ%éb%\tec@i%&'ﬁhﬁh?@eé’l%ﬁ gat lg¥rein the
Ian1nate conprises one or nore of a group consisting
chopped strandpat, a woven roving | ayer and a .
5 163&‘& *Fib%s@r\bﬁwancvwle S?J”f?@edﬂ‘%%"r%‘ﬂﬁ%g %ﬁ%@ﬁ RgiMes! in any
on€hadiah8.0thigrein the lamnate is built as follows: a
first chopped strandmat |ayer; a first woven roving
| ayer above the first chopped strandmat | ayer; a
second chopped strandnat | ayer over the first woven
roving | ayer; a second woven roving |ayer above the
second chopped strandmat layer; 35 a third chopped
strandmat | ayer over the second woven roving |ayer; a
third woven roving | ayer above the third chopped
strandmat | ayer; a fourth chopped strandmat | ayer
over the third woven roving |ayer; -15- a fourth
woven roving | ayer above the fourth chopped strandnat
| ayer; a fifth chopped strandmat |ayer over the

fourth woven roving layer; and a surface veil |ayer
above the fifth chopped strandmat |ayer. 5 16. A
drill riser buoyancy nodul e, reinforced according to

a method as clained in any one of clainms 9 to 15.



